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I.

Introduction

The Coachella Valley Multiple Species Habitat Conservation Plan/Natural Community
Conservation Plan (CVMSHCP) is a regional multi-agency conservation plan that provides for the
long-term conservation of ecological diversity in the Coachella Valley region of Riverside County.
Significant progress has been made in plan implementation since state and federal permits were
issued in September and October 2008. The term of the permits is 75 years, which is the length
of time required to fully fund implementation of the CVMSHCP. This report describes the progress
made on plan implementation for the 2017 calendar year.
The CVMSHCP includes an area of approximately 1.1 million acres in the Coachella Valley region
within Riverside County. The plan area boundaries were established to incorporate the
watersheds of the Coachella Valley within the jurisdictional boundaries of CVAG and within
Riverside County. Indian Reservation Lands are not included in the CVMSHCP although
coordination and collaboration with tribal governments has been ongoing.
The Coachella Valley Conservation Commission (CVCC) is the agency responsible for
CVMSHCP implementation. The CVCC is comprised of elected representatives of the Local
Permittees including Riverside County, the cities of Cathedral City, Coachella, Desert Hot
Springs, Indian Wells, Indio, La Quinta, Palm Desert, Palm Springs, and Rancho Mirage, the
Coachella Valley Water District, Mission Springs Water District, and the Imperial Irrigation District.
The Riverside County Flood Control and Water Conservation District (County Flood Control),
Riverside County Regional Park and Open Space District (County Parks), and Riverside County
Waste Resources Management District (County Waste) are also Local Permittees. Other
Permittees include three state agencies, the California Department of Parks and Recreation
(State Parks), the Coachella Valley Mountains Conservancy (CVMC), and the California
Department of Transportation (CalTrans). A major amendment to include the City of Desert Hot
Springs and Mission Springs Water District as Permittees was approved by the CVCC in March
2014 and all local Permittees approved the major amendment in 2014. The US Fish and Wildlife
Service (USFWS) approved the Major Amendment in December 2015. The final approval of the
Major Amendment by California Department of Fish and Wildlife (CDFW) was in August 2016.
The CVMSHCP involves the establishment of an MSHCP Reserve System to ensure the
conservation of the covered species and conserved natural communities in perpetuity. The
existing conservation lands managed by local, state, or federal agencies, or non-profit
conservation organizations form the backbone of the MSHCP Reserve System. To complete the
assembly of the MSHCP Reserve System, lands are acquired or otherwise conserved by the
CVCC on behalf of the Permittees, or by other acquisition partners in three major categories:
➢ Lands acquired or otherwise conserved by the CVCC on behalf of the Permittees, or
through Permittee contributions
➢ Lands acquired by state and federal agencies to meet their obligations under the
CVMSHCP
➢ Complementary Conservation lands including lands acquired to consolidate public
ownership in areas such as Joshua Tree National Park and the Santa Rosa and San
Jacinto Mountains National Monument. These acquisitions are not a Permittee obligation
but are complementary to the Plan.
In addition to acquisition, land in the MSHCP Reserve System may be conserved through
dedication, deed restriction, granting a conservation easement, or other means of permanent
conservation. To meet the goals of the CVMSHCP, the Permittees are obligated to acquire or
otherwise conserve 100,600 acres in the Reserve System. State and federal agencies are
1
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expected to acquire 39,850 acres of conservation land. Complementary conservation is
anticipated to add an additional 69,290 acres to the MSHCP Reserve System. Figure 1 shows
the progress as of December 31, 2017 toward the land acquisition goals identified in Table 4-1 of
the CVMSHCP.

Figure 1: CVMSHCP Progress Toward Conservation Goals

Table 1 demonstrates our progress on reserve assembly by showing the acres of conservation
land protected since the issuance of the federal permit in October 2008. Significant progress has
been made with over 92,495 acres of conservation lands acquired by various local, state and
federal partners since 1996.
CVCC completed a major update of the land acquisition database in cooperation with the
Coachella Valley Mountains Conservancy, CDFW and USFWS in 2013. Most of the land
conserved since 1996 has been accomplished by entities other than CVCC and the records
associated with acquisitions have not always been complete or consistent. Additional updates
were made in early 2016 which are reflected in this report. As a result, some corrections to the
numbers reported in Table 1 in prior annual reports have been made. All acquisition records and
the acreage figures used thoughout the 2017 Annual Report have now been updated and made
consistent with the rules shown in Appendix 1.
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Table 1: Summary of Annual Progress on Reserve Assembly
Conservation
Credit
Federal - State
Permittee
Complementary
Total

Goal
39,850
100,600
69,290

Total
Progress
23,691
9,872
58,932

1996 - 2010
17,132
6,323
47,649

2011
908
383
4,207

2012
1,819
315
1,760

2013
1,060
601
698

2014
1681
242
957

2015
296
416
1,445

2016
270
799
532

2017
525
793
1,683

209,740

92,495

71,105

5,498

3,894

2,359

2,880

2,157

1,600

3,001

Once acquired, lands within the Conservation Areas are held in public or private ownership and
are managed for conservation and/or open space values. Management of these lands contributes
to the conservation of the Covered Species and the conserved natural communities included in
the Plan. Table 2 identifies the allocation of land management responsibility, based on the entity
that ultimately holds title to the land.

Table 2: Acres of Management Credit
Management Credit
Federal - State
Permittee
Complementary
Total

Progress (acres)
58,583
12,293
21,619
92,495

Reporting Requirements:
This Annual Report describes the activities for the period from January 1, 2017 to the end of the
calendar year on December 31, 2017. As required by Section 6.4 of the CVMSHCP, this Annual
Report will be presented at the CVCC meeting of April 12, 2018, where the report will be made
available to the public. The report is also posted on the CVMSHCP website, www.cvmshcp.org.

II.

Status of Conservation Areas: Conservation and
Authorized Disturbance

The CVMSHCP identifies both qualitiative and quantitative conservation goals and objectives that
must be met to ensure the persistence of the Covered Species and natural communities. The
quantitative approach is designed to be as objective as possible. The CVMSHCP includes specific
acreage requirements for both the amount of authorized disturbance that can occur and the acres
that must be conserved within each Conservation Area. These acreage requirements are
identified in conservation objectives for each Covered Species and natural community as well as
for essential ecological processes and biological corridors and linkages. The conservation
objectives provide one measure of the progress toward meeting the requirements of the
CVMSHCP under the state and federal permits. This report provides a detailed accounting of the
3
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status of the conservation objectives for each of the Conservation Areas up to December 31,
2017. The planning process for the CVMSHCP was initiated on November 11, 1996, which is the
baseline date for the acreages listed in the tables in Sections 4, 9, 10 and throughout the
CVMSHCP document. This Annual Report provides an update of these baseline tables to account
for all the Conservation and Authorized Disturbance that has occurred between January 1, 2017
and December 31, 2017 (see Appendix IV).
Table 3 provides a summary of the amount of conservation and the acres of disturbance
authorized within Conservation Areas in 2017. Authorized disturbance results from development
projects in the Conservation Areas. In 2017, there was zero (0) acres of Authorized Disturbance
reported. The Total Authorized Disturbance in Table 3 includes Authorized Disturbance since
1996.

Table 3: Conservation and Authorized Disturbance Within
Conservation Areas

Conservation Area
Cabazon

Conservation
Goal
2,340

Conserved
in 2017
0

Conserved
Since 1996
0

Allowed
Authorized
Disturbance
260

Authorized
Disturbance
in 2017
0

Total
Authorized
Disturbance
since 1996
0

CV Stormwater
Channel and Delta
Desert Tortoise
and Linkage
Dos Palmas

3,870

708

748

430

0

5

46,350
12,870

80
326

4,432
4,181

5,150
1,430

0
0

14
0

East Indio Hills

2,790

0

0

310

0

0

Edom Hill

3,060

0

2,069

340

0

1

Highway 111/I-10

350

0

54

40

0

0

Indio Hills Palms

2,290

0

1,039

250

0

0

10,530

5

8,985

1,170

0

5

35,600
0

0
0

13,246
0

1,600
0

0
0

0
0

23,670

384

6,981

2,630

0

0

55,890

938

31,570

5,110

0

9

2,340

0

889

260

0

0

2,430
8,040

0
51

875
4,360

270
920

0
0

29
54

Indio Hills/Joshua
Tree National Park
Linkage
Joshua Tree
National Park
Long Canyon
Mecca
Hills/Orocopia
Mountains
Santa Rosa and
San Jacinto
Mountains
Snow
Creek/Windy
Point
Stubbe and
Cottonwood
Canyons
Thousand Palms
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Conservation Area
Upper Mission
Creek/Big
Morongo Canyon
West Deception
Canyon
Whitewater
Canyon
Whitewater
Floodplain
Willow Hole
Total

III.

Authorized
Disturbance
in 2017

Total
Authorized
Disturbance
since 1996

Conservation
Goal

Conserved
in 2017

Conserved
Since 1996

Allowed
Authorized
Disturbance

10,810

436

7,133

990

0

21

1,063

0

1,792

100

0

0

1,440

0

956

160

0

1

4,140
4,920

0
73

572
2,538

460
540

0
0

61
6

234,793

3,001

92,495

22,420

0

206

Biological Monitoring Program

The CVMSHCP outlines a scientifically-based monitoring program for species, natural
communities and landscapes listed under the Plan. To ensure long-term conservation goals are
attained, monitoring activities are based on a three-phased approach and consist of: 1) assessing
baseline conditions and identifying threats and stressors; 2) performing focused monitoring
including threats and stressors, once they are determined; and 3) conducting adaptive
management actions whereby the scientific method is employed to develop and implement best
management practices.
In 2017, the average winter and spring rainfall exceeded that of 2012, breaking the five year
drought cycle, and resulting in a record annual bloom. As a result, our monitoring team focused
on species that had not had adequate surveys completed and/or were nearly impossible to
monitor during the drought. The Reserve Management Unit Committee and Biological Working
Group (RMUC/BWG) met regularly to discuss updates on biological issues and adaptive
management strategies. One of the tasks of these meetings is to assess current monitoring
protocols to align them with research goals and management needs outlined within the
CVMSHCP, as well as vetting completed monitoring activities. During the spring, the RMUC/BWG
assess the monitoring priorities to be brought forth to the Reserve Management Oversight
Committee as the recommended annual work plan, and each year they recommend a suite of
species for monitoring that should be added in year’s with or following above average rainfall. The
CVCC Habitat Conservation Management Analyst facilitates these meetings of the Reserve
Management Unit Committees and the Biological Working Group to better manage biological
monitoring contracts, pursue funding opportunities for further research, and generally manage
logistics for monitoring and land management efforts throughout the year.
To support these goals, CVCC has actively pursued grant funding for monitoring programs. CVCC
received funding for a project from the Natural Community Conservation Planning Local
Assistance Grant (LAG) program, in the amount of $54,967 to support “Monitoring Nesting
Success of Riparian Birds to Assess Effectiveness of Brown Headed Cowbird Removal.” This
project consisted of a concurrent nesting study to augment cowbird management in the Dos
Palmas Conservation Area, Chino Canyon, and Coachella Valley Stormwater Channel and Delta
5
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Conservation Area. The work for this grant was completed in 2017 and results can be found in
Appendix X.
Two other LAG funded programs, “Vegetation Mapping of Essential Peninsular Bighorn Sheep
Habitat” and “Developing an Effective Agassiz’s Desert Tortoise Monitoring Program” were
completed in 2017. CVCC subcontracted with Aerial Information Systems, Inc. to map the
vegetation of essential bighorn sheep habitat within the Santa Rosa and San Jacinto Mountains
Conservation Area; the final report can be found in Appendix XII. CVCC also contracted with the
United States Geological Survey to monitor tortoise populations and demography within a focal
plot in the Desert Tortoise and Linkage Conservation Area, using radiotelemetry to locate the
tortoises, and provide population estimates. Tortoises had blood taken and genetic analysis done;
these reports can be found in Appendix VII and VIII respectively. Finally, CVCC is working as a
partner with US Fish and Wildlife Service and San Diego Zoo Global on a LAG and a California
Energy Commission Grant to determine how active and passive trans-location affect burrowing
owls displaced by development.
Peninsular bighorn sheep monitoring continued with tracking GPS telemetry collars that were
fitted to sheep in the Santa Rosa and San Jacinto Mountains Conservation Area in October 2014
and November 2015. A California Department of Fish and Wildlife report released in May 2017
includes the population estimates developed from that survey, and is available at CDFW 20162017 Peninsular Bighorn Sheep Annual Report . Additional GPS collars were placed on bighorn
sheep in November 2107, funded in part by CVCC and USFWS. During these bighorn captures,
blood and serum samples were collected from each bighorn sheep to provide data on health and
genetic status. The recently collected samples were combined with stored tissue samples
collected in the past from sheep in the Santa Rosa and San Jacinto Mountains. CVCC is finishing
up a study funded by a Bureau of Reclamation Grant in the amount of $48,750 in July 2014 for
“Genetic and Health Profiles of Peninsular Bighorn Sheep in the Northern Peninsular Range.”
Under a contract with CVCC, Oregon State University is completing a genetic analysis of bighorn
sheep in the Santa Rosa and San Jacinto Mountains; this study is supported by additional funding
from CVCC ($40,000) and U.S. Fish and Wildlife Service ($11,000). It will be completed in 2018.
In June 2017, a contract with UC Riverside (UCR) - Center for Conservation Biology was
approved for monitoring of aeolian sand species, triple-ribbed milkvetch, burrowing owls, Palm
Springs pocket mouse, jerusalem cricket, and invasive Sahara mustard and fountain grass
mapping. UCR completed the final units of vegetation mapping in 2017, so now all areas of the
CVMSHCP have had vegetation maps updated to the California Native Plant Society/Department
of Fish and Game Protocol for Combined Vegetation and Rapid Assessment and Relevé
Sampling (2014). The final mapping reports for the Sand to Snow National Monument can be
found in Appendix XV; the Coachella Valley Stormwater Channel and Delta Conservation Area in
Appendix VIII; and the Desert Tortoise and Linkage Conservation Area in Appendix XIV. UCR
also assisted in advising the RMUC and BWG on developing focused research questions for
protocols. In coordination with the RMUC and Biological Working Group, UCR provides guidance
and input on the development of the monitoring program tasks and performs the majority of
monitoring efforts with their team of ecologists who have specialties in various aspects of the
Coachella Valley desert ecology. UCR also assisted with providing support for the desert tortoise
and vegetation mapping projects as needed. The monitoring reports for the aeolian sand
community, burrowing owl, little San Bernardino Mountains linanthus, and triple-ribbed milkvetch
can be found in Appendices V, VI, IX, XI respectively.

6
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2017 Biological Monitoring Activities
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Photos: 1 –USGS Biologist Jeff Lovich inspects a tortoise during surveys ; 2 – CV Milkvetch (Astragalus lentiginosus) on sand dune;
3 – CV Fringe-toed lizard on sand dune ; 4 – Desert dandelions and pincushion during the super bloom of 2017; 5- Artificial burrow
installed to house displaced burrowing owls; 6- Vegetation map of the Desert Tortoise and Linkage Conservation Area;
7.- Burrowing Owl nest camera captures owl with chicks in front of a burrow; 8.- Triple-ribbed Milkvetch (Astragalus tricarinatus).

IV.

Land Management Program

Management of lands acquired by CVCC and other local Permittees is coordinated with
management of the existing conservation lands owned by state, federal and non-profit agencies.
The Reserve Management Oversight Committee (RMOC) is the inter-agency group that provides
a forum for coordination of management and monitoring lands within the Reserve System and
makes recommendations to the CVCC. The Reserve Management Oversight Committee is
supported by the Reserve Management Unit Committees.
The Reserve Management Oversight Committee held two meetings on May 24, and October 25,
2017. Each RMOC meeting included a report regarding the Monitoring Program and the Land
Management Program. The RMOC reviewed the Reserve Management and Monitoring work
plans, biological monitoring and management priority activities, and tentative budget at the May
24, 2017 meeting. The recommendations from the RMOC were incorporated into the CVCC
budget for FY 2017/2018 and presented to the CVCC at their June 2017 meeting. CVCC staff
continues to coordinate with the RMOC and RMUCs to ensure that monitoring and research
activities inform and support management of the Reserve Management Units.
8
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Reserve Management Unit Committees
The six Reserve Management Units (RMUs) facilitate coordinated management by local, state
and federal agencies to achieve the Conservation Objectives within the MSHCP Reserve System.
The Reserve Management Unit Committee meetings were combined to reduce demands on staff
time and provide for better coordination. The RMUC met at various field locations to discuss
management and monitoring issues on site, February 6 and December 12, 2017. The February
6 meeting included a visit to the La Quinta Cove Trails. The December 12 meeting took place at
the Thousand Palms Conservation Area, and the Indio Hills/Joshua Tree National Park Linkage.
Because many of the same staff members are involved in both the Biological Working Group and
the RMUC and staff resources are limited, the RMUC tried to focus on field visits to better
understand the unique issues of each conservation area. The group discussed prioritizing
invasive species and off-road vehicle control management efforts, increasing volunteer activities,
and coordination on grant opportunities. The RMUC then combined with the BWG during the
March 14 and April 11 meetings to discuss management and monitoring priorities and assess
reports of monitoring results.
Trails Management Subcommittee
The Trails Management Subcommittee (TMS) meetings were held on January 18, February 15,
March 15, April 5, October 18, and November 15, 2017. During 2017, the TMS completed a
thorough review of trails in the Santa Rosa and San Jacinto Mountains to identify management
and monitoring needs. This review included: 1) identifying safety and signage needs along the
trails; 2) refining the GIS trails map to identify authorized and unauthorized trails and potential
new trails; and 3) establishing trail improvement and signage priorities. CVCC partners, Friends
of the Desert Mountains and their volunteer crew worked closely with the cities of La Quinta and
Palm Desert to fix trail hazards and install clear directional and safety signage. Friends’ volunteers
have also done work on trails in Palm Springs and Rancho Mirage and are taking the lead on trail
restoration throughout the valley. CVCC staff is also working with the Greater Palm Springs
Convention & Visitors Bureau and Friends of the Desert Mountains to develop a trails website/app
and wayfinding signage to provide information to residents and visitors about trails in the
Coachella Valley. This effort will provide a way to disseminate information on trail etiquette,
environmentally friendly trail use, and safety in a usable and accessible platform. The
Subcommittee also works with jurisdictions on existing ordinances that relate to trail use.
Land Improvement: Acquisition Cleanups
In 2017 the CVCC Acquisitions Manager performed pre-acquisition site inspections and job walks
on 32 parcels/projects in multiple Conservation Areas. During these inspections the Land
Acquisitions Manager identified illegal dumping, hazardous conditions, OHV & equestrian activity,
and the existence of listed species, as well as determined property fencing requirements. As per
CVCC’s standard Purchase & Sale Agreements, willing sellers are required to clean up illegal
dumping and blight prior to closing. Contractors are met in the field by the Acquisitions Manager
prior to a required cleanup to review the agency’s standards and specifications for the particular
site in question. After cleanup, the job site is re-inspected to certify that cleanups meet the
requirements, and if they are found lacking, the seller is notified if additional work will be
necessary. After closing, CVCC monitors the sites at least annually for ongoing
management/fencing requirements. This year, CVCC was directly responsible for removing an
estimated 7.79 tons of refuse, including 55 tires, from the Coachella Valley, covering more than
1,292.91 acres and generating over $13,900.00 in contractor revenue from sellers’ property
sales.
9
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Property Management & Monitoring
Monitoring the status of CVCC conservation lands is an essential and ongoing activity. Site visits
and patrols are conducted on a monthly basis to various CVCC properties. Illegal dumping, OHV
use and shooting continue to be a problem on some of the Reserve lands. In 2017, we closely
monitored and maintained 18,000 linear feet of post and cable fence within the Upper Mission
Creek and Big Morongo Canyon Conservation Area to protect the reserve lands, as well as
multiple signs and gates in the Upper Mission Creek, Indio Hills/Joshua Tree National Park
Linkage, and Stubbe and Cottonwood Canyon Conservation Areas. The continuous monthly
monitoring of the fencing and gates continues to dissuade further dumping or OHV activity in
these conservation areas. In October, CVCC partnered with the Bureau of Land Management
(BLM) to cleanup adjacent parcels in a large ravine located on the southern border of new Sand
to Snow National Monument which had been a dumping ground for decades. BLM removed
109.53 tons of trash, and 240 tires from the ravine, and installed large boulders on the parcels to
stop continued access by cars. CVCC installed two 15 foot wide gates on Edison access roads
leading to the area to limit illegal dumping and is working with other utilities to control access.
Local residents also regularly monitor the area and report illegal activity.
In addition to fencing and signage, CVCC staff worked with the Urban Conservation Corps and
Friends of the Desert Mountains to control invasive vegetation on properties in the Santa Rosa
and Sand Jacinto Mountains Conservation. Due to the remoteness of some of the sites, a
volunteer backcountry mule team helped pack water and supplies for two seperate week long
spike camps. The spike camps took place in November and in December 2017 and targeted the
removal of invasive tamarisk and fountain grass in Cat Canyon and Devil’s Canyon. This effort
was funded through a grant for $78,487 awarded to the CVCC in March 2017 from the US Fish
and Wildlife Service Endangered Species Section 6 Fund for, “Invasive Species Control and
Restoration of Water Sources for the Peninsular Bighorn Sheep (Ovis canadensis nelsoni) in the
Santa Rosa Mountains”. The Urban Conservation Corps, with an office in Indio, employs youth
ages 18 to 25 to work on conservation projects. As mentioned in the previous section, staff is also
working with the San Diego Natural History Museum and Coachella Valley Water District to control
invasive cowbirds in the Coachella Valley Stormwater Channel and Delta, and Dos Palmas
Conservation Areas. The following photos illustrate the management efforts of 2017.

10
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2017 Land Management Activities

Photos: 1 – Urban Conservation Corps crew and Friends of the Desert Mountains crew leader Jennifer Prado preparing to hike the
steep terrain into Devil’s Canyon; 2 – Urban Conservation Corps remove tamarisk from water source in Devil’s Canyon; 3 – Gate
installed to stop dumping along SCE road in Sand to Snow National Monument ; 4 – Restoration project supplies are loaded on
mule team for spike camps in Santa Rosa Mountains ; 5 – Urban Conservation Corps remove invasive tamarisk from palm oasis;
6.-Crew from San Diego Natural History Museum install cowbird traps on the Coachella Valley Stormwater Channel.

V.

Land Acquisition to Achieve the Conservation Goals and
Objectives of the CVMSHCP

In 2017, CVCC completed 18 transactions acquiring 19 parcels totaling 560 acres at a cost of
$1,534,750 in CVCC funds, these acquisitions are listed in Table 4. Friends of the Desert
Mountains acquired 19 parcels totaling 1,092 acres with $2,234,050 in federal Section 6 funds,
$550,225 in funds from Coachella Valley Mountains Conservancy (CVMC) and $240,085 in
Resource Legacy Funds, along with $802,725 from the California Wildlife Conservation Board
11
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(WCB). CVMC directly acquired 2 parcels totaling 641 acres with $1,051,756 in federal Section
6 funds, $256,622 in WCB funds and $256,622 in CVMC funds.
A table of CVCC acquisitions and otherwise conserved lands recorded during the period from
January 1, 2017 to December 31, 2017 can be found in Appendix III. Parcels acquired are listed
by Assessor Parcel Number (APN) and the acreage listed is the recorded acreage from the
Riverside County Assessor.

Table 4: Lands Acquired by CVCC in 2017
Project
Birns
Birns
Birns
Holt/Springer
Hwang-Young
Kolb-Potter
Lloyd
Olinger
Pontious-2
Pontiuos
Poulin Family Trust - Susan Harvey
Ramos - Hernandez
Rosas
Saul - Torkan - Long Canyon
Schlecet, Shevlin, Shoenberger
STEVE F. AND EVA S. GARCIA
Tower
VINH QUANG NGUYEN
Willat
Total Purchases

Acres
1.25
1.28
1.27
2.48
40.98
2.50
2.55
2.21
1.38
3.13
79.60
2.37
2.37
353.86
1.25
4.85
2.36
40.50
14.28
560.48

Conservation Area
Willow Hole
Willow Hole
Willow Hole
Willow Hole
Willow Hole
Willow Hole
Willow Hole
Upper Mission Creek/Big Morongo Canyon
Thousand Palms
Willow Hole
Upper Mission Creek/Big Morongo Canyon
Thousand Palms
Thousand Palms
Upper Mission Creek/Big Morongo Canyon
Willow Hole
Thousand Palms
Willow Hole
Thousand Palms
Willow Hole

Purchase Price
$
5,167
$
5,167
$
5,167
$
10,000
$
120,000
$
8,750
$
8,750
$
11,000
$
2,000
$
12,500
$
64,000
$
44,000
$
44,000
$
925,000
$
5,500
$
145,000
$
8,750
$
18,000
$
92,000
$
1,534,751

Figure 2 shows the acquisitions completed by all local, state, and federal acquisition partners in
2017 by Conservation Area. Figure 3 shows the acquisitions by CVCC. Funding for land
acquisition and CVMSHCP Reserve Assembly comes from a variety of sources including local,
state, and federal agencies. CVCC acquires lands with funding from CVMSHCP development
mitigation fees and CVAG contributions to mitigate for regional roads and other transportation
projects. In addition, as shown in Figure 4, funding from land acquisition partners continues to be
an important source of land acquisition dollars. Significant federal funding has been provided
through the U.S. Fish and Wildlife Service’s Cooperative Endangered Species Conservation
Fund, referred to as Section 6. State funding comes from several sources. The Coachella Valley
Mountains Conservancy contributes significantly to the acquisition of conservation lands through
grants to various organizations, including CVCC. The state Wildlife Conservation Board/
California Department of Fish and Wildlife is another major source of funding. The non-profit
Friends of the Desert Mountains has acquired lands using grants from CVMC, private donations,
and other sources; many of these lands have been transferred to CVCC. Other agencies and
non-profits have provided funds for land conservation. Figure 5 shows the lands acquired in 2017
by all acquisition partners. CVCC gratefully acknowledges the support from our partners.

12
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Figure 2: Total Acquisitions in 2017 by Conservation Area
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Figure 3: CVCC Acquisitions in 2017 by Conservation Area
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Figure 4: Funding Sources for Land Acquisition and Reserve Assembly
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Figure 5: Land Acquisitions in 2017
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VI. Conservation and Authorized Disturbance Within
Conservation Areas
The progress toward achieving the Conservation Goals and Objectives for the CVMSHCP is
reported here from two different perspectives, by Conservation Objective and by Covered Species
or natural community. The CVMSHCP includes Conservation Objectives for conserving Core
Habitat for Covered Species and conserved natural communities, Essential Ecological Processes
necessary to maintain habitat viability, and Biological Corridors and Linkages within each of the
21 Conservation Areas. The amount of conservation and the amount of disturbance are reported
in the same tables for comparative purposes. This Annual Report includes the conservation and
authorized disturbance from January 1 to December 31, 2017.
The progress toward our goals in terms of the Conservation Objectives is presented in Appendix
IV.

VII. Covered Activities Outside Conservation Areas
The CVMSHCP allows for development and other Covered Activities outside the Conservation
Areas which do not have to meet specific conservation objectives A table that includes an
accounting of the number of acres of Core Habitat and Other Conserved Habitat for the Covered
Species and conserved natural communities that have been developed or impacted by Covered
Activities outside the Conservation Areas can be found in Appendix V. This information is listed
for each of the Permittees with lands impacted by covered activities outside the Conservation
Areas.
Development inside Conservation Areas has been carefully tracked and subject to review under
the 1996 Memorandum of Understanding that began the planning process for the CVMSHCP.
For development outside Conservation Areas, the acre figures in the table are estimates derived
from the Developed area of the California Department of Conservation, Division of Land Resource
Protection, Farmland Mapping and Monitoring Program GIS coverages from 1996 and 2016.
See http://www.conservation.ca.gov/dlrp/FMMP/Pages/Index.aspx for more detail on the
Farmland Mapping and Monitoring Program.

VIII. Status of Covered Species
An overview of the status of each of the Covered Species for each Conservation Area can be
found in Appendix IV.

IX.

Significant Issues in Plan Implementation

17

2017 CVMSHCP Annual Report

On May 1, 2017, CVCC allowed the West of Devers (WOD) project of Southern California Edison
(SCE) as a Particpating Special Entity (PSE) under the CVMSHCP. A PSE receives streamlined
coverage under the CVMSHCP in exchange for a fixed percentage of project cost. SCE paid
CVCC fees totaling $6,591,929. Considering that the Local Development Mitigation Fee has
collected a total of approximately $10 million through the end of FY16/17, this single project
provided a significant boost in funding to the CVMSHCP. WOD will facilitate the full deliverability
of new electric generation resources under development in eastern Riverside County, in an area
designated by the California Independent System Operator (CAISO) for planning purposes as the
Blythe and Desert Center areas. The proposed project would upgrade the existing WOD
transmission line system by replacing the existing WOD 220-kV transmission lines and associated
structures with new, higher-capacity transmission lines and structures, installing new and/or
upgraded substation facilities, and making telecommunication improvements. The project is
planned to be operational by 2021.
Another significant project is the La Quinta Peninsular Bighorn Sheep Barrier Project. This project
was initiated in 2014 in response to a letter from the U.S. Fish and Wildlife Service and the
California Department of Fish and Wildlife expressing their concerns about bighorn sheep using
artificial sources of food and water in unfenced areas in the City of La Quinta. Terra Nova Planning
and Research, Inc. of Palm Desert is working with CVCC on the state and federal environmental
review for this project. The Draft Environmental Impact Report (EIR) was released in early January
2017 with a 45-day public comment period. The final Environmental Impact Report is anticipated
in spring 2018 and will include responses to the comments received. The project has been a
challenge because CVCC does not control the land needed for a fence and private property
owners have concerns about a fence on their land. CVCC staff continues to work with the local
property owners, the City of La Quinta, U.S. Fish and Wildlife Service, California Department of
Fish and Wildlife, and BLM to discuss workable options for the proposed fence. A federal
Environmental Assessment is also being prepared in coordination with the Bureau of Reclamation
as fencing associated with the Coachella Canal will require their approval in the form of a license
agreement. One section of the fence was installed by CVWD adjacent to SilverRock golf course
as part of their work on the canal in fall 2014. The City of La Quinta installed a fence along the
toe of slope adjacent to SilverRock golf course in March 2017. CVCC staff has made
presentations to homeowners associations and numerous meetings with property owners to hear
their concerns and discuss options. A public meeting will be held when the Final EIR is considered
for certification by the CVCC.
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X.

Expenditures for CVMSHCP: 2017/2018 Budget

Full budget available at: http://www.cvag.org/library/pdf_files/admin/CVCC%20Financials%20Reports%20FY_2017_2018/CVCC%20FY1718%20Budget.pdf
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XI.

Compliance Activities of Permittees

All Permittees are in compliance with requirements of the CVMSHCP. CVCC did not
completed any Joint Project Reviews for Permittees in 2017.
All the cities are complying with the fee exemption language in the new ordinances (there
are no exempted projects under county jurisdiction). All jurisdictions report their Local
Development Mitigation Fee (LDMF) activity and remit the revenue to CVCC monthly.
CVCC reviews all LDMF reports and receipts monthly. In 2017, a total of $1,790,403 was
collected under the LDMF program, a 3% increase over the 2016 calendar year.

XII. Annual Audit
CVCC approved their Fiscal Year 2017/2018 budget at the June 8, 2017 meeting.
The audit of the expenditures for the period July 1, 2016 to June 30, 2017 was approved
by CVCC on February 8, 2018. The financial report was designed to provide citizens,
members, and resource providers with a general overview of the CVCC’s finances, and to
show accountability for the money it receives. Questions about this report or additional
financial information can be obtained by contacting the CVCC Auditor, at 73-710 Fred
Waring Drive, Suite 200, Palm Desert, CA 92260. Annual CVCC audits are available at
http://www.cvag.org/cvcc_financial_reports.htm.

XIII. Unauthorized Activities and Enforcement
Off-highway vehicles and dumping continue to be issues. In 2017, areas where these
problems were reported included Stubbe/Cottonwood Canyon, Willow Hole, Upper
Mission Creek/Big Morongo Canyon, and Thousand Palms Conservation Areas. Further
discussion of management of these issues is included in section IV. Currently CVCC
forwards reports of OHVs and dumping to the appropriate law enforcement agency.
CVCC is working to develop an agreement with the Bureau of Land Management (BLM)
under which CVCC would contribute funds to hire additional BLM law enforcement rangers
to focus on the Conservation Areas.

XIV. In-Lieu Fee Program
In 2014, CVCC completed the Enabling Instrument for an In-Lieu Fee Program (ILFP) with
the U.S. Army Corps of Engineers. The ILFP would allow organizations that need to
mitigate for unavoidable Impacts to Waters of the U.S. that result from activities authorized
under section 404 of the Clean Water Act and section 401 of the Clean Water Act water
quality certifications to do so by paying a fee to CVCC. CVCC will perform restoration
projects that are pre-approved as mitigation by ACOE and the cost of these projects,
including endowment, contingency, planning and staff time would be paid from the ILFP.
Much like the CVMSHCP, the ILFP will replace piecemeal mitigations that often require
20
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years to be approved with a coordinated approach that complements other conservation
efforts.
The site for the proposed project has changed since last year. The Wildlife Agencies
decided that the original project might result in the take of the endangered desert pupfish.
The In-Lieu Program is an Army Corps of Engineers project that does not receive coverage
under the CVMSHCP. Fortunately, CVCC acquired several hundred acres in the
Stormwater Channel in 2017, and we expect to use a portion of that acreage without
difficulty.
The In-Lieu Fee Program Enabling Instrument allows CVCC to sell 50 acres of Advance
Credits, with the actual restoration project to begin within three growing seasons of the
first sale of an Advance Credit. The first Advance Credit was sold in May 2016. Table 5
lists the Advance Credit purchases completed through December 31, 2017.

Table 5:
Applicant

In-Lieu Fee Program Advance Credit Purchases
Mitigation Type

City of Palm Restoration/Rehabilitation
Springs
Caltrans
Enhancement
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Acres
Purchased
.35
.18

Date of Purchase
May 31, 2016
December 2, 2016

Appendix I
Rules for Land Acquisition and
Management Credit

Acquisition Credit
In general, the source of funds for acquisition gets the credit of acres with the following
modifications:
1) Per Plan Section 4.2.1 (p. 4-10), purchases with state or federal funding will be
considered Complementary in the following Conservation Areas: Joshua Tree
National Park, the Santa Rosa and San Jacinto Mountains, the Mecca Hills and
Orocopia Mountains, and Snow Creek/Windy Point. Purchases within these areas
with CVCC funds will be considered Permittee.
a. If land purchased with non-federal/state funding in these areas is transferred to
CVCC ownership, it will be considered a donation and CVCC will receive
Permittee credit if they take title. Examples include:
i. Purchases by Friends of Desert Mountains (FODM) – only if funds are
from private foundations (e.g. Resources Legacy Fund);
ii. Donations from landowners.
2) Acquisitions in Fluvial Sand Transport Only Areas will be credited to the funding entity
(Permittee, Complementary, and Federal/State).
a. If federal/state funds will be counted as federal/state acquisition
b. If land purchased with non-federal/state funding in these areas is transferred to
CVCC, it will be considered a donation and CVCC will receive Permittee credit.
3) For 2015 Annual Report parcels adjacent to Conservation Areas will not be counted
but will be included in the overall database and flagged for consideration after the
issue of a legal instrument for conservation is resolved.
4) If a grant requires a matching amount, that portion of the grant will be credited to the
source of the match. This includes cash contributions and in-kind contributions from
bargain sales (not addressed in the plan). However, as “mitigation” cannot be used
as a match for Section 6 grants, Permittees cannot receive acre credit for Section 6
matches.
5) Mitigation for projects outside Plan Area (Wildlands, Inc. is the only current example ~
7,000 acres) or mitigation for project not Covered as part of the Plan (Southern
California Edison purchase of the mitigation value of CVCC in 2014) are included in
the database but are zero for all credit and noted “conserved but it does not count for
the Annual Report or Plan acreage numbers.”
6) No Acres within any Tribal Land are counted for the CVMSHCP under any
circumstances as Tribal Land is “Not A Part” of the CVMSHCP Plan Area.

Appendix II
Table of Acquisitions for Conservation in
2017

CVMSHCP Annual Report 2017 - Parcels Acquired for Conservation
Conservation Area
Dos Palmas Conservation Area

Acq_Agency
Friends of the Desert Mountains
Friends of the Desert Mountains Total

Dos Palmas Conservation Area Total
Desert Tortoise and Linkage Conservation Area

Friends of the Desert Mountains
Friends of the Desert Mountains Total

Desert Tortoise and Linkage Conservation Area Total
Indio Hills/Joshua Tree National Park Linkage Conservation Area
Indio Hills/Joshua Tree National Park Linkage Conservation Area Total
Mecca Hills/Orocopia Mountains Conservation Area

Friends of the Desert Mountains
Friends of the Desert Mountains Total
Friends of the Desert Mountains

Friends of the Desert Mountains Total
Mecca Hills/Orocopia Mountains Conservation Area Total
Santa Rosa and San Jacinto Mountains Conservation Area

Coachella Valley Mountains Conservancy
Coachella Valley Mountains Conservancy Total
Friends of the Desert Mountains

Friends of the Desert Mountains Total
Santa Rosa and San Jacinto Mountains Conservation Area Total
Coachella Valley Stormwater Channel and Delta Conservation Area

Coachella Valley Conservation Commission

Coachella Valley Conservation Commission Total
Coachella Valley Stormwater Channel and Delta Conservation Area Total

APN
Total
731150002
321.45
733060002
5.00
326.45
326.45
707190011
39.75
717100020
40.17
79.92
79.92
741130008
5.00
5.00
5.00
709420026
10.48
709420039
10.49
717170007
240.77
719080062
42.44
719080063
79.80
383.98
383.98
635070007
476.51
635070008
164.61
641.11
635430001
100.47
753150015
40.34
753150022
10.26
753170015
19.90
753250025
9.94
753260007
18.78
753290005
38.70
753290011
38.48
753310007
19.91
296.76
937.88
727250006
30.18
727250015
20.19
729040013
74.86
729040014
1.18
729110001
78.87
729110002
39.79
729110003
40.23
729110004
75.06
729110005
65.87
729110017
2.32
729110026
39.21
729110028
40.71
749090009
199.86
708.31
708.31

Thousand Palms Conservation Area

Coachella Valley Conservation Commission

648170013
648170021
648200041
648220027
659260009

Coachella Valley Conservation Commission Total
Thousand Palms Conservation Area Total
Upper Mission Creek/Big Morongo Canyon Conservation Area

Coachella Valley Conservation Commission

638350002
664050016
667150001

Coachella Valley Conservation Commission Total
Upper Mission Creek/Big Morongo Canyon Conservation Area Total
Willow Hole Conservation Area

Coachella Valley Conservation Commission

Coachella Valley Conservation Commission Total
Willow Hole Conservation Area Total
Grand Total

660040001
660110010
660110011
660110033
660110034
660110035
660200015
660200018
660200025
660200043
660380011

2.37
2.37
1.38
4.85
40.50
51.47
51.47
353.86
2.21
79.60
435.67
435.67
14.28
1.25
1.25
2.48
1.28
1.27
2.50
2.36
2.55
3.13
40.98
73.33
73.33
3,001

Appendix III
Status of Conservation Objectives by
Conservation Area

CVMSHCP Annual Report 2017 - Conservation Objectives by Conservation Area
Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Cabazon Conservation Area - Riverside
County
Peninsular Bighorn Sheep - Essential
Habitat
Mesquite hummocks
Southern sycamore-alder riparian
woodland
Sand Source
Sand Transport
Fornat Wash Corridor
Coachella Valley Stormwater Channel
and Delta Conservation Area - Riverside
County
Desert Pupfish - Core Habitat
Crissal Thrasher - Core Habitat
California Black Rail - Other Conserved
Habitat
Yuma Clapper Rail - Other Conserved
Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Mesquite hummocks
Coastal and valley freshwater marsh
Desert sink scrub
Desert saltbush scrub

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

264
13

181
1

83
12

0
0

0
0

0%
0%

0
0

18
0

9
7,683
4,538
641

1
181
0
10

9
1,629
0
631

0
0
0
0

0
0
0
0

0%
0%
0%
0%

0
0
0
0

0
18
0
1

25
896

0
87

25
781

0
291

0
251

0%
37%

0
5

0
33

62

6

52

0

0

0%

0

1

62

6

52

0

0

0%

0

1

784
74

78
7

706
67

291
17

251
2

41%
26%

5
0

32
2

61
1,349
792

6
114
79

51
1,026
713

0
31
273

0
31
249

0%
3%
38%

0
0
5

1
15
30

1

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Desert Tortoise and Linkage
Conservation Area - Coachella
Desert Tortoise - Core Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Desert dry wash woodland

Desert Tortoise and Linkage
Conservation Area - Riverside County
Desert Tortoise - Core Habitat
Orocopia Sage - Core Habitat
Mecca Aster - Core Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Desert dry wash woodland
Desert Tortoise and Linkage Corridor
Dos Palmas Conservation Area Riverside County
Crissal Thrasher - Core Habitat
Desert Pupfish - Refugia Locations
California Black Rail - Other Conserved
Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Yuma Clapper Rail - Other Conserved
Habitat
Predicted Flat-tailed Horned Lizard Other Conserved Habitat
Desert fan palm oasis woodland
Arrowweed scrub
Mesquite bosque
Desert sink scrub
Desert dry wash woodland
Cismontane alkali marsh
Mesquite hummocks

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

300

30

270

0

0

0%

0

3

300
121

30
12

270
109

0
0

0
0

0%
0%

0
0

3
1

88,878
779
4,731

4,998
44
206

44,978
398
1,852

3,849
0
272

40
0
0

9%
0%
15%

14
0
0

871
4
48

49,114
13,443

2,813
752

25,319
6,771

1,191
597

0
0

5%
9%

14
6

386
129

26,122

1,572

14,144

1,819

0

13%

0

339

536
0

38
0

343
0

187
0

0
0

54%
0%

0
0

22
0

597

37

334

277

0

83%

0

31

14,882

743

6,689

2,404

133

36%

0

315

682

42

374

297

0

79%

0

34

5,537
125
277
482
7,195
1,856
321
55

403
6
13
36
487
83
23
3

3,631
50
121
320
4,381
746
205
23

667
29
0
176
1,160
245
200
12

0
0
0
0
0
3
0
0

18%
59%
0%
55%
26%
33%
98%
51%

0
0
0
0
0
0
0
0

107
4
1
21
165
33
22
2

2

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
East Indio Hills Conservation Area Coachella
Le Conte's Thrasher - Other Conserved
Habitat
Palm Springs Pocket Mouse - Other
Conserved Habitat
Coachella Valley Round-tailed Ground
Squirrel - Other Conserved Habitat
Predicted Flat-tailed Horned Lizard Other Conserved Habitat
East Indio Hills Conservation Area Indio
Le Conte's Thrasher - Other Conserved
Habitat
Palm Springs Pocket Mouse - Other
Conserved Habitat
Coachella Valley Round-tailed Ground
Squirrel - Other Conserved Habitat
Predicted Flat-tailed Horned Lizard Other Conserved Habitat
Mesquite hummocks
Stabilized shielded sand fields
East Indio Hills Conservation Area Riverside County
Le Conte's Thrasher - Other Conserved
Habitat
Mecca Aster - Core Habitat
Coachella Valley Round-tailed Ground
Squirrel - Other Conserved Habitat
Predicted Flat-tailed Horned Lizard Other Conserved Habitat
Palm Springs Pocket Mouse - Other
Conserved Habitat
Active desert dunes
Desert saltbush scrub
Stabilized desert sand fields
Mesquite hummocks
Stabilized shielded sand fields

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

62

6

56

0

0

0%

0

1

8

1

7

0

0

0%

0

0

6

1

5

0

0

0%

0

0

6

1

5

0

0

0%

0

0

120

12

105

0

0

0%

0

1

117

11

103

0

0

0%

0

1

117

11

103

0

0

0%

0

1

114
2
114

11
0
11

100
2
100

0
0
0

0
0
0

0%
0%
0%

0
0
0

1
0
1

1,960
1,594

139
116

1,253
1,045

0
0

0
0

0%
0%

0
0

14
12

1,353

100

896

0

0

0%

0

10

525

46

415

0

0

0%

0

5

1,526
5
8
331
43
401

105
1
1
33
4
28

944
4
7
295
39
256

0
0
0
0
0
0

0
0
0
0
0
0

0%
0%
0%
0%
0%
0%

0
0
0
0
0
0

11
0
0
3
0
3

3

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

Edom Hill Conservation Area Cathedral City
Coachella Valley Round-tailed Ground
Squirrel - Other Conserved Habitat
Coachella Valley Milkvetch - Other
Conserved Habitat
Palm Springs Pocket Mouse - Other
Conserved Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Sand Source

134

13

121

102

0

84%

0

11

151

15

136

102

0

75%

0

12

114

11

103

87

0

84%

0

9

344
345

34
34

310
310

224
224

0
0

72%
72%

0
0

26
26

103

5

40

43

0

100%

0

5

1,637

134

1,205

1,029

0

85%

0

116

103

5

40

43

0

100%

0

5

1,701

145

1,302

1,115

0

86%

0

126

1,228

104

935

794

0

85%

0

90

2,238
73
29
2,665
628

194
4
1
197
63

1,745
37
3
1,770
565

1,334
41
2
1,468
377

0
0
0
0
0

76%
100%
67%
83%
67%

1
0
0
0
1

152
4
1
167
43

Edom Hill Conservation Area - Riverside
County
Coachella Valley Giant Sand-treader
Cricket - Other Conserved Habitat
Coachella Valley Milkvetch - Other
Conserved Habitat
Coachella Valley Fringe-toed Lizard Other Conserved Habitat
Coachella Valley Round-tailed Ground
Squirrel - Other Conserved Habitat
Palm Springs Pocket Mouse - Other
Conserved Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Active sand fields
Stabilized desert sand fields
Sand Source
Sand Transport

4

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

Highway 111/I-10 Conservation Area Riverside County
Coachella Valley Round-tailed Ground
Squirrel - Other Conserved Habitat
Coachella Valley Jerusalem Cricket Other Conserved Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Coachella Valley Milkvetch - Other
Conserved Habitat
Palm Springs Pocket Mouse - Other
Conserved Habitat
Indio Hills Palms Conservation Area Riverside County
Mecca Aster - Core Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Desert fan palm oasis woodland
Desert dry wash woodland
Mesquite hummocks
Indio Hills/Joshua Tree National Park
Linkage Conservation Area - Riverside
County
Desert Tortoise - Core Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Sand Transport
Sand Source
Indio Hills / Joshua Tree National Park
Corridor

389

39

350

54

0

15%

0

9

372

37

335

51

0

15%

0

9

389

39

350

54

0

15%

0

9

372

37

335

51

0

15%

0

9

389

39

350

54

0

15%

0

9

6,091

255

2,290

1,039

0

45%

0

130

106
93
79
3

1
5
4
1

7
42
33
1

0
7
36
0

0
0
0
0

0%
17%
100%
0%

0
0
0
0

0
1
4
0

10,308

859

7,735

6,551

5

85%

0

741

6,396
7,304
5,823

606
681
460

5,457
6,132
4,135

5,455
5,771
3,205

5
0
0

100%
94%
78%

0
5
0

606
640
367

13,127

1,141

10,267

8,976

0

87%

5

1,007

5

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

Joshua Tree National Park Conservation
Area - Riverside County
Gray Vireo - Other Conserved Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Desert Tortoise - Core Habitat
Desert dry wash woodland
Mojave mixed woody scrub
Desert fan palm oasis woodland

30,653

134

1,208

1,822

0

100%

0

195

4,330
127,161
2,195
57,099
5

25
1,708
13
800
0

222
15,367
119
7,195
0

104
12,607
192
6,349
0

0
0
0
0
0

47%
82%
100%
88%
0%

0
0
0
0
0

13
1,432
20
715
0

Mojavean pinyon & juniper woodland

30,653

134

1,208

1,822

0

100%

0

195

112,575

2,624

23,617

6,512

384

28%

0

914

17,467
66,180
31,655
1
9,317

652
1,803
465
0
318

5,866
16,227
4,181
0
2,861

1,396
4,224
1,108
0
1,212

0
80
241
0
36

24%
26%
27%
0%
42%

0
0
0
0
0

205
603
157
0
153

107

11

95

4

0

4%

0

2

13

1

11

4

0

36%

0

0

112
20

11
2

97
18

4
5

0
0

4%
28%

0
0

2
1

Mecca Hills/Orocopia Mountains
Conservation Area - Riverside County
Desert Tortoise - Core Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Orocopia Sage - Core Habitat
Mecca Aster - Core Habitat
Desert fan palm oasis woodland
Desert dry wash woodland

Santa Rosa and San Jacinto Mountains
Conservation Area - Cathedral City
Desert Tortoise - Other Conserved
Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Peninsular Bighorn Sheep - Rec Zone 2 Essential Habitat
Desert dry wash woodland

6

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Santa Rosa and San Jacinto Mountains
Conservation Area - Indian Wells
Desert Tortoise - Other Conserved
Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Peninsular Bighorn Sheep - Rec Zone 3 Essential Habitat
Desert dry wash woodland

Santa Rosa and San Jacinto Mountains
Conservation Area - La Quinta
Desert Tortoise - Other Conserved
Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Peninsular Bighorn Sheep - Rec Zone 3 Essential Habitat
Desert dry wash woodland

Santa Rosa and San Jacinto Mountains
Conservation Area - Palm Desert
Le Conte's Thrasher - Other Conserved
Habitat
Desert Tortoise - Other Conserved
Habitat
Peninsular Bighorn Sheep - Rec Zone 3 Essential Habitat
Peninsular Bighorn Sheep - Rec Zone 2 Essential Habitat
Desert dry wash woodland

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

4,375

111

999

0

0

0%

0

11

419

23

206

0

0

0%

0

2

4,617
128

114
7

1,158
66

0
0

0
0

0%
0%

0
0

11
1

5,936

157

1,409

371

0

26%

7

46

683

43

387

122

0

32%

0

17

6,185
147

159
8

2,545
76

386
15

0
0

15%
20%

0
0

38
2

43

4

33

0

0

0%

0

0

581

48

436

784

0

100%

0

82

78

7

65

0

0

0%

0

1

492
38

7
3

65
29

762
1

0
0

100%
3%

0
0

75
0

7

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Santa Rosa and San Jacinto Mountains
Conservation Area - Palm Springs
Le Conte's Thrasher - Other Conserved
Habitat
Peninsular Bighorn Sheep - Rec Zone 1 Essential Habitat
Desert Tortoise - Other Conserved
Habitat
Peninsular Bighorn Sheep - Rec Zone 2 Essential Habitat

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

793

103

560

384

0

69%

0

74

9,195

226

2,511

2,001

0

80%

0

185

22,571

1,317

8,856

4,388

0

50%

0

719

18,426

866

4,700

3,495

0

74%

0

666

Gray Vireo - Other Conserved Habitat
Desert dry wash woodland

8,416
40

431
4

3,883
36

1,837
41

0
0

47%
100%

0
0

227
5

Peninsular juniper woodland & scrub
Semi-desert chaparral
Southern sycamore-alder riparian
woodland
Sonoran cottonwood-willow riparian
forest
Desert fan palm oasis woodland

7,682
733

353
51

3,177
571

1,837
0

0
0

58%
0%

0
0

219
5

30

2

24

0

0

0%

0

0

58
218

0
9

58
76

4
52

0
0

7%
68%

0
0

0
6

Southern arroyo willow riparian forest

16

0

0

0

0

0%

0

0

5,249

147

1,326

1,206

0

91%

0

135

19

2

17

0

0

0%

0

0

5,262
19

42
1

450
9

1,209
4

0
0

100%
44%

0
0

106
1

Santa Rosa and San Jacinto Mountains
Conservation Area - Rancho Mirage
Desert Tortoise - Other Conserved
Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Peninsular Bighorn Sheep - Rec Zone 2 Essential Habitat
Desert dry wash woodland

8

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Santa Rosa and San Jacinto Mountains
Conservation Area - Riverside County
Peninsular Bighorn Sheep - Rec Zone 2 Essential Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Triple-ribbed Milkvetch - Known
Locations
Peninsular Bighorn Sheep - Rec Zone 1 Essential Habitat

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

14,558

647

4,269

3,034

717

71%

0

479

9,123

911

5,508

5,534

11

100%

0

915

0

0

0

0

0

0%

0

0

24,840

830

7,252

1,221

0

17%

0

209

Gray Vireo - Other Conserved Habitat
Peninsular Bighorn Sheep - Rec Zone 3 Essential Habitat
Desert Tortoise - Other Conserved
Habitat
Peninsular Bighorn Sheep - Rec Zone 4 Essential Habitat
Southern sycamore-alder riparian
woodland
Red shank chaparral
Semi-desert chaparral

58,985

881

7,930

6,042

641

76%

0

692

50,972

683

5,359

5,130

196

96%

0

657

86,875

2,950

23,856

16,070

279

67%

7

2,076

34,597

258

2,325

7,525

0

100%

0

777

518
12,514
16,869

12
253
233

117
2,274
2,093

5
1,810
928

0
0
0

4%
80%
44%

0
0
0

2
207
116

Peninsular juniper woodland & scrub

29,547

418

2,899

3,307

641

100%

0

471

Southern arroyo willow riparian forest
Desert dry wash woodland
Desert fan palm oasis woodland

16
3,566
716

2
298
45

15
1,244
404

0
1,270
0

0
19
0

0%
100%
0%

0
0
0

0
304
5

9

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Snow Creek/Windy Point Conservation
Area - Palm Springs
Coachella Valley Milkvetch - Core
Habitat
Peninsular Bighorn Sheep - Essential
Habitat
Coachella Valley Round-tailed Ground
Squirrel - Core Habitat
Coachella Valley Fringe-toed Lizard Core Habitat
Coachella Valley Giant Sand-treader
Cricket - Core Habitat
Coachella Valley Jerusalem Cricket Core Habitat
Palm Springs Pocket Mouse - Core
Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Ephemeral sand fields
Active desert dunes
Highway 111 - Whitewater River
Biological Corridor

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

910

91

816

179

0

22%

0

27

180

16

144

22

0

15%

0

4

934

93

838

182

0

22%

0

27

749

75

672

174

0

26%

0

25

749

75

672

174

0

26%

0

25

908

90

815

178

0

22%

0

27

934

93

838

182

0

22%

0

27

864
680
69

86
68
7

775
610
62

145
136
40

0
0
0

19%
22%
65%

0
0
0

23
20
5

276

27

247

182

0

74%

0

21

10

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Snow Creek/Windy Point Conservation
Area - Riverside County
Coachella Valley Milkvetch - Core
Habitat
Coachella Valley Round-tailed Ground
Squirrel - Core Habitat
Coachella Valley Fringe-toed Lizard Core Habitat
Peninsular Bighorn Sheep - Essential
Habitat
Coachella Valley Giant Sand-treader
Cricket - Core Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Coachella Valley Jerusalem Cricket Core Habitat
Ephemeral sand fields
Stabilized shielded sand fields
Highway 111 - Whitewater River
Biological Corridor

Stubbe and Cottonwood Canyons
Conservation Area - Riverside County
Desert Tortoise - Core Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Desert dry wash woodland
Sonoran cottonwood-willow riparian
forest
Sand Transport
Stubbe Canyon Wash Corridor

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

1,700

134

1,210

546

0

45%

0

68

1,880

152

1,371

788

0

57%

0

94

625

55

502

334

0

67%

0

38

525

49

443

0

0

0%

0

5

625

56

501

334

0

67%

0

39

1,924

162

1,453

848

0

58%

0

101

782
468
157

60
45
10

538
409
93

347
339
0

0
0
0

64%
83%
0%

0
0
0

41
38
1

474

46

415

0

0

0%

0

5

5,735

253

2,276

851

0

37%

29

81

1,265
289

123
26

1,111
229

647
112

0
0

58%
49%

0
0

77
14

267
1,375
1,181

3
125
117

25
1,129
1,058

0
651
696

0
0
0

0%
58%
66%

0
0
0

0
77
81
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Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Thousand Palms Conservation Area Riverside County
Coachella Valley Round-tailed Ground
Squirrel - Core Habitat
Coachella Valley Milkvetch - Core
Habitat
Desert Pupfish - Refugia Locations
Coachella Valley Fringe-toed Lizard Core Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Predicted Flat-tailed Horned Lizard Core Habitat
Mecca Aster - Core Habitat
Coachella Valley Giant Sand-treader
Cricket - Core Habitat
Palm Springs Pocket Mouse - Core
Habitat
Desert dry wash woodland
Active sand fields
Active desert dunes
Desert fan palm oasis woodland
Sonoran cottonwood-willow riparian
forest
Mesquite hummocks
Sand Transport
Sand Source
Thousand Palms Linkage
Thousand Palms Conservation Area Indio
Mecca Aster - Core Habitat
Predicted Flat-tailed Horned Lizard Core Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Coachella Valley Round-tailed Ground
Squirrel - Core Habitat
Palm Springs Pocket Mouse - Core
Habitat
Sand Transport
Sand Source
Thousand Palms Linkage

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

8,295

450

2,886

1,827

23

63%

39

262

4,403
0

111
0

1,001
0

1,005
0

12
0

100%
0%

5
0

106
0

3,962

93

834

683

0

82%

0

78

10,539

505

3,671

1,776

51

48%

34

236

4,118
11,540

94
277

870
2,623

745
1,343

0
0

86%
51%

1
5

81
150

3,962

93

834

683

0

82%

0

78

11,167
748
3,543
421
137

468
4
91
2
0

3,399
34
820
14
0

1,771
0
677
6
0

19
0
0
0
0

52%
0%
83%
43%
0%

38
0
0
0
0

228
0
77
1
0

4
58
12,011
12,952
24,965

0
0
519
402
919

0
0
3,615
3,227
7,238

0
0
1,694
2,174
3,848

0
0
0
0
0

0%
0%
47%
67%
53%

0
0
52
5
57

0
0
219
279
475

205

20

53

204

0

100%

0

71

30

3

7

0

0

0%

0

0

519

47

208

323

0

100%

0

70

218

18

88

48

0

54%

0

11

540
539
104
642

50
54
10
64

189
485
94
578

344
386
104
490

0
0
0
0

100%
79%
100%
85%

0
0
0
0

87
44
11
55

12

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Upper Mission Creek/Big Morongo
Canyon Conservation Area - Desert Hot
Springs
Coachella Valley Jerusalem Cricket Other Conserved Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Palm Springs Pocket Mouse - Core
Habitat
Little San Bernardino Mountains
Linanthus - Core Habitat
Desert Tortoise - Core Habitat
Desert dry wash woodland
Sand Transport
Sand Source
Highway 62 Corridor
Upper Mission Creek/Big Morongo
Canyon Conservation Area - Palm
Springs
Le Conte's Thrasher - Other Conserved
Habitat
Palm Springs Pocket Mouse - Other
Conserved Habitat

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

49

0

49

31

0

62%

1

-1

1,832

288

1,409

795

0

56%

2

173

1,748

270

1,403

784

0

56%

2

161

1,020
3,554
135
1,869
343
73

53
0
6
286
0
7

967
1,429
58
1,399
6
66

465
784
0
448
0
0

0
0
0
0
0
0

48%
55%
0%
32%
0%
0%

0
0
2
0
0

28
0
1
109
0
1

24

2

22

0

0

0%

0

0

24

2

22

0

0

0%

0

0

13

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Upper Mission Creek/Big Morongo
Canyon Conservation Area - Riverside
County
Desert Tortoise - Core Habitat

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

24,122

887

7,984

5,340

356

67%

23

600

819

47

426

421

0

99%

0

46

666

52

460

53

0

11%

11

0

1,871

146

1,323

673

2

51%

3

78

1,937

151

1,363

804

15

59%

2

93

1,390

122

1,100

686

0

62%

0

81

Triple-ribbed Milkvetch - Core Habitat
Coachella Valley Jerusalem Cricket Other Conserved Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Palm Springs Pocket Mouse - Core
Habitat
Little San Bernardino Mountains
Linanthus - Core Habitat
Southern sycamore-alder riparian
woodland
Desert dry wash woodland
Sonoran cottonwood-willow riparian
forest
Sand Transport
Sand Source
Highway 62 Corridor

104
125

6
8

52
76

60
49

0
0

100%
64%

0
0

7
5

100
2,279
19,789
907

8
168
721
79

76
1,509
6,488
715

78
1,133
4,447
569

0
0
0
0

100%
75%
69%
80%

0
0
0
0

8
130
517
64

West Deception Canyon Conservation
Area - Riverside County
Sand Source

1,302

118

1,063

864

0

81%

0

98

56
56

0
0

0
0

0
0

0
0

0%
0%

0
0

0
0

Whitewater Canyon Conservation Area Desert Hot Springs
Desert Tortoise - Core Habitat
Sand Source

14

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Whitewater Canyon Conservation Area Riverside County
Desert Tortoise - Core Habitat
Arroyo Toad - Core Habitat
Little San Bernardino Mountains
Linanthus - Other Conserved Habitat
Triple-ribbed Milkvetch - Core Habitat
Desert fan palm oasis woodland
Sonoran cottonwood-willow riparian
forest
Sand Transport
Sand Source
Whitewater Canyon Corridor
Whitewater Floodplain Conservation
Area - Cathedral City
Coachella Valley Milkvetch - Core
Habitat
Coachella Valley Round-tailed Ground
Squirrel - Core Habitat
Coachella Valley Fringe-toed Lizard Core Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Palm Springs Pocket Mouse - Core
Habitat
Coachella Valley Giant Sand-treader
Cricket - Core Habitat
Active sand fields
Whitewater River Corridor

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

4,438
2,082

120
78

1,084
706

742
676

0
0

68%
96%

1
0

85
75

579

39

348

277

0

80%

0

32

1,295
1

41
0

368
0

277
0

0
0

75%
0%

0
0

32
0

166
1,392
12,616
223

11
48
94
22

107
435
850
201

105
338
618
0

0
0
0
0

98%
78%
73%
0%

0
0
1
1

11
38
70
1

107

7

61

0

0

0%

0

1

105

7

59

0

0

0%

0

1

107

7

61

0

0

0%

0

1

107

7

61

0

0

0%

0

1

107

7

61

0

0

0%

0

1

107
49
28

7
5
2

61
43
18

0
0
0

0
0
0

0%
0%
0%

0
0
0

1
1
0
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Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Whitewater Floodplain Conservation
Area - Palm Springs
Coachella Valley Round-tailed Ground
Squirrel - Core Habitat
Coachella Valley Milkvetch - Core
Habitat
Palm Springs Pocket Mouse - Core
Habitat
Coachella Valley Fringe-toed Lizard Core Habitat
Coachella Valley Giant Sand-treader
Cricket - Core Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Ephemeral sand fields
Stabilized desert sand fields
Active sand fields
Whitewater River Corridor

Whitewater Floodplain Conservation
Area - Riverside County
Coachella Valley Milkvetch - Core
Habitat
Coachella Valley Round-tailed Ground
Squirrel - Core Habitat
Coachella Valley Giant Sand-treader
Cricket - Core Habitat
Coachella Valley Fringe-toed Lizard Core Habitat
Palm Springs Pocket Mouse - Core
Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Ephemeral sand fields
Stabilized desert sand fields
Whitewater River Corridor

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

5,825

328

2,955

531

0

18%

42

44

5,432

297

2,671

512

0

19%

37

44

6,173

347

3,122

549

0

18%

61

29

5,418

295

2,659

512

0

19%

37

44

5,418

295

2,659

512

0

19%

37

44

6,495
2,873
577
436
1,183

381
132
44
44
90

3,433
1,185
394
392
809

563
213
4
304
26

0
0
0
0
0

16%
18%
1%
78%
3%

61
10
0
0
13

33
25
5
35
-1

96

6

58

0

0

0%

0

1

185

11

100

0

0

0%

0

1

92

6

57

0

0

0%

0

1

92

6

57

0

0

0%

0

1

701

53

477

0

0

0%

10

-5

706
86
5
701

53
6
1
53

480
52
4
475

0
0
0
0

0
0
0
0

0%
0%
0%
0%

10
0
0
10

-5
1
0
-5
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Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Willow Hole Conservation Area Cathedral City
Coachella Valley Round-tailed Ground
Squirrel - Core Habitat
Coachella Valley Milkvetch - Core
Habitat
Coachella Valley Fringe-toed Lizard Core Habitat
Palm Springs Pocket Mouse - Core
Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Ephemeral sand fields
Active sand fields
Stabilized desert sand fields
Stabilized desert dunes
Sand Transport
Sand Source
Willow Hole Conservation Area Riverside County
Coachella Valley Fringe-toed Lizard Core Habitat
Coachella Valley Milkvetch - Core
Habitat
Palm Springs Pocket Mouse - Core
Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Desert saltbush scrub
Mesquite hummocks
Desert fan palm oasis woodland
Stabilized desert sand fields
Stabilized desert dunes
Ephemeral sand fields
Sand Transport
Sand Source
Mission Creek / Willow Wash Biological
Corridor

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

1,485

140

1,256

680

52

54%

0

82

938

87

782

256

46

33%

0

34

264

24

212

154

28

72%

0

18

1,147

107

959

678

52

71%

0

79

1,795
227
37
57
1
966
833

167
20
4
6
0
89
79

1,505
178
33
51
1
798
710

695
117
37
0
0
663
33

52
14
15
0
0
52
0

46%
66%
100%
0%
0%
83%
5%

0
0
0
0
0
0
0

86
14
4
1
0
75
11

633

50

454

314

18

69%

6

30

2,228

195

1,751

838

21

48%

6

98

3,465

298

2,684

911

21

34%

6

115

3,601
169
125
1
144
383
906
3,500
186

298
17
11
0
14
35
81
304
2

2,677
152
98
0
128
319
728
2,734
17

918
136
76
0
64
149
101
910
8

22
1
0
0
16
2
0
22
0

34%
89%
77%
0%
50%
47%
14%
33%
48%

6
0
0
0
2
4
0
6
0

116
15
9
0
6
14
18
115
1

509

44

397

0

0

0%

0

4

17

Remaining
Total Acres in
Acres of
Acres To Be
Conservation
Disturbance
Conserved
Area
Authorized (1996)
(1996)
Willow Hole Conservation Area - Desert
Hot Springs
Coachella Valley Milkvetch - Core
Habitat
Coachella Valley Fringe-toed Lizard Core Habitat
Le Conte's Thrasher - Other Conserved
Habitat
Coachella Valley Round-tailed Ground
Squirrel - Core Habitat
Palm Springs Pocket Mouse - Core
Habitat
Ephemeral sand fields
Stabilized desert dunes
Stabilized desert sand fields
Mesquite hummocks
Sand Transport
Mission Creek / Willow Wash Biological
Corridor

Acres
Conserved
Since 1996

Acres
Conserved in
2017

Percentage of
Required
Conservation
Acquired

Acres of
Permitted
Disturbance

Acres of
Rough
Step

959

96

863

378

0

0

0

47

3

0

3

272

0

1

0

0

1,666

167

1,499

690

0

0

0

86

3

0

3

596

0

1

0

0

1,713
610
139
54
30
1,713

171
61
14
5
3
171

1,542
549
125
49
27
1,542

713
215
51
7
15
859

0
0
0
0
0
0

0
0
0
0
1
1

0
0
0
0
0
0

88
28
7
1
2
103

308

31

277

121

0

0

0

15

18

Appendix IV
Covered Activity Impact Outside
Conservation Areas

CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas
Arroyo Toad
Riverside County
0
Arroyo Toad Total
0
California Black Rail
Coachella
Indio
Riverside County
California Black Rail Total

0
0
0
0

Coachella Valley Fringe-toed Lizard
Cathedral City
Coachella
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County

924
9
682
995
570
1073
1585
1147
773

Coachella Valley Fringe-toed Lizard Total

7758

Coachella Valley Giant Sand-treader
Cricket
Cathedral City
Coachella
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Coachella Valley Giant Sand-treader
Cricket Total

924
9
682
995
570
1073
1585
1147
773
7758
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CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas
Coachella Valley Jerusalem Cricket
Cathedral City
Desert Hot Springs
Palm Desert
Palm Springs
Rancho Mirage
Riverside County

934
46
20
1589
1053
333

Coachella Valley Jerusalem Cricket Total

3975

Coachella Valley Milkvetch
Cathedral City
Desert Hot Springs
Indian Wells
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Coachella Valley Milkvetch Total

806
55
582
1
1061
1125
936
1147
5713

Coachella Valley Round-tailed Ground
Squirrel
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Coachella Valley Round-tailed Ground
Squirrel Total

1176
63
613
990
1725
1428
1408
1961
1325
2702
13390
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CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas
Crissal Thrasher
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Riverside County
Crissal Thrasher Total

0
60
8
21
238
639
286
1253

Desert Pupfish
Indian Wells
NULL
Desert Pupfish Total

0
0
0

Desert Tortoise
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Desert Tortoise Total

32
0
646
196
0
387
464
82
170
964
2942

Gray Vireo
Palm Springs
Riverside County
Gray Vireo Total

0
29
29
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CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas
Le Conte's Thrasher
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Le Conte's Thrasher Total

1201
72
1156
1139
1560
1680
1909
1913
1347
3843
15820

Least Bell's Vireo - Breeding Habitat
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Springs
Rancho Mirage
Riverside County
Least Bell's Vireo - Breeding Habitat
Total

0
7
9
21
51
65
0
0
31
184

Least Bell's Vireo - Migratory Habitat
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Least Bell's Vireo - Migratory Habitat
Total

8
53
0
176
188
596
179
9
28
262
1500
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CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas
Little San Bernardino Mountains
Linanthus
Desert Hot Springs
Riverside County
Little San Bernardino Mountains
Linanthus Total

1
0
1

Mecca Aster
Indio
Riverside County
Mecca Aster Total

0
1
1

Orocopia Sage
Riverside County
Orocopia Sage Total

18
18

Palm Springs Pocket Mouse
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Palm Springs Pocket Mouse Total

1189
39
624
998
1614
1274
1487
2061
1362
2858
13504

Peninsular Bighorn Sheep
Cathedral City
Indian Wells
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Peninsular Bighorn Sheep Total

9
1
122
209
58
18
9
427
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CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas
Potential Flat-tailed Horned Lizard
Cathedral City
Desert Hot Springs
Palm Springs
Riverside County

0
38
281
69

Potential Flat-tailed Horned Lizard Total

388

Predicted Flat-tailed Horned Lizard
Cathedral City
Coachella
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County

854
4
682
877
584
1073
1299
1138
924

Predicted Flat-tailed Horned Lizard Total

7436

Southern Yellow Bat
Cathedral City
Desert Hot Springs
Palm Springs
Rancho Mirage
Riverside County
Southern Yellow Bat Total

0
1
0
0
0
1

Southwestern Willow Flycatcher Breeding Habitat
Cathedral City
Coachella
Desert Hot Springs
Indio
Palm Springs
Rancho Mirage
Riverside County
Southwestern Willow Flycatcher Breeding Habitat Total

0
0
0
0
0
0
0
0
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CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas
Southwestern Willow Flycatcher Migratory Habitat
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Southwestern Willow Flycatcher Migratory Habitat Total

5
35
2
209
236
731
194
7
46
253
1717

Summer Tanager - Breeding Habitat
Cathedral City
Coachella
Desert Hot Springs
Indio
Palm Springs
Rancho Mirage
Riverside County
Summer Tanager - Breeding Habitat
Total

0
0
0
0
0
0
0
0

Summer Tanager - Migratory Habitat
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Summer Tanager - Migratory Habitat
Total

8
61
8
197
239
661
179
9
28
293
1683
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CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas
Triple-ribbed Milkvetch
Palm Springs
Riverside County
Triple-ribbed Milkvetch Total

0
0
0

Yellow Warbler - Breeding Habitat
Cathedral City
Coachella
Desert Hot Springs
Indio
Palm Springs
Rancho Mirage
Riverside County

0
0
0
0
0
0
0

Yellow Warbler - Breeding Habitat Total

0

Yellow Warbler - Migratory Habitat
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Yellow Warbler - Migratory Habitat
Total

8
63
9
197
266
661
179
9
28
293
1713

Yellow-breasted Chat - Breeding Habitat
Cathedral City
Coachella
Desert Hot Springs
Indio
Palm Springs
Rancho Mirage
Riverside County
Yellow-breasted Chat - Breeding Habitat
Total

8

0
0
0
0
0
0
0
0

CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas
Yellow-breasted Chat - Migratory
Habitat
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Yellow-breasted Chat - Migratory
Habitat Total

8
61
9
197
239
661
179
9
28
293
1684

Yuma Clapper Rail
Coachella
Indio
Riverside County
Yuma Clapper Rail Total

0
0
0
0

Active desert dunes
Palm Springs
Riverside County
Active desert dunes Total

0
7
7

Active sand fields
Cathedral City
Palm Springs
Riverside County
Active sand fields Total

0
0
256
256

Arrowweed scrub
Riverside County
Arrowweed scrub Total

0
0

Chamise chaparral
Riverside County
Chamise chaparral Total

0
0
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CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas
Cismontane alkali marsh
Riverside County
Cismontane alkali marsh Total

0
0

Coastal and valley freshwater marsh
Coachella
Indio
Riverside County
Coastal and valley freshwater marsh
Total

0
0
0
0

Desert dry wash woodland
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Desert dry wash woodland Total

8
0
0
176
0
22
179
9
28
268
690

Desert fan palm oasis woodland
Cathedral City
Desert Hot Springs
Palm Springs
Rancho Mirage
Riverside County

0
0
0
0
0

Desert fan palm oasis woodland Total

0

Desert saltbush scrub
Coachella
Indio
La Quinta
Riverside County
Desert saltbush scrub Total

4
173
0
52
229
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CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas
Desert sink scrub
Riverside County
Desert sink scrub Total

60
60

Ephemeral sand fields
Cathedral City
Palm Springs
Riverside County
Ephemeral sand fields Total

0
72
7
79

Interior live oak chaparral
Palm Springs
Riverside County
Interior live oak chaparral Total

0
0
0

Mesquite bosque
Riverside County
Mesquite bosque Total

0
0

Mesquite hummocks
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Riverside County
Mesquite hummocks Total

0
7
8
21
51
65
31
183

Mojave mixed woody scrub
Desert Hot Springs
Riverside County
Mojave mixed woody scrub Total

0
0
0
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CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas

Mojavean pinyon & juniper woodland
Riverside County
Mojavean pinyon & juniper woodland
Total

0
0

Peninsular juniper woodland & scrub
Palm Springs
Riverside County
Peninsular juniper woodland & scrub
Total

0
0
0

Red shank chaparral
Riverside County
Red shank chaparral Total

0
0

Semi-desert chaparral
Palm Springs
Riverside County
Semi-desert chaparral Total

0
0
0

Sonoran cottonwood-willow riparian
forest
Coachella
Indio
Palm Springs
Riverside County
Sonoran cottonwood-willow riparian
forest Total

0
0
0
0
0

Sonoran creosote bush scrub
Cathedral City
Coachella
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Sonoran creosote bush scrub Total

0
47
0
24
243
172
183
2
20
524
1215
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CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas

Sonoran mixed woody & succulent scrub
Cathedral City
Desert Hot Springs
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Sonoran mixed woody & succulent scrub
Total

Southern arroyo willow riparian forest
Palm Springs
Riverside County
Southern arroyo willow riparian forest
Total

9
0
0
1
7
0
242
0
413
672

0
0
0

Southern sycamore-alder riparian
woodland
Palm Springs
Riverside County
Southern sycamore-alder riparian
woodland Total

0
0
0

Stabilized desert dunes
Cathedral City
Riverside County
Stabilized desert dunes Total

0
0
0

Stabilized desert sand fields
Cathedral City
Indio
Palm Springs
Riverside County
Stabilized desert sand fields Total

0
0
0
0
0
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CVMSHCP Annual Report 2017 - Covered Activity Impact Outside Conservation
Areas
Estimated Acres Disturbed Outside
Conservation Objective / Jurisdiction
Conservation Areas
Stabilized shielded sand fields
Cathedral City
Coachella
Indian Wells
Indio
La Quinta
Palm Desert
Palm Springs
Rancho Mirage
Riverside County
Stabilized shielded sand fields Total

902
9
682
994
570
979
1322
1147
346
6952
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AEOLIAN SAND COMMUNITY MONITORING
The Coachella Valley Multiple Species Habitat Conservation Plan/Natural Communities
Conservation Plan (CVMSHCP, or Plan), established in 2008, ensures regional conservation of
plant and animal species, natural communities and landscape scale ecological processes across
the Coachella Valley. Compared to habitats extant prior to the onset of land use changes and
economic development of the 1970s, aeolian sand fields and dunes of the Coachella Valley have
lost more spatial extent (total area and proportionally) than any other habitat type. Over 92% of
these communities are no longer extant or provide viable habitat for the CVMSHCP covered
species. (Figures 1 & 2) (Barrows et al. 2008). The 1986 Coachella Valley fringe-toed lizard HCP
and the current CVMSHCP included protection for the remaining aeolian sand habitats, focusing
on those that still had intact sand source-sand transport corridor habitat connectivity at the time
those plans were developed. Still, using a baseline of the 1986 Coachella Valley fringe-toed lizard
HCP, or 1996 (the onset of planning and development for the CVMSHCP), many of the aeolian
sand species have continued to decline – even within conservation areas. Fringe-toed lizards may
no longer occupy the east end of the Indio Hills Conservation Area, on several isolated sand
patches in the central-western Indio Hills conserved areas, and on the western portion of the
Snow Creek Conservation Area, all due to reduced sand transport levels and fragmentation. Flattailed horned lizards no longer occur on the Whitewater Floodplain Preserve and are likely
extirpated from the east end of the Indio Hills Conservation Area. Additionally, flat-tails within
the Thousand Palms Preserve are absent or at reduced densities along a 100-150 m perimeter due
to land use augmented predator densities.
Additional causes for declines in both lizards include:
•

•
•
•
•
•

Sahara mustard (nearly eliminating native annual plant flowering and so the successful
production of seeds to repopulate the seed bank, altering and reducing detritus
accumulations, reducing arthropod abundance and diversity, and promoting sand
stabilization);
Fragmentation and urban edge effects (enhanced predation levels), and reduced genetic
heterogeneity;
Reduced sand flows (Snow Creek: San Gorgonio wash, Willow Hole, Indio Hills);
Off-highway vehicle trespass (Stebbins’ dune, Willow Hole, Fault line dunes, Windy
Point, Dos Palmas, east end of the Indio Hills);
Lowered water table levels, threatening the mesquite dune/hummock community; and
climate change. By understanding the strength of these stressors and then focusing
adaptive management efforts, we may be able to increase the resiliency of this natural
system, and all of its species components, as we shift to a warmer-drier environment.
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Aeolian Sand Community Descriptions
Aeolian sand communities of the Coachella Valley floor include active dunes, stabilized dunes
(also referred to as mesquite hummocks), ephemeral sand fields, and stabilized sand fields (also referred
to as eastern sand fields since they are not as stable as originally thought). The definitions are defined
based on distinct aeolian characteristics (Table 1), as well as species associations and abundances
(Barrows and Allen 2007).
Table 1. Characteristics and species associations of the four Aeolian community subdivisions identified and
protected under the CVMSHCP.
Habitat
Characteristics

Active Dunes

Stabilized/Eastern
Sand Fields

Ephemeral
Sand Fields

Stabilized Dunes

Aeolian sand
depth

>3m

0-2 m

0-2 m

>3m

Base substrate

aeolian sand

silt, cemented sands

gravel, rocks

aeolian sand

Shrub Density

sparse

moderate

moderate

Dense

Sand movement

high

moderate

very high

low

Precipitation
gradient

extreme
aridity

extreme
aridity

moderate

moderate

Covered species
primarily
associated with
this community

fringe-toed lizard
sand-treader cricket
CV milkvetch
RT ground squirrel
flat-tailed horned lizard

fringe-toed lizard
round-tailed ground
squirrel
flat-tailed horned lizard

fringe-toed lizard
sand-treader cricket
CV milkvetch
Jerusalem cricket

fringe-toed lizard
round-tailed
ground squirrel
sand-treader cricket
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Figure 1. Historic distributions of the aeolian sand communities of the Coachella Valley. These communities
covered approximately 33,000 ha (81,750 AC / 127 SQ. MI.).

Figure 2. Current extent of the aeolian sand communities of the Coachella Valley. Includes approximately 2,480 ha
(6,130 AC), 7.5% of the historic sand area.

Monitoring Objectives
URBANIZATION AND FRAGMENTATION – Metrics to be collected:
• Species distributions with respect to conservation area edges
• Occurrence of predators (feral and natural)
• Reproductive recruitment rates for selected species
INVASIVE SPECIES – Metrics to be collected:
• Measure the occurrence (density and percentage cover) of invasive exotic and native annual
plants
5

•
•
•
•

Measure the patterns of occurrence of invasive and native species at the landscape level
Measure the relative abundance of native versus exotic species
Determine variables (e.g. sand quality and quantity; rainfall) that favor invasive and natives
species
Determine the effectiveness of control efforts

COMMUNITY TRAJECTORIES/BIOTIC SUSTAINABILITY/EFFECT OF CLIMATE
CHANGE – Metrics to be collected:
• Occurrence and changes in relative abundance of species with respect to resources including
annual rainfall patterns, annual plants, perennial plants, arthropods, exotic species and sand
characteristics
• Occurrence and changes in relative abundance of species with respect to the East-West
temperature and precipitation gradient across the Coachella Valley
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Methods
We developed monitoring protocols for species occurring within the aeolian sand communities of
the Coachella Valley, which were then approved by the Biological Working Group. These include the
Coachella Valley fringe-toed lizard, Uma inornata, and the flat-tailed horned lizard, Phrynosoma mcallii,
sand treader crickets (Macrobaenetes valgum), roundtailed ground squirrel (Xerospermophilus
tereticaudus), and Coachella Valley milkvetch (Astragalus lentiginosus var coachellae). In addition to
quantifying abundances for each species, the protocol requires measuring food resources, cover, sand
conditions, and food web linkages (potential predator and prey species) layered onto each plot, and so is
community based by design. The survey design includes a set of randomly placed study plots, each 10 m
x 100 m (0.1 ha). The distribution of current plots is shown in Figure 3a & 3b. Each plot is marked with
stakes at the beginning, middle, and end so that a biologist conducting surveys can easily determine their
position within each plot. The stakes are too flexible and thin to become perches for predatory birds.
Beginning in February, data are collected each year for sand treader crickets, annual and perennial
vegetation, including Coachella Valley milkvetch (February to March), arthropods (April to May), and
vertebrates (May through July, and for a sub-set of those plots again in September and October). The
plots are distributed across the subdivisions of the aeolian sand habitats described in Table 1. The number
of plots in each habitat or community type primarily reflects the real extent of those communities in
conservation ownership (Table 2). Over time, the number of plots have been reduced as experimental
questions have been answered, and as available funding was shifted to other covered species. Originally,
154 plots were established in order to assess the level of habitat heterogeneity that occurs across the
aeolian sand communities of the Coachella Valley (Figure 3a). Each plot was surveyed for at least three
years within 2002 to 2008; however many of those were deemed either redundant or were designed to
answer specific research questions regarding the impact of suburban edges of the population trajectories
of the species that comprise the sand communities (Barrows et al., 2006). From that set of 154, We
identified a core of 86 study plots to assess the temporal and spatial variability within Aeolian sand
habitats across the Coachella Valley. An additional seven plots were established further south within the
Dos Palmas Conservation Area (ACEC), located to the east of the Salton Sea, in 2014 (Figure 3b). In
2017 another six plots were established to assess the success of a relocation effort on the Stebbin’s Dune
site, although surveys there will begin in 2018. Study sites were located in a stratified random manner
whenever possible, stratified by community types as defined by Barrows and Allen (2007b) (Table 1).
The dominance of honey mesquite (Prosopis glandulosa) on the stable dunes created a logistical problem
as dense mesquite copses were impenetrable. Plots there were thus confined to open areas and so were
non-randomly placed.
Table 2. The number of sand community plots surveyed annually over the past 13 years.
Total plots
established

Surveyed
2005-2012

Surveyed in
2013, 2015

Surveyed
in 2014

Surveyed in
2016-2017

Active Sand Dune

27

27

26

0

25

Eastern / Stabilized Sand Fields

74

39

26

0

19

Dos Palmas Sand Fields

7

0

0

7

7

Central Ephemeral Sand Fields

18

12

12

0

12

Western Ephemeral Sand Fields

6

6

6

0

6

Western Stabilized Sand fields (Snow Creek)

12

6

6

0

6

Mesquite / Stabilized Dunes

17

17

17

0

11

Total

154

107

93

7

86

Community Type
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Figure 3A. Distribution of the 154 original monitoring plots (blue dots). Red dots represent small isolated
habitats where presence/absence surveys have occurred.

Figure 3B. Locations of the plots added in 2014 on the Dos Palmas ACEC sand fields, south of Salt
Creek.
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Reptiles
The fine aeolian sand of the Coachella Valley’s dune fields provide an opportunity unique to sand
dunes to quantify the occurrence and abundance of terrestrial reptiles, small mammals and some birds
(e.g. burrowing owls, ravens and roadrunners) occurring within plots by enumerating numbers of
individuals of each species by tracks they left as they moved across or within each plot. While tracks left
in the sand provide direct evidence that a species resides within or traversed the survey plot, this protocol
also includes searching for and observing the species; both methods are employed simultaneously
increasing detection rates above those for either method alone. In cases where the substrate is less suitable
for tracking, the sands and silts being too coarse or cemented to leave clear tracks, only direct searches for
the species can be used. When the substrate is conducive for identifying tracks, reptiles can be identified
to species and age class by their diagnostic tracks; thereby, variability in detection plaguing many other
survey methods, caused by differences in activity times, cryptic coloration, or stealthy behavior, are
largely nullified. We have found this survey method (tracking combined with direct species sightings) to
be robust in the sense that we are able to detect species occurrences even when they are rare and/or
nocturnal in the area being surveyed. Extensive training is required before biologists conduct combined
tracking-sighting surveys.
Our method requires no handling of any lizard, cricket or squirrel nor chasing that could
constitute harassment (however brief). Therefore this protocol limits observer impacts to the extent
possible. All vertebrates are surveyed simultaneously providing a community-level measure of the species
occurring on that habitat. Our survey data are most accurately characterized as the number of individuals
for each species that occurred on each plot every survey day, averaged over six independent surveys per
season; for reporting purposes we refer to this statistic as the mean relative abundance of each species /
0.01 ha (the plot area). In 2002, we conducted a power analysis and determined that 6 repetitions per plot
were sufficient to detect between plot and year differences when the mean plot difference was ≥ 1.7
lizards at α = 0.05, β = 0.80 for a two sample z-test.
Reptile surveys occur between May and July. Due to the timing of our surveys, reproductive
responses have a one year lag to temporally variable environmental conditions. The reproductive
responses (hatchling lizards and snakes) emerge from late summer through early winter, depending on the
number and timing of clutches the adult reptiles produced. There is no single period in the fall when the
total hatchling cohorts are present and active on the sand surface. The total recruitment effort is thus
measured during the following year’s survey period. Nevertheless a selected number of plots have been
surveyed in the fall (September-October). These plots provide a snapshot of the lizards’ reproductive
effort and provide a basis for estimates of reproductive success.
All surveys begin in the morning after the sand surface temperature had risen sufficiently (35o C),
so that diurnal reptiles are active. Consistent time of day and temperature reduces those variables’
contributions to between survey variability. Surveys continue until late morning when the high angle of
the sun reduces the observer’s ability to distinguish and identify the tracks across the sand, and coincides
with the cessation of activity for the diurnal reptiles due to high surface temperatures. We used track
characteristics to identify individuals as well in order to quantify species’ abundance. Track size, unique
features, and following tracks off of the plots helped insure that each counted track represented a unique
individual for each survey. Because late afternoon and evening breezes usually “wipe the sand clean” the
next day’s accumulation of tracks could be readily distinguished from those from the previous day.

Coachella Valley Milkvetch (Astragalus lentiginosus var. coachellae)
Coachella Valley milkvetch are annual or sometimes biennial plants. The biennial habit is
generally restricted to the western, cooler-wetter portion of the Coachella Valley and to years when high
levels of sand moisture stay close to the surface through the summer. These plants usually occur at low
densities so we have employed a total count / 10 m x 100 m plot survey protocol. The counts occur
coincident to the general vegetation surveys in February-March, but are re-surveyed coincident with the
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arthropod surveys in April and sand compaction data collection in May to ensure all plants are counted.
Data are reported as densities (plants/ 0.1 ha).

Habitat Measures
The methodology for measuring perennial plants in our plots was revised from previous data
collection efforts, as we found that the results from our estimated 10m belt census were inconsistent, and
could be improved. Therefore, this year, we implemented a more standardized methodology to measure %
cover of shrubs that reduces inter-observer error, and allows better comparisons of any general trends
observed in perennial vegetation cover year-to-year. In 2017, the cover of perennial shrubs along the
center line of all plots was recorded using the line-intercept method along the length of the belt. Annual
plants were counted and cover estimated in within 1 m2 frames placed at 12 locations along the midline of
each plot. Four such quads were used on alternating sides of the center line at each end point, as well as at
the center point. In each frame all individual plants were counted by species to determine species
densities, and for each species we made a visual estimate of its percent cover within each frame. These
values were then averaged for each species for the 12 frames of each plot (Figure 4).

Figure 4. Schematic of plot design. The twelve small squares show the layout of the m2 frames where annual
vegetation density and cover is measured. The three solid circles represent where arthropod pitfalls are placed. The
center lined running the length of the plot is used as a line intercept to quantify perennial plant cover on the plot.

Arthropod Sampling
We sample arthropods using dry, un-baited pitfall traps. The pitfall traps measure 11 cm wide at
the mouth, 14 cm deep, 1.0 L in volume (Fabri-Kal Corp., model no. PK32T 21), and include a tight
fitting funnel that inhibit the ability of the ants to escape once they have fallen into the trap. A board
measuring 20 cm x 20 cm x 0.5 cm is placed over the pitfall trap and elevated 1-2 cm with three wooden
blocks, providing shade and cover for the arthropods captured by the trap. We place three pitfall traps
within each plot, one at each end and the third at the plot middle (Figure 4). We collect the contents
within 24 hours of setting the traps. Arthropod data are summarized as the mean number counted per
species per pitfall per plot. The goal of this protocol is to assess the abundance of arthropod prey available
to the insectivorous lizards each year.
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2017 Monitoring Results
Rainfall catalyzes biotic dynamics in arid systems. Understanding that interaction, the strength of which is
species-specific, is critical to then partitioning the impacts of anthropogenic stressors versus otherwise
“natural” year-to-year dynamics. Seventy-five percent of the past 16 years, including 2012-2016, have
been below long-term mean annual rainfall levels (Figure 5). This pattern may be a harbinger of
conditions that may become the norm if predictions of modern climate change are accurate. A critical
question is then: are the CVMSHCP covered species, and their trophic connections, able to tolerate or
adapt to hotter-drier conditions that may become that new norm? The CVMSHCP design encompasses a
rainfall gradient, as evidenced in Figure 5, which provides a means of answering this critical question;
species at the eastern, drier and hotter end of the gradient should reach physiological thresholds before
those further west. Only with long-term data sets is it possible to answer such questions.

Coachella Valley Annual Rainfall 2002-2017
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Figure 5. Patterns of annual rainfall for stations within the Coachella Valley from 2002-2017. From east to west, or
low to high rainfall, they are: Coachella Valley Preserve; Palm Springs, and Snow Creek. Snow Creek data were
only available beginning in 2009. The dashed lines indicate long-term means dating back to the early 1900s.
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Native Annual Plants and Sahara Mustard Abundance Over Time
2017 was a wetter than average year (Figure 5). As important as the amount of rain is the timing
of when that rain fell. In 2005, heavy rains followed five years of drought, similar to the rainfall of 2017.
The difference was in the timing of that rain; in 2005 the rains began in November 2004 (the wet years of
2008-2011 were also characterised by early rains), whereas in 2017 the rains began in January. The earlier
rains favored Sahara mustard, the later rains favored native annuals. Sahara mustard density, and so its
impacts, are highest on the Thousand Palms (Coachella Valley) Preserve. The abundance and cover of
both native annual plants and the mustard are closely tied to annual rainfall (Figures 6 & 7). In 2005 there
was a near identical response by both native annual plants and Sahara mustard, however the mustard
over-topped the natives and significantly reduced the natives’ ability to set seed (Barrows et al. 2009). In
the subsequent wet years of 2008-2011 the mustard responded as expected, however the native’s response
was muted (Figures 6, 7). Likely due to the timing of rainfall, which was later, and not ideal for Sahara
mustard germination and growth, on most plots in 2017 native annuals dominated.
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Figure 6. Dynamics of native annual plant cover and Sahara mustard cover on active dunes with respect to annual
rainfall at the Thousand Palms (Coachella Valley) Preserve.

Eastern Sand Field: Native Annual Plant Cover
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Figure 7. Dynamics of native annual plant cover and Sahara mustard cover on sand fields with respect to annual
rainfall at the Thousand Palms (Coachella Valley) Preserve.

The reduced response by the mustard in 2015-2016 appeared to be due to the timing of the rain
(September in 2014-2015; February- March-April in 2015-2016). The lack of a response from the native
annuals may have been due to a reduced seed bank after repeated years of mustard dominance. In addition
to the shift in the onset of rains, there was considerable mustard control (hand pulling) by various
volunteer groups that further reduced the mustard cover. In 2017, the areas with the highest mustard
density are those where no mustard control occurred. Mustard control effort should be continued,
increased and focused on the Thousand Palms Preserve where the active dunes and stabilized sand fields
are most susceptible to high mustard densities.
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Although in 2017 Sahara mustard did not become dominant across most of the Coachella Valley Preserve,
another invasive plant, Russian thistle, Salsola tragus, did reach higher densities than any year since the
1980s. Unlike years when the mustard dominated, the thistle reached maximum size well after the native
annuals had gone to seed (after our annual plant surveys were completed). Unlike the mustard, the thistle
left ample room, spatially and temporally, for the native annuals. In addition, the fringe-toed lizard
densities increased in areas with moderate thistle densities; the lizards found safe hiding and good thermal
cover, as well as sufficient open sand in and among the thistles. There is no indication that control of the
Russian thistle is warranted.
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Harvester Ants
We have paid particular attention to ants because they are essential prey for flat-tailed horned lizards, and
are an important component of fringe-toed lizard diets, especially in mid-summer. Those that are prey for
these lizards include members of several genera including Pogonomyrmex, Messor, and Myrmecosytus;
we grouped together for ease of analyses here. Pogonomyrmex and Messor are harvester ants, foraging
primarily on seeds, whereas Myrmecocystus collect pollen and nectar. Based on their diets, we expected a
close relationship with annual plant productivity and therefore rainfall amounts, however as shown in
Figure 8, that does not appear to be the case. At first look there appears to be an inverse relationship
between ant abundance and rainfall, and given the recent abundance of Sahara mustard, an apparent
negative correlation between the two ( r = 0.03, no statistical relationship, despite appearance in the
figures). Understanding this relationship is critical; without this group of ants there will be no flat-tailed
horned lizards and at best, many fewer fringe-toed lizards. Although our time sequence is too short to be
conclusive, there is a possible three-year lag relationship: peak rainfall in 2005 and peak ant numbers in
2008; peak rainfall in 2010 and peak ant numbers in 2013. What about the ants’ biology could create such
a lag response? Unfortunately, no one has studied population dynamics in these ants. It is clear we need to
continue to collect data to answer this type of question about a key aspect of the food web in these sand
systems.
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Figure 8. Temporal changes in the above ground abundance/activity of harvester and honey-pot ants in relationship to rainfall and
Sahara mustard. Error bars indicate one standard error.
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Coachella Valley Milkvetch
Coachella Valley milkvetch, Astragalus lentiginosus var coachellae, occurs in its greatest
abundance on the ephemeral sand fields, which are represented on the Whitewater Floodplain Preserve
south of the railroad and between Indian Avenue and Gene Autry Trail, and just west of Windy Point.
Populations with fewer numbers occur farther east on the Thousand Palms Preserve, possibly due to finer
sand particles, reducing their seed scarification capacity, and/or reduced average rainfall. At habitats with
reduced sand movement, including stabilized sand fields and mesquite dunes this species is much rarer
and less predictable in its occurrence. The ephemeral sand dunes are the least impacted by Sahara mustard
of the four aeolian sand habitat types and so that invasive weed likely has little or no impact on this
species. However, on the active dunes of the Coachella Valley preserve mustard can reach high densities
(Figure 6). There Sahara mustard can have a significant impact on milkvetch abundance (Barrows et al.
2009). There is no correlation between annual rainfall and milkvetch abundance on the ephemeral sand
fields (r= 0.19) (Figure 9) perhaps because of a need for both rainfall and seed scarification for successful
germination. That scarification is more likely under drier conditions. Another factor is that this species is
often a biennial and so the relationship with rainfall can have a lag time, as is evidenced in 2011-2012 for
the ephemeral sand field. The unexpected spike in milkvetch abundance in 2015 may have been due to the
germination of 2-3 year-cohorts that built up over the drought period due to the slight increase in rainfall
after several years of drought. 2016 and 2017 numbers were lower, perhaps due to a reduced seedbank
that may be replenishing, and we might expect numbers to climb again in 2018.
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Figure 9. Temporal and spatial dynamics of the Coachella Valley milkvetch compared to annual rainfall.
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Coachella Valley Fringe-toed Lizards
The Coachella Valley (Thousand Palms) Preserve is at the hottest, driest end of the climate
gradient occupied by fringe-toed lizards in the Coachella Valley, and so is where we expect to see impacts
of climate change, if they occur. In 2017, fringe-toed lizards on the Coachella Valley Preserve (CVP)
continued to occur at the highest densities of any site in the Coachella Valley, and at least on the active
dunes, continue to track rainfall levels closely (Figure 10). These graphs indicate the effects of two
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Figure 10. Temporal patterns of abundance for fringe-toed lizards on the two major aeolian sand types occurring
within the Coachella Valley Preserve. Rainfall is offset by one year relative to the survey data to reflect the causal
relationship between rainfall and the lizards’ recruitment in year 1, reflected the survey results in year 2. Error bars
are one standard error.
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separate stressors, fragmentation and Sahara mustard. Fragmentation effects are demonstrated by the edge
effect along 38th Avenue, an effect that was not significant until 2012.It is not entirely clear what has
caused this shift. Possibilities include prey shifting by kestrels that were otherwise focusing on flat-tailed
horned lizards, added predator species (round-tailed ground squirrels and roadrunners are now evident
along that edge region), or disturbance by road crews clearing sand off of 38th Avenue. This last
possibility is included because, unlike the flat-tailed horned lizards whose edge effect is ≥ 100 m, the
width of the effect for fringe-toed lizards is just 25 m. The Sahara mustard effect is apparent in the large
recruitment response of the fringe-toed lizards to modest increases in rainfall in 2016, when the mustard
was not present at significant densities, compared to 2005, and 2008-2011 when rainfall amounts were
higher, but the mustard dominated the annual plants. On-going efforts to control Sahara mustard from the
CVP are warranted and should receive priority management efforts. In spite of these stressors, there is no
evidence of the five-year drought or warming conditions are having any impact on the lizards here.
On the Willow Hole – mesquite hummocks/stabilized dunes we see a more muted rainfall-lizard
abundance pattern (Figure 11). Here the deep-rooted honey mesquite are the primary producers and their
fecundity and growth are largely independent of year-to-year rainfall inputs. Here too Sahara mustard is
invading and may be responsible for the lizard decline in 2012-13 despite high rainfall levels (that
actually fell in 2011-2012).
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Figure 11. Temporal patterns of abundance for fringe-toed lizards occurring on the Willow Hole Core Preserve.
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Ephemeral sand fields occur primarily in the western portions of the Coachella Valley. When the
Aeolian sands form a thick layer over the rock and gravel base, fringe-toed lizards can be as or more
abundant than on any other sand type. An example of this is an unprotected patch of sand (was not
included in the CVMSHCP – but the harsh sandblasting winds make this an unlikely site for future
development) adjacent and south of the Palm Springs train station. Fringe-toed lizards are abundant there;
although no surveys have been done there, we did collect tissues there as part of the on-going USGS-led
genetics study, and had no trouble meeting our sample collection quota for that site.
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Figure 12 shows the abundance patterns of fringe-toed lizards on Ephemeral Sand Fields from the
combined Whitewater Floodplain and Windy Point core areas. Here again, the lizard abundance tracks
rainfall. An exception is 2005, when the Whitewater Floodplain Preserve had reduced sands, but the sand
was replenished by the storms of 2005. The strong sandblasting winds appear to be sufficient to keep
Sahara mustard and other invasive weeds from getting a foothold here.
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Figure 12. Temporal patterns of abundance for fringe-toed lizards occurring on the combined Whitewater Floodplain
and Windy Point core areas. Rainfall is offset by one year relative to the survey data to reflect the causal relationship
between rainfall and the lizards’ recruitment in year 1, reflected the survey results in year 2. Error bars are one
standard error.

Coachella Valley Fringe-toed Lizard Stressors
Some stressors are dynamic in the sense that the intensity of invasive species and climate change
varies by year, the duration of those effects changes, and there are likely synergistic relationships that
intensify negative impacts. The effects of those dynamics and synergisms on the persistence of the
populations of these species are unknown. In addition to climate change, fragmented populations and
invasive plants represent significant threats to the persistence of populations of covered species within the
core aeolian sand preserves. Vandergast et al. (2015) described the recent development of distinct genetic
structure for Coachella Valley fringe-toed lizards in each of the core aeolian sand preserves. Those
genetic shifts are indicative of population fragmentation and isolation. What was not determined is
whether or not those genetic shifts represent adaptive changes to local conditions, or are evidence of more
random genetic drift. This distinction is important in terms of potential management responses. If the
latter is the case, physically moving lizards between core areas to restore the original panmixic genetic
condition may be warranted to prevent reduced genetic heterogeneity that could lead to reduced
population persistence. In contrast if those shifts are adaptive, and if there is no further erosion of genetic
diversity, then moving animals between core sites could be counterproductive, or at best a waste of
resources. Research initiated in 2017 to re-sample the genetics of each core area will clarify genetic
trajectories and provide a better indication of appropriate management strategies. In addition, a signal of
reduced genetic heterogeneity that could lead to reduced population persistence would be diminished
reproductive recruitment within populations that is otherwise not explained by the vagaries of annual
weather or other stressors such as invasive species. Such a signal has not been seen on any of the core
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aeolian preserves. In 2017, in collaboration with the USGS, we have collected close to 250 tissue samples
from fringe-toed lizards on all occupied habitats in the Coachella Valley. With the help of the USFWS we
were given permission to salvage lizards from a privately owned/tribal site on Section 24 across from the
Agua Caliente casino in Rancho Mirage. Forty-six fringe-toed lizards were collected with the help of a
huge citizen science effort and transferred to the “Stebbin’s Dune” site, where this species had been likely
extirpated by intense OHV impacts. Subsequently six plots have been established there and will be
surveyed in 2018 to determine if the translocation was successful.

Citizen Scientists assisting in the lizard salvage and translocation project.

An additional potential stressor addressed in our analyses is the impact of the invasive plant
species Sahara mustard (Brassica tournefortii). Other invasive plants occurring within the aeolian sand
habitats include Mediterranean split-grass (Schismus barbatus) and Russian thistle (Salsola tragus).
Russian thistle has not been shown to reduce the abundance of native species at the densities observed
here since 1990, and may enhance reproductive recruitment in fringe-toed lizards by providing cover
from predation (Barrows 1997). Similarly, on the aeolian sand habitats, the split-grass has yet to reach
densities that have a measurable impact on biodiversity. Conversely, the negative impacts of Sahara
mustard have been well documented (Barrows et al. 2009, Hulton et al. 2013). The on-going drought and
a greater influence of summer monsoonal rains, coupled with control efforts, have kept the mustard from
achieving the high densities observed in 2005, and 2008-2012. The reduced mustard density resulted in a
“release” and positive response by several species in 2016. The expansion of Russian thistle in 2017
appears to have expanded the extent of higher density fringe-toed lizard occupancy into the sand fields
habitat.
Off-highway vehicle trespass on conserved lands has been dramatically reduced on most
CVMSHCP conserved lands. Still, that trespass continues at many locations. One site where that trespass
was especially heavy, but has since mostly been controlled is “Stebbins’ Dune.” This is the site where
Robert Stebbins (author of Reptiles and Amphibians of Western North America) conducted his graduate
studies field work on fringe-toed lizards in the 1940s; it is the area between Edom Hill and Flat-top Hill
adjacent to Varner Road. Previous visits resulted in the observation that it was still being impacted by offhighway drivers and found other than the creosote bushes, little or no ground cover, and very coarse sand,
as apparently the finer sands more typical of fringe-toed lizard habitat had been blown off the site due to
constant vehicle disturbance. Fencing is required on this site to reduce or eliminate off-highway vehicle
damage.
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Flat-tailed Horned Lizards
Flat-tailed horned lizards reach their northern-most distribution within the CVMSHCP. Today
their known CVMSHCP distribution is confined to the southern Thousand Palms Preserve (CVP) and the
Dos Palmas ACEC, east of the railroad and north of Bat Cave Butte. Unlike the fringe-toed lizards,
finding a clear link between rainfall, ant populations, and the flat-tail’s annual fluctuations has been
elusive (Figures 13 & 14). Beginning in 2005 the correlation between rainfall and this species abundance
appeared clear, however after the heavy mustard invasions of 2008-2011, the trends perhaps became
decoupled and no link was evident. What is evident is that, despite severe habitat loss, fragmentation,
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Figure 12. Temporal patterns of abundance for flat-tailed horned lizards occurring on the CVP core area. Rainfall is
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drought and augmented predation levels (from kestrels hunting from power lines surrounding the CVP),
so far this lizard appears to be maintaining a sustainable population here. That said, the edge effect noted
in 2006 is still occurring (although apparently narrowing to a 50 m “dead zone” along the CVP
perimeter), reducing this species’ available habitat significantly (Figure 12).
In addition to the CVP, a second population of flat-tailed horned lizards occurs within the Dos
Palmas ACEC. Unlike the CVP this population is declining to the point that none were found on the
seven plots in 2017. One was located after an extensive search outside of the plots, but this species appear
to, for now, be below detectable levels at his location (Figure 13). The cause of this decline is likely the
drought-associated lack of ant prey. No other known stressors were evident.
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Flat-tailed-horned Lizard Stressors
•

•

•

•

•

Habitat fragmentation. This species periodically will go on long “walkabouts” that can exceed
several kilometers or more in length. The reason for these extended movements and often later
returns to their original locations are not fully understood, but may be related to searches for
mates, food and/or nesting substrates. Fragmentation by roads and powerlines where automobiles
and potential predators lurk put the lizards at risk of increased mortality as they approach and
attempt to cross these barriers during their “walkabouts”. That the two largest areas set aside for
this species, the Thousand Palms Preserve and the Dos Palmas ACEC, are the only sites where
they still reside supports this hypothesis.
Predation. Edge effects reducing habitat available to flat-tailed horned lizards, from augmented
predation as a result of predator nest sites provided on near-by country clubs, have previously
been documented (Barrows et al. 2006). That effect remains today. Removing power lines or
shifting palm trimming to the early spring could reduce this impact. Additionally mesquite dunes
tend to be “predator rich” with large numbers of round-tailed ground squirrels, roadrunners,
shrikes, coyotes and sidewinders relative to non-mesquite aeolian sand areas; all are known to
prey on flat-tailed horned lizards (especially the ground squirrels). No flat-tailed or desert horned
lizards have ever been detected in over 30 years of surveys at the particularly dense mesquite
dune system at Willow Hole. Planting mesquite for wind breaks or to enhance habitat for other
species in areas where flat-tailed horned lizards still occur will likely reduce habitat suitability for
this species.
Recent Climate. This species thrives in the hot and dry Colorado Desert (but not too hot and dry –
see below). The cooler-wetter western portions of the Coachella Valley may have been at best
peripherally suitable habitat. From 1950 to 1970 there was a decades long, “mid-century drought”
that, in the absence of habitat fragmentation from roads, would have rendered those western
valley habitats more suitable for flat-tailed horned lizards. During wetter-cooler periods in the
1980s and 1990s their numbers declined and eventually disappeared from those western areas.
Climate alone as an explanation for this species’ decline in the western valley is likely overly
simplistic. Fragmentation (see above), fluctuations in substrate to a more gravel and rock matrix
more suitable for desert horned lizards, and comparatively low harvester ant numbers, each likely
as well.
Future Climate Change. Dos Palmas represents the only other known flat-tail population within
the CVMSHCP. In 2015 we established seven plots adjacent to sites where BLM (Mark Masser)
found them in 2005. The flat-tailed horned lizard population in the Dos Palmas ACEC may
represent a harbinger of future conditions for this species elsewhere, including the other occupied
habitat within the CVMSHCP. The Dos Palmas habitat is hotter and drier than other occupied
sites. It is too far east and south to benefit as much from the winter rains entering the valley from
the northwest, and may not be south enough to be a regular beneficiary of the summer monsoons
that typically support resources on occupied habitats farther south. The result is very low
harvester ant abundance, and very low flat-tailed horned lizard abundance. As climate change
progresses, Dos Palmas may no longer be suitable habitat, and sites such as the Thousand Palms
Preserve may approach the current Dos Palmas in terms of its ability to sustain this species. This
could mean as much as a 60% decline in carrying capacity (based on current differences in
density), but nevertheless a persistent, albeit fragile, population.
Invasive Species. The relationship between flat-tailed horned lizard abundance and rainfall is
complicated. Above normal rainfall in 1998 may have catalyzed an extremely high flat-tail
population on the Thousand Palms Preserve from 1999-2001 (Barrows and Allen 2009).
Similarly above average rainfall in 2005 corresponded to an increased flat-tail population.
However above average rainfall from 2009-2011 was coincident with a decline in flat-tails, and
the subsequent drought has resulted in a population increase. The reason for this more recent
22

•

negative correlation with rainfall is the impact of Sahara mustard (Barrows et al. 2009; Barrows
and Allen 2010; Hulton et al. 2013). Plots with the densest and increasing mustard infestation
show the most negative responses by the flat-tails. The question is how climate change will
interact with mustard infestations. If droughts prevail and summer monsoons become a more
common catalyst for food resource dynamics, the mustard’s impacts could become trivial.
Disturbance. At the Dos Palmas ACEC, we do not know the extent of the occupied habitat. Offhighway vehicles are impacting much of the potential habitat (but no severe impacts have
occurred where the seven plots are located). The impact of disturbance from OHV use on flattailed horned lizards remains to be determined.
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Coachella Valley Round-tailed Ground Squirrels
Round-tailed ground squirrels are consistently most abundant on the mesquite hummock/dune habitats,
but occur at lower numbers on all of the Aeolian sand communities (Figure 14). Year-to-year changes in
their abundance is generally correlated with rainfall, except during the wetter 2008-2011 years. During
those years Sahara mustard dominated and excluded native annuals from the CVP, but less so on the
Willow Hole mesquite dunes – still the squirrels declined at both locations. A possible explanation is that
on sites such as Willow Hole, which typically has such high squirrel densities, there may be densitydependent stressors such as disease or predation cycles whose detection are beyond our current
monitoring protocols. On the CVP the squirrels were nearly extirpated during 2013-2016, but then
returned in 2017. The founders for that re-establishment may have been a more stable squirrel colony on
the irrigated landscape of the fire station at the southeast corner of the CVP.
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Figure 14. Temporal and spatial patterns of abundance for round-tailed ground squirrels occurring throughout the
Coachella Valley. Rainfall is offset by one year relative to the survey data to reflect the causal relationship between
rainfall and the lizards’ recruitment in year 1, reflected the survey results in year 2.
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Palm Springs Pocket Mice
Palm Springs pocked mice are not restricted to the aeolian sand communities, but they are restricted to
fine sand habitats, including the aeolian communities. As with the other species described above, there is
a general correlation with annual rainfall; population peaks are coincident with peaks in rainfall. The
explosive population increases in 2016 and 2017, following the drought, may be due to an influx of seed
resources without the dominance of Sahara mustard. Another possibility is that the diminutive pocket
mice may be able to respond faster than their much larger heteromyiid cousins, and so can avoid,
temporarily, completion from them. Future monitoring should be able to sort out these alternative
explanations.
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Figure 15. Temporal and spatial patterns of abundance for Palm Springs pocket mice occurring throughout the
Coachella Valley. Rainfall is offset by one year relative to the survey data to reflect the causal relationship between
rainfall and the lizards’ recruitment in year 1, reflected the survey results in year 2.
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BURROWING OWL AND PALM SPRINGS POCKET
MOUSE MONITORING
Burrowing owls, Athene cunnicularia, and Palm Springs Pocket mice, Perognathus
longimembris bangsii, are combined here because of their similar habitat selection, and because
where they do co-occur, there is a close trophic relationship between these two species. Both
reach high densities within the broad bajada west of Desert Hot Springs along the banks of both
Mission Creek and Morongo washes. The pocket mouse extends its habitat into the aeolian sand
habitats of the Coachella Valley floor, where the owls can also occur, but at lower densities.
Burrowing owls also extend their habitat into the agricultural landscape of the east valley,
nesting along irrigation and storm water channels, however the pocket mouse appears to be
absent from those anthropogenic habitats.
Initially, the burrowing owl monitoring protocol focused on roadside surveys of occupancy
throughout both the conservation and non-conservation lands within the Coachella Valley
Multiple Species Habitat Conservation Plan (CVMSHCP). This provided an estimate of the
number of owls occupying habitats within sighting distance of roads, and resulted in identifying
the areas of dense occupancy described above. Two surveys using this protocol, in 2009 and
2011, yielded similar results, roughly 50 pairs of burrowing owls occupied those roadside
habitats. We published those results in 2012, with an analysis of occupancy modeling, to
extrapolate habitat suitability to areas beyond just roadsides, using those survey data (Quresh et
al. 2012). Where those surveys fell short was providing land managers the ability to identify if
there were management actions needed to improve the persistence and sustainability of
burrowing owl populations here in the Coachella Valley. Including that information is
fundamental to the monitoring framework defined by UC Riverside’s Center for Conservation
Biology (CCB) (Barrows et al. 2005) and explicitly adopted by the CVMSHCP. In 2015 an
alternative protocol was employed that focused on understanding biotic and abiotic factors
responsible for the owl’s breeding success, using cameras placed at active burrows. That year
was in the middle of a severe, five-year drought, and breeding success was low.
We have surveyed Palm Springs pocket mice annually, except 2014, on aeolian sands habitats by
quantifying their diagnostic tracks across the fine wind-blown sands that characterize that
landscape. That tracking method is not effective on the fluvial sand deposits where this species
also occurs because those sands are generally too coarse and stabilized to leave footprints from
such a small and light rodent. In 2007 we conducted a live-trapping survey for this species across
the alluvial fan habitats of the Coachella Valley floor (Barrows et al. 2011). That effort
confirmed the high occupancy rates on benches along both the Mission Creek and Morongo
washes. While successful, this approach requires permits at both the State and University level,
is labor-intensive, and so expensive to implement at a meaningful scale, and presents a small but
real health risk (Hantavirus pulmonary syndrome) to researchers. The 2015 burrowing owl
surveys documented extensive predation by the owls on Palm Springs pocket mice. From those
data, we proposed to take advantage of the burrowing owls’ on-going “surveys” of pocket mice,

analyzing the owls’ regurgitated pellets as a means to track the occurrence and relative
abundance of the pocket mice on the surrounding habitat. The trade-off is while this approach is
safe, inexpensive, requires no permits, and at a coarse scale spatially explicit, it lacks a finer
scale understanding of where, within the owls’ home range, the owls captured the pocket mice.
We of course do have a good idea of the pocket mice’s habitat preferences across the alluvial
fans from our 2007 trapping effort, and by way the aeolian sand community monitoring, and can
analyze and infer edge effects, habitat size constraints, and invasive species impacts from that
data set.
Our goal was to collect data that was actionable, meaning that it should directly inform
management potential actions. Traditional surveys resulting in total counts for the survey area
lacked that information; changes in numbers of owls or pocket mice from previous years’
surveys do not guide what, if anything should be done to better manage the owls. Coachella
Valley burrowing owls occur in high numbers within the broad bajada west of Desert Hot
Springs along the banks of both Mission Creek and Morongo washes, and the agricultural
landscape of the east valley; is one habitat more productive, measured by successful fledging of
owlets, than the other? Do their diets correlate with their breeding success? Do changes in habitat
character, from invasive species, fire, off-road vehicle activity, or changes in agricultural
practices affect the owls’ prey (including the pocket mice), and therefore the owls’ breeding
success? The answers could inform more focused management and protection for those more
productive habitats. Additional questions are specific to disturbance factors at the nest sites. Are
feral or unleashed pets preying upon or harassing owls at the burrow entrance? Are ravens, a
species that has become increasingly numerous due to human land and waste management
practices, preying upon young owls? Is there human disturbance at or around the burrows that
could account for differences in reproductive success and/or nest site fidelity? In all these cases,
if these stressors are reducing the owls breeding success then appropriate management action
could be taken, through either public education or more direct actions of removing the species
causing the problem. We also need to be able to tease climate effects from those biotic stressors,
requiring repeated surveys covering the range of rainfall regimes.
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Methods
We set nine camera “traps”, (Bushnell, Trophy Camera model 119436 in locked metal cases) 3-5
m in front of occupied burrows along the Little Morongo Wash in Desert Hot Springs, and along
the Whitewater Stormwater Channel in Coachella (Figure 1). Cameras were affixed by two
metal, self-tapping screw/bolts to 6’ long metal t-posts driven into the ground so that no more
than 2’-4.5’ was above ground. The cameras were therefore generally 1.5’-3’ off the ground.
Cameras were never placed behind the burrow entrance and so could not be used as perches for
potential predators without the owls being able to see them. To disguise the cameras located in
the Desert Hot Springs area we placed nearby trash around the base of the post to make it appear
to be one of the many trash piles found in the wash. Despite this, one camera was stolen in
Desert Hot Springs. We placed cameras from mid-April to the end of June; during that time, we
replaced data cards every two to three weeks. We placed five cameras along Little Morongo
Wash and four along the Whitewater Stormwater Channel (Figure 1). Due to theft, camera
malfunction and nest abandonment only three cameras at Desert Hot Springs and two along the
Stormwater Channel recorded fledgling owls. We collected owl pellets during each visit when
we installed, serviced, and removed the cameras. Dr. Cameron Barrows dissected the pellets and
identified the prey contents.
Sand dune track surveys for Palm Springs pocket mice were conducted coincident with surveys
for Coachella Valley fringe-toed and flat-tailed horned lizards. Surveys were repeated on each of
our 73 plots distributed in a stratified random manner across the Thousand Palms, Willow Hole,
Whitewater Floodplain, and Windy Point Core Preserves.

Figure 1: Locations of the 2017 installed cameras at burrowing owl burrows within the Desert Hot Springs (left) and
the Coachella Valley Stormwater Channel Study areas.

Reproductive Success by Habitat
Our first question was if there was differential reproductive success and recruitment between the
desert scrub/wash in the desert Hot Springs areas versus agricultural edge habitats surrounding
the Stormwater Channel area. In 2015, in the middle of a severe drought, there appeared to be
slightly better fledgling success in the Stormwater Channel population, possibly due to the
drought-buffering effect of the irrigated agricultural landscapes surrounding that habitat (Table
1). In 2017, a wetter than average year, the Desert Hot Springs owl population averaged nearly
twice the number of owlets hatched and raised to fledgling than did the owls occupying the
Stormwater Channel.
Table 1. Results summary from 2015 and 2017 camera traps and pellet analyses at burrowing owl nests along the
Little Morongo Wash in Desert Hot Springs (DHS/LMW) and the Coachella Valley Whitewater Storm Channel
(CVSD/CVWD). * No pictures of chicks were captured during the last week of the camera operation.
Max.
chicks
observed

Max.
chicks
final
count
6
2
6

Number
of prey
items

Percent
Palm
Springs
pocket mice
in pellets

Percent
vertebrates
in pellets

48%
44%
48%

81%
74%
67%

60%
56%
67%
35%
0

85%
76%
83%
55%
20%

0

22%

2017

UTM
Easting

UTM
Northing

DHS03
DHS04
DHS12
DHS14
DHS15
DHS19
DHSXX
CVSD10
CVSD13

544548
544803
544830
544413
544467
544413
544760
577333
578383

3755626
3754994
3755059
3755468
3755491
3755631
3755055
3727725
3726715

9
8
8

3
5

3
0*

31
54
27
20
46
6
31
10
64

LMW2A

544428

3756101

0

0

24

4%

4%

53

6%

7%

56

23%

27%

no camera
no camera
no camera
no camera

2015
LMW2B

544588

3755538

0

0

LMW2E1

544997

3754709

1

1

LMW2E2

544997

3754709

0

0

LMW2E3

544997

3754709

3

0

CVWD1

577387

3727498

1

1

46

0

2%

CVWD2

578004

3727082

2

1

16

0

6%

CVWD3

578160

3726910

2

1

46

0

11%

CVWD5

579706

3723617

0

0

54

0

5%

CVWD6

579574

3723434

4+

2

14

0

29%

The owls’ diets appear to be closely associated with their breeding success. In 2015 those owls
with the highest reproductive success in both populations had the highest percentage of
vertebrates in their diet. In 2017 the percentage of vertebrates in the owls’ diets increased 2-10×
relative to 2015 for the Desert Hot Springs owls, but was not significantly different between

years for the Stormwater Channel population. For the Desert Hot Springs owls, most of that
increase in vertebrates was tied to increases in Palm Springs Pocket mice in the owls’ diets. No
Palm Springs pocket mice were detected in the Stormwater Channel owls’ diets; of the
vertebrates that did occur in their diet, desert pocket mice, Chaetodipus pencillatus, and pocket
gophers, Thomomys bottae, comprised over 90% of their non-arthropod prey. The gophers would
likely be associated with irrigated habitat edges; however, the desert pocket mice were more
likely in drier, more native habitat. This could indicate that protecting natural habitats adjacent to
the Stormwater Channel, however isolated, may benefit the burrowing owls’ reproductive
success.
At least on all the aeolian sand habitats, Palm Springs pocket mice were at a nadir during the
drought in 2015, whereas in 2017 their populations were 2-10× higher (Figure 2). This increase
parallels what we observed from the owls’ diets.

Palm Springs Pocket Mouse Population Dynamics
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Figure 2. Temporal and spatial patterns of abundance for Palm Springs pocket mice occurring throughout the
Coachella Valley’s Aeolian sand habitats. Rainfall is offset by one year relative to the survey data to reflect the
causal relationship between rainfall and the pocketmice recruitment in year 1, reflected the survey results in year 2.

Causes of Nest Disturbance and Possible Nest Failure
A second set of questions focuses on causes of nest disturbance and possibly nest failure.
Coyotes disturbed all of burrowing owl burrows where we placed cameras in the Desert Hot
Springs region. Two of the three cameras captured coyotes excavating the burrow entrances
(Figure 2). A pet or stray dog off leash visited one burrow. All burrow cameras showed 1-2
ravens stealing food from the burrow before the chicks were old enough to explore outside the
burrow entrances (Figure 4). In years when food resources are a limiting factor, stealing from the
owls’ food stash would likely have an effect on the growth rates, and so success of fledglings.
We still observed ravens visiting burrows after the owlets were old enough to emerge from the
burrows; however, we did not observe food stealing behavior during that period.
We did not record any potential predators taking or eating chicks on camera. We did observe one
dead owlet on camera, a decapitated chick that an adult owl dragged into the burrow. The dead
chick may have been cannibalized by the adult owls and their chicks; approximately three hours
later at 7:32 am the body was smaller, missing one leg. The maximum number of chicks seen in
one photograph went from nine the day before to six the next day.

Figure 3: Female coyote observed digging the entrance of DHS04. No predation observed.

Figure 4: Raven at DHS03 stealing a desert iguana from the owls’ food stash before fledglings appeared the week of
5/1/2017.
Table 2. Disturbances to burrows in comparison to maximum chicks observed after 2 months.

Camera
DHS03
DHS04

Maximum
Coyotes
Observed
2
4

Coyote
excavating
burrow
entrance
1
1

Max
Ravens
2
2

Raven
Food Theft
1
1

DHS12
CVSD10
CVSD13

2
0
1

0
0
0

1
1
1

0
0
0

Pet
dog
visits
0
0
1
0
0

Max
Humans
present
0
0
0
0
2

Max
Chicks
after 2
months
6
3
6
3
0

At the Stormwater Channel sites, only one of the two burrows experienced coyote disturbance,
and that occurred on a single visit. Otherwise, no other nest disturbances were observed. We
have too few burrows and too few years to draw firm conclusions, however overall, considering
all sites, the lack of evidence of predation on owlets may indicate food, rather than predators
(natural or otherwise) is a leading constraint on reproductive success for Coachella Valley
burrowing owls.

Conclusions
Based on these two years, preliminary hypotheses regarding the burrowing owls’ breeding
success include:
•
•
•

•

•

•

Greater breeding success is related to increased abundance of vertebrate prey;
Rainfall patterns play a large part in catalyzing increases in vertebrate prey;
Patterns of Palm Springs pocket mouse occurrence in the burrowing owl diets closely
match the pocket mouse population dynamics quantified on the aeolian habitats, and so
those wind-blown sand populations may serve as a surrogate for dynamics on more
stabilized habitats.
In the western, Desert Hot Springs region, Palm Springs pocket mouse population levels
and population dynamics are closely tied to rainfall, and then to burrowing owl
reproduction.
In the eastern Stormwater Channel region, irrigation maintains high arthropod levels,
which may provide enough resources for some, albeit, low, owl reproduction each year,
even in drought years.
We have too few burrows and too few years to draw firm conclusions, however overall,
considering all sites, the lack of evidence of predation on owlets may indicate rainfall
catalyzed food availability, rather than predators (natural or otherwise) is a leading
constraint on reproductive success for Coachella Valley burrowing owls.

Methods Assessment
Doubling the number of cameras (as well having as newer, more dependable cameras) would
strengthen the inferences that we can derive from this approach of assessing potential stressors
and constraints for burrowing owls in the Coachella Valley. Sahara mustard, Brassica
tournefortii, was the greatest cause of camera malfunction (becoming entangled around the Tposts causing cameras to take hundreds of photos accidentally, filling the SD card), we will make
an increased effort to better site and check cameras frequently. As well, we will deploy newer
cameras.
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Introduction
Agassiz’s desert tortoise (Gopherus agassizii) is a conservation-reliant species with
populations north and west of the Colorado River protected as threatened under the Endangered
Species Act (Averill-Murray et al. 2012). Since it was listed under this category in 1990, a great deal
has been learned about the natural history of the species, and it is now one of the best-studied turtles
in the United States (Lovich and Ennen 2013). However, the accumulated body of scientific data
available for the species has not yet been translated into recovery or delisting of the species.
Successful conservation of any species requires knowledge of their natural history and how vital rates
affect their ability to maintain stable populations in the face of natural and anthropogenic stresses.
Agassiz’s desert tortoises occur from southwestern Utah to near the Mexican border in
California – a distance of over 450 km – but population densities vary greatly across this immense
landscape (U.S. Fish and Wildlife Service 2015). Tortoises occur in the Sonoran Desert of California,
including the eastern and western ends of the Coachella Valley, where it is one of 27 species covered
under the Coachella Valley Multiple Species Habitat Conservation Plan and Natural Community
Conservation Plan (CVMSHCP/NCCP). The southern portion of Joshua Tree National Park (JTNP)
lies within this 1.1 million acre planning area, and was predicted to be an area of low-density tortoise
populations using habitat suitability modeling (Barrows 2011). JTNP is near the southern
distributional limit of G. agassizii, yet very little has been published regarding the ecology of tortoises
in the Sonoran Desert of California.
Reproductive output is an important gross measure of the ability of a population to persist.
When integrated with data on fertility and survivorship, this information forms a foundation for
assessing population status and formulating effective management strategies (e.g., Congdon et al.
1993, 1994), especially for imperiled species. One aspect of the biology of G. agassizii that has been
particularly well-studied is reproductive output. However, most of what we know about this topic
comes from research in the Mojave Desert portion of the species’ range (Ernst and Lovich 2009).
Comparatively little has been published on the reproductive ecology of populations living in the
Sonoran Desert ecosystem of California. Publications by Lovich et al. (1999, 2011, 2012, 2014, 2015)
constitute the main body of literature on desert tortoise reproductive ecology in the Sonoran Desert
of California, with one study population located at the western end of the CVMSHCP/NCCP area.
Collecting data on Agassiz’s desert tortoise ecology in the Sonoran Desert ecosystem is important
due to significant differences between the two adjacent desert ecosystems, especially the timing and
amounts of annual precipitation, and their potential effects on reproductive output (e.g., Lovich et al.
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2015). There are also differences in the vulnerability of tortoises to the effects of a warming, drying
climate between the two deserts (Barrows 2011; Zylstra et al. 2012).
The overall goal of this study was to collect data on demography, reproductive output, and
genetic affinities at a study site in the Sonoran Desert portion of JTNP in the eastern end of the
CVMSHCP/NCCP area. Specific objectives included: 1) Collect data to establish baselines on
tortoise populations and/or their habitat suitability in core habitat within the CVNCCP area, including
biotic and abiotic variables affecting persistence of tortoise populations; 2) Compare and contrast
with data collected on desert tortoises at USGS/BLM study site near Palm Springs over 16 years; 3)
Support long-term modeling efforts needed to determine tortoise population viability; 4) Refine
modeled relationships with identified threats such as fire, invasive species and climate change; and
5) Prioritize adaptive management needs for the desert tortoise in and beyond the CVNCCP area. The
data from this study will aid in determining baseline estimates of the desert tortoise population size
within the planning area as well as establish a marked population of Agassiz’s desert tortoises for
future monitoring. Data will be integrated with habitat modeling in order to refine model output.
Genetic data will be collected on both the north and south sides of Interstate 10 to determine the
potential effects of habitat fragmentation and genetic mixing. Analyses are ongoing and results
beyond those presented in this report will be published in peer-reviewed scientific journals following
inclusion of additional data collected on the south side of Shavers Valley in 2017-2018.

Methods
Study site
The Cottonwood study site (hereafter Cottonwood) is located in the southernmost portion of
JTNP, in an area drained by Shavers Wash (Figure 2). This site was identified as an area of high
tortoise densities during surveys of JTNP by Karl (1988). In addition, tortoises were marked there
during the period from 1997–1999 by the senior author. The site is characterized by the steep boulderstrewn Cottonwood Mountains that meet gently sloping bajadas and arroyos running southward
toward Interstate 10. The study area was unbounded and the area surveyed encompassed
approximately 5.75 km2. Elevations range from 520 m on the bajadas to over 800 m in the adjacent
mountains, with tortoises occupying known elevations from 534–780 m. Vegetation is typical of the
arborescent Sonoran Desert plant communities of California and is dominated by creosote (Larrea
tridentata) scrub interspersed with ironwoods (Olneya tesota), palo verde trees (Parkinsonia florida),
smoke trees (Psorothamnus spinosus), and ocotillos (Fouquieria splendens).
The study area is bisected by Cottonwood Springs Road – a paved and moderately trafficked
road that provides access to the southern portion of JTNP. From 2 February 2012 to 9 July 2013,
mean traffic volume was 355 cars/day (range: 138 in the month of June to 917 in the month of March).
Traffic volume was highest from December–May, a time period overlapping peak above-ground
desert tortoise activity at our study site (March–June). The highest traffic volume occurred in March,
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with a mean of 535 and 605 cars/day in 2012 and 2013, respectively with similar values for May.
June, July, and August yielded the least amount of traffic daily with July generating the lowest
average (190 cars/day in 2013; all traffic data provided by JTNP). According to JTNP statistics,
visitation increased significantly in 2015, so these earlier statistics may underestimate more recent
traffic volume.
Severe drought occurred in southern California during the time of our study. Drought
conditions between 2012 and 2014 constituted the worst drought for central and southern California
in the last 1,200 years based on paleoclimate reconstructions (Griffin and Anchukaitis 2014; Mann
and Gleick 2015), and that drought continued through 2016. However, precipitation was adequate
enough to support good germination of tortoise food plants in 2015 and 2016.

Field techniques
Demographic and reproductive studies at Cottonwood were completed during 2015–2016.
Beginning in late March 2015, tortoises were located via semi-systematic surveys. Upon capture,
tortoises were marked using a triangular file to notch unique combinations of marginal scutes for
future identification (Cagle 1939). A subset of mature male and female tortoises were outfitted with
radio transmitters (models R1850, R1860; Advanced Telemetry Systems). Male tortoises are often
easier to locate initially and can be used via tracking to aid in locating females. Tortoises were tracked
every 10–14 days from April–July, and once per month during the remainder of the year when
transmitters were still attached. Mid-line straight-line carapace length (SLCL) was measured using
tree calipers (± 1 mm). Weights were taken at every capture using Pesola spring scales (± 10 g).
Assessments of health and notes on general appearance were also taken. GPS locations were recorded
with a Garmin Oregon 550T. Tortoise sample sizes varied from year to year as in some cases radio
transmitters malfunctioned or were lost partway through the season, and we were unable to relocate
some of these tortoises.
X-radiography was used to determine the presence of shelled eggs, clutch size, clutch number,
egg width, and annual egg production. Female tortoises were X-radiographed (Hinton et al. 1997) in
the field approximately every 10–14 days from April–July, and then returned to their capture location,
usually within one hour. The period from April to July overlaps the previously known earliest and
latest dates of the production of shelled eggs at JTNP (Lovich et al. 1999). X-radiographs were
performed in the field using a digital X-ray generator (model TR80; Min-Xray) connected to a Canon
X-radiography system. Exposures were taken using the settings described by Lovich et al. (2015) in
doses that are considered to be safe for tortoises (Hinton et al. 1997).
While performing surveys or radiotracking tortoises, tortoise sign was often observed. All
burrows that appeared active (not collapsed, filled in, or full of cobwebs or debris) were recorded,
described, and a GPS location was taken. If whole shells or shell fragments of dead tortoises were
located, a GPS location was recorded along with notes of the state of the shell in order to determine
approximately how long ago the tortoise died.
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Permits and Approved Protocols
Research was conducted under permits and approvals from the U.S. Fish and Wildlife Service
(Permit # TE-198910), Bureau of Land Management, and National Park System, and under a
California Endangered Species Act Memorandum of Understanding with the California Department
of Fish and Wildlife. The Institutional Animal Care and Use Committee of Northern Arizona
University reviewed and approved our research procedures on handling, marking, and obtaining
blood samples from tortoises (Approved Protocol #16-002).

Clutch phenology
Clutch size and X-ray egg width (XREW) were determined directly from X-rays. XREW was
measured at the widest portion of an egg, from the outermost point of each side of the shell, using KPACS software (version 1.6.0; http://www.k-pacs.net). XREW was determined from the first X-ray
in which a clutch of eggs was clearly detectable. X-radiography was also used to determine dates of
appearance and disappearance of shelled clutches, and to measure the annual percentage of
reproducing females, clutch frequency (number of clutches produced by a female in one year), and
annual egg production (AEP) per female (total number of eggs produced/female/year).

Genetic sampling
Blood samples were collected to perform genotyping and population assignment of the
tortoises at Cottonwood in order to compare with another population at the western end of the
planning area. We used the subcarapacial venipuncture technique described by Hernandez-Divers et
al. (2002). This technique has proven to be a safe and effective way to remove small quantities of
blood from a diversity of turtle species, including Agassiz’s desert tortoise (Drake et al. 2012). Up to
0.5 mL of blood or blood with lymph were obtained from a subsample of the population in
Cottonwood. Blood samples were only taken following permitting by the U.S. Fish and Wildlife
Service and the California Department of Fish and Wildlife. Blood collection protocols were
stringently followed according to guidelines set by the U.S. Fish and Wildlife Service and protocols
approved by the Northern Arizona University Institutional Animal Care and Use Committee. Samples
were sent to the University of Arizona Genetics Core for processing, and results will be described in
a later report due by June 30, 2017.

Model validation
We used GPS points collected for live desert tortoises, active tortoise burrows, and the
remains of desert tortoises to validate the occupancy model generated by Barrows (2011) for our
study area. His model predicted habitat likely to be occupied by tortoises in JTNP based on historical
records of their distribution including both museum records and recent records of tortoise occurrence
in the area. Thus, our inclusion of tortoise shells that might be relatively old is not expected to bias
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the model. We used raster cells 180 m x 180 m based on point location data from Barrows, and raster
cell values greater than or equal to 0.7 were considered a good fit to the model and therefore optimal
desert tortoise habitat.

Results
Population monitoring
A total of 33 tortoises were captured and registered at the Cottonwood study site from 2015–
2016, not including one unmarked immature tortoise (Table 1). The immature tortoise was too small
to notch its shell safely with our equipment. Additionally, three adult tortoises observed in burrows
were inaccessible and therefore not captured or marked. A frequency accumulation curve of the
number of unique registered tortoises located over time suggests that our team located the majority
of tortoises within the study area footprint in the first year, but there was a spike in the number of
new tortoises located in the second year (Figure 3). From April–July 2015, nine tortoises (four males,
five females) were outfitted with radio transmitters for relocation. Two of these tortoises were
subsequently lost; one of the radios from a lost tortoise was recovered after it detached from the shell
but the tortoise was never relocated. The other tortoise was never detected again even though the
radio remained attached. From April–July 2016, ten tortoises were outfitted with radios (three males,
seven females), including seven that were monitored the previous year. Blood samples were taken
from this subset of ten desert tortoises (Table 2) to compare to the genetic affinities of a population
of G. agassizii at the western end of the CVMSHCP/NCCP area located near Palm Springs
(manuscript in preparation).
A total of three juvenile tortoises were located. The smallest was a juvenile (1–2 years old),
and the other two were estimated to be 3–4 years old. One juvenile had a California barrel cactus
(Ferocactus cylindraceus) spine impaling its right anterior axillary area, with 27.2 mm of the spine
(total length of 63 mm) inserted into the body (Smith et al. 2015). The spine was removed as the
protruding portion inhibited the juvenile tortoise’s movements. Because the juvenile was located in
rocky, upland habitat, it is possible the tortoise tumbled on the slope or was dropped (i.e. by a bird)
causing the impalement.
In April 2015, a large adult male tortoise that had been previously registered and noted as
outwardly healthy was found dead. The observations associated with the carcass (partially
decapitated, eviscerated from a prefemoral pocket, intact appendages, overturned onto carapace, lack
of chew or scratch marks) potentially indicated a badger was the predator. A badger was subsequently
detected on a trail camera placed in the same wash where the male tortoise was originally located
(see Smith et al. 2016). This was the only carnivore documented by the trail camera in 78 days of
monitoring.
A total of 17 shells were found in the study area. Of these, seven were bleached, disarticulated
shell fragments suggesting a deterioration process of greater than 20 years post mortem. We also
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located seven mostly intact, adult shells with scutes attached or beginning to peel, suggesting that
death occurred within the last five years. Three juvenile shells were located, all of which exhibited
signs of predation or scavenging that may have been weathering for ten years or less. A total of eight
shells (adults and juveniles) showed evidence of predation or scavenging via bite marks or bones
which were cracked or broken off of the suture lines.

Burrows and Habitat
A total of 208 active burrows were located, and of these, 100 were observed being used by
tortoises. Co-habitation at a burrow was observed on only one occasion, involving a male tortoise
that was sitting on the burrow apron with a female tortoise inside the burrow. Some burrows were
used at separate times by more than one tortoise. We recorded ten burrows that were used by two
tortoises and one burrow used by three different tortoises. Occasionally, tortoises would be found in
a burrow that had been previously marked via GPS and considered active, but no tortoise had been
present. Tortoises were located outside of burrows a total of 74 times.
Tortoises used both upland (mountainous, steeply sloped, rocky substrate) and lowland
(gently graded, loamy or sandy soil, bajadas) habitats (Table 3). Out of the 33 tortoises in the marked
population, 13 were located at least one time in rocky, upland areas. This includes three juveniles,
each of which were located a single time, found in areas surrounded by boulders. Six of the adult
tortoises using upland habitat were radiotelemetered and were found using upland areas as much as
92% of the time (Table 3). Of the 20 tortoises located using solely lowland habitat, six were
radiotelemetered. Although these six tortoises were never located in upland habitat, half of them were
located within 0.5 km of upland areas (Table 3). This would be considered a reasonable distance for
a tortoise to move within its home range based on our experience at the site. There were three tortoises
located south of the Colorado River Aqueduct (including one outfitted with a radio transmitter) just
outside of the JTNP boundary. These tortoises were greater than 2 km from upland areas, and it would
be unlikely for them to move to upland areas. We did record one female moving up and over the
aqueduct between burrow locations, indicating the high berm did not act as a barrier to tortoise
movement.
None of our radioed tortoises were observed to cross the paved Cottonwood Road during our
studies. In fact, none of the tortoise locations were closer than about 150 m to the road (the majority
were much farther away) suggesting road avoidance on this heavily-traveled entrance into the JTNP
(manuscript in preparation).

Habitat suitability model
For locations where tortoises were found but not associated with a particular burrow, about
2/3 of our points were in areas predicted by the Barrows (2011) model (Table 4). The other third of
our tortoise observations were outside of the optimal desert tortoise habitat model. For burrows that
were considered active, similar ratios were observed, with the majority located in areas predicted to
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be occupied. Tortoise shells found during our study exhibited higher classification accuracy with over
75% being located in areas considered suitable for tortoises under the model.

Clutch phenology
At the Cottonwood study site, 80% of females (4 of 5) produced eggs in 2015. All four of
these females produced two clutches (Table 5) for a total of 29 eggs produced during the 2015
reproductive season. Of these 29 eggs, 51.7% were produced in first clutches. In 2016, 86% of
females (6 of 7) produced at least one clutch of eggs, and five of these females also produced a second
clutch (Table 5) for a total of 43 eggs produced during the 2016 reproductive season. Of these 43
eggs, 48.8% were produced in first clutches. In both years, the female tortoise that did not reproduce
was female #11. Despite being above the size threshold for being reproductively active (> 20 cm
SLCL) and found within the vicinity of multiple males, female #11 never produced a clutch of eggs.
It is possible that this female is infertile.
Of the females that reproduced, mean SLCL among years ranged from 21.9 cm in 2016 to
22.7 cm in 2015, (Table 6). X-radiography revealed visible shelled eggs from early April through
mid-June. The overall earliest date of detection of shelled eggs was 6 April (2016), and the latest date
of a visible first clutch was 16 June (2015) when a double clutch of eggs was likely oviposited
simultaneously (see description in following paragraph). The earliest date of appearance of second
clutches was 9 May (2015), and the latest date of detection of a second clutch was 16 June (2015). In
2016, one female produced a first clutch consisting of a single egg that appeared approximately one
month after all other reproducing females’ first clutches disappeared, and the disappearance of this
first clutch on 14 June marked the latest date of disappearance of any clutch in 2016. Overall, shelled
eggs appeared approximately two weeks earlier than many studies report farther north in the Mojave
Desert (Turner et al. 1986; Wallis et al. 1999; McLuckie and Fridell 2002). This is likely due to the
fact that average temperatures at the Cottonwood study site are warmer than in the Mojave Desert,
allowing for earlier egg production.
Clutch size ranged from 1–6 eggs. One female had overlapping clutches of a total of nine eggs
that included a first clutch of four eggs appearing early, with a second, thinly shelled clutch of five
eggs appearing later in the season (Figure 4). We assume these two clutches were oviposited at the
same time as they disappeared from the X-ray simultaneously. Overlapping clutches have been
observed previously in G. agassizii (Turner et al. 1986). The overlapping clutches we observed were
treated as two separate clutches for statistical purposes due to the fact that they were shelled at
separate times with over a month of visibility of the first clutch before the second clutch appeared.
Mean overall annual clutch size across both years at Cottonwood was 3.79 ± 1.36 eggs/clutch (Table
6). Mean XREW of all clutches was 36.5 ± 1.6 mm (Table 6). Among all reproductive females, mean
clutch frequency was 1.9 ± 0.3 clutches/female/year. A total of 6 (75%) females produced nine second
clutches from 2015 to 2016 (Table 5), and one (12.5%) female never produced any visible eggs during
the time it was monitored. Over both years, first and second clutches accounted for an equal amount
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of the total number of eggs produced (50% each). Total annual egg production (AEP) among
reproductive females ranged from 1–12 eggs/female/year, and mean AEP over both years was 6.0 ±
3.8 eggs/female/year (Table 6). The year 2016 had the highest and lowest individual AEP with one
female producing a total of 12 eggs and another female producing only a single egg.

Discussion
When we began searching for an aggregation of tortoises to study in the eastern end of the
CVMSHCP/NCCP area in the spring of 2015, tortoise densities appeared to be lower than expected,
especially since the Shaver’s Valley area is designated as Critical Habitat for the tortoise. This
observation was based on transects walked with the help of volunteers on the north side of Interstate
10 from Chiriaco Summit to Cottonwood Springs Road. Previous experience by the senior author
with tortoises marked in the mouth of Cottonwood Canyon from 1997–1999 led us back to that area
where we found enough tortoises to establish a new baseline for research and monitoring. Even
though we registered 31 new tortoises during our study, the area still has a relatively low population
density. We can estimate population density based on the approximate area of the minimum convex
polygon of our study area (5.75 km2) shown in Figure 1 and all the tortoises (34) in Table 1 as 5.9
tortoise/ km2. This figure is greater than the mean density estimate for JTNP, overall, of 3.7 adults/
km2 presented in U.S. Fish and Wildlife Service (2015).
Earlier surveys for tortoises in the JTNP identified the Cottonwood area as one of the highest
density sites for tortoises (Karl 1988) with 8–29 tortoises/ km2. Our figure is slightly below Karl’s
lower estimate. Karl’s estimate is difficult to compare to ours as the methods were very different. If
our lower figure represents a true reduction in tortoise density over time, it seems unlikely to be the
result of a large die-off of tortoises in the area since we found comparatively few shells during our
surveys compared to live tortoises. Such was not the case in the nearby Pinto Basin of the JTNP
where large numbers of shells (64) and a small number of live tortoises (14) were reported based on
surveys in 2012 (Lovich et al. 2014). The die off in the Pinto Basin was attributed to the effects of
drought and predator prey-switching with low levels of estimated survival being coincident with low
three-year moving average precipitation trends. The location of several juvenile tortoises during our
study at Cottonwood indicates that recruitment is occurring, but it would require further monitoring
to determine whether recruitment is high enough to offset mortality in the population. The location
of juveniles in boulder piles may confer a survival advantage due to the cover provided (Nafus et al.
2017).
Barrows (2011) suggested that climate change would lead to reductions in the distribution of
tortoises, especially in the Sonoran Desert region of JTNP. Under a scenario with warming/drying of
+2°C/ -50 mm precipitation, he predicted an 88% reduction of occupied desert tortoise habitat in that
region. Maps of his modeled results show reductions in tortoise habitat in the Cottonwood area. Based
on their research in the nearby Pinto Basin of the JTNP, Lovich et al. (2014) concluded that their
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results may be early signal of Barrow’s modeled predictions. The location data for live desert
tortoises, active tortoise burrows, and the remains of desert tortoises at the Cottonwood study site
from 2015–2016 was used to validate the classification accuracy of the tortoise distribution model
presented by Barrows (Table 4). The broad congruence of these categories with model predications
suggests that the model has utility at the local scale of our study. Additionally, as more location data
for tortoises, tortoise burrows, and tortoise shells are integrated into the model, predictions for habitat
suitability will be refined and reflect changes due to pressures from issues such as climate change.
Continued monitoring will be required to determine if the Cottonwood population of tortoises
is stable or declining as a possible result of climate change. The severity of the recent drought in
California was reduced with high winter precipitation in 2016–2017. It remains to be seen if that will
have an effect on tortoise populations, especially their reproductive output and survival (Lovich et al.
2014, 2015). The protected nature of the habitat within JTNP boundaries makes it a good location for
long-term study of a population of G. agassizii that is less impacted by anthropogenic activities than
other sites in Shaver’s Valley.
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Table 1. List of all tortoises captured and registered at the Cottonwood study site in Joshua Tree National Park. Last known locations are
given in UTM, Zone 11, NAD 83. M = male, F = female, J = juvenile. Straight-line carapace lengths listed indicate the most recent
measurement. All radios attached have been removed as of July 2016, unless indicated otherwise in the Notes.

ID

Date of
first
capture

1

Date of
last
capture

Radio
attached
(Y/N)

No. of
captures

Straight-line
carapace
length (cm)

03/31/15 07/12/16 M

Y

27

25.6

2

03/31/15 07/12/16 F

Y

29

21.3

3

03/31/15 07/12/16 F

Y

11

21.3

4
5
6

04/01/15 04/13/15 M
04/01/15 04/01/15 M
04/01/15 04/01/15 F

N
N
N

2
1
1

29.6
24.6
20.8

7

04/13/15 07/12/16 F

Y

26

22.2

8

04/13/15 07/12/16 M

Y

24

26.6

9

04/14/15 07/23/15 F

Y

11

25.0

10

04/14/15 08/25/15 M

Y

10

21.1

11
12
13
14
15
16
17
18

04/15/15
04/16/15
04/16/15
05/27/15
06/16/15
08/25/15
08/25/15
09/22/15

Y
Y
Y
N
N
N
N
N

24
26
25
1
1
3
1
1

21.7
22.8
28.0
24.6
24.1
25.8
31.2
24.8

07/12/16
07/11/16
07/11/16
05/27/15
06/16/15
04/06/16
08/25/15
09/22/15

Sex

F
F
M
M
M
M
M
M

Notes
Made large movements between the bajadas and Cottonwood
mountains. Observed copulating with tortoise #2 in April 2015.
Only mature female observed carrying overlapping clutches
(2015).
Maintained burrows on both sides of the aqueduct (just south of
the Park boundary), indicating tortoises can cross over aqueduct.
Found dead on 04/13/15. Likely killed by American badger.

Tortoise originally monitored by NPS. Radio left attached and
tortoise transferred to NPS staff.
Tortoise originally monitored by NPS. Radio left attached and
tortoise transferred to NPS staff.
Lost. Radio fell off tortoise and was located. Fell off cleanly with
all epoxy. Tortoise was never relocated despite checking known
burrow locations and scouting area.
Lost and never relocated. Checked known burrow locations and
scouted area. Possibilities are dead radio, predation, or extended
movement to a new location.
Only mature female X-rayed that never produced eggs

Largest tortoise in study population
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Date of Date of
Radio
first
last
Sex attached
capture capture
(Y/N)
09/22/15 09/22/16 M
N

20

06/03/15 06/03/15 J

21
22
23
24
25
26
27
28
29
30
31
188
194
-

02/25/16
02/25/16
02/26/16
02/26/16
03/08/16
02/26/16
03/09/16
04/06/16
04/07/16
04/21/16
04/21/16
03/31/15
09/22/15
06/03/15

ID

02/25/16
02/25/16
02/26/16
02/26/16
03/08/16
02/26/16
03/09/16
07/12/16
04/07/16
04/21/16
07/11/16
03/31/15
09/22/15
06/03/15

M
M
M
M
M
M
M
F
J
M
F
M
M
J

1

Straight-line
carapace
length (cm)
23.9

N

1

8.9

N
N
N
N
N
N
N
Y
N
N
Y
N
N
N

1
1
1
1
1
1
1
7
1
1
6
1
1
1

26.0
29.1
24.1
27.7
28.0
29.6
27.5
21.4
7.8
28.8
22.8
29.3
28.9
6.0

No. of
captures

Notes

Immature tortoise with barrel cactus spine impaling right axillary
area. Approximately four years old.
Observed engaged in a fight with male tortoise #22.
Observed engaged in a fight with male tortoise #21.
Located south of aqueduct.
Located south of aqueduct.

Immature possibly 3-4 years old.

Previously registered in 1999 by Jeff Lovich
Previously registered in 1999 by Jeff Lovich
Yearling was too small to mark with notches
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Table 2. Data summary of blood collection from tortoises captured in the Cottonwood area of
Joshua Tree National Park in 2016. Samples sent to University of Arizona Genetics Core for analysis.
ID No.

Date

Sex

1
2
3
7
8
11
12
13
28
31

05/03/2016
05/03/2016
06/14/2016
05/02/2016
05/16/2016
05/02/2016
05/03/2016
07/11/2016
05/02/2016
05/03/2016

M
F
F
F
M
F
F
M
F
F

Volume
(ml)
0.4
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
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Table 3. Summary of habitat use by radiotelemetered tortoises. Uplands are categorized as having a steep slope with a rocky substrate
(i.e. mountainous areas). Lowlands are categorized as having a slightly graded or flat slope with a sandy, loamy substrate (i.e. bajadas).
The number of times a tortoise was located in the uplands or lowlands is listed, along with the corresponding percent of time in
parentheses. The closest distance to uplands is listed for tortoises that were never located in upland areas. This distance represents the
closest location of a particular tortoise to upland habitat.
Tortoise
ID
1
2
3
7
8
9
10
11
12
13
28
31

Sex Total number
of captures
M
27
F
29
F
11
F
25
M
24
F
11
M
10
F
24
F
26
M
25
F
7
F
6

No. times located
in uplands (%)
14 (51.9%)
2 (6.9%)
0 (0%)
0 (0%)
0 (0%)
5 (45.5%)
0 (0%)
0 (0%)
22 (84.6%)
23 (92.0%)
0 (0%)
3 (50.0%)

No. times located
in lowlands (%)
13 (48.1%)
27 (93.1%)
11 (100%)
25 (100%)
24 (100%)
6 (54.5%)
10 (100%)
24 (100%)
4 (15.4%)
2 (8.0%)
7 (100%)
3 (50.0%)

No. times located
in burrow/ shelter
19
18
8
18
17
6
8
20
17
18
6
6

Closest distance
to uplands (km)
2.09
0.64
0.64
0.13
0.48
0.24
-
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Table 4. Classification accuracy of a tortoise distribution model for Joshua Tree National Park
(Barrows, 2011) validated against our location data for live desert tortoises, active tortoise
burrows, and the remains of desert tortoises found at the Cottonwood study site. According to the
model, any locations with a value greater than or equal to 0.7 within the model are considered to
be in optimal desert tortoise habitat. Locations with values less than this fall outside optimal
desert tortoise habitat and are assigned as -9999, or no value.
Classification
type
Tortoises
Burrows
Tortoise shells

Correctly classified (≥ 0.7)
No.
%
119
64%
127
67%
13
76%

Incorrectly classified (-9999)
No.
%
68
36%
63
33%
4
24%

Total
No.
187
190
17

%
100%
100%
100%
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Table 5. Clutch sizes for female Agassiz’s desert tortoises captured and X-rayed in Cottonwood
study area. Dashes indicate no clutch was produced.
ID
2
3
7
9
11
12
28
31

Year
2015
2016
2016
2015
2016
2015
2015
2016
2015
2016
2016
2016

Size 1st
Clutch
4
5
1
3
3
5
3
3
3
6

Size 2nd
clutch
5
2
3
5
3
3
5
4
6

Difference in
clutch size*
+1
-3
0
+2
-2
0
+2
+1
0

*Difference in size of second clutch from size of first clutch
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Table 6. Summary statistics (mean ± SD) of reproductive characteristics of female Gopherus agassizii inhabiting the Cottonwood study
area. Carapace length, clutch frequency and annual egg production are calculated only from females that reproduced.

Year

n*

Clutch size

Carapace
length
(cm)

First

Clutch
frequency
Second

XREW in mm
Annual
egg
Second
production First
Clutch
Clutch

Percent
Reproductive
females

CV clutch
size/
XREW†

2015

5

22.7 ±
1.64 (4)

3.75 ±
3.50 ±
2.00 ± 0
0.96 (4) 1.00 (4) (4)

7.25 ±
1.50 (4)

35.85 ±
1.08 (15)

35.59 ±
1.04 (14)

80

0.25/ 0.03

2016

7

21.9 ±
0.75 (6)

3.50 ±
4.40 ±
1.83 ±
1.76 (6) 1.52 (5) 0.41 (6)

7.17 ±
3.54 (6)

37.07 ±
1.90 (21)

36.94 ±
1.39 (22)

86

0.42/ 0.04

Annual egg production indicates the mean total number of eggs produced by reproductive tortoises within a year. Sample sizes used in
statistical analyses are indicated in parentheses. Coefficients of variation (CV) are given for both clutch size and XREW.
*n indicates the number of female tortoises who were located and X-rayed during the reproductive season.
†Coefficients of variation calculation for all clutch sizes and all egg sizes within a year.
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Figure 1. Habitat Suitability Model for desert tortoise in the eastern CVMSHCP Desert Tortoise
and Linkage Conservation Area. Inset image depicts location within the state of California.
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Figure 2. Map of southern Joshua Tree National Park. Polygon depicts approximate footprint of
Cottonwood study area, and green border approximates the southern boundary of Joshua Tree
National Park. Inset image depicts location within the state of California.
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Figure 3. Frequency accumulation curve of the accumulated number of tortoises located over
time. Time is measured in days from 30 March 2015 (the first day spent surveying for desert
tortoises at Cottonwood), inclusive. The logarithmic curve shows that the number of new
tortoises located over time begins to taper, suggesting that more time spent at this study site
would not continue to yield the location of many additional new tortoises.

Accumulated Number of Tortoises Located

35

30
R² = 0.9384

25

20

15

10

5

0
1

32

60

91

121

152

182

213

244

274

305

335

366

Time (Number of Days from March 30, Inclusive)
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Figure 4. X-radiograph taken on 3 June 2015 showing overlapping clutches forming in female #2.
The four thickly shelled eggs in the center were first seen on 14 April, with the five thinly shelled
eggs on the periphery appearing over one month later on 27 May. The bright white attachment
to the upper right of the tortoise’s carapace is the transmitter and antenna. A penny is located at
the upper left corner of the X-radiograph for size calibration.
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Appendix VIII –
Desert Tortoise Genetics

A report on genetic affinities and relatedness of Agassiz’s desert tortoises (Gopherus
agassizii) at opposite ends of the Coachella Valley in California
Jeffrey E. Lovich1, Taylor Edwards2, Brian Kreiser3, Shellie Puffer1, and Mickey Agha4
1

U.S. Geological Survey, Southwest Biological Science Center, 2255
North Gemini Drive, Flagstaff, AZ 86001
2
University of Arizona Genetics Core, 1657 E. Helen Street, Room 111,
University of Arizona, Tucson, AZ 85721
3
University of Southern Mississippi, Department of Biological Sciences,
Hattiesburg, Mississippi 39406
4
Department of Wildlife, Fish, and Conservation Biology, University of
California, One Shields Avenue, Davis, CA 95616

Executive summary
This report summarizes the results for mtDNA and STR genotyping of 41 desert tortoise
(Gopherus agassizii) DNA samples from opposite sides of the Coachella Valley: one sample
from the west side at the Mesa wind energy facility in the Whitewater Hills and the other from
the mouth of Cottonwood Canyon in Joshua Tree National Park, both within the boundaries of
the Coachella Valley Multiple Species Habitat Conservation Plan. Additional samples were
collected from tortoises on the northern bajadas of the Orocopia Mountains and from the Santa
Rosa Mountains and those results will be presented at a later time in a scientific publication. We
tested samples for their mtDNA haplotype and 25 STR loci previously used in other studies. We
performed assignment testing to determine the genetic affinity of each individual to the
geographic region of collection. Despite apparent isolation, both populations appear to be
naturally occurring and do exhibit indications of having experienced increased genetic drift
(resulting in increased homozygosity, increased inbreeding or a reduction of genetic diversity).
The lack of strong evidence for genetic isolation suggests that long-term maintenance of
unfragmented landscapes is an important part of tortoise conservation in the region.

Agassiz’s desert tortoise (Gopherus agassizii) was listed as a threatened species under the U.S.
Endangered Species Act in 1990. Since then, population declines have been reported rangewide
(Esque et al., 2010) despite continuing efforts to recover the species (Averill-Murray et al.,
2012). The tortoise is one of 27 species included in the Coachella Valley Multiple Species
Habitat Conservation Plan. Data are being collected on the distribution, abundance and natural
history of tortoise populations in this area. These data will be used to determine if goals of the
plan, relative to the tortoise, are being met. One aspect of this research effort is to collect data on
the genetic affinities and relatedness of tortoise populations. Generally speaking, tortoises are
found in their greatest numbers on the east and west sides of the planning area since the
Coachella Valley floor is assumed to be poor habitat for tortoises (Luckenbach, 1982; Nussear et
al., 2009). Thus, the Coachella Valley is expected to be a genetic barrier to tortoise populations
as suggested for extremely low-elevation valleys in general (Hagerty et al., 2011).
Previous research on desert tortoise genetics suggests that gene flow among populations is
primarily influenced by geographic distance (e.g., Averill-Murray et al., 2014; Murphy et al.,
2007; Hagerty and Tracy, 2010). However, fine-scale landscape features can affect genetic
structure in tortoise populations. Even roads have been show to influence gene flow in tortoise
populations (Latch et al., 2011). The purpose of this study was to examine the genetic affinities
and characteristics of two tortoise populations on opposite sides of the Coachella Valley.
Preliminary results are contained in this report and further details will be published once
additional samples are analyzed.

Methods
Tissue samples were taken from desert tortoises using one of two techniques. At the Mesa wind
energy facility (Mesa) in the Whitewater Hills of California, shell clips were taken from
hatchling tortoises during routine marking in 2000. From 2013-2016 small amounts (about 0.5
cc) of blood were taken from adult tortoises at both Mesa and a population in the mouth of
Cottonwood Canyon (Joshua Tree National Park – hereafter Cottonwood). We used the
technique of Hernadez-Divers et al. (2002) for blood extraction. In 2013, we processed 31 desert
tortoise DNA samples that had been extracted at the University of Southern Mississippi. We
quantified samples using a BioTEK Synergy HT (BioTEK, Vermont, USA). All samples
quantified between 0.3-9.0 ng/µl with the exception of sample Mesa_093 [0.0 ng/µl] and
Mesa_005 [107 ng/µl]. We diluted Mesa_005 to 5.0 ng/µl and proceeded with PCR on the other
samples with their original stock. All PCR, mtDNA sequencing, fragment analysis, and data
analysis followed procedures outlined in Edwards and Berry (2013). We included 2 control
samples of known genotype (G. morafkai and G. agassizii) and a water sample to ensure quality
control for the PCR assays and assignment testing.

In 2016, we processed an additional 10 samples from Cottonwood. Additional samples were
collected from tortoises on the northern bajadas of the Orocopia Mountains and from the Santa
Rosa Mountains and those results will be presented later in a scientific publication. Samples
were collected as whole blood and mixed with lysis buffer. We isolated total DNA by overnight
lysis with proteinase K at 55⁰C, followed by robotic extraction using a QIAGEN BioSprint 96
robotic magnetic-particle purification system (Qiagen, Valencia, California USA) and Aline
Biosicences Buccal Swab gDNA Kit (Aline Biosciences, Woburn, Massachusetts USA). We
quantified recovered DNA using a BioTEK Synergy HT (BioTEK, Vermont, USA).
Loci
We sequenced an approximately 1,100 base pair portion of the ND3, arginine tRNA, ND4L, and
part of the ND4 genes. We tested all samples for 25 previously described short tandem repeats
(STRs): Cm58 (FitzSimmons et al. 1995); Goag03, Goag04, Goag05, Goag06, Goag07, Goag32
(Edwards et al. 2003); Test56 (Hauswaldt and Glenn 2003); GP15, GP19, GP30, GP55, GP61,
GP81, GP96, GP102 (Schwartz et al. 2003); ROM01, ROM02, ROM03, ROM04, ROM05,
ROM07, ROM10 (Edwards et al. 2011); and ROM08, ROM09 (Davy et al. 2011).
Descriptive statistics
We treated each sample site (Mesa and Cottonwood) as separate populations and performed
descriptive statistics on each independently. We used ARLEQUIN v.3.11 (Excoffier et al. 2007)
to detect significant departures from Hardy-Weinberg expectations and generated estimates of
gene diversity per locus and allelic richness per locus using FSTAT v.2.9.3.2 (Goudet 1995). We
used GENEPOP ver. 4.2 (Raymond and Rousset 1995, Rousset 2008) to estimate inbreeding
coefficients (Fis; Weir and Cockerham 1984) and number of migrants (Nm) using the private
alleles method of (Barton and Slatkin 1986). We used default parameters in FSTAT and
ARLEQUIN and GENEPOP for all Markov-chain tests and permutations. We used
BOTTLENECK (Piry et al. 1999) to test for evidence of historical changes in effective
population size. We ran 10,000 replicates for the Wilcoxon Test, Standardized Differences Test
and the Sign Test of Piry et al. (1999) under the I.A.M., T.P.M. and S.M.M. models.
Assignment testing
We assessed population association of the test samples using the assignment test in program
WHICHRUN (Ver. 4.1; Banks and Eichert 2000). The program calculates the likelihood of a
given individual originating from ≥2 candidate populations on the basis of its multilocus STR
genotype. We assessed stringency for population allocation with the selection criterion of the log
of the odds ratio (LOD) for the 2 most likely source populations. Assignments with a LOD ratio
of ≥2 have a ≤0.01 chance of type I error.
We first compared a 16 locus STR genotype (Murphy et al. 2007) in these samples to a database
of 1,258 Gopherus samples, including G. agassizii from throughout its range (n = 656). Other

Gopherus samples in the database included: G. morafkai divided into samples collected in
Arizona (n = 348) and central Sonora, Mexico (n = 35); G. evgoodei collected in southern
Sonora and Sinaloa, Mexico (n = 41; Edwards et al. 2015); G. berlandieri collected in Texas (n =
118; Fujii and Forstner 2010); and G. flavomarginatus collected from Chihuahua, Mexico
(Morafka et al. 1994) and from captivity (n = 60). For the G. agassizii samples, we divided this
initial database into ‘‘Mojave’’ and ‘‘Northern Mojave’’ populations (Figure 1). This division
complements the geographic distribution of the two primary mtDNA lineages (haplogroups
MOJ_A and MOJ_B observed by Murphy et al. (2007).
We then compared the 25 locus STR genotypes of our test samples to a reference database of
657 G. agassizii sampled throughout their range, designated into 7 genetic units (GUs: Figure 1)
according to Edwards and Berry (2013).

Figure 1. From Edwards and Berry (2013): Genetic units (GUs) defined as: Western Mojave
(sites 1 and 2; n = 143); Central Mojave GU (sites 3–5; n = 129); Southern Mojave (sites 6–10; n
= 213); Eastern Mojave (site 11; n = 59); Northern Colorado (sites 12 and 13; n = 48); Eastern
Colorado (site 14; n = 37); and Northeastern Mojave (site 15; n = 28). ‘‘Haplogroup Gradient’’
approximates the cline between ‘‘Mojave’’ (MOJ_A) and ‘‘Northern Mojave’’ (MOJ_B)
haplogroups (Murphy et al. 2007).

Additionally, we used STRUCTURE v.2.3.4 (Pritchard et al. 2000) to define populations in our
STR dataset. We tested all samples for K = 1–10 with 10 trials per K, each run for 500,000
iterations following a burn-in period of 100,000 MCMC under the admixture model, assuming
allele frequencies were correlated between populations. We used STRUCTURE HARVESTER
Online (Earl and vonHoldt 2012) to evaluate STRUCTURE results.
Results
Of the 41 samples tested, one failed to amplify across all loci and was removed from analyses
(Mesa_093). We generated viable mtDNA sequencing results for 32 of the 41 samples, all of
which genotyped as haplotype MOJ_A01 which is ubiquitous in the Mojave and Colorado
deserts in California. Interestingly, 6 of the 9 failed mtDNA samples were hatchlings. The DNA
from these samples were extracted from scute clips and presumably may be degraded relative to
the blood samples collected from the adults and this could account for the inability to amplify
longer fragments of DNA. Some samples also failed to amplify at some STR loci (average = 1.4
loci/sample, max = 10 loci; Mesa_007), however enough were present to perform assignment
testing. Several of the loci were monomorphic in these samples, however, some of the loci with
minimal variability in natural populations have proven particularly informative for inter-species

comparisons (e.g. locus Goag05; Engstrom et al. 2007). In total, 21 of the 25 STR loci were
found to be variable in this dataset.
The descriptive statistics do not reveal substantial differences between these two populations
(Table 1) despite differences in sample size; heterozygosity estimates, number of alleles,
inbreeding coefficient (Fis), gene diversity, etc. are relatively similar between populations. Fst
between the two sites is 0.04 (p = 0.019) is consistent with pairwise population differentiation
across the Mojave. Estimated number of migrants per generation using the private allele method
after correction for size was 1.43. We detected a significant excess in heterozygosity, suggestive
of a population bottleneck, in the Mesa population for all three tests under the I.A.M. and
S.M.M. models (Table 2). The Cottonwood population did not exhibit the same indication of
having experienced a recent bottleneck, with only the Standardized Differences Test under the
S.M.M. model and the Wilcoxon Test under the I.A.M. model exhibiting statistical significance
for the number of loci with heterozygosity excess.
Assignment tests suggest that all of the samples are consistent with being ‘California tortoises’
with 83% of Mesa samples assigning with strong probability to the Southern Mojave or Eastern
Colorado Genetic Units (GUs) which are separated by the I-10 corridor and in proximity to the
sample sites (Table 3). The 5 other Mesa samples assigned to adjacent GUs which is in keeping
with an expected 74-86% reassignment rate of database samples. All of the Cottonwood samples
were assigned to the Southern Mojave GU except one which was assigned to the adjacent
Eastern Colorado GU. All samples are consistent with having originated within the study area;
i.e. none appear to have been translocated from other States or other regions of the Mojave
Desert.

Table 1. Diversity indices for 21 microsatellite (STR) loci for 2 sample populations; A) Mesa and B) Cottonwood: n, number of
individuals genotyped; Obs Het, observed heterozygosity; Exp. Het, expected heterozygosity; s.d., standard deviation of
randomization tests for Hardy–Weinberg equilibrium; and Fis, inbreeding coefficient (Weir & Cockerham, 1984).
A. Mesa Study Site
Locus

n

# alleles

Allelic range

Obs Het

Exp. Het

p

s.d.

Fis (W&C)

p

S.E.

Gene diversity

Allelic Richness

GP61

30

12

21

0.967

0.883

0.233

0.0003

-0.097

0.281

0.026

0.882

8.131

GP19

30

2

10

0.133

0.183

0.241

0.0004

0.275

0.239

0.002

na

GP102

29

7

18

0.690

0.702

0.837

0.0003

0.018

0.833

0.011

0.703

5.255

GP30

30

6

15

0.600

0.631

0.267

0.0004

0.050

0.264

0.015

0.632

4.545

GP55

26

7

18

0.846

0.753

0.652

0.0004

-0.127

0.652

0.015

0.751

4.865

GP15

29

12

38

0.931

0.834

0.869

0.0003

-0.119

0.846

0.018

0.832

7.707

GP81

29

5

6

0.793

0.762

0.984

0.0001

-0.042

0.983

0.001

0.761

4.745

Goag4

23

9

14

0.870

0.824

0.774

0.0003

-0.056

0.762

0.015

0.823

6.842

Goag6

26

15

31

0.923

0.885

0.357

0.0004

-0.044

0.333

0.031

0.885

8.733

Goag7

30

5

5

0.700

0.699

0.442

0.0005

-0.002

0.442

0.009

0.699

4.149

Goag32

30

2

1

0.033

0.097

0.050

0.0002

0.659

0.053

0.001

na

Cm58

23

2

1

0.043

0.043

1.000

0.0000

na

ROM01

23

3

10

0.478

0.456

0.628

0.0005

-0.050

0.630

0.004

0.456

2.634

ROM07

27

6

8

0.778

0.668

0.781

0.0004

-0.168

0.790

0.010

0.666

4.486

ROM08

27

6

9

0.852

0.758

0.841

0.0003

-0.127

0.838

0.008

0.756

5.388

ROM04

30

6

10

0.700

0.682

0.987

0.0001

-0.027

0.989

0.002

0.682

4.686

Test56

28

8

25

0.750

0.806

0.070

0.0002

0.071

0.069

0.009

0.807

5.790

ROM03

30

6

16

0.433

0.572

0.013

0.0001

0.245

0.008

0.002

0.574

4.549

ROM02

28

2

1

0.429

0.468

0.695

0.0005

0.085

0.696

0.002

0.468

2.000

ROM05

30

3

2

0.400

0.560

0.002

0.0001

0.290

0.002

0.000

0.563

2.770

ROM09

27

10

19

0.778

0.781

0.156

0.0003

0.004

0.147

0.019

0.781

6.946

Mean

6.381

13.238

0.625

0.621

0.707

5.235

s.d.

3.640

9.974

0.287

0.247

-0.016

na

B. Cottonwood Study Site
Locus

n

# alleles

Allelic range

Obs Het

Exp. Het

p

s.d.

Fis (W&C)

p

S.E.

Gene diversity

Allelic Richness

GP61

10

11

22

0.800

0.926

0.319

0.0005

0.143

0.311

0.027

0.933

10.389

GP19

10

GP102

10

9

20

0.900

0.816

0.554

0.0004

-0.110

0.641

0.023

0.811

8.395

GP30

10

6

15

0.600

0.700

0.170

0.0003

0.150

0.164

0.011

0.706

5.600

GP55

10

5

17

0.800

0.774

0.136

0.0003

-0.036

0.135

0.006

0.772

4.900

GP15

10

7

20

0.600

0.584

0.562

0.0004

-0.029

0.556

0.022

0.583

6.495

GP81

10

5

6

0.700

0.784

0.034

0.0002

0.113

0.033

0.003

0.789

4.895

Goag4

10

9

8

1.000

0.895

0.258

0.0005

-0.125

0.302

0.019

0.889

8.589

Goag6

9

11

45

0.889

0.928

0.676

0.0003

0.045

0.689

0.026

0.931

11.000

Goag7

9

4

5

0.667

0.725

0.711

0.0004

0.086

0.716

0.006

0.729

4.000

Goag32

10

Monomorphic

Cm58

10

Monomorphic

ROM01

10

2

1

0.100

0.395

0.047

0.0002

0.757

0.048

0.001

0.411

2.000

ROM07

10

6

7

0.600

0.774

0.035

0.0002

0.234

0.034

0.005

0.783

5.979

ROM08

10

4

6

0.700

0.721

0.655

0.0005

0.031

0.650

0.006

0.722

3.900

ROM04

10

5

11

0.500

0.695

0.360

0.0005

0.291

0.362

0.011

0.706

4.800

Test56

10

10

21

0.900

0.916

0.452

0.0004

0.018

0.490

0.025

0.917

9.495

ROM03

10

5

15

0.700

0.653

0.772

0.0004

-0.077

0.782

0.008

0.650

4.795

ROM02

10

4

3

0.600

0.753

0.315

0.0004

0.212

0.332

0.006

0.761

3.995

ROM05

10

2

1

0.500

0.395

1.000

0.0000

-0.286

1.000

0.000

0.389

2.000

ROM09

10

8

14

1.000

0.868

0.228

0.0006

-0.161

0.240

0.017

0.861

7.689

Mean

6.278

13.167

0.698

0.739

0.741

6.051

s.d.

2.824

10.590

0.216

0.158

Monomorphic

0.059

Table 2. Statistical significance for the number of loci with heterozygosity excess reported by
program Bottleneck for three different test methods and under three different mutation models;
Infinite Allele Model (IAM) Stepwise Mutation Model (SMM) and two phase model (TPM).
Sign Test

Standardized Differences Test

Wilcoxon Test

I.A.M.

T.P.M

S.M.M.

I.A.M.

T.P.M

S.M.M.

I.A.M.

T.P.M

S.M.M.

Mesa

0.001

0.463

0.024

0.002

0.249

0.001

0.000

0.325

0.038

Cottonwood

0.062

0.177

0.529

0.075

0.492

0.019

0.048

0.325

1.000

Table 3. Population assignment results for tortoises sampled from two California study sites;
Mesa - a wind farm near Palm Springs and Cottonwood near the Salton Sea. CO = Colorado
Desert (aka Sonoran Desert), MOJ = Mojave, and N. MOJ = northern Mojave.
Mojave Genetic Unit Comparison
Most likely GU

Next most likely
GU

MESA_002

Eastern CO

Northern CO

!MESA_005

Eastern CO

Northern CO

MESA_007

Eastern CO

!MESA_014

Eastern CO

!MESA_033

Eastern CO

MESA_039

Eastern CO

!MESA_061

Eastern CO

!MESA_147

All Species Comparison
Most likely
Pop

Next most
likely POP

LOD

1.11

MOJ

N. MOJ

2.20E+04

1.31

MOJ

N. MOJ

7.90E+04

Southern MOJ

2.92E+03

MOJ

N. MOJ

7.00E+05

Southern MOJ

449.80

MOJ

N. MOJ

81.13

Northern CO

2.63E+03

MOJ

N. MOJ

6.71

Southern MOJ

2.20E+04

MOJ

N. MOJ

186.10

Northern CO

24.76

MOJ

N. MOJ

249.00

Eastern CO

Southern MOJ

12.19

MOJ

N. MOJ

649.00

!MESA_150

Eastern CO

Northern CO

82.38

MOJ

N. MOJ

8.78251

MESA_152

Eastern CO

Northern CO

4.02

MOJ

N. MOJ

1.67E+07

!MESA_154

Eastern CO

Southern MOJ

12.30

MOJ

N. MOJ

5.78E+03

!Mesa_074

Eastern CO

Southern MOJ

216.10

MOJ

N. MOJ

36.39

!Mesa_108

Eastern CO

Southern MOJ

34.26

MOJ

N. MOJ

522.50

!Mesa_87

Eastern CO

Northern CO

541.10

MOJ

N. MOJ

93.20

MESA_001

Southern MOJ

Western MOJ

6.08

MOJ

N. MOJ

6.00E+05

!MESA_003

Southern MOJ

Northern CO

6.76E-26

N. MOJ

MOJ

MESA_004

Southern MOJ

Eastern CO

1.40E+04

MOJ

N. MOJ

7.51E+03

MESA_006

Southern MOJ

Central MOJ

1.13

MOJ

N. MOJ

203.60

MESA_032

Southern MOJ

Eastern CO

28.63

MOJ

N. MOJ

4.27E+03

MESA_043

Southern MOJ

Central MOJ

13.74

MOJ

N. MOJ

2.00E+04

!MESA_069

Southern MOJ

Eastern CO

335.20

MOJ

N. MOJ

134.20

!MESA_155

Southern MOJ

Eastern CO

17.80

MOJ

N. MOJ

1.10E+03

!MESA_156

Southern MOJ

Eastern CO

10.89

MOJ

N. MOJ

1.43E+03

!Mesa_096

Southern MOJ

Eastern CO

512.20

MOJ

N. MOJ

4.46E+07

Mesa_119

Southern MOJ

Western MOJ

1.13

MOJ

N. MOJ

3.65

!MESA_025

Western MOJ

Central MOJ

136.60

MOJ

N. MOJ

4.07

Sample ID

LOD

1.22

MESA_148

Western MOJ

Central MOJ

19.11

!MESA_021

Northern CO

Eastern CO

1.33E+03

N. MOJ

MOJ

MOJ

N. MOJ

!MESA_036

Northern CO

Eastern CO

MESA_047

Northern CO

Eastern CO

SHAV_01

Eastern CO

SHAV_02

Eastern CO

SHAV_03

1.66

3.19

N. MOJ

MOJ

9.07

MOJ

N. MOJ

3.60E+03

Northern CO

5.07647

MOJ

N. MOJ

7.00E+06

Northern CO

1.60E+04

MOJ

N. MOJ

8.00E+05

Eastern CO

Northern CO

1.66E+03

MOJ

N. MOJ

1.00E+05

SHAV_07

Eastern CO

Southern MOJ

311.5

MOJ

N. MOJ

3.00E+06

SHAV_08

Eastern CO

Northern CO

1.26E+03

MOJ

N. MOJ

2.00E+06

SHAV_11

Eastern CO

Southern MOJ

1.22E+03

MOJ

N. MOJ

2.00E+06

SHAV_12

Eastern CO

Northern CO

4.60E+04

MOJ

N. MOJ

112.7

SHAV_13

Southern MOJ

Eastern CO

2.05405

MOJ

N. MOJ

2.00E+05

!SHAV_28

Eastern CO

Northern CO

2.00E+06

N. MOJ

MOJ

SHAV_31

Eastern CO

Northern CO

4.80E+03

MOJ

N. MOJ

2.52E+03
2.42

16.6
2.27E+03

! next to sample id = sample contains an allele not found in the baseline dataset
The STRUCTURE analysis performed on the complete STR dataset obtained a best fit model of
K = 2 following the DeltaK method of Evanno et al. (2005) (Figure 2). We also assessed the
mean of the log-likelihood of the number of populations because the DeltaK method is a secondorder derivative of the likelihood function of K which cannot evaluate K = 1 (Evanno et al.
2005), however, the L(K) K = 1 did not meet the lowest value obtained for L(K) which was K =
4 but with very high standard deviation. As the biology and history of the study organism needs
to be taken into consideration in interpreting these data, K = 2 is a realistic interpretation of these
two, sampled populations.

Figure 2. STRUCTURE analyses were run using 18 variable loci. (A) Histograms showing assignment to genetic clusters when K =
2. Bottom labels indicate sample IDs for Mesa and Shaver Valley (SHAV) study sites. Top labels indicate the most likely associated
genetic unit for the sample based on assignment testing. (B) DeltaK derived through the Evanno et al 2005 method shown for each K=
1-7.
A.

B.

Discussion
In the Gopherus species comparison, some samples were assigned to the Northern Mojave,
however, the LOD for these samples was lower than LODs for the other samples (Table 3). In
addition, the mtDNA haplotypes observed in this sample set all strongly support a Southern
Mojave origin. It should be noted that many of the samples tested had alleles not found in the
baseline dataset and thus emphasize that our reference database does not capture the entirety of
the genetic variation of G. agassizii. This may limit our ability to correctly assign all individuals
to regions of origin, however, for the purpose of this species comparison all test samples are the
expected G. agassizii.
Results of the Genetic Unit assignment for all of the 30 samples genotyped are consistent with
being ‘California tortoises’ with 83% of samples assigning with strong probability to the
Southern Mojave or Eastern Colorado GUs. These GUs are separated by the I-10 corridor along
which the study site is located. The other 5 samples assigned to adjacent GUs which is consistent
with an expected 74-86% reassignment rate of database samples (Edwards and Berry 2013). All
test samples from the Mesa site should be considered to have originated within the ‘Palm

Springs’ study area; i.e. none appear to have been translocated from other States or other regions
of the Mojave Desert.
The Structure analysis suggests that the optimal K=2 (2 populations) does not sort by location;
genotypes affiliations are shared between Mesa and Cottonwood, but Mesa has additional
genotype affiliations that are not found at Cottonwood. We might interpret this that the
Cottonwood population has greater affiliation/gene flow with the Eastern Colorado Genetic Unit
whereas the Mesa site has greater connectivity between the adjoining Eastern Colorado and
Southern Mojave Genetic Units. This is not admixture, per se, but rather a greater potential for
gene flow (historically?) at Mesa.
The bigger picture of the relationship of these two populations to the surrounding area may
reflect their evolutionary history over a much deeper time scale. Because desert tortoises are
long-lived and slow to mature, current assessments of genetic relatedness may not reflect recent
anthropogenic landscape changes (Lovich and Bainbridge 1999), such as habitat fragmentation
and reduction of gene flow. Instead, the genetic affiliation of these populations is a reflection of
post-Pleistocene expansions from refugia during the Last Glacial Maximum, as is supported by
desert tortoise mtDNA phylogeographic analyses (Edwards 2003). The area of the lower
Colorado River extending northward into southern Nevada appears to have maintained more
desert-like conditions during the Wisconsin glacial period (Betancourt et al. 1990) and thus may
have acted as refugia for desert-evolved species. The Amargosa River and the lower Colorado
River have been suggested for post-Pleistocene expansions of the red-spotted toad (Bufo
punctatus) into the surrounding areas post-glaciation (Bradford et al. 2003).
Despite apparent isolation, both populations appear to be naturally occurring and do exhibit
indications of having experienced increased genetic drift (resulting in increased homozygosity.
increased inbreeding or a reduction of genetic diversity). The lack of evidence for genetic
isolation between these populations suggests that long-term maintenance of unfragmented
landscapes is an important part of tortoise conservation in the region.
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LITTLE SAN BERNARDINO MOUNTAINS LINANTHUS
MONITORING
Little San Bernardino Mountains Linanthus (Linanthus maculatus, hereafter L. maculatus; Fig. 1) is a
small annual herb endemic to southern California. Within the Coachella Valley it is restricted to the
mouth of Dry Morongo Canyon near Desert Hot Springs, Whitewater Canyon and from Whitewater to
Palm Springs (Sanders 2006). Sanders also found that populations existed on the north side of the San
Bernardino Mountains at the mouth of Rattlesnake Canyon and at the northern edge of Joshua Tree
National Park in the Little San Bernardino Mountains; these localities are part of the West Mojave
Planning Area. L. maculatus is categorized as California Rare Plant Rank 1B.2 (fairly endangered in
California and elsewhere, with 20-80% occurrences threatened / moderate degree and immediacy of
threat; CNPS 2015). This species is elusive and little is known about its biology and ecological
relationships. During the century following its first collection and description in 1889 only a few
populations were discovered. Over the last few decades more populations have been identified and L.
maculatus habitat has become better understood (Sanders 2006); however, because of the extreme
fluctuations in abundance and distribution year to year, more information is needed in order to understand
the habitat niche of this species, as well as threats to plants within those microhabitats.
The microhabitat in which it grows is composed of loose, well-aerated sand flats on low sandy benches at
the margins of washes, dry canyons and alluvial fans in Sonoran and Mojave Desert scrub and Joshua tree
woodland communities at elevations between 195-2075m (CNPS 2015, Sanders 2006). It does not occupy
substrates with hard surface layers of clay or rock, or loose aeolian sand within and away from washes.
On a fine scale, the open microsites this species occupies are absent of shrubs or trees and contain few
competing species or dense stands of weedy annuals (Sanders 2006). To germinate, the species likely
requires fine sheet floods that inundate the soil with moisture but do not incise wash channels or erode the
sandy topsoil or leave fluvial deposits. Most aspects of this species’ biology, including mode of
pollination, dispersal, germination requirements, and seed longevity, are not known (Patterson 1989).
Threats to this species include invasive species, climate change, urban development and OHV recreation.
In 2002, a master database of historic occurrence records was compiled for all five plant species covered
under the Coachella Valley Multiple Species Habitat Conservation Plan (CVMSHCP; Allen et al. 2005).
Data were mined querying various herbaria and museums and required considerable effort to remove
duplicate points and identify points that were precise enough for geo-referencing. A University of
California, Riverside research team then attempted to locate historic occurrence locations on public land
for each species and document the existing populations through 500m2 vegetation relevés. For L.
maculatus, only 2 unique historic records occurred on public lands. In 2003 no L. maculatus were found
at either plot, however in 2004 individuals were observed at one of those plots (n = 1781), and the
population was found again in 2005 (n = 2800; Allen et al. 2005). In 2014, permanent plots were set up at
historic locations of L. maculatus (see 2014 CVMSCHP annual monitoring report) and L. maculatus was
detected at 3 of them, as well as being documented at several adjacent locations adjacent to plots 7, 11
and 12 (Fig. 2).
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Figure 2: CCB monitoring area for L. maculatus.

Objectives
Surveys for L. maculatus were carried out as part of research and monitoring for the CVMSHCP by the
UC Riverside Center for Conservation Biology (CCB). We conducted surveys following the guidelines
and objectives outlined by the MSHCP and carried out using the Alluvial Fan Monitoring Protocol
developed in 2012 for this species, coupled with mapping of other populations that were located in areas
beyond the permanent plots. In 2015-2016 a protocol was established to better understand microhabitat
preferences, species associations, and possible competition with invasive species by measuring incidental
populations within new plots (100, 101, 102, 103 & 105) when L. maculatus were absent from the
permanent plots. This protocol was continued in the 2016-2017 monitoring season in an effort to track
any changes where the plant was present more recently and to further understand microhabitat preferences
by installing an additional three plots (201, 202 & 203). Furthermore, to quantify the soil structure of this
microhabitat, the CCB collected soil samples collected from within each of the sample areas that L.
maculatus was monitored to determine soil particle ratios. Lastly, since the 2016-2017 winter was an
above average rainfall year and L. maculatus appeared to be undergoing one of its “boom” years, we took
the opportunity to survey the margins of its range within the CVMSHCP to attempt to gather data on new
occurrences while revisiting localities in which it had not been seen for many decades.
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Our primary objectives for this monitoring effort were to assess the current abundance and distribution for
populations of this species, document habitat attributes and identify potential stressors that may affect its
persistence, in particular its tolerance to the presence of Schismus barbatus, but including other invasive
species, OHV operations and trampling by foot traffic.

Methods
Data Collection
CCB surveyed L. maculatus within twelve 10x100 m plots that were selected based upon previous
occurrence records along the Mission Creek and Dry Morongo drainages and within (Fig. 3). We walked
the length of each plot twice each monitoring year from February–April (at least two weeks apart) and
recorded the maximum length (along longest axis), and width (perpendicular to the length) of each stand
of L. maculatus occurring within the plot.

Figure 3: Transect locations in Dry Morongo and Mission Creek watersheds. Red icons depict transects
that contained L. maculatus Map on the left are the NW transects and the map on the right are the SE
transects.
During the 2015-2016 monitoring season there was a lack of detection on most of the permanent plots,
and so we set up six additional plots where L. maculatus was detected near the permanent plots in order to
document information that would be missed by adhering to the original plot distribution. The new plots
were established and divided into high- or low-density categories based on density of L. maculatus
detected during preliminary visual scans. In 2016-2017, three more plots were added to gather a more
robust dataset within the CVMSHCP. Special attention was paid to the presence and density of S.
barbatus in an effort to determine any relationship between percent cover of S. barbatus and the density
of L. maculatus. All plots were subdivided into even intervals along the meter line and a plot frame was
used for sampling. A total of 10 plots were surveyed for L. maculatus, two of the original plots containing
L. maculatus (7 & 12), five installed in 2016 (100, 101, 102, 103, & 105) and 3 installed in 2017 (201,
202, & 203). Plots were run through patches of L. maculatus of varying density (high- vs. low-density),
but of similar habitat (e.g., slope, aspect, associated species, soil surface texture, hydrology
characteristics). We then used 1 m2 plot frames and record number of L. maculatus and S. barbatus,
identified and recorded cover for all species encountered, and recorded slope and aspect from within the
frame.
In concert with the monitoring effort, soil was also collected from within each sample area to be sieved in
the lab to determine particle distribution beyond just surface texture. The soil was collected using an 8 oz.
can measuring 75 mm in depth and 65 mm in radius. The can was pressed into the sand, to the desired
5

depth without over-compressing the sample. The soil was then placed into a Ziplock freezer bag, labeled
and sun dried for several hours in direct sunlight. In the lab it was sieved for 13 particle sizes (>2 mm, 1.4
mm, 1.0 mm, 710 μm, 500 μm, 355 μm, 250 μm, 180 μm, 125 μm, 90 μm, 63 μm, 45 μm & <45 μm) and
analyzed using GRADISTAT v8.0 (Kenneth Pye Associates Ltd., Berkshire, UK).

Results
Original plots
In 2017, just as in 2016, Linanthus maculatus only occurred in plots 7 and 12, of the original set of
permanent plots. Plots 1-5, which were previously only visited once during the 2015 and 2016 monitoring
seasons due to a perceived impossibility of occurrence on the observed hard silt layer in the wash and on
the wash benches, were visited twice in 2017; we payed close attention to areas not effected by the flood,
both within and outside of the plot areas. L. maculatus was detected at the mouth of Dry Morongo canyon
on some of the raised benches between plots 1 and 2 for the first time since the flood deposited the silt
layer.

2016 and 2017 Linanthus maculatus occurrences
Within the seven plots that we monitored in both 2016 and 2017, L. maculatus showed an increase in all
but one plot, plot 101, with an overall increase of over 22 fold (Table 1). Native associated species also
showed an approximate doubling between the two years, while interestingly; S. barbatus cover did not
change significantly (Figs. 4 & 5 respectively). The increase in native annual cover can more than likely
be attributed to the above average winter rainfall, but why S. barbatus did not respond in the same fashion
in unclear.

Figure 5. Percent cover comparison of S. barbatus
in plots for the years 2016 and 2017 with no
change in S. barbatus cover.

Figure 4. Percent cover comparison of native
annuals in plots for the years 2016 and 2017 with a
doubling of annual cover.

During the 2017 surveys, 11,597 individual L. maculatus were recorded within ten plots. Within the seven
plots observed in both years, 246 plants were observed in in 2016 and approximately 5,461 plants were
seen in 2017 (Table 1). In all cases, L. maculatus occurred in open, course-sandy microhabitats, beyond
the shade of large shrubs (Fig. 6).
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Associated species of Linanthus maculatus within plots
L. maculatus commonly co-occurred with several
native annual species including most commonly:
Logfia depressa, Campanularia pallida, Cryptantha
micrantha, Nemacladus rubescens, and Chaenactis
fremontii occurred in 89.5%, 89.5%, 76.3%, 75%, and
67.1% of the plots that L. maculatus occurred in,
respectively (Fig. 7). In 2016, L. maculatus appeared
to be absent or at least to occur at much lower
densities from areas with high densities of weedy
annuals particularly S. barbatus, while S. barbatus
typically occurred in higher density adjacent to the L.
maculatus patches but in very low density, if present,
Figure 6. Typical L. maculatus microhabitat:
within patches. 2017 data showed similar results with open sandy wash that receives sheet flow, but no
significant differences in plots with high percent cover high-energy water flow and clear of closed
of L. maculatus having significantly lower cover of S. canopy. Photo Credit: Lynn Sweet, 2017
barbatus and vice versa. However, L. maculatus did
appear to co-occur more readily with S. barbatus in
2017 than in 2016. This could be attributed to an
abundance of limiting resource, water, this year,
reducing competition.

Soil Analysis
All plots that were surveyed for L. maculatus were
also sampled for soil. Preliminary analysis of the soils
using the automated machine (GRADISTATv8)
shows that when samples are averaged L. maculatus
prefers very fine gravelly coarse sandy soil that are
poorly sorted with a mean particle size of 837.6 μm,
while S. barbatus prefers slightly very fine gravelly
medium sandy soils that are poorly sorted with a
mean particle size of 613.7 μm; the main difference
being the coarse versus medium sand (Tables 3 & 4;
Figs. 8 & 9). However, since the sample particle
ranges overlap significantly with only a slight
variation in their means, at this time there is no
evidence to suggest that the two species inhabit
different soil types, which means that S. barbatus has
the potential to invade L. maculatus habitat (Figs. 10
& 11).
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Figure 7. L. maculatus (circled red) with
associated species: Nemacladus rubescens
(circled blue), Camissonia pallida (circled
yellow), Logfia depressa (circled green) and
Cryptantha micrantha (circled purple). Photo
credit: James Heintz 2017.

Figure 8. L. maculatus average soil sample
particle size distribution, mean particle diameter:
837.6 μm, sediment name: very fine gravelly
coarse sand. Graph created using
GRADISTATv8.

Figure 9. S. barbatus average soil sample
particle size distribution, mean particle diameter:
613.7 μm, sediment name: slight very fine
gravelly medium sand. Graph created using
GRADISTATv8.

Figure 10. L. maculatus Gravel, Sand, Mud
diagram showing the distribution of soil samples.
The average falls on the boundary between
Gravelly Sand and Slightly Gravelly Sand shown
in red. Graph created in GRADISTATv8.

Figure 11. S. barbatus Gravel, Sand, Mud
diagram showing distribution of soil samples.
The average falls in the upper portion of the
Slightly Gravelly Sand section, shown in red.
Graph created in GRADISTATv8.

The soil particle composition requirements for L. maculatus that we have observed are well aerated open
sandy washes with a very fine gravelly, coarse sand surface texture and a narrow particle size range
within the profile with an average of 837.6 μm (Table 5). The averages of the particles are: C-Gravel:
0%, M-Gravel: 0.47%, F-Gravel: 0.96%, VF-Gravel: 5.99%, VC-Sand: 14.66%, C-Sand: 29.68%, MSand: 24.8%, F-Sand: 15.19%, VF-Sand: 5.16%, VC-Silt: 1.67%, C-Silt: 0.36%, F-Silt: 0.36%, VF-Silt:
0.35%, Clay: 0%
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Extent mapping
While trying to establish the boundaries of the current extent of L. maculatus in the Coachella Valley,
several old site records along the margins were visited to determine if the population was still extant and
if the habitat appeared to still be suitable (Table 2).
During this effort several populations of L. maculatus
were re-documented, namely a population in Snow
Creek that has not been observed in nearly a decade
and two populations in Whitewater that have not been
observed for nearly two decades (Table 2, Fig. 12,
Fig. 13). However, sites that were visited along the
boundary to the east along the southern boundary of
Joshua Tree National Park did not provide any L.
maculatus observations even when some places did
present with marginal to typical microhabitat
characteristics. Importantly, some sites that had
Figure 12. The 2017 L. maculatus
previous records for L. maculatus seemed to have lost
observation site in Whitewater, California. Photo
their microhabitat due to development, flooding or
Credit: James Heintz, 2017
OHV activity (see “Habitat Status”, Table 2).
While L. maculatus appeared to be
abundant where found throughout its range
in the Coachella Valley, we observed the
most abundance near plot 201 along the
confluence of the Big Morongo Wash and
Mission Creek and continued downstream
to the southeast towards plots 12, 101, 102
and continued towards 203 where the most
abundant sightings were in 2016. It seemed
to be abundant throughout the drainages,
concentrated between Highway 62, Indian
Canyon Drive, and Mission Lakes
Boulevard.

Figure 1. L. maculatus surveys to determine current
range based on understanding of microhabitat at the time.

Discussion
Overall, the results of our studies underscored some of the difficulties involved in rare plant study,
including the difficulty of detection at a useful scale for surveys, the unpredictable window available for
detection, and the large variability in time and space for Linanthus maculatus populations. However, our
surveys resulted in a contribution to the publicly available Consortium of California Herbaria, an
update/extension to the intra-regional extent of L. maculatus, and additional documentation of associated
species and microhabitat characteristics, indicating directions for further study.
Many of the L. maculatus occurrences, especially just northwest of the intersection of North Indian
Canyon and Mission Lakes Drive, occurred in areas with light to moderate human foot traffic and OHV
9

use. It is unknown how long these trails have been in use, but we observed many L. maculatus growing
inside tire tracks or on berms caused by OHV’s. The openness, lack of large shrubs and absence of
channeling that is characteristic of L. maculatus habitat makes it particularly susceptible to foot traffic, as
these are the same conditions that make off trail travel the easiest for both hikers and OHV operators, but
it is unknown what the plants threshold for disturbance is at this time.
In regard to this species’ interannual variability, L. maculatus populations have been recorded as
undergoing “booms and busts”; while some populations have been estimated to range into the thousands
of plants, several years or decades may pass before another population is re-observed (Sanders 2006). For
example, in Dry Morongo Canyon a few hundred plants were recorded in 1992 and 1995, but only six
were found in 1996 and 15 in 2017. Approximately 10,000 individuals were recorded near the mouth of
Big Morongo Canyon north of Indian Avenue in 1996 (Sanders 2006); however, less than 100 were seen
in 2017 and no individuals were found there during the previous four years of monitoring for this species.
On the order of 1.0𝑥106 were observed in Big Morongo Wash in 2017 near plot 201, while none were
found there in 2016.
This variability is again highlighted by the
discrepancies between the 2016 and 2017
monitoring years with only two occurrences of L.
maculatus occurring in original permanent plots 7
and 12 in 2016 and a total of 534 in plot 7, and 16
in plot 12 during the 2017 monitoring season. In
2017 the majority of our incidental sightings
occurred between plots 11 and 12 near plot 201,
upstream from where the bulk of the population
was thought to be in 2016 near plot 100 (Fig. 13).
Because of this lack of predictability,
Figure 13. L. maculatus count totals compared
incorporating additional plots has allowed us to
for each plot measured in 2016 and 2017. Plots 201,
collect data on current growing conditions as well
202 and 203 were not measured in 2016.
as rates of recurrence and will be able to provide a
higher quantity and quality of data for future surveys of this rare plant.
Since so little is known about the natural history, microhabitat requirements, associated species and
tolerance to invasive species of L. maculatus, it is anticipated that the data collected in our additional
study and future surveys, should they be replicable, will elicit more complex relationships to the habitat in
the course of additional analysis.
Preliminary analysis of the soil collected suggest that while it appears S. barbatus prefers soils that have a
higher percentage of finer particles and L. maculatus thrives in coarser soils; the difference does not
appear to be significant upon preliminary analysis. It could be deduced that S. barbatus and L. maculatus
do not have two distinct niches, but that S. barbatus has fewer habitat requirements giving it the ability to
outcompete L. maculatus in any microhabitat outside of the thresholds of its ideal habitat.

Recommendations
It is recommended that surveys continue on a yearly basis to establish the precipitation threshold required
for this species to germinate successfully, its tolerance to invasive species and to better understand its
current range within the Coachella Valley. Plots with known occurrence locations should continue to be
revisited with each future survey effort and the environmental variables documented and reanalyzed for
change. Along with tracking recent occurrences, it is also important to study how the range is changing
10

over time by focusing searches on the margins of L. maculatus known habitat. By revisiting historic plots
and suitable microhabitats along the periphery of the historic records and the modeled habitat it will allow
the ability to detect if the range is expanding, contracting or even shifting due to various pressures (e.g.,
development, invasive species, nitrogen deposition, climate change). We also suggest a pollination study
and seed dispersal study to find out what factors are responsible for these portions of the plants lifecycle.
We are working in consultation with rare plant biologists in adjacent jurisdictions (e.g. Joshua Tree
National Park) in order to share data about L. maculatus occurrence and biology as well as to standardize
rare plant monitoring protocols with the aim of providing useful information for effective management.
This information will enable surveys to be timed more effectively, cited appropriately and allow for
continued evaluation of OHV recreational activity and invasive species impacts to this species.
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Tables
Table 1: Comparison of L. maculatus count and S. barbatus cover for 2017 & 2016
Plot
2017
2016
2017
2016
2017
2017 /
LIMA
LIMA
SCBA Cover SCBA Cover Native Cover
(2016)
Count
Count

2016
Native Cover

7/
(6)

534

27

3.8

4.1

8

1.2

12 /
(7)

16

10

9.2

6.8

4.9

1.3

100 /
(3)

988

49

1.2

1.9

1.7

3.6

101 /
(2)

0

1

2.6

1.8

2.2

2.6

102 /
(1)

235

30

1.3

0.8

3.4

0.1

103 /
(4)

274

129

0.3

1.2

1.2

1.2

105 /
(5)

3414

0

1.4

2.9

3.6

2.2

201

4195

NA

0.2

NA

NA

NA

202

639

NA

2.4

NA

NA

NA

203

1302

NA

4.2

NA

NA

NA

Total
/
Average

11597

246

2.66

2.79

3.57

1.74

Difference

+22.20

+1.02

12

+2.05

Table 2: L. maculatus Range Surveys, numbers correspond to numbers in Figure 2.
Num
ber
1

2

3

4
5
6
7
8
9
10
11
12
13
14
15

16

17

18

Location
Description
Agua
Caliente, Palms
Springs
Agusta Ave.
x Little Morongo
Drive
Dry Morongo
Creek North of
San
Bernardino/Riversi
de County Line
East
Deception Canyon
East Wide
Canyon
Fun / Sky
Valley
Long Canyon
Mouth
Long Canyon
Rd x Havienda
Ave
Northside I10, Whitewater
Seven Palms
Valley
Snow Creek
South Side
Mission Creek
Two Bunch
Palms x Cabot Dr.
West
Deception Canyon
West Wide
Canyon
Whitewater
River, North of
Bonnie Bell, Map
Section 26
Whitewater
River, North of
Bonnie Bell, Map
Section 35
Whitewater
River, South of
Bonnie Bell, Map
Section 2

Status
Not
surveyed:
Developed
Not
surveyed:
Developed

Surveyed

Surveyed
Surveyed
Surveyed
Surveyed
Surveyed
Surveyed
Surveyed
Surveyed
Surveyed
Surveyed
Surveyed
Surveyed

LIMA
Occurrence

Habitat Status

UT
ME

UT
MN

Presumed
extirpated

Not Suitable

542
091

3742
636

Presumed
extirpated

Not Suitable

543
885

3760
813

Marginal Habitat
Detected

537
422

3765
931

None
Detected
None
Detected
None
Detected
None
Detected
None
Detected

Marginal Habitat
Detected
Developed, No
Suitable Habitat Detected
Some Marginal to
Typical Habitat Detected
No Suitable Habitat
Detected

562
052
556
687
558
444
551
340

3751
904
3755
329
3752
204
3757
850

None
Detected

No Suitable Habitat
Detected

550
333

3756
428

None
Detected
None
Detected
LIMA
Detected
None
Detected
None
Detected
None
Detected
None
Detected

No Suitable Habitat
Detected
No Suitable Habitat
Detected

534
235
549
401
529
551
537
617
544
334
560
208
555
708

3753
435
3749
502
3750
675
3761
480
3756
444
3752
441
3755
388

Typical Habitat
Marginal Habitat
Detected
Marginal Habitat
Detected
Marginal Habitat
Detected
Developed, No
Suitable Habitat Detected

Surveyed

LIMA
Detected

Typical Habitat

532
394

3758
280

Surveyed

None
Detected

No Suitable Habitat
Detected

533
138

3756
874

Surveyed

LIMA
Detected

Typical Habitat

533
243

3755
658
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Table 3: L. maculatus soil particle analysis. Table made using GRADISTATv8
SAMPLE STATISTICS
SAMPLE IDENTITY: LIMA_Average

ANALYST & DATE: JGH, 6/30/2017

SAMPLE TYPE: Unimodal, Poorly Sorted
SEDIMENT NAME: Very Fine Gravelly Coarse Sand

MODE 1:
MODE 2:
MODE 3:
D10:
MEDIAN or D50:
D90:
(D90 / D10):
(D90 - D10):
(D75 / D25):
(D75 - D25):

mm
605.0

f
0.747

139.4
523.3
1707.3
12.25
1567.9
3.520
668.5

-0.772
0.934
2.843
-3.684
3.615
19.36
1.816

MEAN ( x ):
SORTING (s):
SKEWNESS (Sk ):
KURTOSIS (K ):

TEXTURAL GROUP: Gravelly Sand

GRAIN SIZE DISTRIBUTION
GRAVEL: 7.5%
COARSE SAND:
SAND: 89.5%
MEDIUM SAND:
MUD: 3.1%
FINE SAND:
V FINE SAND:
V COARSE GRAVEL: 0.0%
V COARSE SILT:
COARSE GRAVEL: 0.0%
COARSE SILT:
MEDIUM GRAVEL: 0.5%
MEDIUM SILT:
FINE GRAVEL: 1.0%
FINE SILT:
V FINE GRAVEL: 6.0%
V FINE SILT:
V COARSE SAND: 14.7%
CLAY:

METHOD OF MOMENTS
Arithmetic Geometric Logarithmic
f
mm
mm
837.6
488.7
1.033
1079.9
2.893
1.532
3.955
-0.639
0.639
23.11
4.882
4.882

29.9%
24.8%
15.0%
5.1%
1.7%
0.4%
0.4%
0.4%
0.3%
0.0%

FOLK & WARD METHOD
Description
Geometric Logarithmic
f
mm
501.6
0.995
Coarse Sand
2.683
1.424
Poorly Sorted
-0.057
0.057
Symmetrical
1.108
1.108
Mesokurtic

Table 4: S. barbatus soil particle analysis. Table made using GRADISTATv8.
SAMPLE STATISTICS
SAMPLE IDENTITY: S. barbatus soil sample average

ANALYST & DATE: JGH, 6/24/2017

SAMPLE TYPE: Unimodal, Poorly Sorted
TEXTURAL GROUP: Slightly Gravelly Sand
SEDIMENT NAME: Slightly Very Fine Gravelly Medium Sand

MODE 1:
MODE 2:
MODE 3:
D10:
MEDIAN or D50:
D90:
(D90 / D10):
(D90 - D10):
(D75 / D25):
(D75 - D25):

mm
427.5

f
1.247

107.1
376.2
1296.1
12.10
1189.0
3.637
510.4

-0.374
1.410
3.222
-8.612
3.597
4.679
1.863

MEAN ( x ):
SORTING (s):
SKEWNESS (Sk ):
KURTOSIS (K ):

GRAIN SIZE DISTRIBUTION
GRAVEL: 4.7%
COARSE SAND:
SAND: 91.5%
MEDIUM SAND:
MUD: 3.8%
FINE SAND:
V FINE SAND:
V COARSE GRAVEL: 0.0%
V COARSE SILT:
COARSE GRAVEL: 0.0%
COARSE SILT:
MEDIUM GRAVEL: 0.1%
MEDIUM SILT:
FINE GRAVEL: 0.2%
FINE SILT:
V FINE GRAVEL: 4.4%
V FINE SILT:
V COARSE SAND: 9.8%
CLAY:

METHOD OF MOMENTS
Arithmetic Geometric Logarithmic
f
mm
mm
613.7
363.8
1.459
757.4
2.839
1.505
3.952
-0.495
0.495
27.89
4.429
4.429

23.7%
27.3%
22.1%
8.6%
2.3%
0.4%
0.4%
0.4%
0.4%
0.0%

FOLK & WARD METHOD
Description
Geometric Logarithmic
f
mm
371.2
1.430
Medium Sand
2.655
1.409
Poorly Sorted
-0.014
0.014
Symmetrical
1.052
1.052
Mesokurtic

GRAIN SIZE DISTRIBUTION
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Table 5. Thresholds of soil particle size percent for L. maculatus.
Particle
Description

MinPe
rcent

AveragePe
rcent

MaxPe
rcent

% GRAVEL:

1.91%

7.42%

16.58%

% SAND:

78.74%

89.49%

96.58%

% MUD:

1.50%

3.09%

5.25%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

0.47%

2.77%

0.00%

0.96%

5.71%

0.44%

5.99%

14.54%

4.62%

14.66%

22.55%

21.48%

29.68%

39.77%

16.73%

24.80%

34.75%

8.08%

15.19%

24.70%

3.30%

5.16%

9.07%

0.83%

1.67%

2.88%

0.16%

0.36%

0.66%

0.16%

0.36%

0.66%

0.16%

0.36%

0.66%

0.15%

0.35%

0.64%

0.00%

0.00%

0.00%

% V COARSE
GRAVEL:
% COARSE
GRAVEL:
% MEDIUM
GRAVEL:
% FINE
GRAVEL:
% V FINE
GRAVEL:
% V COARSE
SAND:
% COARSE
SAND:
% MEDIUM
SAND:
% FINE
SAND:
% V FINE
SAND:
% V COARSE
SILT:
% COARSE
SILT:
% MEDIUM
SILT:
% FINE
SILT:
% V FINE
SILT:
% CLAY:
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N
5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3
5
3

StandardDevi
ation
0.038521551
0.041299429
0.00883017

Standard
Error
0.0052913
42
0.0056729
13
0.0012129
17

0

0

0

0

0.006027632
0.012417179
0.034696546
0.040940967
0.042850295
0.038674047
0.036681125
0.013741978
0.004533981
0.001179125
0.001179125
0.001179125
0.001138781
0

0.0008279
59
0.0017056
31
0.0047659
37
0.0056236
74
0.0058859
41
0.0053122
89
0.0050385
4
0.0018876
06
0.0006227
9
0.0001619
65
0.0001619
65
0.0001619
65
0.0001564
24
0
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Coachella Valley Riparian Birds Draft Report 2017
BACKGROUND AND OBJECTIVES
The Coachella Valley Multiple Species Habitat Conservation Plan (CVMSHCP 2007) identified
five species of riparian birds as targets for conservation, the Willow Flycatcher, Bell’s Vireo,
Yellow-breasted Chat, Yellow Warbler, and Summer Tanager, and one species as a potential
threat with management concern, the Brown-headed Cowbird (Table 1).
From 2002 to 2004, the Center for Conservation Biology conducted baseline surveys for these
six riparian bird species and established standardized monitoring survey protocols (Allen et al.
2005). The baseline surveys covered 18 riparian sites in the Coachella Valley with a total of 116
count points.
Table 1. Riparian bird species identified by the CVMSHCP for conservation monitoring.
Common name
Willow Flycatcher, incl. ssp.
Southwestern Willow Flycatcher
Least Bell’s Vireo

Code
WIFL
LBVI

Scientific name
Empidonax traillii
(Empidonax traillii extimus)
Vireo bellii pusillus

Yellow Warbler

YEWA

Setophaga petechia

Yellow-breasted Chat

YBCH

Icteria virens

Summer Tanager

SUTA

Piranga rubra

Brown-headed Cowbird

BHCO

Molothrus ater

Status
State Endangered
(Federally Endangered)
State Endangered/
Federally Endangered
State Species of Special
Concern
State Species of Special
Concern
State Species of Special
Concern
None (potential threat)

In 2014, the San Diego Natural History Museum (SDNHM) performed resurveys at seven of
these sites that were identified as higher priority on the basis of presence of target species during
2002-2004 and lack of recent surveys (Chino Canyon, Dos Palmas Preserve, Mission Creek,
Stubbe Canyon, Thousand Palms Oasis, Whitewater Canyon, and Whitewater Delta), for a total
of 68 count points (x 3 rounds of surveys, using comparable methods). The SDNHM also
mapped territories and monitored nests to confirm breeding status of target species and assess
current levels of cowbird parasitism.
The 2014 resurvey found very low numbers of target riparian bird species compared to historic
levels and neighboring regions, and very high numbers of Brown-headed Cowbirds, with 100%
nest parasitism of the Least Bell’s Vireo at Chino Canyon (Hargrove et al. 2014). However,
successful nesting of the Least Bell’s Vireo was documented at upper Whitewater Canyon,
where no Brown-headed Cowbirds were observed. Three sites (Chino Canyon, Dos Palmas
Preserve, and Whitewater Delta) were identified with the most potential for riparian bird habitat
where cowbirds were likely depressing riparian bird populations below a sustainable level
(creating a population “sink”). Therefore, in 2017, initiation of cowbird control was planned for
these three sites in conjunction with continued nest monitoring. At least three years of cowbird
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control was recommended in conjunction with nest monitoring. Broader-scale monitoring of
population trends that includes additional riparian sites was recommended at a five-year interval.
Objectives:
1. Monitor the status of these covered species within the CVMSCHP area.
2. Initiate and assess the effectiveness of cowbird control measures.
3. Identify potential management actions that would maintain or increase populations of these
species and also maintain or improve the quality of their habitats over the long-term.
Tasks:
1. Complete three rounds of point counts (spring 2017).
2. Weekly nest monitoring, including removal of cowbird eggs and chicks (spring 2017).
3. Data analysis and reports, including density estimates for all riparian birds and cowbirds, nest
parasitism rates, reproductive success estimates and assessment of cowbird management
effectiveness.
4. Provide cowbird traps, and maintain through spring 2017 and 2018.

METHODS
Point Counts (Task 1):
Between 16 May and 20 July, SDNHM personnel performed three rounds of point counts at 5
sites (Table 2, Appendix 1). The same protocol was used as in 2014 to maximize comparability,
which consisted of a single-observer 10-minute point-count with distance sampling (Appendix
2). The same count point locations were targeted for surveys that were used in 2014 at Chino
Canyon, Dos Palmas Preserve, Whitewater Canyon, and Whitewater Delta, however 2 of the 10
points could not be accessed at Chino Canyon (CC3 and CC6) and 4 of the points were offset by
20-30 m due to restricted access. One point could not be accessed at Dos Palmas Preserve (DP4)
due to thick vegetation but was surveyed as an offset on one date. Two points at Whitewater
Canyon with unsuitable habitat were surveyed only twice (WWC9 and WWC10). We added one
additional point at Whitewater Delta and 6 new points at Whitewater Preserve, each surveyed
three times. Thus, the total number of points surveyed was 50, and the total number of point
counts was 146.
Table 2. Targeted survey sites and number of count points.
Survey site
Chino Canyon: Aerial Tram and Cienega
Dos Palmas Preserve
Whitewater Preserve
Whitewater Canyon (below Preserve)
Whitewater Delta
Total

3

Code
AT, CC
DP
WWP
WWC
WWD

# Count points
8
10
6
12
14
50
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All point counts were conducted during early morning hours and fair weather. As the observer
approached the point, he or she noted any evasive movement, recording the location where the
bird was first detected. We used laser rangefinders to assist with distance estimates, and
additionally noted if the detection was by call, song, and/or visual. We recorded the first
detection by the following timed periods: 0-3 minutes, 3-5 minutes, 5-7 minutes, or 7-10
minutes. The observer stood at the point coordinates or shifted off the coordinates as needed to
aid in confirming any identifications.
At each point surveyed we did a rapid habitat assessment once during the season, to include
photos in each cardinal direction, presence/description of surface water, dominant riparian
species with approximate coverage within a 50-meter radius, and various measures of
disturbance graded from 0 to 3, using the same methods as in 2014 (Appendix 2).
Nest Monitoring (Task 2):
During point counts we noted all observations of nesting and cowbird activity, but we made
additional visits to each of the 5 sites to increase these observations for target species and also
for other species that frequently serve as cowbird hosts. For purposes of nest monitoring, we
made weekly visits to determine nest outcomes and remove any cowbirds eggs and chicks from
nests (as authorized by USFWS permits TE-117947-3.4 and TE-122632).
For each site visit we documented each target species’ territory locations, all cowbird activity,
and for each nest, its location, height, substrate, status at each nest check, and final outcome
(Appendix 3).
Survey timing was also designed to meet established guidelines for Willow Flycatcher survey
protocols (Sogge et al. 2010) and we used broadcasted songs and calls of flycatchers after point
counts to confirm absence wherever habitat appeared suitable.
After receiving incidental reports of Least Bell’s Vireos at The Living Desert, we also added this
site for nest-monitoring purposes, following the same protocols. Point counts, Willow Flycatcher
surveys, habitat descriptions, and cowbird trapping were not performed at this site.
In conjunction with the U.S. Geological Survey (USGS), adult vireos were captured in mist nets
at Whitewater Preserve and The Living Desert and banded with a unique combination of colored
plastic and anodized metal federal bands. Adults previously banded as nestlings with a single
numbered metal federal band (natal birds) were target netted to determine their identity, and their
original band was supplemented with other bands to generate a unique color combination. These
data will supplement banding data currently being gathered by USGS and other investigators.
Data Analysis (Task 3):
For estimates of density, we used the function distsamp in package unmarked, program R (Fiske
and Chandler 2011), which allows hierarchical modeling of abundance with covariates that may
affect both abundance and detection (Royle et al. 2004), based on the use of distance sampling
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(Buckland et al. 2001). Because of limited sample sizes for target species, we tested only
relatively simple models that allowed abundance to vary by site and year, with date as a
covariate. For each species we compared models by 3 different detection functions: half-normal,
exponential, and hazard-rate, and used model selection to rank models (Burnham and Anderson
2002). Half-normal functions tended to fit best among species and periods, so we used that in all
final models for consistency.
For territory mapping, we used the nest coordinates as the centroid or average coordinates if
there were multiple nests suspected of belonging to the same pair. If no nest was found, we used
the average coordinates of repeated observations of singing males, pairs, and/or fledglings as the
territory centroid.

Cowbird Trapping (Task 4):
During the 2014 SDNHM study, three target areas were identified as benefitting most from
cowbird control: Chino Canyon in the Santa Rosa and San Jacinto Mountains Conservation
Area; the Dos Palmas Conservation Area (Dos Palmas Preserve); and the Coachella Valley
Stormwater Channel and Delta Conservation Area on the north shore of the Salton Sea
(Whitewater Delta). The approved trapping strategy included placing two standard cowbird traps
at Whitewater Delta, two traps at Dos Palmas Preserve, and mist netting to capture transient
cowbirds at Chino Canyon.
During 2017 the first two cowbird traps were installed and opened on 18 April, one at Dos
Palmas Preserve and one at Whitewater Delta, and two additional cowbird traps were installed
and opened on 15 May, one at each of these 2 sites (Table 3, Figures 1-4). Live decoy birds were
placed into each of the four traps on 15 May, and traps were checked and maintained on a daily
basis. The two traps at Dos Palmas Preserve were shut down on 13 July and the 2 at Whitewater
Delta were shut down on 21 July.
Restricted access prevented mist-netting in Chino Canyon during 2017, but may be considered
for 2018 if access is granted.
Table 3. Locations of 4 cowbird traps, Coachella Valley, 2017.
Trap
Whitewater Delta #1 (WW1)
Whitewater Delta #2 (WW2)
Dos Palmas Preserve #1 (DP1)
Dos Palmas Preserve #2 (DP2)

5

Latitude
33.512734
33.568267
33.510434
33.510434

Longitude
-116.063309
-116.106378
-115.827621
-115.838230
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Figure 1. Locations of two cowbird traps at Dos Palmas Preserve.

Figure 2. Location of two cowbird traps at Whitewater Delta.

6

Coachella Valley Riparian Birds Draft Report 2017

Figure 3. Cowbird trap at north side of Dos Palmas Preserve.

Figure 4. Cowbird trap near south end of Whitewater Delta.
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PRELIMINARY RESULTS
Summary of riparian bird surveys in 2017
From April to July 2017, personnel from the San Diego Natural History Museum (Kim Ferree,
Kevin Clark, Lori Hargrove, and Phil Unitt) conducted riparian bird surveys at 6 sites in the
Coachella Valley (Table 4), completing 3 rounds of point counts at 5 sites (50 points), with
additional territory mapping and/or nest checks as needed to confirm breeding status of the 5
target riparian species and assess current levels of cowbird parasitism. All data were entered into
spreadsheets, which include point-count data for all bird species from a total of 146 counts (2079
point-count records), all other incidental records, habitat data for 50 points, and observations
recorded during each visit to territories and/or nests of the target species.

Table 4. List of site visits and tasks completed by date. (Does not include daily visits to check
cowbird traps.)
Date
4/13/2017

Site
Dos Palmas Preserve

Personnel
KC, LH

4/13/2017
4/13/2017
4/18/2017

Whitewater Preserve
Whitewater Canyon
Dos Palmas Preserve

4/18/2017

Whitewater Delta

KC, LH
LH
KC, KF, ST,
BG
KC, KF, ST,
BG

4/25/2017
4/25/2017
4/25/2017
4/26/2017
5/1/2017
5/1/2017

Whitewater Preserve
Whitewater Canyon
Chino Canyon
The Living Desert
Whitewater Delta
Whitewater Delta

KC, KF
KC, KF
KC, KF
KC, KF
KF
KC

5/1/2017

Dos Palmas Preserve

KC

5/2/2017
5/2/2017
5/2/2017
5/8/2017
5/8/2017
5/8/2017
5/9/2017

Chino Canyon
Whitewater Preserve
Whitewater Canyon
Whitewater Canyon
Whitewater Preserve
The Living Desert
Chino Canyon

KF
KF
KF
KF
KF
KF
KF

8

Tasks
scouting for trap locations with Kathleen
Brundige and Joel Miner, attended CVCC
board meeting
scouting, brief riparian bird monitoring
scouting, brief riparian bird monitoring
riparian bird monitoring, cowbird trap
installation
scouting and cowbird trap installation
with Kathleen Brundige, Joel Miner,
Brett Daniels
riparian bird monitoring
riparian bird monitoring
riparian bird monitoring
scouting with Peter Siminski
riparian bird monitoring
initiate cowbird trapping, riparian bird
monitoring
riparian bird monitoring, initiate cowbird
trapping
riparian bird monitoring
riparian bird monitoring
riparian bird monitoring
riparian bird monitoring
riparian bird monitoring
nest checks only
riparian bird monitoring
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5/9/2017

Whitewater Delta

KC

5/15/2017
5/15/2017
5/16/2017

Dos Palmas Preserve
Whitewater Delta
Dos Palmas Preserve

KC, BG
KC, BG
LH

5/16/2017

Whitewater Delta

KC

5/16/2017
5/16/2017
5/17/2017

Dos Palmas Preserve
The Living Desert
Whitewater Preserve

KC
LH
LH

5/17/2017
5/17/2017
5/23/2017

Whitewater Canyon
Chino Canyon
Whitewater Canyon

LH
LH
KF

5/23/2017
5/23/2017
5/24/2017

Whitewater Preserve
The Living Desert
Whitewater Delta

KF
KF
KF

5/24/2017
5/30/2017
5/31/2017
5/31/2017
5/31/2017
5/31/2017

Dos Palmas Preserve
Chino Canyon
Whitewater Canyon
Whitewater Preserve
Dos Palmas Preserve
Whitewater Delta

KF
KC
LH
LH
KC
KC

6/6/2017
6/6/2017
6/6/2017
6/6/2017
6/7/2017
6/13/2017
6/13/2017
6/13/2017
6/14/2017

Whitewater Delta
The Living Desert
Whitewater Canyon
Whitewater Preserve
Dos Palmas Preserve
Chino Canyon
Whitewater Preserve
Whitewater Canyon
The Living Desert

PU
KF
KF
KF
PU
KF
KF
KF
KF, USGS

6/14/2017

Whitewater Preserve

KF, USGS

6/19/2017

Whitewater Delta

LH

6/20/2017
6/21/2017
6/21/2017

Dos Palmas Preserve
Whitewater Canyon
Whitewater Preserve

LH
PU, KF
PU, KF
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cowbird trapping, riparian bird
monitoring
cowbird trap installation
cowbird trap installation
point counts round 1, riparian bird
monitoring
riparian bird monitoring, cowbird
trapping
cowbird trapping
nest checks only
riparian bird monitoring, established
point count transect
(stopped by, too windy for surveys)
(stopped by, too windy for surveys)
point counts round 1, riparian bird
monitoring
riparian bird monitoring
riparian bird monitoring
point counts round 1, riparian bird
monitoring
riparian bird monitoring
point counts, riparian bird monitoring
point counts
point counts, riparian bird monitoring
point counts, riparian bird monitoring
cowbird trapping, brief riparian bird
survey
point counts, riparian bird monitoring
nest monitoring
nest monitoring
monitoring
point counts, riparian bird monitoring
point counts, riparian bird monitoring
riparian bird monitoring
nest monitoring
Banding with Alex Houston and Suellen
Lynn of USGS
recap banded birds; riparian bird
monitoring
point counts, habitat, riparian bird
monitoring
riparian bird monitoring, habitat
point counts, riparian bird monitoring
nest checks, riparian bird monitoring
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6/22/2017
6/28/2017

Whitewater Preserve
Chino Canyon

PU
KF

6/28/2017
6/28/2017
6/29/2017
6/29/2017
7/6/2017
7/7/2017
7/9/2017
7/12/2017
7/12/2017
7/12/2017
7/13/2017
7/13/2017
7/19/2017
7/19/2017
7/19/2017
7/20/2017

Whitewater Canyon
Whitewater Preserve
Whitewater Delta
The Living Desert
Whitewater Canyon
Whitewater Preserve
Dos Palmas Preserve
Whitewater Delta
Whitewater Canyon
Whitewater Preserve
Chino Canyon
The Living Desert
Whitewater Canyon
Chino Canyon
Whitewater Preserve
Dos Palmas Preserve

KF
KF
KF
KF
PU
PU
LH
KC
KF
KF
KF
KF
KF
KF
KF
KF

point counts, riparian bird monitoring
point counts, riparian bird monitoring,
habitat
nest checks, riparian bird monitoring
nest checks, riparian bird monitoring
point counts, habitat
nest monitoring
point counts, habitat
point counts, habitat, nest checks
point counts, habitat
point counts, habitat
point counts, habitat
nest checks
riparian bird monitoring, habitat
riparian bird monitoring
riparian bird monitoring, habitat
point counts
habitat, final nest checks
point counts

During the 2017 study we observed all 5 target riparian bird species (Willow Flycatcher, Least
Bell’s Vireo, Yellow Warbler, Yellow-breasted Chat, and Summer Tanager), as well as the
Brown-headed Cowbird, a potential threat. The Brown-headed Cowbird was most numerous at
Whitewater Delta (up to 30 per day, and fledglings observed 6 June, 19 June, and 29 June), and
less numerous at Dos Palmas Preserve (up to 4 per day), but was scarce to absent at all other
sites. At least one target riparian species was observed at each of the 6 sites, with all 5 observed
at only Whitewater Preserve (Table 5).
Four of the five target riparian species showed evidence of nesting in the Coachella Valley this
year (Least Bell’s Vireo, Yellow Warbler, Yellow-breasted Chat, and Summer Tanager), while
the Willow Flycatcher was only seen as a migrant passing through.
Numbers of probable breeding territories of the Least Bell’s Vireo were highest at Whitewater
Preserve (12), of the Yellow Warbler at Whitewater Preserve (5), of the Yellow-breasted Chat at
Whitewater Delta (8 to 10), and of the Summer Tanager at Whitewater Preserve (3 to 4) and
Chino Canyon (3 to 4). (See Figures 5-10 for approximate territory locations, summary for each
species in following section, and summary by site in the discussion.)
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Table 5. Total number of probable breeding territories in the season (bold) and maximum
number of birds observed on any one date, for 6 target species at 6 sites, Coachella Valley, 2017.
Site*
CC

WIFL
0
(none)

TLD

0
(none)

DP

0
(max 3 on
5/16/17)
0
(max 2 on
5/17/17)
0
(none)

WWP

WWC

WWD

0
(max 7 on
5/16/17)

Sum

0
(up to 7 per
day)

LBVI
3
(max 4 on
6/13/17)
3
(max 8 on
5/16/17)
0
(none)

YEWA
0
(max 3 on
5/9/17)
0
(none)

YBCH
2-4
(max 5 on
6/13/17)
0
(none)

SUTA
3-4
(max 8 on
6/13/17)
0
(none)

BHCO
n/a
(none)

0
(none)

0
(none)

0
(none)

12
(max 15 on
6/22/17)
3-4
(max 5 on
7/9/14)
0
(none)

5
(max 9 on
6/22/17)
0
(max 2 on
5/8/17)
0
(none)

1
(max 2 on
4/24/17)
1
(max 1 on
6/21/17)
8-10
(max 9 on
6/6/17)

3-4
(max 5 on
6/22/17)
2-3
(max 3 on
7/19/17)
0
(none)

n/a
(max 4 on
6/20/17)
n/a
(none)

21
(up to 15 per
day)

5
(up to 9 per
day)

12-16
(up to 9 per
day)

8-11
(up to 8 per
day)

n/a
(none)

n/a
(none)
n/a
(max 30 on
5/1/17)
n/a
(up to 30 per
day)

*Site codes: CC=Chino Canyon, TLD=The Living Desert, DP=Dos Palmas Preserve,
WWP=Whitewater Preserve, WWC=Whitewater Canyon (below Preserve), WWD=Whitewater
Delta

11

Coachella Valley Riparian Birds Draft Report 2017

Figure 5. Chino Canyon, Cienega (blue=Least Bell’s Vireo, yellow=Yellow-breasted Chat,
red=Summer Tanager, SM=singing male, FL=fledglings, dashed line=floater, solid
line=persistent territory)

Figure 6. Chino Canyon, Aerial Tram (blue=Least Bell’s Vireo, red=Summer Tanager,
SM=singing male, PR=pair, FL=fledglings, dashed line=floater, solid line=persistent territory)
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Figure 7. Whitewater Preserve (blue=Least Bell’s Vireo, yellow=Yellow-breasted Chat,
red=Summer Tanager, SM=singing male, PR=pair, FL=fledglings, DB=double brood, dashed
line=floater, solid line=persistent territory), also see Figure 8 for Yellow Warbler territories.
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Figure 8. Whitewater Preserve, approximate Yellow Warbler territories (all 5 fledged young).

Figure 9. Whitewater Canyon, below Preserve (blue=Least Bell’s Vireo, yellow=Yellowbreasted Chat, red=Summer Tanager, SM=singing male, FL=fledglings, dashed line=floater,
solid line=persistent territory).
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Figure 10. Whitewater Delta, approximate Yellow-breasted Chat territories (SM=singing male,
PR=pair, solid line=persistent territory).

Figure 11. The Living Desert, approximate Least Bell’s Vireo territories (FL=fledglings,
NE=nest with eggs, pair attempted at least 2 nests both unsuccessful).
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Brown-headed Cowbird
Although Brown-headed Cowbirds were observed at only 2 of the 6 sites, they were seen
regularly at Dos Palmas Preserve in low numbers and in pairs (seen on 7 dates with up to 4 per
day), and were seen regularly at Whitewater Delta in high numbers (seen on 8 dates with up to
30 per day). Successful parasitism was confirmed at Whitewater Delta, with cowbird fledglings
being observed on 2 different occasions with Song Sparrow hosts, 1 occasion with a Common
Yellowthroat host, and a further 2 occasions with unknown hosts (Table 6).

Table 6. Observations where Brown-headed Cowbirds were suspected or confirmed of
attempting or achieving nest parasitism, listed by date and site.
Date

Site

Observation

6/6/2017

WWD

Cowbird fledgling fed by Common Yellowthroat

6/19/2017

WWD

Cowbird fledgling heard, unknown host (near Yellow-breasted Chat)

6/19/2017

WWD

6/29/2017

WWD

Cowbird fledgling seen and heard, unknown host (near Yellow-breasted
Chat)
Cowbird fledgling fed by Song Sparrow pair

6/29/2017

WWD

Cowbird fledgling fed by Song Sparrow

Willow Flycatcher
Migrating Willow Flycatchers were observed at only 3 sites during 2017, Whitewater Preserve,
Dos Palmas Preserve, and Whitewater Delta, and only between 16-31 May, with highest count of
7 at Whitewater Delta on 16 May. All were most likely the northwestern subspecies brewsteri.
Numbers appear similar or reduced compared to 2014: max of 9 at Dos Palmas Preserve on 1
June 2014 vs. max of 3 on 16 May 2017, max of 3 at Whitewater Canyon on 21 May 2017 vs.
none in 2017, and max of 19 at Whitewater Delta on 2 June 2014 vs. 7 on 16 May 2017.
Least Bell’s Vireo
Least Bell’s Vireos were observed at 4 sites in 2017 (Chino Canyon, The Living Desert,
Whitewater Preserve, and Whitewater Canyon), with a total of 21 territories, and 20 nests located
(Table 7). No evidence of nest parasitism was observed. Overall, 72% (13/18) of completed nests
were successful and fledged young in the Coachella Valley (Table 8), a high rate of reproductive
success. Of the 5 completed nests that failed, nest predation was suspected in each case. Nest
predators could likely have been bird, mammal, or snake. Of 16 nests with a full clutch of eggs,
average clutch size was 3.7 (± 0.5 SD).
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Table 7. Least Bell’s Vireo territories, with nest outcomes and locations, listed by site. (See
Appendix 1 for site location codes.)
Map
Code
FL

Nest
substrate
n/a

Coordinates (±10 m)
N
W
33.84231 116.60384

CC

Territory
Location
CCBV1

CC

CCBV2

Singing male on 4 dates (3 separate
singing males in area)

SM

n/a

33.84354

116.60482

CC

CCBV3

Family group on 19 July

FL

n/a

33.84392

116.60200

WWP

WWPBV1

Nest 1: nest-building 25 April, 3
eggs, fledglings 31 May, 13 June

FL

willow

33.98943

116.65631

WWP

WWPBV2

Nest 1: pair with nest 31 May, 4
eggs, fledglings 28 June, 12 July

FL

willow

33.98783

116.65515

WWP

WWPBV3

Fledglings on 12 July

FL

n/a

33.98582

116.65400

WWP

WWPBV4

Extra pair squeezed between A and
C, fledglings observed 23 May,
family group 22 June

FL

n/a

33.98678

116.65477

WWP

WWPBV5

Banded male with at least 2
fledglings observed 31 May and 13
June

FL

n/a

33.98411

116.65680

WWP

WWPBVA

Nest 1: incubating 25 April, 4 eggs,
fledglings observed 23 May and 13
June

DB

willow

33.98660

116.65505

n/a

33.98660

116.65505

Site

Observations
Family group on 19 July

Second brood of fledglings observed
12 July
WWP

WWPBVB

Nest 1: nest with 4 hatchlings on 2
May, fledglings observed 17 May, 31
May, and 13 June

FL

willow

33.98657

116.65429

WWP

WWPBVC

Nest 1: nest with 4 nestlings videotaped by ranger Kyle on 5 May
(probably unsuccessful)

FL

willow

33.98729

116.65517

Nest 2: Nest-building 23 May
(abandoned, incomplete)

willow

33.98721

116.65475

Nest 3: Incubating 4 eggs on 6 June,
fledglings observed on 28 June

willow

33.98699

116.65498
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Site
WWP

Territory
Location
WWPBVD

Observations
Nest 1: nest with 4 hatchlings on 4
May, fledglings observed 17 May, 23
May, 31 May, and 13 June

Map
Code
DB

Nest 2: nest with 3 nestlings on 23
June, fledging event 28 June,
fledglings observed 12 July

Nest
substrate
willow

Coordinates (±10 m)
N
W
33.98499 116.65431

willow

33.98506

116.65436

WWP

WWPBVE

Nest 1: nest-building on 13 June, 3
eggs, fledglings observed 19 July

FL

cottonwood

33.98423

116.65428

WWP

WWPBVF

Nest 1: nest with 4 nestlings on 8
May, fledglings observed 23 May

FL

willow

33.98331

116.65559

WWP

WWPBVG

Nest1: nest-building on 2 May
(abandoned, incomplete)

FL

alder

33.98796

116.65610

n/a

33.98842

116.65676

Family group observed 14 June
WWC

WWCBV1

Nest 1: nest with 1 egg (later
hatched) and 2 hatchlings on 21
June, family group 6 July and 19 July

FL

alder

33.94728

116.63929

WWC

WWCBV2

Nest 1: nest with 4 eggs on 6 June,
fledglings observed 21 June, 19 July

FL

alder

33.94891

116.64046

WWC

WWCBV5

Fledglings observed 6 June

FL

n/a

33.94872

116.64086

TLD

TLDBV1

Nest 1: nest with 4 nestlings on 27
April, depredated by 8 May

FL

lemonadeberry

33.70207

116.37377

Nest 2: nest-building on 8 May,
depredated by 16 May

sugar-bush

33.70208

116.37389

Nest 3: nest-building on 23 May,
fledged by 29 June

unknown
shrub

33.70240

116.37314

Texas ebony

33.70289

116.37164

sugar-bush

33.70382

116.37127

unknown
shrub

33.70177

116.37230

TLD

TLDBV2

Nest 1: nest-building on 26 April,
depredated by 16 May

PR

Nest 2: nest with 4 eggs on 23 May,
depredated by 6 June
TLD

TLDBV3
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Table 8. Summary of Least Bell’s Vireo nests monitored in Coachella Valley, California, 2017.
Whitewater
Preserve
a
Incomplete nests
2
Completed nests
10
Successful
9
Failed
1
Total # of nests monitored
12
a
Incomplete nests were partially built, but not completed.

Whitewater
Canyon
0
2
2
0
2

The Living
Desert
0
6
2
4
6

Total
2
18
13 (72%)
5 (28%)
20

At Chino Canyon we confirmed 2 breeding pairs, and at least 1 additional singing male (Figure
5), the same situation as in 2014. Lacking access in 2017, we could not search for nests, so were
unable to determine if any nests were parasitized by Brown-headed Cowbirds, but we confirmed
that both breeding pairs were eventually successful, with fledglings observed on 19 July in both
territories.
At The Living Desert, we confirmed 3 breeding pairs (Figure 11), 2 of which were successful
(fledglings observed 8 May and 29 June in separate territories). At least 4 nests failed, likely due
to depredation by unknown nest predators. We observed no evidence of cowbird parasitism at
The Living Desert but cannot rule out the possibility since parasitized nests are sometimes later
depredated.
At Whitewater Preserve we located 12 Least Bell’s Vireo territories (Figure 7), three times the
number of territories in 2014. This dramatic increase is likely due to both the increase in riparian
vegetation and lack of Brown-headed Cowbirds. In 2014, we confirmed only 4 territories, 2
above the visitor center and 2 below, and only 1 territory was successful (3 nests tracked were
unsuccessful). In 2017, we documented 12 territories, each of which was successful with
fledglings, and 2 of which successfully double-brooded. Of 12 tracked nests, 9 were successful
(Tables 7 and 8). Ten of the 12 nests were in willow (Table 7, Figure 12). We also documented 3
localities with presumed floaters, one near WWP06 on 31 May, and two in the southwestern
portion of the Preserve, one north of confirmed territories on 22 June, and one south of
confirmed territories on multiple occasions but possibly a male moving south from an adjacent
territory for foraging.
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Figure 12. Least Bell’s Vireo nestlings (4) at Whitewater Preserve, 12 July 2017. Nest is in
willow (Salix exigua).

At Whitewater Canyon downstream of the preserve we located 3-4 Least Bell’s Vireo territories
(Figure 9), which adds at least 1 territory to the number we located in 2014. In 2014 we found
only singing males near WWC01 and near the road west of WWC7. In 2017 we confirmed 3
pairs near WWC01, all successful with fledglings (Table 7), and also located a singing male near
the road west of WWC7 but only on 25 April and 8 May, and then near WWC3 on 23 May and
19 July, so we considered these records as representing floaters.
In total, 5 male vireos were color-banded on 14 June 2017 (Table 9, Figures 13-15). Three were
banded at The Living Desert, representing each of the 3 breeding territories. At Whitewater
Preserve, we recaptured two males that had been previously banded. One bird at least one year
old was originally banded at Whitewater Preserve on 17 Sept 2016 by Stephen Myers during an
advanced banding class offered by UC Riverside. The second bird, which had a gold-colored
metal federal band was banded as a nestling in 2016 at Camp Pendleton. This demonstration of
dispersal from coast to desert represents a notable advance in our understanding of Least Bell’s
Vireo movements within southern California.
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Table 9. Banded Least Bell’s Vireos at Whitewater Preserve and The Living Desert, Coachella
Valley, California, 2017.
Site

Territory

Band Combination
(Left leg : Right Leg)a

Age

Sex

Comments
Banded as an AHY in TLDBV1 on 14
TLD
TLDBV1
Msi : DPWH
≥ 1 yr Male June 2017.
Banded as an AHY in TLDBV2 on 14
TLD
TLDBV2
Msi: PUWH
≥ 1 yr Male June 2017.
Banded as an AHY in TLDBV3 on 14
TLD
TLDBV3
LPBK : Msi
≥ 1 yr Male June 2017.
Banded as a nestling at Camp
Pendleton in 2016. Color banded in
WWP
WWPBV5 ORDG Mgo : PUPU
1 yr Male WWPBV5 14 June 2017
Banded as an AHY at WWP by Stephen
Myers on 17 Sept 2016. Color banded
WWP
WWPBVC PUYE : Msi
≥ 2 yrs Male in WWPBVC 14 June 2017.
a
Band combo orientation on leg: left leg : right leg. Band colors: Msi = silver numbered federal band; Mgo
= gold numbered federal band; DPWH = plastic dark pink-white split; PUWH = plastic purple-white split;
LPBK = plastic light pink-black split; ORDG = plastic orange-dark green split; PUPU = plastic purple; PUYE =
plastic purple-yellow split.

Figure 13. Banded Least Bell’s Vireo at The Living Desert (TLDBV2), 14 June 2017.
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Figure 14. Banded Least Bell’s Vireo at Whitewater Preserve (WWPBVC), 14 June 2017.

Figure 15. Banded Least Bell’s Vireo at Whitewater Preserve (WWPBV5), 14 June 2017.
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Yellow Warbler
Yellow Warblers have been historically common in the Coachella Valley as migrants, with
spring records extending at least from 3 April to 9 June, and fall migration beginning as early as
11 July (Patten et al. 2003). During 2017 we observed Yellow Warblers at only 3 sites, Chino
Canyon, Whitewater Preserve, and Whitewater Canyon, and confirmed nesting at only
Whitewater Preserve where at least 5 pairs were successful with fledglings (Figure 8), observed
22 June and 12 July. Compared to 2014, this appears to represent a decline at Dos Palmas
Preserve and Whitewater Delta, and an increase at Whitewater Preserve. No evidence of nest
parasitism was observed.
Yellow-breasted Chat
We found Yellow-breasted Chats at 4 sites (each site except The Living Desert and Dos Palmas
Preserve). Each site where we found chats had at least one persistent territory, but highest
numbers were at Whitewater Delta with 8 to 10 territories (Figure 10). We documented
successful nesting at Chino Canyon (Figure 5) and Whitewater Preserve (Figure 7), observing a
pair with fledglings on 28 June at Chino Canyon and on 13 June at Whitewater Preserve.
However, at Whitewater Delta we did not find any chat nests, or see any evidence of nestbuilding, carrying food, or fledglings, but from the high number of persistent territories and
suggestion of pairing, we strongly suspect that nesting was attempted. Given the high number of
Brown-headed Cowbirds at Whitewater Delta, it is possible that most or all nesting attempts
failed. Yellow-breasted Chats appear to be extirpated from Dos Palmas Preserve, where they
were common during 2002-04.
Summer Tanager
We found Summer Tanagers at 3 sites, and at each of these they were persistently territorial:
Chino Canyon 3-4 territories (Figures 5 and 6), Whitewater Preserve 3-4 territories (Figure 7),
and Whitewater Canyon 2-3 territories (Figure 9). Nesting success was confirmed at all 3 sites. A
pair with fledglings was observed in Chino Canyon on 13 July, two different pairs were observed
with fledglings at Whitewater Preserve, one on 7 July and most likely a different family group on
12 July, and two different pairs were observed with fledglings at Whitewater Canyon, one on 6
July and most likely a different family group on 19 July. No evidence of nest parasitism was
observed.
At Whitewater Preserve on 6 June, ranger Kyle reported that some birders had seen a Summer
Tanager foraging in sycamores and then fall into the pond below. He retrieved the dead bird
from the pond and later gave the specimen to museum staff. Phil Unitt prepared the specimen as
museum voucher #55130 (Figure 16), and confirmed that it is the western subspecies cooperi. He
noted that it had a broken right humerus and missing feathers near the break, inferring that the
injury arose from collision, possibly with a wire. Tissue sample has been sent to SDSU for longterm storage.
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Other species:
We recorded a total of 2079 point-count detections and documented a total of 137 bird species
and 13 other incidental vertebrate species during our surveys (Appendix 5), including nesting
confirmations of 31 non-target bird species. Notable observations included: 1 Crissal Thrasher
was heard at Dos Palmas Preserve near 33.50828 / 115.82631 (9 July), and 1 bighorn sheep was
observed crossing the road at Whitewater Canyon near 33.95785 / 116.64419 (12 July). Also
notable was the absence of Brown-crested Flycatchers at Whitewater Preserve/Canyon in 2017,
which had been documented at this site regularly up until 2016 (www.ebird.org).
On 13 July Kevin Clark received a dead Yellow-billed Cuckoo from the Dos Palmas Preserve
site manager who had found it on his porch on 12 July. We prepared the cuckoo as a museum
specimen (Figure 16). There was no sign of trauma or broken bones, so it was not a window
strike. The bird was extremely emaciated, with significant muscle loss to the breast muscles and
no fat deposits. No internal parasites or other signs of disease were obvious. It was an adult
female, in pre-breeding condition, so had not yet bred this year. We preserved the skin and
skeleton as museum voucher #55185, and tissue sample has been sent to SDSU for long-term
storage and all internal organs have been saved frozen for possible future studies.

Figure 16. Specimens of the Summer Tanager (top) and Yellow-billed Cuckoo (bottom).
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Density Estimates:
Territory mapping allows for precise density estimates of focal species in terms of number of
territories per site covered (Table 5). Point-count surveys allow for density estimates across
species and can control for differences in detection probability, but require sufficient sample
sizes that are often not possible for rare species. However, point-count surveys are also useful for
monitoring the riparian bird community based on common indicator species such as the Song
Sparrow and Common Yellowthroat, and are also useful for non-territorial species such as
Brown-headed Cowbirds.
Across the six target species, the Yellow-breasted Chat had the highest probability of detection
(effective radius 108 m), while Willow Flycatcher and Yellow Warbler were the lowest (Figure
17). Distance sampling controls for these differences to yield more robust estimates of density.
We estimated density of the six target species at the five sites surveyed in 2017, compared to
2004 and 2014 (Figure 18). Brown-headed Cowbirds were most abundant at Whitewater Delta
(highest estimate 2.07 birds/ha in 2004) followed by Dos Palmas Preserve, and rare to absent or
irregular at Chino Canyon and Whitewater Canyon. They showed a sharp decrease at both
Whitewater Delta and Dos Palmas Preserve in 2014 relative to 2004, and this decline continued
at Dos Palmas Preserve in 2017, but they rebounded somewhat at Whitewater Delta in 2017. The
five target riparian bird species were relatively scarce to absent across all sites and years, except
at Whitewater Preserve where there were high numbers of Least Bell’s Vireo in 2017 (0.82
birds/ha). Highest density observed for the Willow Flycatcher was 0.32 birds/ha at Dos Palmas
Preserve in 2014, for the Yellow-breasted Chat 0.35 birds/ha at Dos Palmas Preserve in 2004, for
the Yellow Warbler 0.36 birds/ha at Whitewater Preserve in 2017, and for the Summer Tanager
0.35 birds/ha at Chino Canyon in 2017.

Figure 17. Difference in probability of detection across the six target species, expressed as the
effective radius (m), or the radius at which as many birds are detected beyond as within that
distance (Buckland et al. 2001). Point count data pooled across sites and years.

25

Coachella Valley Riparian Birds Draft Report 2017

Figure 18. Density estimates based on point counts with distance sampling, comparing five sites
(DP=Dos Palmas Preserve, WWD=Whitewater Delta, CC=Chino Canyon, WWC=Whitewater
Canyon, and WWP=Whitewater Preserve), three years (2004, 2014, and 2017), and six target
species, Coachella Valley. (*Note that WWP was only surveyed in 2017.)dult male cowbird
inside trap at Dos Palmas Preserve.
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Cowbird Trapping:
A grand total of 84 Brown-headed Cowbirds were trapped during 2017, 75 at Whitewater Delta
Storm Channel and 9 at Dos Palmas Preserve (Table 10, Figures 19-22). Of the 84 total trapped,
23 were banded and released, and 60 were collected. Totals do not include banded birds that
were recaptured.
Table 10. Summary of cowbird trapping data, Coachella Valley, 2017. Numbers do not include
recaptures.
Dos Palmas
Totals
Trap 1
collected
banded
Trap Totals
Trap 2
collected
banded
Trap Totals

Males

Females

Juveniles Totals

1
2
3

1
0
1

1
0
1

3
2
5

0
2
2

0
0
0

2
0
2

2
2
4

TOTAL COWBIRDS TRAPPED AT DP
Whitewater Delta
Totals
Males
Trap 1
collected
4
banded
10
Trap Totals
14
Trap 2
collected
dead
banded
Trap Totals

Females

1
1
1
3

Dates

4 HOFI; 2 LOSH; 1
LBWO; 1 ABTO

18 April-13
July

1 LOSH; 1 ABTO

15 May -13
July

9

Juveniles Totals

2
0
2

18
0
18

24
10
34

3
0
0
3

27
0
8
35

31
1
9
41

TOTAL COWBIRDS TRAPPED AT
WWD

75

GRAND TOTAL COWBIRDS TRAPPED
IN 2017

84
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Bycatch

Bycatch

Dates

3 ABTO; 1 LOSH; 2
NOMO

18 April 21 July

1 LOSH; 2 ABTO

15 May -21
July
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Figure 19. Female cowbirds inside trap at Dos Palmas Preserve.

Figure 20. Adult male cowbird inside trap at Dos Palmas Preserve.
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Figure 21. Banded cowbird at Dos Palmas Preserve.

Figure 22. Banded cowbird at Whitewater Delta.
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A high number of juvenile cowbirds (53) were captured at Whitewater Delta, especially during
late June and July (Table 10). These high numbers combined with our observations of fledgling
cowbirds suggests that the Whitewater Delta is a very productive breeding area for cowbirds, and
that the local riparian bird community is likely strongly suppressed.
Several species of non-target birds were also captured and released, Abert’s Towhee, Northern
Mockingbird, House Finch, Loggerhead Shrike, and Ladder-backed Woodpecker (Table 10).
Most of these species were captured and released a single time, however, the same individual
Abert’s Towhees were consistently recaptured and released throughout the trapping period.

DISCUSSION AND RECOMMENDATIONS
During 2017, we found all five target riparian species in the Coachella Valley, but at the southern
end where Brown-headed Cowbirds are numerous, only the Yellow-breasted Chat persists at the
Whitewater Delta, and no target species persist at Dos Palmas Preserve. At the north end in the
Whitewater Preserve/Canyon, however, populations of the Least Bell’s Vireo, Yellow-breasted
Chat, Summer Tanager, and Yellow Warbler are growing. With high reproductive success, these
populations may be self-sustaining, especially that of the Least Bell’s Vireo. In 2017 as in 2014,
we found no cowbirds in this area, and in 2017 we noted strong increases in extent of riparian
habitat where the river channel had previously been flood-scoured.
In 2017 as in 2014 (and in 2002-2004), no Willow Flycatchers were found to be nesting in the
Coachella Valley, and all observations were consistent with the northern subspecies (brewsteri)
passing through in migration. Least Bell’s Vireos continued to nest at 3 of 3 sites, increasing in
Whitewater Preserve/Canyon but still with only 3 territories in Chino Canyon, where each of 5
nests found during 2014 had been parasitized by cowbirds. Although our access was limited, we
confirmed that 2 of 3 territories in the cienega were successful in 2017. Yellow Warblers were
first documented as nesting in the Coachella Valley at Mission Creek and Stubbe Canyon in
2014, and now have been documented successfully nesting at Whitewater Preserve, with at least
5 territories successful in 2017. Yellow-breasted Chats persisted and nested successfully in low
numbers at Chino Canyon and Whitewater Preserve/Canyon, but appear to be extirpated from
Dos Palmas Preserve, and persist in high numbers at Whitewater Delta but without any apparent
nest success. Summer Tanagers continue to thrive in Chino Canyon and appear to have increased
in Whitewater Preserve/Canyon. Bell’s Vireos, Yellow Warblers, and Summer Tanagers are still
lacking at Dos Palmas Preserve and Whitewater Delta.
Assessment by Site:
Chino Canyon—Chino Canyon is the site of the Palm Springs Aerial Tramway, which extends
from its base at elevation 800 m up to 2600 m. A year-round stream flows down the steep
canyon from the San Jacinto Mountains, becoming intermittent where the canyon widens to the
east, but supporting a narrow strip of riparian vegetation within a boulder-strewn desert
landscape. Just over 1 km below the tram, is a spring-fed cienaga supporting a broader patch of
riparian vegetation approximately 400 m wide. The riparian habitat of both the stream and
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cienaga are dominated by sycamore, cottonwood, willow, alder, palms, and baccharis, with
grapevine draping many areas, and bordered by mesquite, catclaw, and brittlebush. Large
parking lots and a road with heavy traffic are immediately adjacent to the riparian habitat.
Several small trails go through and around the cienaga, and there was evidence of tamarisk
removal at one edge. Several clumps of fountain grass, a few Russian thistles, and other invasive
exotic plants, are adjacent to the stream.
Our access to the cienega was restricted in 2017, but we detected little to no change in habitat
between 2014 and 2017. There was also little change in riparian bird composition between 2014
and 2017 and number of target species’ territories, except for the addition of at least one Yellowbreasted Chat territory.
We observed no Brown-headed Cowbirds at Chino Canyon during our 2017 surveys and 2 of the
3 Least Bell’s Vireo territories successfully fledged young vireos. During the 2014 surveys we
had very few detections of Brown-headed Cowbirds but documented that 5 out of 5 nests tracked
were parasitized by the cowbird. Without access to the cienega in 2017 we were unable to
determine current levels of cowbird parasitism, and cowbirds may still be suppressing riparian
bird populations at this site.

Figure 23. Chino Canyon, 2017.

31

Coachella Valley Riparian Birds Draft Report 2017
Whitewater Preserve—The Whitewater River is the main drainage of the Coachella Valley. At
its upper reaches it drains from the San Bernardino Mountains into the north-south Whitewater
Canyon. Here, many stretches are flood-scoured, but some stretches support mature cottonwood
forest, with patches of willow and alder in wetter areas, and baccharis and mesquite in drier
areas. The Whitewater Preserve includes a set of trout ponds around which the habitat has been
partly restored. A paved road extends along the river channel up to the trout ponds, where there
is a picnic area and visitor center.
We did not perform point counts or habitat assessments at this area in 2014, but in 2017 noted
increases in riparian vegetation at the trout ponds and also below the trout ponds where
vegetation is recovering from past flood-scouring. There was intermittent surface water in 2014,
with several full trout ponds and flowing water along approximately half of the survey area, a
situation similar to that in 2017. The increasing extent of riparian habitat and lack of cowbirds
has led to a strong increase in the Least Bell’s Vireo population at this site, with high
reproductive success for the vireos and also for Yellow Warblers. We recommend continued trail
maintenance to discourage hikers from entering riparian habitat off the trails, but avoidance of
vegetation clipping during the nesting season.

Figure 24. Whitewater Preserve at WWP3, site of successful nesting by Least Bell’s Vireo,
Yellow Warbler, Yellow-breasted Chat, and Summer Tanager.
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Whitewater Canyon (below Preserve)—Our main survey area in 2014, which we resurveyed in
2017, was a 2-km stretch of the river beginning just over 2.5 km below the trout ponds and
extending down to the small community of Bonnie Bell. The surrounding hills are very dry and
barren with some creosote desert scrub and windmills on higher ridges. Disturbance is due
primarily to natural flood-scouring and wind, but there is also old trash and graffiti, cut
vegetation, and a few trails behind the small community. There is evidence of old tamarisk
removal, with some fresh tamarisk regrowth and numerous other invasive species sparsely
scattered through the canyon including oleander, date palm, tree tobacco, mustards, fountain
grass, and Bermuda grass.
During 2017 there was more water flowing than in 2014, with modest increases in riparian
vegetation. The number of territories of both the Least Bell’s Vireo and Summer Tanager at this
site increased by at least one over the number in 2014.

Figure 25. Whitewater Canyon (below Preserve), looking south toward San Jacinto Peak.
The Living Desert—We opportunistically monitored 3 Least Bell’s Vireo territories in 2017, 2
of which were successful, and we banded 3 of 3 males. This represents an interesting
colonization of a landscaped habitat. Park staff are encouraged to record the return of any banded
birds and numbers and locations of territories.
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Dos Palmas Preserve—The Dos Palmas Preserve is on the north-east side of the Salton Sea, just
below the Orocopia Mountains and the Coachella Canal. Here, there are numerous springs and
seeps that feed into a series of levees and ponds, supporting a large patchwork of riparian
vegetation 2 km across, interspersed with the surrounding salt flats. Some degree of artificially
increased water at this site can be said to compensate for the loss of natural springs elsewhere.
Palm trees are the dominant feature, with large patches of common reed (Phragmites), cattail,
and mesquite. There are a few structures, and although the main road is gated, the entire area is
criss-crossed by numerous dirt roads. Tamarisk had been fairly recently and extensively cleared
before our surveys in 2014, and we had noted that this disturbance and lack of shrub cover had
an apparent correlation with the drop in Yellow-breasted Chat density at this site from 2002-04
to 2014. In 2017, we found no chats at this site, and no other target riparian species nesting. Even
common riparian species such as the Song Sparrow and Common Yellowthroat are scarcer than
expected from the large extent of the area and plentiful water. If patches of mesquite and riparian
shrubs and trees are allowed to recover, the site would likely support much larger populations of
riparian birds and could potentially be colonized by any of the target riparian bird species.
Brown-headed Cowbirds are not as numerous at this site as at Whitewater Delta, but remain
common relative to the number of riparian birds that the site now supports and are likely
suppressing riparian bird populations. Thus cowbird control will likely have a positive effect on
riparian bird populations at this site.

Figure 26. Large pond at Dos Palmas Preserve, with few scattered young cottonwood trees.
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Whitewater Delta—Below the communities of Palm Springs and Palm Desert, the Whitewater
River becomes what is also known as the Coachella Valley Stormwater Channel, gathering
agricultural drainage and wastewater. The channel feeds into the Salton Sea at the Whitewater
Delta, where riparian vegetation has historically been removed for flood control, but variably
supports riparian habitat that is now dominated by tamarisk, but with substantial willow and
common reed. Surrounding habitats are salt flats with variable densities of shrubs including
saltbush, iodine bush, and arrowweed. Adjacent to the drainage are some constructed duck ponds
containing limited cattails and other emergent aquatic plants.
In 2014, the channel had strong flow and there was recent bulldozing immediately adjacent to the
narrow strip of riparian habitat. The situation was similar in 2017 but with even more extensive
bulldozing along the NE side of the river, and removal of riparian vegetation from sections of the
river. However, despite the bulldozing, within undisturbed patches shrub and tree cover has
increased strongly since 2004. Extensive clearing in 2004 appeared to be correlated with the
disappearance of Least Bell’s Vireos. The increase in shrub and tree cover by 2014 had an
apparent correlation with the increase in Yellow-breasted Chat density, although the Least Bell’s
Vireo has not recolonized. The status was little changed in 2017, and this site continues to have a
very high abundance of cowbirds. We saw evidence that common species such as the Song
Sparrow and Common Yellowthroat were serving as cowbird hosts but at least in some cases
managed to have successful nests for their own fledglings.

Figure 27. Whitewater Delta with extensive recent bulldozing and removal of emergent
vegetation. An undisturbed patch is on the right.
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Assessment of effectiveness of cowbird management and recommendations:
Because of the very low numbers of cowbirds captured at Dos Palmas, as well as the relatively
high ratio of non-target birds captured, we recommend altering the cowbird control program at
Dos Palmas Preserve in 2018. Cowbirds observed at Dos Palmas tended to occur south of the
traps, near the ponds and in the riparian vegetation to the south of the ponds. This would be the
best location to target cowbirds in 2018.
Rather than trapping, alternative methods to capture cowbirds are recommended for Dos Palmas
Preserve. Given low numbers of cowbirds over a large area, the preferred option is to capture
cowbirds in mist-nets with the aid of captive decoy cowbirds and broadcast of recorded
vocalizations. This method is highly mobile and can be targeted for areas where cowbirds were
recently observed. This method would also allow for the immediate release of any non-target
birds captured, and would eliminate the daily visits required to maintain the food and water in
the traps.
In contrast to Dos Palmas, the traps at Whitewater Delta were highly successful. We recommend
continuing these traps at the same two locations in 2018. The cowbird population in this area is
very large, and will require a sustained trapping effort to reduce the numbers.
If we switch from cowbird trapping to mist-netting at Dos Palmas Preserve, this will allow for
cost-savings and flexibility to consider additional options: (A) Use the cost-savings to perform
limited riparian bird monitoring and point counts at Whitewater Delta and Dos Palmas Preserve
to monitor abundance of cowbirds and target riparian species, and to better assess the
effectiveness of cowbird trapping. (B) If access to Chino Canyon is permitted, split the mistnetting effort between Dos Palmas Preserve and Chino Canyon. (C) Placement of additional
cowbird traps at Whitewater Delta. However, we suspect that the number of suitable shaded
sites at Whitewater Delta may be too restrictive for additional traps.
During 2018 we will perform: (1) a second year of cowbird management (based on discussion of
the above recommendations and options), and (2) submit a final report with summary of results
and assessment of cowbird management effectiveness. We recommend continued riparian bird
surveys to better assess effectiveness and development of a long-term monitoring strategy.
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Appendix 1. List of bird-count points, bold indicating that it was surveyed 3 times during 2017.
Site (Code)
Chino Canyon: Aerial Tram (AT)

Chino Canyon: Cienaga (CC)

Whitewater Preserve (WWP)

Dos Palmas Spring (DP)

Whitewater Canyon (WWC)
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Point
AT1
AT2
AT3
AT4
CC1
CC2
CC3
CC4
CC5
CC6
WWP1
WWP2
WWP3
WWP4
WWP5
WWP6
DP1
DP2
DP3
DP4
DP5
DP6
DP7
DP8
DP9
DP10
WWC01
WWC02
WWC1
WWC2
WWC3
WWC4
WWC5
WWC6
WWC7
WWC8
WWC9
WWC10

N
33.83957
33.84107
33.84223
33.84311
33.84253
33.84176
33.84307
33.84418
33.84380
33.84401
33.98331
33.98471
33.98561
33.98748
33.98963
33.98996
33.50736
33.50199
33.49635
33.49595
33.50146
33.49958
33.50417
33.50904
33.50527
33.50008
33.94775
33.94946
33.95158
33.95314
33.95385
33.95527
33.95680
33.95785
33.95932
33.96072
33.96240
33.96397

W
-116.61346
-116.61228
-116.61058
-116.60847
-116.60375
-116.60179
-116.60041
-116.60235
-116.60492
-116.59756
-116.65436
-116.65647
-116.65414
-116.65526
-116.65664
-116.65927
-115.82591
-115.83004
-115.83034
-115.82824
-115.82729
-115.82594
-115.82586
-115.82768
-115.83030
-115.82995
-116.64057
-116.64122
-116.64170
-116.64107
-116.64313
-116.64180
-116.64291
-116.64419
-116.64573
-116.64666
-116.64758
-116.64849
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Site (Code)
Whitewater Delta (WWD)

The Living Desert (TLD)
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Point
WWD1
WWD2
WWD3
WWD4
WWD5
WWD6
WWD7
WWD8
WWD9
WWD10
WWD11
WWD12
WWD13
WWD14
n/a

N
33.50779
33.51069
33.51325
33.51598
33.51848
33.52100
33.50643
33.50925
33.51197
33.51463
33.51724
33.51975
33.52222
33.52346
33.70251

W
-116.05729
-116.06094
-116.06414
-116.06737
-116.07052
-116.07355
-116.05523
-116.05914
-116.06256
-116.06577
-116.06894
-116.07202
-116.07520
-116.07682
-116.37230
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Appendix 2. Point count form used during the 2017 surveys.
Point Count Mapping Form
Site __________________________________ Date _______________ Observer ________________________
Weather __________________________________________________________________________________
Point ID ___________________________________________ Time Start __________ Time End __________
N

Notes: ________________________________________________________
______________________________________________________________
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Super: V=visual, S=song, C=call
Sub: B=before, 1=0-3 min, 2=3-5 min,
3=5-7 min, 4=7-10 min, A=after.
Tick=5m. Rings=50,100,150m.
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Appendix 3. Rapid habitat assessment form used during the 2017 surveys.
RIPARIAN HABITAT RAPID ASSESSMENT FORM
Point ID:___________________________
SURFACE WATER

grade (0-3)

N

Date:_____________

Observer: __________

Description (distance from point; amount;
flowing/standing/surface moisture)

S

E

W

DENSIOMETER READINGS AT
POINT (record points NOT
occupied by veg); OR PHOTO
DOMINANT RIPARIAN
% total coverage
SPECIES (trees, shrubs >20%) in riparian habitat
1)
2)
3)
4)

Avg. height (m)

Notes/other species:

DESCRIPTION OF RIPARIAN HABITAT

Apx. total width

Apx. total length

% of 50m circle

HUMAN ACTIVITY
trash/litter
damaged/removed vegetation
vehicle tracks/presence
paved roads/structures
human footprints/presence
other (describe)

grade (0-3)

Description (recent/old activity; extent; in/near habitat)

OTHER DISTURBANCES
cattle tracks/presence
flood damage
fire damage
other (describe)

grade (0-3)

Description (recent/old damage; extent; in/near habitat)

INVASIVE NON-NATIVES
tamarisk
arundo
fountain grass
other shrubs and trees
other grasses and herbs

grade (0-3)

Description (species; extent; in/near habitat)

LANDSCAPE (other habitat types <50m; known habitat types and disturbances 50m-1km; description):

OTHER NOTES:

(grades: 0=absent, 1=low significance or small amount, 2=moderate significance or amount, 3=large
significance or amount)
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Appendix 4. Nest monitoring form used during the 2017 surveys.
NEST MONITORING FORM
NEST ID

DATE

SPECIES

METHOD

SUBSTR

DIRECTIONS/NOTES

SITE

APX NEST
HEIGHT

APX SUBST
HEIGHT

SKETCH

Rem to note: apx distance and direction of nest from flagging,
flagging height and substrate, coordinates of flagging, nest visibility,
how flagging should be approached, draw arrow to nest in sketch,
only note contents if know n, alw ays note if adult on nest, flushed, etc.
TTL
TTL
DATE
TIME
INITS EGGS CB NESTL CB
ACTIONS, OBSERVATIONS, and NOTES (OK to use multiple lines)

Especially note all evidence of possible depredation or fledging: nest damage, fragments below nest, tracks, distance of FL to nest, #, age of FL,
and adult behavior. Also note description/age of nestlings. CB=# cow bird eggs or nestlings out of total. Note if photographs taken.
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Appendix 5. Summary of all vertebrate species observed during riparian bird surveys, Coachella
Valley, 2017. Species are listed by site and include the 6 target species and incidental
observations. Max # is the maximum number observed by one observer in one day.
Species
CHINO CANYON
Cathartes aura
Accipiter cooperii
Buteo jamaicensis
Falco peregrinus
Callipepla californica
Zenaida macroura
Aeronautes saxatalis
Archilochus alexandri
Calypte anna
Calypte costae
Picoides nuttallii
Empidonax difficilis
Sayornis nigricans
Myiarchus cinerascens
Lanius ludovicianus
Vireo bellii
Aphelocoma californica
Corvus corax
Phainopepla nitens
Salpinctes obsoletus
Catherpes mexicanus
Thryomanes bewickii
Troglodytes aedon
Auriparus flaviceps
Polioptila caerulea
Polioptila melanura
Psaltriparus minimus
Chamaea fasciata
Spinus psaltria

Common Name

Max #

Turkey Vulture
Cooper's Hawk
Red-tailed Hawk
Peregrine Falcon
California Quail
Mourning Dove
White-throated Swift
Black-chinned Hummingbird
Anna's Hummingbird
Costa's Hummingbird
Nuttall's Woodpecker
Pacific-slope Flycatcher
Black Phoebe
Ash-throated Flycatcher
Loggerhead Shrike
Bell's Vireo
Western Scrub-Jay
Common Raven
Phainopepla
Rock Wren
Canyon Wren
Bewick's Wren
House Wren
Verdin
Blue-gray Gnatcatcher
Black-tailed Gnatcatcher
Bushtit
Wrentit
Lesser Goldfinch

1
1
1
1
6
9
1
2
1
2
2
1
1
2
1
4
1
1
2
1
1
2
1
4
4
1
20
2
3

Haemorhous mexicanus
Melospiza melodia
Spizella atrogularis
Chondestes grammacus
Amphispiza bilineata
Aimophila ruficeps

House Finch
Song Sparrow
Black-chinned Sparrow
Lark Sparrow
Black-throated Sparrow
Rufous-crowned Sparrow

23
1
1
1
2
1
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Notes

nestlings 5/9
family group 6/28

fledglings 7/19

fledglings 6/13
fledglings 5/2, 5/30, 6/13
fledglings 6/13
family group 6/28
fledglings 7/13
fledglings 5/9, 6/13, 6/13,
nest 6/13
fledglings 5/2, 7/13, 7/19

fledglings 6/13
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Species
Pipilo maculatus
Melozone crissalis

Common Name
Spotted Towhee
California Towhee

Max #
1
4

Setophaga petechia
Cardellina pusilla
Icteria virens
Piranga rubra
Piranga ludoviciana
Pheucticus melanocephalus

Yellow Warbler
Wilson's Warbler
Yellow-breasted Chat
Summer Tanager
Western Tanager
Black-headed Grosbeak

3
1
5
8
1
1

Passerina amoena
Icterus cucullatus
Canis latrans
Odocoileus hemionus

Lazuli Bunting
Hooded Oriole
coyote
mule deer

1
6
1
1

THE LIVING DESERT
Ardea alba
Cathartes aura
Zenaida macroura
Zenaida asiatica
Bubo virginianus
Chordeiles acutipennis
Calypte costae
Picoides scalaris
Vireo bellii
Corvus corax
Phainopepla nitens
Mimus polyglottos
Thryomanes bewickii
Auriparus flaviceps
Passer domesticus
Spinus psaltria
Haemorhous mexicanus
Melospiza melodia
Geothlypis tolmiei
Piranga ludoviciana
Pheucticus melanocephalus

Great Egret
Turkey Vulture
Mourning Dove
White-winged Dove
Great Horned Owl
Lesser Nighthawk
Costa's Hummingbird
Ladder-backed Woodpecker
Bell's Vireo
Common Raven
Phainopepla
Northern Mockingbird
Bewick's Wren
Verdin
House Sparrow
Lesser Goldfinch
House Finch
Song Sparrow
Macgillivray's Warbler
Western Tanager
Black-headed Grosbeak

1
1
10
1
2
2
6
1
8
10
1
1
4
6
4
4
10
1
1
1
1

Icterus cucullatus
Quiscalus mexicanus

Hooded Oriole
Great-tailed Grackle

2
2
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Notes
fledglings 5/30, 6/3, 6/13,
7/13

fledglings 6/28
fledglings 7/13

fledglings 7/13

fledglings 5/8, 6/29
fledglings 5/16

fledglings 5/16
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Species
Sceloporus magister
Aspidoscelis tigris
Sylvilagus audubonii

Common Name
desert spiny lizard
Western whiptail
desert cottontail

Max #
1
1
1

WHITEWATER PRESERVE
Butorides virescens
Buteo lineatus
Buteo jamaicensis
Falco sparverius
Falco peregrinus
Callipepla californica
Actitis macularius
Zenaida macroura
Zenaida asiatica
Aeronautes saxatalis
Calypte costae
Melanerpes formicivorus
Picoides nuttallii
Contopus sordidulus
Empidonax traillii
Empidonax difficilis
Sayornis nigricans
Pyrocephalus rubinus
Myiarchus cinerascens
Lanius ludovicianus
Vireo bellii

Green Heron
Red-shouldered Hawk
Red-tailed Hawk
American Kestrel
Peregrine Falcon
California Quail
Spotted Sandpiper
Mourning Dove
White-winged Dove
White-throated Swift
Costa's Hummingbird
Acorn Woodpecker
Nuttall's Woodpecker
Western Wood-Pewee
Willow Flycatcher
Pacific-slope Flycatcher
Black Phoebe
Vermilion Flycatcher
Ash-throated Flycatcher
Loggerhead Shrike
Bell's Vireo

1
1
1
1
2
3
1
1
1
4
6
1
3
1
2
1
5
1
4
9
15

Vireo huttoni
Corvus corax
Phainopepla nitens
Sialia mexicana
Catharus ustulatus
Mimus polyglottos
Toxostoma redivivum
Salpinctes obsoletus
Catherpes mexicanus
Thryomanes bewickii
Troglodytes aedon
Polioptila melanura

Hutton's Vireo
Common Raven
Phainopepla
Western Bluebird
Swainson's Thrush
Northern Mockingbird
California Thrasher
Rock Wren
Canyon Wren
Bewick's Wren
House Wren
Black-tailed Gnatcatcher

1
8
1
1
1
1
7
2
1
8
1
1
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Notes

nesting on cliff 5/17

fledglings 7/12

fledglings 7/7
12 territories with fledglings
(5/17-7/19), including 2 with
double brood
family group 6/22

family group 6/22

carrying food 4/13
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Species
Psaltriparus minimus
Stelgidopteryx serripennis

Max #
12
1

Notes
fledglings 5/31, 6/13, 7/12

Spinus psaltria
Spinus lawrencei
Haemorhous mexicanus
Melospiza melodia
Chondestes grammacus
Amphispiza bilineata
Aimophila ruficeps
Pipilo maculatus
Melozone crissalis
Setophaga petechia
Setophaga townsendi
Geothlypis trichas
Cardellina pusilla
Icteria virens
Piranga rubra
Pheucticus melanocephalus

Common Name
Bushtit
Northern Rough-winged
Swallow
Lesser Goldfinch
Lawrence's Goldfinch
House Finch
Song Sparrow
Lark Sparrow
Black-throated Sparrow
Rufous-crowned Sparrow
Spotted Towhee
California Towhee
Yellow Warbler
Townsend's Warbler
Common Yellowthroat
Wilson's Warbler
Yellow-breasted Chat
Summer Tanager
Black-headed Grosbeak

5
1
45
15
2
1
1
3
11
9
1
8
1
2
5
1

fledglings 5/31, 6/13

Passerina caerulea
Passerina amoena
Icterus cucullatus
Icterus bullockii
Pseudacris regilla
Aspidoscelis tigris
Thamnophis hammondii
Spermophilus beecheyi
Sylvilagus audubonii

Blue Grosbeak
Lazuli Bunting
Hooded Oriole
Bullock's Oriole
Pacific treefrog
Western whiptail
Two-striped Gartersnake
California ground squirrel
desert cottontail

8
1
4
2
1
1
1
1
1

fledglings 5/31, 6/13

WHITEWATER CANYON (BELOW PRESERVE)
Accipiter cooperii
Buteo jamaicensis
Falco sparverius
Callipepla californica
Zenaida macroura
Geococcyx californianus
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Cooper's Hawk
Red-tailed Hawk
American Kestrel
California Quail
Mourning Dove
Greater Roadrunner

1
1
1
2
10
1

fledglings 6/13
fledglings 5/31, 6/13, 6/21
fledglings 5/31

fledglings 6/22, 7/12
fledglings 5/31, 6/13
fledglings 7/12
fledglings 7/7, 7/12
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Species
Bubo virginianus
Aeronautes saxatalis
Calypte anna
Calypte costae
Picoides nuttallii
Contopus sordidulus
Empidonax oberholseri
Empidonax difficilis
Sayornis saya
Sayornis nigricans
Myiarchus cinerascens
Tyrannus verticalis
Lanius ludovicianus
Vireo bellii
Vireo huttoni
Vireo gilvus
Aphelocoma californica
Corvus corax
Phainopepla nitens
Mimus polyglottos
Toxostoma redivivum
Salpinctes obsoletus
Thryomanes bewickii
Troglodytes aedon
Auriparus flaviceps
Polioptila caerulea
Polioptila melanura
Psaltriparus minimus
Stelgidopteryx serripennis
Petrochelidon pyrrhonota
Spinus psaltria
Haemorhous mexicanus
Melospiza melodia
Chondestes grammacus
Amphispiza bilineata
Aimophila ruficeps
Pipilo maculatus
Melozone crissalis
Oreothlypis celata
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Common Name
Great Horned Owl
White-throated Swift
Anna's Hummingbird
Costa's Hummingbird
Nuttall's Woodpecker
Western Wood-Pewee
Dusky Flycatcher
Pacific-slope Flycatcher
Say's Phoebe
Black Phoebe
Ash-throated Flycatcher
Western Kingbird
Loggerhead Shrike
Bell's Vireo
Hutton's Vireo
Warbling Vireo
Western Scrub-Jay
Common Raven
Phainopepla
Northern Mockingbird
California Thrasher
Rock Wren
Bewick's Wren
House Wren
Verdin
Blue-gray Gnatcatcher
Black-tailed Gnatcatcher
Bushtit
Northern Rough-winged
Swallow
Cliff Swallow
Lesser Goldfinch
House Finch
Song Sparrow
Lark Sparrow
Black-throated Sparrow
Rufous-crowned Sparrow
Spotted Towhee
California Towhee
Orange-crowned Warbler

Max #
1
1
1
8
6
1
1
1
1
3
7
1
2
3
2
1
2
2
6
2
1
1
10
1
4
1
2
8
1
1
1
30
3
2
1
1
1
10
1

Notes

fledglings 6/6, 6/21, 7/6

family group 7/12
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Species
Setophaga petechia
Geothlypis trichas
Cardellina pusilla
Icteria virens
Piranga rubra
Piranga ludoviciana
Pheucticus melanocephalus

Common Name
Yellow Warbler
Common Yellowthroat
Wilson's Warbler
Yellow-breasted Chat
Summer Tanager
Western Tanager
Black-headed Grosbeak

Max #
2
1
1
1
3
1
4

Passerina caerulea
Passerina amoena
Icterus cucullatus
Pseudacris regilla
Odocoileus hemionus
Ovis canadensis

Blue Grosbeak
Lazuli Bunting
Hooded Oriole
Pacific treefrog
mule deer
bighorn sheep

6
1
6
1
1
1

WHITEWATER DELTA
Podiceps nigricollis
Aechmophorus occidentalis

Eared Grebe
Western Grebe

30
16

Phalacrocorax auritus
Pelecanus erythrorhynchos
Pelecanus occidentalis
Egretta thula
Ardea herodias
Ardea alba
Butorides virescens
Nycticorax nycticorax
Ixobrychus exilis
Plegadis chihi
Cathartes aura
Oxyura jamaicensis
Anser caerulescens
Branta bernicla
Anas strepera
Anas crecca
Anas platyrhynchos
Anas clypeata
Pandion haliaetus
Accipiter cooperii
Falco sparverius

Double-crested Cormorant
American White Pelican
Brown Pelican
Snowy egret
Great Blue Heron
Great Egret
Green Heron
Black-crowned Night-Heron
Least Bittern
White-faced Ibis
Turkey Vulture
Ruddy Duck
Snow Goose
Brant
Gadwall
Green-winged Teal
Mallard
Northern Shoveler
Osprey
Cooper's Hawk
American Kestrel

3
120
14
6
8
5
1
5
1
1
1
20
1
1
5
3
10
1
1
1
1
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Notes

fledglings 7/6, 7/19

crossed road 7/12
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Species
Falco mexicanus
Callipepla gambelii

Common Name
Prairie Falcon
Gambel's Quail

Max #
1
50

Gallinula chloropus
Fulica americana
Numenius phaeopus
Charadrius vociferus
Charadrius nivosus
Himantopus mexicanus
Recurvirostra americana
Larus californicus
Hydroprogne caspia
Sterna forsteri
Rynchops niger
Columba livia
Zenaida macroura
Zenaida asiatica
Geococcyx californianus
Chordeiles acutipennis
Picoides scalaris
Empidonax traillii
Empidonax difficilis
Sayornis saya
Sayornis nigricans
Myiarchus cinerascens
Tyrannus verticalis
Lanius ludovicianus
Vireo cassinii
Vireo gilvus
Corvus corax
Mimus polyglottos
Cistothorus palustris
Thryomanes bewickii
Auriparus flaviceps

Common Moorhen
American Coot
Whimbrel
Killdeer
Snowy Plover
Black-necked Stilt
American Avocet
California Gull
Caspian Tern
Forster's Tern
Black Skimmer
Rock Pigeon
Mourning Dove
White-winged Dove
Greater Roadrunner
Lesser Nighthawk
Ladder-backed Woodpecker
Willow Flycatcher
Pacific-slope Flycatcher
Say's Phoebe
Black Phoebe
Ash-throated Flycatcher
Western Kingbird
Loggerhead Shrike
Cassin's Vireo
Warbling Vireo
Common Raven
Northern Mockingbird
Marsh Wren
Bewick's Wren
Verdin

1
25
1
5
6
2
1
10
30
15
1
1
30
8
1
5
1
7
1
1
8
1
3
5
1
1
1
1
1
12
30

Polioptila melanura
Stelgidopteryx serripennis

Black-tailed Gnatcatcher
Northern Rough-winged
Swallow
Barn Swallow
Cliff Swallow

12
15

Hirundo rustica
Petrochelidon pyrrhonota
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2
3

Notes
fledglings 5/1, 6/6, 6/19,
7/12

nest 6/19

fledglings 5/1

fledglings 5/1
fledglings 6/29, family
groups 7/12
fledglings 5/1, 6/6, 6/29
nesting in drainage pipe
5/16
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Species
Haemorhous mexicanus
Melospiza melodia
Melozone aberti
Geothlypis trichas

Common Name
House Finch
Song Sparrow
Abert's Towhee
Common Yellowthroat

Max #
2
45
18
35

Cardellina pusilla
Icteria virens

Wilson's Warbler
Yellow-breasted Chat

1
9

Passerina caerulea
Passerina amoena
Icterus cucullatus
Icterus bullockii
Agelaius phoeniceus
Quiscalus mexicanus
Molothrus ater
Rana catesbiana
Apalone sp.
Sylvilagus audubonii

Blue Grosbeak
Lazuli Bunting
Hooded Oriole
Bullock's Oriole
Red-winged Blackbird
Great-tailed Grackle
Brown-headed Cowbird
American bullfrog
softshell turtle
desert cottontail

3
1
1
1
1
1
30
1
1
1

DOS PALMAS PRESERVE
Podilymbus podiceps
Podiceps nigricollis
Phalacrocorax auritus
Ardea herodias
Egretta thula
Ardea alba
Butorides virescens
Nycticorax nycticorax
Botaurus lentiginosus
Ixobrychus exilis
Cathartes aura
Oxyura jamaicensis
Pandion haliaetus
Falco sparverius
Rallus crepitans
Callipepla gambelii
Rallus limicola
Porzana carolina

Pied-billed Grebe
Eared Grebe
Double-crested Cormorant
Great Blue Heron
Snowy egret
Great Egret
Green Heron
Black-crowned Night-Heron
American Bittern
Least Bittern
Turkey Vulture
Ruddy Duck
Osprey
American Kestrel
Clapper Rail
Gambel's Quail
Virginia Rail
Sora

3
4
1
2
4
1
1
1
1
1
16
1
1
3
4
10
1
1
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Notes
fledglings 5/1
fledglings 5/1, 6/6, 7/12
fledglings 5/1, 6/6
fledglings 5/1, 6/6, feeding
cowbird fledgling 6/6
8-10 territories including at
least 4 pairs, but no
evidence of successful
nesting

fledglings 6/6, 6/19, 6/29

fledglings 5/24
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Species
Gallinula chloropus
Fulica americana
Tringa melanoleuca
Actitis macularius
Charadrius vociferus
Himantopus mexicanus
Columba livia
Streptopelia decaocto
Zenaida macroura
Zenaida asiatica
Coccyzus americanus

Common Name
Common Moorhen
American Coot
Greater Yellowlegs
Spotted Sandpiper
Killdeer
Black-necked Stilt
Rock Pigeon
Eurasian Collared-Dove
Mourning Dove
White-winged Dove
Yellow-billed Cuckoo

Max #
5
1
1
1
4
2
8
1
15
30
1

Megascops kennicottii
Chordeiles acutipennis
Aeronautes saxatalis
Calypte anna
Calypte costae
Megaceryle alcyon
Picoides scalaris
Contopus cooperi
Contopus sordidulus
Empidonax traillii
Empidonax wrightii
Empidonax difficilis
Sayornis saya
Sayornis nigricans
Myiarchus cinerascens
Tyrannus verticalis
Lanius ludovicianus
Corvus corax
Phainopepla nitens
Catharus ustulatus
Sturnus vulgaris
Mimus polyglottos
Toxostoma crissale
Campylorhynchus
brunneicapillus
Cistothorus palustris
Thryomanes bewickii
Auriparus flaviceps

Western Screech-Owl
Lesser Nighthawk
White-throated Swift
Anna's Hummingbird
Costa's Hummingbird
Belted Kingfisher
Ladder-backed Woodpecker
Olive-sided Flycatcher
Western Wood-Pewee
Willow Flycatcher
Gray Flycatcher
Pacific-slope Flycatcher
Say's Phoebe
Black Phoebe
Ash-throated Flycatcher
Western Kingbird
Loggerhead Shrike
Common Raven
Phainopepla
Swainson's Thrush
European Starling
Northern Mockingbird
Crissal Thrasher
Cactus Wren

1
24
2
1
2
1
2
1
3
3
1
1
1
3
2
2
6
4
8
1
1
2
1
8

Marsh Wren
Bewick's Wren
Verdin

6
1
12
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Notes
fledglings 5/16
fledglings 5/24

nest 7/9
dead bird received from
caretaker

feeding young 5/24

feeding young 5/24
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Species
Polioptila melanura
Tachycineta thalassina
Stelgidopteryx serripennis
Petrochelidon pyrrhonota
Spinus psaltria
Haemorhous mexicanus
Melospiza melodia
Zonotrichia leucophrys
Amphispiza bilineata
Melozone aberti
Oreothlypis celata
Setophaga coronata
Setophaga occidentalis
Geothlypis tolmiei
Geothlypis trichas
Cardellina pusilla
Piranga ludoviciana
Pheucticus melanocephalus
Passerina caerulea
Icterus cucullatus
Icterus bullockii
Xanthocephalus
xanthocephalus
Agelaius phoeniceus
Quiscalus mexicanus
Molothrus ater
Rana catesbiana
Uta stansburiana
Canis latrans
Odocoileus hemionus
Procyon lotor
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Common Name
Black-tailed Gnatcatcher
Violet-green Swallow
Northern Rough-winged
Swallow
Cliff Swallow
Lesser Goldfinch
House Finch
Song Sparrow
White-crowned Sparrow
Black-throated Sparrow
Abert's Towhee
Orange-crowned Warbler
Yellow-rumped Warbler
Hermit Warbler
Macgillivray's Warbler
Common Yellowthroat
Wilson's Warbler
Western Tanager
Black-headed Grosbeak

Max #
7
1
6

Blue Grosbeak
Hooded Oriole
Bullock's Oriole
Yellow-headed Blackbird

1
4
1
1

Red-winged Blackbird
Great-tailed Grackle
Brown-headed Cowbird
American bullfrog
side-blotched lizard
coyote
mule deer
raccoon

1
2
4
4
1
1
8
1

100
1
8
17
1
1
7
1
1
1
1
40
34
1
2

Notes

fledglings 5/16, 5/24

feeding young 5/24
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TRIPLE RIBBED MILK VETCH MONITORING
The triple ribbed milk vetch (Astragalus tricarinatus, cover photo) is a short lived perennial herb that is
endemic to southern California primarily along the ecotone of the Mojave and Colorado Deserts (Fraga &
Palapil, 2012, USFWS 2009, Fig. 2). It occurs primarily in the San Bernardino and Little San Bernardino
Mountains between 450 and 1300 m, with populations
also being found in the Santa Rosa Mountains (a report
from further east in the Orocopia Mountains by
Barneby that has no specimen for authentication)
(USFWS 2009). In 1998 A. tricarinatus was listed as
endangered by the United States Fish and Wildlife
Service based on field observations that it occurred
primarily in desert washes, canyon bottoms and
alluvial fans which are now known to be waif or deme
populations (USFWS 2009). As a result of information
generated by Joshua Tree National Park (JTNP) and
the Rancho Santa Ana Botanic Gardens (RSA) it is
now known that individuals found in washes
Figure 2. A. tricarinatus known range in the San
originated from permanent upland populations on
Bernardino, Little San Bernardino and Santa Rosa
exposures of an undescribed gray-blue-green colored
soil that creates steep, highly eroded slopes with little Mountains; the unconfirmed observation in the
vegetation cover, often high above the canyon bottom. Orocopia Mountains is also displayed in the
southeastern portion of the Map. 2017 surveys are
For waif/wash populations, threats to the species under blue dots with A. tricarinatus locations falling
the ESA are not well-documented, but may be related outside potential polygons are in yellow. The
CCB 2017 study area is circled in blue, JTNP
to land-use changes, invasive species, or disturbance;
survey area is circled in green, RSA survey area is
however, for upland populations, even less is known
circled in orange. Data from CNDDB (CNDDB
regarding real threats to populations. Threats to these
2017)
populations may differ from wash populations in that
these are located in remote, steep, and unstable soils,
thus it is less clear what factors threaten these
populations, and threats may be limited to the
presence of invasive species and changes in climate.
To further build on knowledge from the recent
discovery of preferred habitat, more research is
needed to better understand plant community
composition, population dynamics and to identify
threats to the stable upland populations in order to
properly regulate land and to update listing of the
species.
Figure 3. Closeup of A. tricarinatus study area in
the Whitewater River, Mission Creek and Big
Objectives
Morongo Canyon watersheds of the San
Surveys for A. tricarinatus were carried out in order to Bernardino Mountains.
meet monitoring and management goals within the
Coachella Valley Multiple Species Habitat Conservation Plan (CVMSHCP) by the University of
California, Riverside Center for Conservation Biology (CCB). We followed the guidelines and objectives
outlined by the MSHCP and carried them out using a protocol developed by CCB intended to determine if
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invasive annuals, particularly invasive annual grasses, were negatively affecting A. tricarinatus fecundity;
to describe and quantify associated species; assess overall species health and abundance in the northwest
portion of the Coachella Valley Watershed; and to document extant populations in the region (Fig. 3).
In particular, we were interested in re-surveying the large source population in the Whitewater River
basin near Wathier Landing (Amsberry & Meinke 2007), as well as documented populations between
Wathier Landing and Mission Creek Preserve and also to search for extant populations within potential
habitat identified from satellite and aerial imagery, and areas identified while on the ground throughout
that corridor.

Methods
CCB Survey Area
We concentrated our efforts monitoring for A. tricarinatus in the southeast portion of the San Bernardino
Mountains; the eastern portion of the transverse range, which exhibits the typical “distressed granite” soil
that A. tricarinatus appears to thrive in (White 2004). We conducted our surveys in the Whitewater River,
Mission Creek and Big Morongo Canyon drainages as they are currently thought to support the largest
upland populations (CNDDB 2011). We did not broaden our survey area into the other regions listed as
there is concurrent research taking place within the CVMSHCP in JTNP by Park staff and in the Santa
Rosa Mountains by RSA botanists.

Data Collection
CCB surveyed for A. tricarinatus within the Big Morongo Canyon, Mission Creek and Whitewater River
drainages during concurrent vegetation mapping surveys for CVCC from October 2016 to March 2017.
During these reconnaissance searches, we were looking for outcrops
of “distressed granite” soil types to inspect during our A. tricarinatus
monitoring period; when an outcrop of potential habitat was found,
its location was noted for later exploration. Monitoring took place
from late March (for an occurrence that bloomed several weeks
earlier than expected) to early May 2017, which is a more typical
time of year for A. tricarinatus to be phenologically active.
When surveying a population every attempt was made not to disturb
the area more than was necessary. We cleaned all equipment before
entering a new area with potential for A. tricarinatus to prevent
ourselves from being a vector for invasive species; and we used
rappelling equipment for safety, to reduce erosion and for ease of
data collection when we had the opportunity to set up an anchor (Fig.
4). If plants were on a slope that was too steep and/or unstable to
survey without causing unacceptable amounts of disturbance, those
populations were not surveyed, but their location was noted for the
database.

Figure 4. Research Associate Tyler
Green from JTNP helping with a
repelling survey. Photo credit
James Heintz, 2017

When surveying a population, we would document the area that the population covered, the general slope
and aspect, the associated species and total number of A. tricarinatus within the stand. The surveys on the
individual plants were conducted using a protocol we developed this year (2017) in cooperation with the
Biological Working Group to record specific habitat characteristics of individually monitored A.
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tricarinatus. We recorded the location of each survey
plot using a Trimble Juno B GPS unit and specific
attributes of the plot using a 1 m^2 plot frame or
folding meter stick as pictured (Fig. 5). We recorded
slope, aspect, all species within the plot and their
cover, the volume of the A. tricarinatus being
monitored (calculated from two widths and the
height), if was in its first or second+ year (based on
residual rachises) and the number of reproductive
structures on each plant (bud, flower, fruit). Each
plant was photographed close-up and each plot was
photographed; the close-up plant photographs often
helped with counting large numbers of reproductive Figure 5. A. tricarinatus plot photo. Photo credit
James Heintz, 2017
structures (Fig. 6).

Figure 6. A. tricarinatus close-up photo with an in the field estimate of over 700 seed pods on the left.
Using the photograph, all fruit were counted and marked to prevent double counting. In the graphic on
the right, each new color indicates 100 seed pods, the total is 756. Photo credit James Heintz 2017

5

Results
Incidental Population Surveys
CCB surveyed for A. tricarinatus within the Big Morongo
Canyon, Mission Creek and Whitewater River drainages
during vegetation mapping surveys from October 2016 to
March 2017. During these preliminary searches, we found 2
occurrences that were not listed on the California Native
Diversity Database (CNDDB, accessed January, 2017), one
in the Mission Creek Drainage along Devils Playground
utility road and one disjunct occurrence in a drainage leading
to Dry Morongo Canyon. Incidentally, the latter may be the
source population for waifs and demes found in Dry
Morongo Canyon (Duncan Bell, pers. comm. 2017, Fig. 7).
Monitoring started early in the season (late March) for the
occurrence on Devils Garden utility road, as one of the two
plants was in full fruit by March 25, 2017 (the other
remained vegetative), likely due to its exposed position on
the south facing shoulder of the road bed. The population

Figure 7. A. tricarinatus incidence along
Devils Garden utility road to the east and the
disjoint incidence leading to Dry Morongo
Canyon to the west; A. tricarinatus locations
are in yellow and survey locations are in
blue.

leading to Dry Morongo Canyon was surveyed in early May
as it had a more typical phenological schedule. Over 30
plants were counted on both sides of the canyon within
several small drainages.

During our survey to Wathier Landing, one new incidence of
a single plant was found in the Catclaw Flat south of the trail
as well as an area between two previously identified
incidences that contained 1,000 to 10,000 individual plants
(estimated at 2583 in number, Fig. 8). This large incidence
gives the two incidences at its flanks continuity, effectively
making them one large population, possibly the largest
recorded of A. tricarinatus with many hundreds of
reproductive plants and thousands of seedling and vegetative
plants (Fig. 9).
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Figure 8. Catclaw Flat incidence in the west
of the map, Wathier Landing incidence
circled in magenta to connect two flanking
incidences.

Figure 9. North of Wathier Landing where ~2500 A. tricarinatus individuals were found in an areas
slightly smaller than 5 acres. Photographed are 34 two+ year individuals along with countless seedlings
growing in typical gray-green “distressed granite.” Photo credit James Heintz, 2017

Associated Species
In the individual plant study, 68 plots were surveyed. A. tricarinatus commonly co-occurred with several
species, both native and non-native. The most common associates are: Bromus madritensis ssp. rubens,
Mentzelia albicaulis, Chaenactis glabriuscula, Gutierrezia microcephala, Erodium cicutarium, Chaenactis
fremontii, Salvia columbaria and Stephanomeria pauciflora present at 63%, 30%, 28%, 28%, 22%, 22%,
19% and 15%, respectively (Table 1). Of these, B. madritensis and E. cicutarium are non-native invasive
plants.

Invasive Cover
Invasive plant species, in particular the annual grass
Bromus madritensis ssp. rubens was the most common
invasive we observed growing in and around A. tricarinatus
populations growing within 63% of the sample plots along
with invasive Erodium cicutarium growing in 22% of the
plots (Table 1). While there was not a particularly high
percent cover of plants, when the invasives were higher in
number, they had a significantly negative relationship with
A. tricarinatus fecundity (Fig. 10). Thus, invasive species
may be competitively suppressing A. tricarinatus
reproduction. The location with the heaviest invasive load
was in Mission Creek. This location seemed to have a
relatively deep layer of topsoil sitting on top of the
distressed granite, possibly resulting from mass wasting
7

Figure 10. Regression graphs showing
relationship between number of
reproductive structures (natural log
transformed) counted on A. tricarinatus
plants compared to the percent cover of the
invasive plant species Bromus madritensis
ssp. rubens and Erodium cicutarium.

upslope; although the area still had exposed distressed granite nearby.

Native Cover
A significant positive relationship between native cover and
A. tricarinatus fecundity was observed; as native cover
increased, the number of reproductive structures of A.
tricarinatus increased (Fig. 11). Within the plot frame, the
average percent cover of all invasives combined was 1.8%
(median cover 0.1%), while native cover averaged 11.4%
(median cover of 9.3%) (Table 2). It would appear that
competition between native species and A. tricarinatus is
lower, than between A. tricarinatus and invasive species,
even though natives were present at a generally higher
Figure 11. Regression graphs showing
cover than invasives.
positive relationship between numbers of
reproductive structures counted on A.
Potential Seed Dispersion Vector
tricarinatus and native plant cover. The
While surveying the population of A. tricarinatus east of
graph on the right has been natural log
Wathier Landing, I observed mammal scat with several
transformed.
opened seed pods nearby. It appeared that the mammal had
collected the pods to eat while sitting on a high perch
provided by the badlands that the A. tricarinatus was growing in. The scene was photographed prior to
being disturbed, and then the scat was collected to be examined in the lab to determine if any seeds are in
the scat (Fig. 12). The samples are to be processed soon and we are hopeful that this analysis will provide
insight as to how the plants maintain their positions on such steep and precarious slopes and lead to
further avenues of research.

Figure 12. Small pile of A. tricarinatus seeds (indicated with arrows) and small mammal scat (circled)
located on a precarious lookout near Wathier Landing. Both sides of the ridge drop off at greater than a
100% slope.
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Discussion
Federally-endangered Astragalus tricarinatus population dynamics, reproductive biology, and ecological
relationships are not well understood for several reasons: populations are typically isolated, the plants are
cryptic and difficult to detect even under the best circumstances and they typically grow in places that are
topographically rugged and difficult to reach (USFWS 2009). All of these issues lend to why, until
recently, this plant had not been observed growing in its typical habitat and false inferences had been
made about its lifecycle. The goal of this study was to further document the extent of extant populations
in the Plan area, the microhabitat characteristics, vegetative associates, and document the presence of
threats to the species. In addition, our surveys also resulted in a contribution to the publicly available
Calflora (www.calflora.org, observation numbers: po35873, po35872, po34194, po34190, po34189) and
we found evidence of a possible dispersal vector for the species.
With the exception of an occurrence near Mission Creek Preserve, A. tricarinatus grows largely outside of
heavy invasive plant influence. That said, our data has shown that even the light to moderate invasive
load A. tricarinatus typically experiences in its habitat can have a drastic effect on potential fecundity.
With the heavy rains experienced in the area during the 2016-2017 winter, it can be expected that invasive
loads would be at their heaviest this year as these plants typically take advantage of winter precipitation;
however, with no previous data on the amount of invasives directly effecting the plant, more data will
need to be collected in the following years to see if this relationship holds even with differing amounts of
seasonal rainfall.
In terms of other threats to the species, we did not document any other factors that would likely have
negative impacts on the species. Given this plant’s preferred habitat, we did not encounter any threats
posed by development, OHV travel or foot traffic during our surveys. The plants are typically in areas
that do not take to travel of any kind, so much so that it often impeded efforts to survey and monitor it.
With the exception of one population just west of the Pacific Crest Trail and east of Catclaw Flats which
had an old pipeline that did not appear to be in current operation, none of the locations within the CCB
study area have any impending development or major maintenance threats. However, many of these
incidences occurred near to or within a trail corridor exposing them to a larger invasive risk from hikers
and animals than occurrences that are secluded and have minimal foot traffic.
The discovery of the scat and several seeds pods in close proximity is indicative of a possible seed
disperser. The scat appeared to be mammalian and its position on the ridgeline could mean that it was
sitting on high ground in a lookout position, either for prey or looking out for predators while it collected
the seeds (consistent with the behavior of a fox or other small to medium-sized mammal). If laboratory
examination leads to the discovery of seeds in the scat, then this animal had been eating while collecting
seeds and could be part of its regular diet; or this animal could have been collecting food for a stash or
this could have been a coincidence. This observation could be followed upon using a wildlife observation
study or otherwise.

Recommendations
We recommend that the surveys continue on a semi-regular basis to better understand the current invasive
threat and if this was a particularly invasive-heavy year due to the winter rains, and if these invasives
normally inhabit the same microhabitat as A. tricarinatus. Surveys should be conducted further west of
the Whitewater River, particularly up the South Fork of the river as at the headwaters there appeared to be
a large face displaying the typical colors of the preferred edaphic type, “distressed granite.” It is important
to continue to estimate the population sizes of the known incidences, as 2017 was estimated to have as
9

many as 10,000 at Wathier Landing alone, while in 2009 it was estimated that the global population of the
A. tricarinatus was 2,800 (Amsberry & Meinke 2007). It has also been said that soil samples have been
collected by UCR for analysis several years ago, but no one has received any results (Fraga & Palapil
2012); it is imperative to locate those samples and complete the tests, or to resample areas that have selfsustaining, stable populations as well as ephemeral waif and deme populations to identify the properties
of the soils that A. tricarinatus appears to thrive on. Since the relationship between upland and waif
populations remains to be determined, and the function of the waif populations, if any, within a genetic
metapopulation context is not understood, a genetic study should be undertaken to understand the fine and
coarse-scale genetic structure of these populations. This study could lead to insights about whether threats
to waif populations need to be considered within a context of conservation management of this species.
As well it would be important to determine the genetic relationship between the Transverse Range and the
Peninsular Range populations. To better understand the lifecycle we recommend a pollination study
coupled with a seed dispersal study. The seed dispersal study could possibly be done with wildlife
cameras based on the observation of the scat and the seeds. We are working in consultation with rare
plant biologists in adjacent jurisdictions (e.g. Joshua Tree National Park) in order to share data about A.
tricarinatus occurrence and biology as well as to standardize rare plant monitoring protocols with the aim
of providing useful information for effective management. This information will enable surveys to be
timed effectively, cited appropriately and allow for continued evaluation of OHV recreational activity,
development and invasive species impacts to this species.
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Tables
Table 1. Associated species found within A. tricarinatus sample plots: Bromus madritensis ssp.
Rubens (BROMAD), Mentzelia albicaulis (MENALB), Chaenactis glabriuscula (CHAGLA), Gutierrezia
microcephala (GUTMIC), Erodium cicutarium (EROCIC), Chaenactis fremontii (CHAFRE), Salvia
columbaria (SALCOL) and Stephanomeria pauciflora (STEPAU).
Species
BROMAD MENALB CHAGLA GUTMIC EROCIC CHAFRE SALCOL STEPAU
N plots
42
20
19
19
15
15
13
10
present
Percent
62.69
29.85
28.36
28.361
22.39
22.39
19.40
14.93
Present
Maximum
20
3
1
9
1
5
1
3
Cover
Average
2.73
0.52
0.29
1.73
0.22
0.49
0.31
1.04
Cover
Median
0.1
0.1
0.1
1
0.1
0.1
0.1
1
Cover
Minimum
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
Cover
Std Dev
4.93
0.72
0.38
2.572
0.32
1.27
0.39
1.01
S.E.
0.76
0.16
0.09
0.59
0.08
0.33
0.11
0.32

Table 2. Cover categories found within sample plots.

Average
Cover

Total Native Species
Cover (including A.

Associated Species
Cover (excluding A.

tricarinatus being surveyed)

tricarinatus being surveyed)

11.43

5.39

1.88

9.3

3.1

0.1

67

67

67

9.27

7.39

4.13

1.13

0.90

0.51

Invasive Species Cover

Median
Cover
N
Std Dev
S.E.
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I. Introduction
Aerial Information Systems, Inc. (AIS) was contracted by the Coachella Valley Conservation
Commission (CVCC) through a Local Assistance Grant originating from the California Department
of Fish & Wildlife (CDFW) to map and describe the essential habitats for bighorn sheep monitoring
within the San Jacinto-Santa Rosa Mountains Conservation Area. This effort was completed in
support of the Coachella Valley Multiple Species Habitat Conservation Plan (CVMSHCP). The
completed vegetation map is consistent with the California Department of Fish & Wildlife
classification methodology and mapping standards.
The mapping area covers 187,465 acres of existing and potential habitat on the northern slopes
of the San Jacinto and Santa Rosa Mountains ranging from near sea level to over 6000 feet in
elevation. The map was prepared over a baseline digital image created in 2014 by the US
Department of Agriculture – Farm Service Agency’s National Agricultural Imagery Program
(NAIP). Vegetation units were mapped using the National Vegetation Classification System
(NVCS) to the Alliance (and in several incidences to the Association) level (See Appendix A for
more detail) as described in the second edition of the Manual of California Vegetation Second
Edition (Sawyer et al, 2009).
The mapping effort was supported by extensive ground-based field gathering methods using
CNPS rapid assessment protocol in the adjacent areas as part of the Desert Renewable Energy
Conservation Plan (DRECP) to the north and east; and by the 2012 Riverside County Multiple
Species Habitat Conservation Plan vegetation map in the western portion of Riverside County
adjacent to the west. These ground-based data have been classified and described for the
abovementioned adjacent regions and resultant keys and descriptions for those efforts have been
used in part for this project.
The Peninsular Bighorn Sheep Habitat (PBSH) Vegetation Map will help inform scientists in their
effort to study fluctuations in the distribution of Peninsular bighorn sheep due to changes in
vegetation due to fire, drought and climate change. Thus, the primary goals and objectives of the
vegetation map are to develop a spatial geodatabase of vegetation communities deemed
essential for Peninsular bighorn sheep habitat and to provide a baseline to monitor natural
communities and landscape-scale vegetation change within their range. Quantification of biotic
habitat variables will help assess factors that influence Peninsular bighorn sheep and other
species population fluctuations. These data are key to conservation of biological diversity in the
Plan area, especially given the impacts of increasing periods of drought and effects of climate
change. In addition, the completed map is necessary in order to address changes in vegetation
makeup due to increased fire frequency and extent throughout the mapping area.
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Study Area – General Overview
The Peninsular bighorn sheep
mapping effort (Figure 1)
contains 187,465 acres of
desert and desert fringe terrain
lying within three unique floristic
subregions (Figure 2), two of
which, the Sonoran Desert and
Peninsular Ranges subregions
are located in transmontane
California and the South Coast
subregion, the one small area in
the northwest occupying cismontane California. Although
Figure 1: Peninsular
the actual Whitewater River
Bighorn Sheep Mapping
channel itself never enters the
Area
mapping area, the entire study
area is contained within its
watershed that drains southeast, skirting along the northwest corner of the study near the town of
Cabazon, and eventually terminating into the Salton Sea to the southeast of the mapping area.
The mapping area is drained by an array of north and northeasterly flowing seasonally and
intermittently flooded streams. These include (from north to south) the Jenson and One Horse
Creeks, occupying the small northwesternmost floristic subregion. Further south, all streams
drain ultimately into arid environments including, again from north to south, Snow Creek, Blaisdell
Canyon, Chino Canyon, Tachevah Canyon, Tahquitz Creek, Andreas Canyon, and Murray
Canyon, all of which originate near Mt. San Jacinto, the second tallest mountain in southern
California, attaining an elevation of 10,834’. East of Palm Canyon (the largest stream draining
the mapping area) are Cathedral Canyon, Bradley Canyon, Magnesia Springs Canyon, and Dead
Indian Creek that flow in a north trending or easterly direction toward the towns of Palm Desert
and Cathedral City. Further south, extensive gently sloping areas of semi-desert chaparral and
pinyon pine woodlands are drained by Deep Canyon, Guadalupe Creek, and Martinez Canyon,
all originating within 10 miles of the tallest peak within the Santa Rosa Mountains, Toro Peak at
8716’ elevation. Within the southernmost quarter of the mapping area, Sheep, Alamo, and Barton
Canyons all drain into agricultural areas west of the Salton Sea.
Precipitation in the mapping region decreases from northwest to southeast. The southeasternmost portions of the study area receive less than 4 inches annually as measured in the
city of Indio. The northwesternmost regions just barely make it into the Koppen defined “C
climates” (summer dry season humid climate) receiving approximately 15” annually as measured
in Cabazon according to the data from the Western Regional Climate Center.
Precipitation also tends to rise with increasing elevation, especially in the northwestern and
central portions of the mapping area. In the westernmost portions of the mapping area,
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precipitation at the base of Mt. San Jacinto is sufficient to support vegetation occurring in the
NVCS “Central and South Coastal Californian Coastal Sage Scrub Group.” Above 3000’ in this
region, precipitation both in the form of rain and snow yields some of the most mesic types of
vegetation found in the PBSH mapping area. To the east, precipitation drops rapidly at lower
elevations with totals falling below 6” annually at Palm Springs. Precipitation increases more
gradually along gently increasing elevational gradients in the Palm Canyon watershed. In this
region (roughly mid-way between the northwestern and southeastern edges of the study area),
vegetation within the Warm Interior Chaparral Macrogroup (semi-desert or borderline chaparral)
begins to occur on protected north trending slopes above 2500’ and broadly expand onto gently
sloping areas above 3500’ in elevation. Further south, in the region of Martinez and Toro
Canyons, the higher elevation band of vegetation found within the Western Mojave and Western
Sonoran Desert borderland chaparral Group narrows considerably. This corresponds to a very
steep slope gradient trending generally east facing as the main axis of the Santa Rosa Mountains
follow a north to south direction. These topographical characteristics tend to yield a significantly
more xeric setting. In the southernmost portion of the study, this ridgeline orientation changes
again, as the main ridge of the Santa Rosa Mountains trends along a westerly to easterly direction.
This setting generates north facing slopes resulting in extensive bands of semi-desert chaparral,
especially along the eastern portions of the study area near Rabbit Peak and along the adjacent
slopes.
Nearly all areas below 2500’ in elevation contain vegetation typical of the Colorado Desert, a
small subsection of the larger 100,000 square mile Sonoran Desert, mainly to the east and south
of the Colorado River.

Floristic Subregions
Sonoran Desert
Peninsular Ranges
South Coast*

Figure 2: The three floristic subregions are adapted from the Jepson Manual: Higher Plants of California, and refined
to correspond to mapped vegetation types in the PBSH study area. *Note that the South Coast Subregion has been
extended several miles eastward from the Jepson Manual’s limits (at Banning Pass) based on vegetation identified in
the area occurring within the California Coastal Scrub Macrogroup and nearby weather stations receiving greater than
10 inches of precipitation annually.

3

The Peninsular Ranges Floristic Subregion
The 63,449 acres making up the
Peninsular
Ranges
Floristic
Subregion are dominated by
vegetation consisting primarily of
xeric sclerophyll scrub and sparse
conifer woodlands. This subregion
extends in varying width across the
western fringes of the entire PBSH
mapping
area
in
elevations
averaging between 2500 and 4500
feet. The subregion (and higher
portions of the adjacent Sonoran
Peninsular Ranges Floristic
Desert Floristic Subregion) consists
Subregion
of about 49,000 acres of vegetation
found primarily in the Warm Interior
Chaparral, the California Forest and
Woodland, and Inter-mountain Basins Macrogroups. Conifer woodlands containing a rather low
to moderate cover of Pinus monophylla and/or Juniperus californica occupy approximately 31,000
acres, most of which are co-dominated by an understory of Quercus cornelius-mulleri, Rhus
ovata, and to a lesser extent, Adenostoma sparsifolium. Approximately 11,200 acres of
vegetation are classified into alliances found within the Western Mojave and Western Sonoran
Desert borderland chaparral Group often referred to as semi-desert chaparral. These stands
frequently contain a very low emergent cover of Juniperus californica. Within this semi-desert
chaparral, on protected steep northerly slopes above 3500’, a sparse emergent cover of Pinus
monophylla will share the tree canopy with J. californica. In the extreme western portion of the
mapping area, vegetation within the Californian premontane chaparral group, in addition to stands
of Quercus chrysolepis (an alliance within the California Woodland and Forest Macrogroup), are
found on ridgelines and steep north facing slopes, generally above 2500’ in elevation.
Riparian vegetation within this subregion is diverse, containing vegetation from arid floristic
groups extending upslope into higher elevations, as well as native and exotic riparian scrub and
woodland vegetation from the two Southwestern North American riparian groups. Nearly 90% of
the vegetation within the Southwestern North American riparian evergreen and deciduous
woodland Group, (mostly California sycamore, white alder, red willow and Fremont cottonwood)
are found within and west of the Palm Canyon drainage. Stands of Prosopis glandulosa frequent
the lower elevations in this subregion, and although this alliance is classified in the SonoranColoradan semi-desert wash woodland/scrub Group, over half of the total area of this alliance
within the study occurs in this floristic subregion. Baccharis sergiloides Alliance, from the
Southwestern North American riparian/wash scrub Group, comprising 235 acres, frequently
occurs along narrow seasonally flooded washes, mainly in the southern two thirds of this
ecoregion.
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The Sonoran Desert Floristic Subregion
The Sonoran Desert Floristic
Subregion is dominated by sparse
vegetation consisting primarily of
lower elevation desert scrub with a
facultatively deciduous mix of
microphyllous, and thorny-leaved
vegetation generally 1-2 meters in
height. The 117,844 acres within
this subregion extends across the
PBSH mapping area at elevations
averaging between 500 and 2500
feet.
The northern half of the
subregion (along the San Jacinto
Mountains) is rugged and steep,
averaging only 1 to 2 miles in width.
South of Deep Canyon, along the
gentler slopes of the Santa Rosa Mountains, the subregion averages closer to 4 miles in width
with small areas of the southeasternmost portion approaching elevations near sea level. This
subregion (and lower elevations of the adjacent Peninsular Ranges Floristic Subregion) contains
over 100,000 acres (over half of the entire PBSH mapping area) of creosote bush, mixed creosote
and brittlebush, and strongly dominant stands of brittlebush scrub. Prunus fremontii and Viguiera
parishii, two higher elevation desert scrub alliances found within the Arizona upland Sonoran
desert scrub Group, are mapped on moderately steep to very steep terrain that forms a transition
between the Sonoran Desert and Peninsular Ranges Floristic Subregions. These two alliances
total nearly 17,000 acres.
Sonoran Desert Floristic
Subregion

Riparian vegetation in this subregion is also diverse and covers significantly greater area than
what is found at the higher elevations of the Peninsular Ranges Floristic Subregion. Nearly 6800
acres within the Acacia greggii Alliance and the Parkinsonia florida / Hyptis emoryi Association
are found almost exclusively within this subregion. Nearly all of the vegetation classified within
the two associations of the Washingtonia filifera Alliance are also found within this subregion,
mainly in the Palm Canyon watershed south to Deep Canyon just east of the Palms to Pines
Highway (State Route 74).
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The South Coast Floristic Subregion
The South Coast Floristic Subregion
is the only subregion within the
PBSH mapping area where the lower
elevations are not defined within the
boundaries of the Koppen “B” dry
climates. Over 90% of this 6170acre subregion has been burned
since 2000, nearly half since 2013.
Reconnaissance surveys indicate
early recovering stands of Artemisia
californica, Keckiella antirrhinoides
and Eriogonum fasciculatum, often
with a high component of Lotus
scoparius over a dense mat of
Mediterranean
weedy
grasses.
However, none of these types were
mapped because the most recent fire occurred less than one year before the baseline 2014 image
acquisition date, and the vegetation at the time the imagery was flown had not recovered to the
point of being discernible. Isolated small “refugia” islands that escaped the 2013 Silver Fire
generally contain a low to moderate cover of Rhus ovata. Unburned and recovering stands of
Encelia farinosa in a more ‘Riversidean Coastal Scrub’ setting make up slightly over 2000 acres
in this subregion on moderate to steep slopes, often with a weedy annual grassy understory. Only
the northernmost low elevation bajadas are mapped to alliances containing Larrea tridentata,
generally along the fringes of the active floodplain along the Whitewater River.
South Coast Floristic
Subregion

Riparian vegetation in the Southern California Coastal Floristic Subregion is restricted to steep,
narrow canyons including several drainages in the Snow Creek and One Horse Creek
watersheds. Burned, recovering stands of California sycamore and wild grape are common in
small patches along the seasonally to perennially flooded stream channels in this subregion.
Small amounts of Populus fremontii and Alnus rhombifolia have been mapped along segments of
both drainages.

6

II. PBSH Vegetation Mapping Methodology
The PBSH vegetation mapping procedures implemented for this project have been tried and
substantiated during our long history of mapping vegetation throughout the state and elsewhere.
These steps have been proven to insure that a successful project outcome will follow. The
mapping effort began with the compilation of a preliminary mapping classification that used the
classification from the adjacent DRECP efforts as its base. Then the project staff of experienced
photo interpreters conducted field reconnaissance visits to prepare for the photo interpretation
effort. Using geographic information system (GIS) technology, they applied their knowledge and
observations of desert vegetation to create a map of vegetation types. Codes representing a suite
of other attributes were assigned to the vegetation polygons. Several quality control procedures
were implemented prior to finalizing the geodatabase. A more detailed discussion of these
methodology components follows.

Project Materials
Baseline Imagery for Photo interpretation
Since the project commenced approximately 1.5 year after the release of the 2014 NAIP natural
color imagery, it was determined to be the most recent reliable image source and would therefore
be used as the basis for interpretations. NAIP imagery is widely distributed and provided at no
cost to the public. Although photo interpreters had access to higher resolution imagery, it was
considered important to reference the data to a source available to all agencies both local and
statewide. The 2014 NAIP imagery captures conditions in the mapping area shortly after the
onset of the dry season in the month of June. The imagery depicts conditions after four lower
than normal rainfall seasons. The imagery is natural color with image resolution (Image Pixel
Size) of 1 meter.
Although the NAIP 2014 imagery serves as the baseline dataset, other image datasets aided
photo interpreters in defining floristic types and delineating vegetation stands. In addition to the
NAIP 2014 photo interpreters had access to NAIP 2014 color infrared, NAIP 2012 natural color
imagery, and online image sources.
Online Imagery
In nearly all instances, additional online imagery was needed to help finalize vegetation attribution
decisions. On these occasions, online image sets spanning one to as many as five separate
years from Google Earth (GE) were used. In addition, the World Imagery layer available through
ArcGIS Online was also used where needed. The dates of the online imagery from Environmental
Systems Research Institute (Esri) were May 2010. Polygon delineations could be overlain directly
onto the online imagery acquired through Esri. However, GE imagery was used with a followalong tool and viewed on an adjacent screen.
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The table below shows all image datasets used in the mapping effort. Those denoted with an
asterisk are accessed through on-line technology.

Image Name

Year Created

Resolution

Color

NAIP
NAIP
NAIP
*Google Earth
*Esri World

2014
2014
2012
2008 - 2016
2010

1-meter
1-meter
1-meter
3-inch
1-foot

Natural Color
CIR
Natural Color
Natural Color
Natural Color

Ancillary Data
The following is a list of other datasets used by the photo interpreter in the mapping process.
Digital Sources Provided by CVCC
 Project Study Area
o PBS Essential Habitat (shapefile)
 Vegetation Maps and Data
o CVCC Valley Floor Final Product Veg Map 20140530.gdb
o 1996 Holland Vegetation Map (shapefile)
o Vegetation Assessments – Water Sources BLM-UCR
 SRSJMNM Water Study – BLM-UCR_ShpFile (shapefile)
 Water Sources – SRSJNM FINAL REPORT-UCR.PDF (Assessing
Climate-Related Changes in Water Resources in the Santa Rosa and
San Jacinto Mountains National Monument, July 2014)
 Rapid Assessments from BLM-UCR Water Study.xlsx
o 2016-02-12_PalmCanyonTamarisk (shapefiles)
 TamMapped_UTM_NAD83Copy
 Tam_Trtd_Thru_Nov_2015
 Trails
o BLM_All_Trails_TMS_102115 (shapefile, kmz file)
o Trails Geodatabase and Layer Files
 Land Ownership
o LandOwner_2015_Jan (shapefile)
Other Digital Sources
 Anza Borrego State Park Vegetation Map and Data
o VegetationSurveys_AnzaBorrego.mdb (downloaded from CDFW website)
o ds165.gdb (geodatabase downloaded from
https://catalog.data.gov/dataset/vegetation-anza-borrego-desert-state-parkds165)
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Geology
o Geology_a_ca.gdb (Geodatabase downloaded from
http://datagateway.nrcs.usda.gov/ on 8/8/2014).
NWI Wetlands
o CA_wetlands.gdb (Geodatabase downloaded from
http://www.fws.gov/wetlands/Data/State-Downloads.html on 4/2/2014).
California Fire Perimeters
o Fire13_2.gdb (Geodatabase downloaded from
http://frap.caf.ca.gov/data/frapgisdata-subset.php on 10/10/2014).
ESRI ArcGIS online
o Topo Maps
o USA Topography Maps

The use of USGS contour data derived from digital elevation models and supplementary
information from the ancillary datasets such as the ones listed above are important sources of
data for the photo interpreter. Vegetation communities have a wide range of image signature
characteristics and overlapping signatures between differing vegetation communities can be
extensive. It is therefore necessary for the photo interpreter to have a thorough understanding of
the topographical setting (slope steepness, direction of the slope, shape of the slope, position of
the vegetation stand on the slope) in addition to modal elevation in which the vegetation
communities occur. These biogeographic variables along with substrate characteristics, flooding
frequency and severity are but just a few of the features that help in defining where a stand of
vegetation occurs in the landscape.
Mapping Classification
For this mapping effort no classification analyses were conducted. The PBSH Floristic
Classification that was used represents a subset of the DRECP vegetation classification
completed in 2015 (VegCAMP, 2013, 2016), which was used to derive the preliminary project
vegetation descriptions, keys, and other pertinent information. After the initial field reconnaissance
trips with CDFW & CVCC ecologists, the preliminary classification was adjusted to include new
types encountered in the field. All added types have been verified and accepted by the CDFW.
These new alliances and associations were added based on the Manual of California Vegetation
Second Edition (Sawyer, Keeler-Wolf & Evens, 2009), and from the adjacent Western Riverside
County (Klein & Evens, 2005) and Anza-Borrego State Park (CDFG, 1998) mapping efforts.
The vegetation classification for the DRECP and other mapping efforts were based on numerous
vegetation surveys and subsequent analyses and follow Federal Geographic Data Committee
(FGDC) as well as National Vegetation Classification Standards (NVCS).
Mapped types in the PBSH study were characterized for the most part to the alliance level in the
NVCS hierarchy and at times to the finer association level where possible. Photo interpreters
assigned vegetation stands to more generalized categories in the classification hierarchy (e.g.,
group or macrogroup) when they were unable to assign vegetation to a specific alliance due to
image resolution (most herbaceous types and some wetland types) or in cases of recently burned
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areas. The mapping classification was updated throughout the production and final phase of the
project, with the final mapping classification (see Appendix A) reflecting the finest level that the
photo interpreter can identify and map from existing imagery and ancillary data.

Field Reconnaissance
Field reconnaissance efforts serve two major functions. First, they enable photo interpreters to
relate the vegetation ground conditions at each observation site to the signatures on the aerial
imagery. Second, with guidance from ecologists in the field, the photo interpreters become
familiar with the flora, vegetation assemblages, and local ecology of the study area. At the same
time, ecologists gain an understanding from the photo interpreters’ perspective about assessing
vegetation through the framework of map creation.
The photo interpreters review the study area for terrain and environmental features, in addition to
probable vegetation types that may be found along the proposed field reconnaissance routes.
Questionable photo signatures were noted so that those sites could potentially be visited during
the field reconnaissance trip. After field reconnaissance, the ground data, in the form of GPS
waypoints and associated ground photos were input into a GIS database and correlated with
corresponding image-based photo signatures.

Figure 3 - 2016 Field Data Efforts
January 2016 Reconnaissance
October 2016 Reconnaissance
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Prior to the first reconnaissance effort in January 2016, AIS photo interpreters reviewed imagery
on-screen to identify and select potential reconnaissance sites in close proximity to roads and
trails. Accessibility and regulations on differing administrative lands (Indian reservations, USFS,
BLM, wilderness & private property) was ascertained prior to the effort. Sites were selected to
represent different vegetation types and percent vegetative cover, as well as variations in
geography, landform, and abiotic factors such as percent slope, aspect, shape of the slope, and
elevation. AIS staff noted these sites within the study area to visit for observation. A set of
hardcopy medium-scale maps were created encompassing all the sites; the potential site data
were downloaded onto Android Tablets using Esri Collector Applications software to assist in field
navigation. In all, 241 reconnaissance points (both base and distance observations) in seven
unique watersheds were taken during the five-day effort. (Figure 3)
The field crew consisted of three photo interpreters from AIS, the Senior State Ecologist from
CDFW, the Management Analyst from CVCC, and several local ecologists from the region. Data
was collected from representative sites throughout the study.
During reconnaissance, the crew traversed the seven major watersheds within the study, stopping
at sites that crewmembers deemed significant to study. Areas encountered in transit as well as
areas of floristic or biogeographical significance were visited in the field as observation points.
Additional observation points were often taken to mark the transition between vegetation types,
with the intent of helping photo interpreters to determine the edges of stands. A single observation
point may have contained information about more than one stand. It was also possible for a given
stand to be assessed in multiple places. Some stands of vegetation were remotely observed at
a distance with the aid of binoculars. The location of these remote stands was determined using
a compass and laser rangefinder. The field crewmembers from AIS recorded location coordinates
for each site visited into a GPS unit and logged pertinent information on field sheets.
The crew took digital color ground photos at many observation points. The photo number,
direction the photographer was facing, and other information about the photo were recorded onto
a field sheet and later input into computer files for easy reference during the mapping process.
The field data (GPS waypoints and site descriptions) and linked ground photos were essential for
correlating conditions seen on the aerial imagery to conditions on the ground.
A second reconnaissance effort was conducted in October 2016 after the initial mapping was
completed, and is discussed in more detail later in the report.

Photo Interpretation and Mapping Process
Photo interpretation and mapping is a two-pronged process that occurs simultaneously while
creating the vegetation database. Both processes are described in more detail below.
Photo Interpretation Process
Photo interpretation is the process of identifying map units based on their photo signature. All
land cover features have a range of photo signatures. These signatures are defined by the color,
texture, tone, size, and pattern exhibited on the aerial imagery. By observing the context and
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extent of the photo signatures associated with specific land cover types, the photo interpreter is
able to identify and delineate the boundaries between plant communities or signature units on a
digital image or map. In context with the photo signature characteristics, the photo interpreters
use field data, descriptions, and keys from adjacent projects (i.e. DRECP and Western Riverside
County) which help identify and delineate these boundaries. In addition, existing datasets
depicting topography, climate, and past vegetation data gathering efforts also aided photo
interpreters in their delineations and floristic assignments during the production effort.
It should be noted that vegetation stature as well as the scale and resolution of the aerial imagery
determine the visibility of individual plants. Trees and shrubs are usually visible as individuals on
high-resolution digital imagery. However, grasses and forb-dominated vegetation (other than
bunch grass clumps) are rarely seen as individual plants.
Environmental factors such as elevation, slope, and aspect also play an important part in the
photo interpretation decision-making process. Knowledge of these factors, and how plant
communities respond to them, guides a photo interpreter in choosing from among other plant
types with similar photo signatures. Ultimately, such knowledge enables vegetation mappers to
create biogeographical models of expected vegetation communities where the vegetation types
are indistinct on the imagery. This ecological approach produces a more accurate product than
would be created by relying solely on extracting information from the imagery, which is subject to
variations in color, clarity and ground conditions.
The detailed descriptions of each vegetation type mapped in the study area are found in Appendix
D, and include examples of the types of information the photo interpreters incorporate into their
understanding of the models. Some examples of these models include how one alliance may
favor broad floodplains, while another is found at the immediate fringe of narrow well-defined
channels. Some alliances may flourish on disturbed sites, while others cannot tolerate multiple
frequencies of high intensity disturbance events such as fire. Moreover, some alliances are
ubiquitous and found in a variety of settings.
These descriptions also discuss the importance of various plant species in the alliance. However,
in many cases, complicated relationships exist between the relative covers of plants, such as in
alliances named for indicator species that have lower percent cover than other species present.
Thus, both environmental settings and rules regarding relative cover factor into the intelligent
delineation of vegetation polygons.
Mapping Process
Just as the use of biogeographical models by experienced photo interpreters contributed to the
production of a high-quality vegetation map, the use of reliable procedures allowed the map to be
produced in a highly efficient manner. For example, the study area was divided into six modules
varying in size between 10,000 and 40,000 acres each. This facilitated project workflow by
enabling several staff members to work on the mapping effort simultaneously.
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Using an on-screen heads-up digitizing method, the photo interpreters had at their disposal a
suite of standard and in-house customized ArcMap tools for use in the creation of polygons. The
photo interpreters generally viewed the imagery at scales ranging from 1:1000 to 1:4000. They
used variations in signature to draft boundaries separating areas of different vegetation types
and/or distinct categories of percent cover of several stature levels. To assist in boundary
placement and coding decisions, photo interpreters also referenced supplemental imagery, field
reconnaissance data, and other ancillary data. These sources were displayed in the ArcMap
session as needed.
Using the Vegetation Mapping Classification, the photo interpreters assigned code values to each
polygon for the following attributes:

Vegetation Mapping Attributes
MapUnit
ConiferCover
TotalTreeCover
ShrubCover
HerbaceousCover
Notes
Tamarisk
FountainGrass
Mesquite
Palms
FieldCheck
The Vegetation Mapping Classification, with attributes and code values, is located in Appendix A.
The vegetation codes were entered into the database as numeric values, which are easier to input
and manipulate than alphanumeric codes. Numeric code values also allow for the hierarchical
grouping of like vegetation communities, assisting the mapper to know at a glance, which
alliances are found in a particular hierarchical grouping. A custom menu was developed by AIS
staff that enabled code values to be assigned to their corresponding spatial delineations efficiently
and minimizing the possibilities for entry errors.
The six modules were edge-matched and checked for invalid codes, illogical relationships
between attributes, unnecessary polygon divisions, as well as topologic and other GIS related
inaccuracies. Once finished, the modules were joined into one seamless geodatabase. The
geodatabase was subject to further processing and review by a senior staff member before being
delivered to the client. Quality control procedures implemented during the mapping effort and
before final delivery of the data improved the consistency and accuracy of the overall
geodatabase.
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Mapping Criteria
As discussed above, appropriate tools, reference sources, photo interpretation training, and
knowledge of vegetation communities are all essential in creating a quality vegetation map.
However, without the establishment and refinement of mapping criteria, a given vegetation map
could be riddled with discrepancies, as different photo interpreters approach the task with different
assumptions and styles. Guidelines and rules regarding exceptions, special situations, and
minimum feature size are discussed and disseminated to all staff members before and during the
mapping effort, which helps to create a clear and consistent product. Establishing criteria also
makes the mapping process more efficient, as individual photo interpreters do not have to pause
too long to consider how best to capture the more commonly occurring complicated or problematic
situations that are confronted.
The specific criteria for each interpreted attribute contained in the final database are discussed in
the next section below under the appropriate heading.
Mapping Attributes
MapUnit Attribute
This 4-digit code (5-digits for association level) corresponds to a vegetation type (e.g.
mapping unit, alliance, association, group, or macrogroup) or miscellaneous class (e.g.
urban disturbance, water) in the Vegetation Mapping Classification. The MapUnit attribute
is assigned to each vegetation polygon in the geodatabase.
Each vegetation type is described in Appendix D; the Vegetation Mapping Classification
is presented in Appendix A; and a summary table of vegetation acreage by map unit code
is presented in Appendix C.
Vegetation Mapping Considerations – Minimum Mapping Unit
For vegetation mapping, a minimum polygon size is an important consideration when
creating and viewing a vegetation geodatabase. A minimum mapping unit (MMU) is
established to ensure the map contains polygons of a workable, meaningful size.
The choice of a MMU is influenced by the clarity of the imagery, the detail of the
mapping classification, the purpose of the data, and time and budget constraints.
The MMU can vary for different categories of features being mapped. The Statewide
mapping criteria has established different MMUs depending on the area being
mapped (e.g., MMUs in Desert areas are different from those in the Sierra Foothills).
For this project, there were several established MMUs: 2 acres for upland types, .5
acre for special & wetland features and 5 acres for cover-class and other attribute
changes.
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Figure 4: Stands of desert vegetation within the Larrea tridentata (code 4119), Larrea tridentata
– Ambrosia dumosa (code 4115), Larrea tridentata – Encelia farinosa (code 4118), and Encelia
farinosa Alliances (code 4114), normally divide into larger homogenous units, often well over 10
acres in size. Minimum unit squares denoted in pink are 10, 5 and 2 acres.

Further discussion between photo interpreters and CVCC & CDFW ecologists
allowed for a 5-10 acre MMU for desert vegetation between extremely closely related
types. (Figure 4) This was proposed in order to more closely adhere to the adjacent
DRECP 10 acre upland MMU rule.
At the request of CVCC ecologists, AIS photo interpreters agreed to map wetlands
that were distinct from adjacent vegetation to sizes below the project defined .5 acre
MMU. CVCC ecologists also requested AIS to map stands of Washingtonia filifera
and Prosopis glandulosa to the finest level possible due to the sensitive nature of
palm oases and importance of mesquite as a food source for the Peninsular bighorn
sheep. (Figure 5)

Figure 5: Stands of wetland vegetation such as the one highlighted in blue (Salix exigua
Alliance code 1424) or the adjacent small polygon (Vitis Alliance code 1428) are mapped as small
as possible when distinct from adjacent upland vegetation. The polygon highlighted in blue is
0.16 acres in size. MMU squares denote .5 acre and 1 acre. Note: Figures 4 & 5 are depicted at
different mapping scales.
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The establishment of an MMU requires the need for guidelines when aggregating
vegetation that occurs below that defined MMU. In general, similar life forms are
aggregated together: tree-dominated types are aggregated with other treedominated types, shrub types with other shrub types, and herbaceous types with
other herbaceous vegetation types. However, if possible, wetland vegetation types
are not aggregated with upland types, even if they are in the same life form.
Another guideline is used when a vegetation unit below MMU is aggregated with the
vegetation type that surrounds it. This is known as a mapping or vegetation
inclusion. Finally, if a vegetation unit that is below MMU is the same life form as two
adjacent larger stands, and the adjacent stand types are very dissimilar in
environment, the unit may be aggregated with the more environmentally similar
adjacent type.
In addition to establishing MMU size, guidelines were established for the minimum
width (MW) of a map polygon. The rule of thumb was to make the MW roughly half
the width of an MMU square. For the .5 acre MMU, the MW is approximately 70 feet
and for the 1-acre MMU, the MW is approximately 135 feet. This guideline did not
preclude the creation of polygons where a small section fell below the minimum
width, as long as the greater portion of the polygon met the stated criteria. This is
most common when a narrow stream or riparian polygon was mapped and below
MMU or MW portions were included in order to maintain the continuity of the stream
or riparian vegetation. As mentioned above regarding overall MMU, AIS opted to
map below these limitations where structural, floristic and or ecological
characteristics were significantly different from the adjacent vegetation.
Another type of MMU mapping consideration pertains to sparsely vegetated or
nonvegetated areas. Polygons assigned to a floristic type in the NVCS often contain
small areas of unvegetated surface that are too small to delineate. These small
areas are generally not separated out as unique features unless they met the
minimum mapping resolution. The most common examples of these features
include rock outcroppings in shrub dominated communities and small riverine flats
or wash channels in riparian stands of vegetation.
Vegetation mapping to more generalized levels of the hierarchy
When the photo interpreter could not confidently classify a polygon at the alliance or
association level, or the vegetation was a mix that did not fit into an existing
described alliance, association, or mapping unit, the polygon was assigned to a more
generalized (higher-level) group or macrogroup unit within the hierarchy.
Approximately 101 acres of riparian woodland or scrub have been generalized into
higher levels in the hierarchy (mostly within the Southwestern North American
riparian evergreen and deciduous woodland Group and the Southwestern North
American riparian/wash scrub Group). For understandable reasons, it is difficult to
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distinguish on imagery or ascertain any meaningful biogeographical models to help
determine small thickets or woodland patches containing either red willow, arroyo
willow or broom Baccharis. Within the abovementioned riparian woodland group,
mappers generalized up from alliance-level calls less than 3% of the time.
Approximately 5743 acres of upland shrub dominated vegetation have been
generalized into group or macrogroup categories in the hierarchy. (Figure 6) In all
but one circumstance, these generalized assignments are due to recent or a history
of multiple burns.
Approximately 1800 acres in the upper Palm Canyon watershed have been mapped
to the Warm Interior Chaparral Macrogroup in areas not recently burned. The
vegetation in these stands is extremely sparse, averaging about 3-10% shrub cover
in very rocky settings. Field efforts could not ascertain dominance or co-dominance
of the 4 or 5 shrub types consistently occurring in these stands. It was therefore
necessary in these circumstances to map up to the macrogroup level.

Figure 6:

Overview of Mapping Generalizations
Sparsely Vegetated Recently Burned
Borderland chaparral Group (2013
Burn)
Warm Interior Chaparral Macrogroup

Immediately north of the area described above, vegetation along Murray and
Andreas Canyon was recently burned during the July 2013 Mountain Fire. By
reviewing pre-burned imagery, photo interpreters were able to ascertain codominance of several shrub species within the Western Mojave and Western
Sonoran Desert borderland chaparral Group. Vegetation in this area has been
assigned to this group knowing that these species are basal sprouters. One cannot
accurately estimate species dominance using the 2014 imagery, and therefore
Alliance-level labels in this burn were not assigned. (Figure 7)
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Figure 7: Image comparisons between two datasets; the one on the left is a natural color
depiction of pre-burned conditions in 2006 where Quercus cornelius-mulleri and
Adenostoma sparsifolium co-dominate. The infrared imagery to the right shows a post 2013
burn along the western portions of the image with an unburned portion stretching along the
eastern part.

Association Level Vegetation Mapping
Although mapping to the alliance level of detail is this project’s standard, photo
interpreters mapped the following vegetation types to a finer level of the classification
known as the floristic association.
These associations are more thoroughly
described in Appendix D of this report:
Within the Washington filifera (California fan palm oasis) Alliance
 14151 Washingtonia filifera – Platanus racemosa / Salix spp. Association
 14152 Washingtonia filifera / spring (Atriplex – Baccharis – Pluchea)
Association
Within the Parkinsonia florida – Olneya tesota Alliance
 42271 Parkinsonia florida / Hyptis emoryi Association
In addition to these three associations, photo interpreters designated in the Notes
Field of the database vegetation units that could be potentially mapped to the Pinus
monophylla / Cercocarpus ledifolius Association.
The following summarizes vegetation mapped to hierarchical units other than the
Alliance Level:






Riparian vegetation (101 acres – group level designations)
Upland vegetation (5743 acres - Group & Macrogroup designations)
Burned area (3211 acres - Sparsely Vegetated Recent Burned Areas – code
9701)
Total generalized (~4.8% of the total mapping area)
Association level classification (3960 acres)
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Potential association level based on Notes Field - pinyon pine / curl-leaf
mountain mahogany (3934 acres)
Total fine-scale associations mapped (~ 3.4% of the total mapping area)

Percent Cover Attributes
The percent cover attributes include the following:
 ConiferCover
 HardwoodCover
 TotalTreeCover
 ShrubCover
 HerbaceousCover
Percent cover, also referred to as cover density, is a quantitative estimate of the aerial
extent of the living plants for each vegetation layer mapped within a stand. Absolute
percent cover, based on a birds-eye view (what a photo interpreter can see from the sky
looking down), and is the primary metric used to quantify the importance or abundance of
a life form and/or species.
It should be noted that the cover of a stand could be considered a more significant attribute
than the floristic assignment depending on the end use of the map. A mapped boundary
dividing a break between a shrub cover density of 60% to a cover density of 10% can be
more important than a boundary separating closely related floristic types (such as between
a Larrea tridentata and a Larrea tridentata – Ambrosia dumosa Alliance).
More often than not, the cover of a stand will change following one or more severe burn
events. Therefore, in studying a change that has occurred in vegetation stands between
vegetation maps completed at different times, in most cases, it is more likely that the
vegetative cover will drop rather than the actual vegetation type change.
The percent cover was estimated separately for conifer, hardwood, shrub and herbaceous
layers. Cover was assessed and then assigned to a range category of percent cover for
each layer and recorded in the database. These values are listed in Appendix B.
To determine the vegetative cover, photo interpreters assigned percentages to the
different life forms visible on the imagery, including nonvegetated areas. The cover
percentages were then converted into the appropriate cover category for each of the life
forms being mapped. For example, if a total hardwood cover in the stand was 3-4%, then
it was assigned the range of 1-5% (hardwood cover class category 2).
Photo interpreters formed separate polygons when there were changes from one cover
class to another within a vegetation mapping type. A given vegetation polygon would have
been subdivided due to cover differences regardless of which strata the cover difference
occurred. For example, two adjacent polygons in the geodatabase may have had the
same shrub vegetation type assigned but different cover categories for conifers (for
example, 1-5% versus 5-15%).
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Most standardized vegetation mapping efforts have a set of criteria regarding percent
cover. The PBSH vegetation mapping effort follows the same criteria as those developed
for the adjacent DRECP vegetation mapping effort, where a life form generally needs to
account for at least 2-3 percent cover in order for an alliance of that life form to be mapped.
Percent Cover Mapping Considerations
It is important to note that the photo interpreters could only accurately quantify the
vegetation that is visible on the aerial imagery. Therefore, in this project, only “bird’s
eye” total cover was mapped. Thus, the cover of understory layers, which were
obscured by overstory layers were not included in this analysis. For this reason,
total cover of understory vegetation may be underestimated, especially if their extent
was hidden under the crowns of trees, and may differ from assessments done on
the ground.
Stands of riparian vegetation, along with adjacent unburned chaparral and desert
scrub, often occur in dense cover over 60%. Where the overstory cover exceeded
40%, it was considered too dense to give a reliable estimate of lower tier canopy or
understory percent cover. In these situations, the code assigned for percent cover
for the understory life forms would be given a value of “Not applicable/Not assigned”.
This same criterion has been used in numerous statewide mapping efforts. For
example, if a conifer tier cover exceeded 40%, then the other tiers below (hardwood
and shrub) were not evaluated for cover. If the conifer tier cover was <40% but
together with the hardwood tier the combined cover was >40%, then the shrub cover
was not estimated. Appendix B includes tables that present the ranges of percent
cover used for each of these categories.
The date that the aerial photography mission is flown influences the percent cover
assigned to vegetation types. Subsequent field reconnaissance and field verification
efforts must take into consideration the following factors that can cause apparent
discrepancies between the percent cover evident on the imagery and percent cover
seen in the field:


Seasonality - The percent cover of most plants is variable due to their
annual growth cycle. Depending on whether the aerial imagery was taken
during the wet season or the dry season, a mapped unit could show a
different percent cover on the aerial imagery than is observed during an
on-site visit at a different time of the year. Differences in leaf phenology
(cold-season deciduous, drought deciduous, facultatively deciduous) can
affect plant cover determination.
Leaf-on conditions obscure the
understory. Imagery of leaf-off conditions would allow photo interpretation
of the understory, but make it difficult to identify the overstory species since
there is no foliage present.
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Annual variability - The differences in environmental conditions at the time
the imagery was captured (wet vs. drought years, flooding, etc.) vs. the
timing of the on-site field visits may result in different assessments or
perceptions of percent cover for the same stand.

Notes Attribute
This field is considered a catchall for significant information regarding a polygon and
generally contains “value added” information that cannot be statistically quantified by the
photo interpreter. An example of this “value added” information is the photo interpreter
noting predominant species present in the stand other than the vegetation type being
mapped. Polygons are not created or split based on this field.
Examples of important information that can be derived from this field are noted below:






Stands assigned to the group or macrogroup levels are often denoted with the date
and name of the associated burn that prevented photo interpreters from identifying
species-level vegetation dominance.
Stands of Pinus monophylla at high elevations were noted with a probable
understory of Cercocarpus ledifolius. This is a described association, so with
minimal post analysis, all polygons with these notes can be later cross-walked to
an association level value.
Pertinent site-specific information such as a ground assessed stand from
ecologists denoting an unusual presence of Olneya tesota are noted near Martinez
Canyon.

Tamarisk Attribute
This field identifies all polygons where photo interpreters can detect any amount of
Tamarix spp. occurring in the stand. Stands that are assigned to a native wetland type
(such as Baccharis sergiloides Alliance) often have Tamarisk present in the shrub layer.
These polygons would be denoted with this attribute.
Fountain Grass Attribute
This field identifies all polygons where photo interpreters can detect any amount of
Pennisetum setaceum occurring in the stand. Note that small amounts of this species is
extremely difficult to detect and most likely will not be identified with this attribute.
Mesquite Attribute
This field identifies all polygons where individual mesquite trees can be detected in the
stand. Every effort was made to delineate even the smallest patches as per request by
CVCC field ecologists; however, individual trees cannot make a “mapped polygon” or
vegetation stand. In these situations, the presence of mesquite in the polygon is denoted
with this attribute.
Palms Attribute
This field identifies all polygons where individual palm trees (native Washingtonia filifera)
can be detected in the stand. If observed, the polygon is denoted with this attribute.
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The latter four specific attributes discussed above were added to the database based on
discussions with CVCC ecologists pertaining to concern regarding rarity, exotic vegetation, and
Peninsular bighorn sheep critical use habitats.
FieldCheck Attribute
This field identifies all polygons that were flagged for further observation in the field.

Second Reconnaissance/ Field Check Effort
The October 2016 field reconnaissance trip followed the initial draft completion of the
vegetation map. For this field effort AIS photo interpreters were accompanied by an
ecologist from the Friends of the Desert Mountains on the first day of the two-day effort.
In all, 154 field points were collected in an area between 2000’ and 4000’ in elevation
along the Dutch Charley, upper Palm Canyon, and Potrero trails. The area contains both
upland and riparian vegetation from all three subregions and provided photo interpreters
with a broad array of alliances over a relatively small and accessible area. (Figure 3)
During the photo interpretation process, it is common for photo interpreters to encounter
areas that have questionable or confusing photo signatures. These polygons were
flagged for ground observation (referred to as field checks) for the October 2016
reconnaissance effort. The difficulties photo interpreters consistently encountered during
the production mapping process are listed below:
1. Difficulty separating out the Encelia farinosa Alliance from the higher elevation
Viguiera parishii Alliance
2. Challenges in distinguishing some of the borderline chaparral types.
3. Distinguishing very small stands of riparian types in steep canyons.
4. Determining the species-specific cover class values in polygons mapped to the
Prunus fremontii Alliance.
5. Validation of very small stands of Prosopis glandulosa.
Map Revisions Based on Field Findings





Topographical and elevation considerations proved fairly reliable in initially
separating out Encelia from Viguiera. However, there were slight
corrections in areas of higher elevations where Encelia farinosa Alliance
stands should have been mapped.
Challenges remain in separating out small patches of riparian vegetation in
steep canyons. Several of the stands have been reassigned to group-level
categories in the hierarchy.
It was discovered that stands containing a component of Quercus corneliusmulleri were mapped to the Quercus cornelius-mulleri Alliance on low
elevation slopes where the tree species Juniperus californica co-occurred
in cover greater than 2%. In these situations, the stands should have been
mapped as the Juniperus californica Alliance. Therefore, stands within the
oak alliance were reduced in these settings to steeper more protected sites
where juniper cover was below 2%.
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It was also noted that stands of the desert Yucca schidigera Alliance were
under mapped on low toe-slopes and upper floodplain terraces adjacent to
some of the broader floodplain below 3000’. This species of yucca proves
quite difficult to discern using existing imagery, however with the additional
topographical modeling aspects gained and further review of highresolution GE imagery, photo interpreters added stands containing Yucca
schidigera to the final vegetation product.
Finer biogeographical modeling considerations were gained while
observing stands of vegetation within the Baccharis sergiloides Alliance and
used to update polygons throughout the entire map.

Quality Control and Delivery of the Final Product
Quality control steps were implemented throughout the duration of the project in order to make
sure the map followed set guidelines and consistency among the photo interpreters. Once the
initial photo interpretation phase was completed, a comprehensive quality control was performed
by a different photo interpreter. Checks were then run for invalid attribute codes, and topology
and other GIS related problems.
Quality control checks for illogical coding combinations were also run on the polygon attributes.
An example of an illogical coding combination is “a creosote bush scrub polygon with a high
conifer component in the conifer cover field.” After the final changes from the verification effort
were implemented into the geodatabase, one last round of quality control checks were run on the
geodatabase before it was delivered to the client.

Accuracy Assessment
Due to budgetary constraints, no formal accuracy assessment was performed on the vegetation
database. However, given our familiarity with desert and semi-desert vegetation types and our
high accuracy assessment scores from the adjacent DRECP area we are confident that the final
vegetation data is of good quality and high value.
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APPENDIX A: Peninsular Bighorn Sheep Mapping
Classification
NOTE: # Indicates a Macrogroup or Group level code value that was at times assigned to polygons in the final geodatabase.
Yellow highlighted types indicate a .5-acre MMU. Green highlighted types indicate a 10-acre MMU desert alliance.

1000 = TEMPERATE FOREST SUBCLASS
1100 = California Forest and Woodland Macrogroup MG009
1110 = Californian broadleaf forest and woodland Group
1113 = Quercus chrysolepis (Canyon live oak forest) Alliance
1114 = Quercus wislizeni (Interior live oak woodland) Alliance
1120 = Californian evergreen coniferous forest and woodland Group
1122 = Juniperus californica (California juniper woodland) Alliance
1123 = Pinus coulteri (Coulter pine woodland) Alliance
1300 = Intermountain Basins Pinyon-Juniper Woodland Macrogroup MG026
1310 = Western Great Basin montane conifer woodland Group
1311 = Pinus monophylla (Singleleaf pinyon woodland) Alliance
1400 = Southwestern North American Riparian, Flooded and Swamp Forest
Macrogroup MG036
#1410 = Southwestern North American riparian evergreen and deciduous
woodland Group
1411 = Populus fremontii (Fremont cottonwood forest) Alliance
1412 = Salix laevigata (Red willow thickets) Alliance
1414 = Platanus racemosa (California sycamore woodland) Alliance
1415 = Washingtonia filifera (California fan palm oasis) Alliance
14151 = Washingtonia filifera – Platanus racemosa / Salix spp.
Association
14152 = Washingtonia filifera / spring (Atriplex – Baccharis –
Pluchea) Association
#1420 = Southwestern North American riparian/wash scrub Group
1423 = Baccharis sergiloides (Broom baccharis thickets) Alliance
1424 = Salix exigua (Sandbar willow thickets) Alliance
1428 = Vitis arizonica – Vitis girdiana (Arizona grape – valley grape
thickets) Alliance
1430 = Southwestern North American introduced riparian scrub Group
1431 = Arundo donax (Giant reed breaks) Semi-natural Stands
1432 = Tamarix spp. (Tamarisk thickets) Semi-natural Stands
1500 = Western Cordilleran Montane-Boreal Riparian Scrub and Forest
Macrogroup MG034
1510 = Vancouverian riparian deciduous forest Group
1511 = Alnus rhombifolia (White alder groves) Alliance
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2000 = MESOMORPHIC SHRUB AND HERB CLASS
2100 = California Chaparral Macrogroup MG043
2110 = Californian xeric chaparral Group
2112 = Adenostoma fasciculatum (Chamise chaparral) Alliance
#2120 = Californian pre-montane chaparral Group
2121 = Arctostaphylos glandulosa (Eastwood manzanita chaparral)
Alliance
2200 = California Coastal Scrub Macrogroup MG044
#2210 = Central and south coastal Californian seral scrub Group
2215 = Eriodictyon (crassifolium, trichocalyx) (Thick leaf and hairy yerba
santa scrub) Provisional Alliance
2220 = Central and South Coastal Californian coastal sage scrub Group
2221 = Eriogonum fasciculatum (California buckwheat scrub) Alliance
2300 = California Annual and Perennial Grassland Macrogroup MG045
#2330 = Mediterranean California naturalized annual and perennial grassland
Group
2334 = Pennisetum setaceum (Fountain grass swards) Semi-natural
Stands
3000 = TEMPERATE AND BOREAL SHRUBLAND AND GRASSLAND SUBCLASS
#3300 = Warm Interior Chaparral Macrogroup MG051
#3310 = Western Mojave and Western Sonoran Desert borderland chaparral Group
3314 = Quercus cornelius-mulleri (Muller oak chaparral) Alliance
3315 = Adenostoma sparsifolium (Redshank chaparral) Alliance
3320 = Mogollon Rim chaparral Group
3321 = Rhus ovata (Sugarbush chaparral) Alliance
#3600 = Western North America Wet Meadow and Low Shrub Carr Macrogroup
MG075
3610 = Californian warm temperate marsh/seep Group
3613 = Muhlenbergia rigens (Deer grass beds) Alliance
3700 = Warm Semi-Desert/Mediterranean Alkali–Saline Wetland Macrogroup
MG083
3720 = Southwestern North American salt basin and high marsh Group
3722 = Atriplex lentiformis (Quailbush scrub) Alliance
4000 = WARM SEMI-DESERT SCRUB AND GRASSLAND SUBCLASS
#4100 = Mojavean–Sonoran Desert Scrub Macrogroup MG088
#4110 = Lower bajada and fan Mojavean–Sonoran desert scrub Group
4111 = Ambrosia dumosa (White bursage scrub) Alliance
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4113 = Atriplex polycarpa (Allscale scrub) Alliance
4114 = Encelia farinosa (Brittle bush scrub) Alliance
4115 = Larrea tridentata – Ambrosia dumosa (Creosote bush – white
bursage scrub) Alliance
4118 = Larrea tridentata – Encelia farinosa (Creosote bush – brittle bush
scrub) Alliance
4119 = Larrea tridentata (Creosote bush scrub) Alliance
4150 = Arizonan upland Sonoran desert scrub Group
4151 = Viguiera parishii (Parish’s goldeneye scrub) Alliance
4153 = Prunus fremontii (Desert apricot scrub) Alliance
4200 = Madrean Warm Semi-Desert Wash Woodland/Scrub Macrogroup MG092
#4210 = Mojavean semi-desert wash scrub Group
4211 = Ephedra californica (California joint fir scrub) Alliance
4212 = Lepidospartum squamatum (Scale broom scrub) Alliance
4213 = Ericameria paniculata (Blackstem rabbitbrush scrub) Alliance
4214 = Prunus fasciculata (Desert almond scrub) Alliance
4216 = Ambrosia salsola (Cheesebush scrub) Alliance
4218 = Bebbia juncea (Sweet-bush scrub) Provisional Alliance
4220 = Sonoran-Coloradan semi-desert wash woodland/scrub Group
4221 = Pluchea sericea (Arrow weed thickets) Alliance
4222 = Prosopis glandulosa (Mesquite bosque, mesquite thicket) Alliance
4224 = Chilopsis linearis (Desert willow woodland) Alliance
4225 = Psorothamnus spinosus (Smoketree woodland) Alliance
4226 = Acacia greggii (Catclaw acacia thorn scrub) Alliance
4227 = Parkinsonia florida – Olneya tesota (Blue palo verde – ironwood
woodland) Alliance
42271 = Parkinsonia florida / Hyptis emoryi Association
4228 = Hyptis emoryi (Desert lavender scrub) Alliance
5000 = COOL SEMI-DESERT SCRUB AND GRASS SUBCLASS
5200 = Cool Semi-desert wash and disturbance scrub Macrogroup MG095
#5210 = Intermontane seral shrubland Group
5400 = Inter-Mountain Dry Shrubland and Grassland Macrogroup MG098
#5410 = Intermontane deep or well-drained soil scrub Group
5420 = Mojave and Great Basin upper bajada and toeslope Group
5421 = Coleogyne ramosissima (Black brush scrub) Alliance
5424 = Yucca schidigera (Mojave yucca scrub) Alliance
5440 = Intermountain shallow/calcareous soil scrub Group
5441 = Cercocarpus ledifolius (Curl leaf mountain mahogany scrub)
Alliance
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6000 = NORTH AMERICAN WARM SEMI-DESERT CLIFF, SCREE AND ROCK
VEGETATION DIVISION
6100 = North American Warm Semi-Desert Cliff, Scree, and Other Rock Vegetation
Macrogroup MG117
#6110 = North American warm desert bedrock cliff and outcrop Group
6114 = Unvegetated wash and river bottom Mapping Unit
6115 = Massive sparsely vegetated rock outcrop Mapping Unit
6120 = North American warm desert dunes and sand flats Group
6121 = Dicoria canescens – Abronia villosa (Desert dunes) Alliance
9000 = MISCELLANEOUS CLASSES
9200 = Agriculture
9210 = Woody Agriculture (orchards, vineyards)
9220 = Non-woody Row and Field Agriculture
9300 = Built-up & Urban Disturbance
9320 = Anthropogenic Areas of Little or No Vegetation
#9500 = Exotic Trees
9701 = Sparsely Vegetated Recent Burned Areas
9800 = Water
9805 = Water Impoundment Feature
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APPENDIX B: Attributes in the PBSH Vegetation Map
MapUnit
The values for this attribute are found in the PBSH Vegetation Mapping Classification (Appendix A).
ConiferCover
0 = None or Not Observable
1 = 0-1%
2 = 1-5%
3 = 5-15%
4 = 15-25%
5 = 25-50%
6 = 50-75%
7 = 75-100%
9 = Not applicable/Not assigned
HardwoodCover
0 = None or Not Observable
1 = 0-1%
2 = 1-5%
3 = 5-15%
4 = 15-25%
5 = 25-50%
6 = 50-75%
7 = 75-100%
9 = Not applicable/Not assigned

TotalTreeCover
0 = None or Not Observable
1 = 0-1%
2 = 1-5%
3 = 5-15%
4 = 15-25%
5 = 25-50%
6 = 50-75%
7 = 75-100%
9 = Not applicable/Not assigned
ShrubCover
0 = None or Not Observable
1 = 0-1%
2 = 1-5%
3 = 5-15%
4 = 15-25%
5 = 25-50%
6 = 50-75%
7 = 75-100%
9 = Not applicable/Not assigned
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HerbaceousCover
1 = None or Not Observable, 0-2%
2 = 2-15%
3 = 15-40%
4 = 40-100%
9 = Not applicable/Not assigned

Notes
Contains text added at discretion of photo
interpreter to add extra information about the
vegetation polygon as well as the results of
the field checks.

Tamarisk
0 = Not present in the polygon
1 = Present in the polygon
9 = Not applicable

FountainGrass
0 = Not present in the polygon
1 = Present in the polygon
9 = Not applicable

Mesquite
0 = Not present in the polygon
1 = Present in the polygon
9 = Not applicable

Palms
0 = Not present in the polygon
1 = Present in the polygon
9 = Not applicable

FieldCheck
0 = Polygon not questioned
1 = Needs ground verification
2 = Field question answered
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APPENDIX C: Area Report by Floristic Type
Frequency Map Unit
24
97
366
1
138
30
61
38
92
4
40
121
101
145
27
43
8
109
10
10
2
12
8

NVCS Name
1113 Quercus chrysolepis (Canyon live oak forest)
Alliance
1114 Quercus wislizeni (Interior live oak woodland)
Alliance
1122 Juniperus californica (California juniper
woodland) Alliance
1123 Pinus coulteri (Coulter pine woodland) Alliance
1311 Pinus monophylla (Singleleaf pinyon
woodland) Alliance
1410 Southwestern North American riparian
evergreen and deciduous woodland Group
1411 Populus fremontii (Fremont cottonwood
forest) Alliance
1412 Salix laevigata (Red willow thickets) Alliance
1414 Platanus racemosa (California sycamore
woodlands) Alliance
1415 Washingtonia filifera (California fan palm
oasis)
14151 Washingtonia filifera- Platanus racemosa/
Salix spp. Association
14152 Washingtonia filifera / spring (Atriplex Baccharis - Pluchea) Association
1420 Southwestern North American riparian/wash
scrub Group
1423 Baccharis sergiloides (Broom baccharis
thickets) Alliance
1424 Salix exigua (Sandbar willow thickets) Alliance
1428 Vitis arizonica - Vitis girdiana (Arizona grape –
valley grape thicket) Alliance
1431 Arundo donax (Giant reed breaks) Seminatural Stands
1432 Tamarix spp. (Tamarisk thickets) Semi-natural
Stands
1511 Alnus rhombifolia (White alder groves)
Alliance
2112 Adenostoma fasciculatum (Chamise chaparral)
Alliance
2120 Californian pre-montane chaparral Group
2121 Arctostaphylos glandulosa (Eastwood
manzanita chaparral) Alliance
2210 Central and south coastal Californian seral
scrub Group
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Acres
462
3164
19,541
2
11,542
18
69
42
416
2
78
64
63
236
13
32
2
163
23
191
152
318
550

10

6
28
12
53
17
221
70
53
2
9
3
27
1
4
11
170
38
209
115
239
214
4
4
4
2

2215 Eriodictyon (crassifolium, trichocalyx) (Thick
leaf and hairy yerba santa scrub) Provisional
Alliance
2221 Eriogonum fasciculatum (California buckwheat
scrub) Alliance
2330 Mediterranean California naturalized annual
and perennial grassland Group
2334 Pennisetum setaceum (Fountain grass swards)
Semi-natural Stands
3300 Warm Interior Chaparral Macrogroup
3310 Western Mojave and Western Sonoran Desert
borderland chaparral Group
3314 Quercus cornelius-mulleri (Muller oak
chaparral) Alliance
3315 Adenostoma sparsifolium (Redshank
chaparral) Alliance
3321 Rhus ovata (Sugarbush chaparral) Alliance
3600 Western North America Wet Meadow and Low
Shrub Carr Macrogroup
3613 Muhlenbergia rigens (Deer grass beds) Alliance
3722 Atriplex lentiformis (Quailbush scrub) Alliance
4100 Mojavean-Sonoran Desert Scrub Macrogroup
4110 Lower bajada and fan Mojavean-Sonoran
desert scrub Group
4111 Ambrosia dumosa (White bursage scrub)
Alliance
4113 Atriplex polycarpa (Allscale scrub) Alliance
4114 Encelia farinosa (Brittle bush scrub) Alliance
4115 Larrea tridentata - Ambrosia dumosa
(Creosote bush - white bursage scrub) Alliance
4118 Larrea tridentata - Encelia farinosa (Creosote
bush - brittle bush scrub) Alliance
4119 Larrea tridentata (Creosote bush scrub)
Alliance
4151 Viguiera parishii (Parish's goldeneye scrub)
Alliance
4153 Prunus fremontii (Desert apricot scrub)
alliance
4210 Mojavean semi-desert wash scrub Group
4211 Ephedra californica (California joint fir scrub)
Alliance
4212 Lepidospartum squamatum (Scale broom
scrub) Alliance
4213 Ericameria paniculata (Blackstem rabbitbrush
scrub) Alliance
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173

27
88
17
1813
2221
6115
2844
2230
0
4
50
970
36
77
181
19,187
2403
75,691
3631
9705
7137
20
69
13
3

34
71
1
12
448
49
21
518
1
169
13
1
2
2
54
10
4
236
67
1
2
5
171
30
3
7
5
2
4951

4214 Prunus fasciculata (Desert almond scrub)
133
Alliance
4216 Ambrosia salsola (Cheesebush scrub) Alliance
592
4218 Bebbia juncea (Sweet-bush scrub) Provisional
4
Alliance
4221 Pluchea sericea (Arrow weed thickets) Alliance
7
4222 Prosopis glandulosa (Mesquite bosque,
293
mesquite thicket) Alliance
4224 Chilopsis linearis (Desert willow woodland)
298
Alliance
4225 Psorothamnus spinosus (Smoke tree
153
woodland) Alliance
4226 Acacia greggii (Catclaw acacia thorn scrub)
2961
Alliance
4227 Parkinsonia florida - Olneya tesota (Blue palo
2
verde - ironwood woodland) Alliance
42271 Parkinsonia florida / Hyptis emoryi (Blue palo
3818
verde / Desert lavender) Association
4228 Hyptis emoryi (Desert lavender scrub) Alliance
81
5210 Intermontane seral shrubland Group
10
5410 Intermontane deep or well-drained soil scrub
31
Group
5421 Coleogyne ramosissima (Black brush scrub)
9
Alliance
5424 Yucca schidigera (Mojave yucca scrub) Alliance
2003
5441 Cercocarpus ledifolius (Curl leaf mountain
312
mahogany scrub) Alliance
6110 North American warm desert bedrock cliff and
28
outcrop Group
6114 Unvegetated wash and river bottom Mapping
310
Unit
6115 Massive sparsely vegetated rock outcrop
333
Mapping Unit
6121 Dicoria canescens - Abronia villosa (Desert
14
dunes) Alliance
9200 Agriculture
26
9210 Woody Agriculture (orchards, vineyards)
38
9300 Built-up & Urban Disturbance
604
9320 Anthropogenic Areas of Little or No Vegetation
239
9500 Exotic Trees
2
9701 Sparsely Vegetated Recent Burned Areas
3211
9800 Water
7
9805 Water Impoundment Feature
97
Total Area
187,464
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APPENDIX D: PBSH Vegetation Mapping Descriptions
Explanation of the Descriptions
This section of the report contains descriptions for each of the vegetation types (Alliances,
Associations, and Map Units) represented in the final geodatabase for this project.
Most vegetation types have a detailed description containing the following components:










Distribution Maps: The distribution maps show the mapped polygons of the vegetation
types within the study area and give the user an overall range of the species distribution
in the study. Depictions of mapped types are enhanced to help the reader see the
locations.
Aerial Image Screenshot: These are digital images (using the 2012 or 2014 1-meter
natural color NAIP imagery) showing aerial views of the vegetation stands. The
screenshot give the reader a sense of the overall photo signature. Most examples display
only a portion of the defined stand, depicting a representative or modal area. When the
stand occupies only a portion of the imagery, an arrow denotes its location.
Ground photos: These are digital pictures taken during the reconnaissance effort. They
are a snapshot in time showing the plants in their landscape. They usually represent only
a portion of the actual mapped stand.
Descriptions: The descriptions discuss the expected locations, cover characteristics,
species composition and other pertinent information. Species cover characteristics and
relative abundance conforms to those presented in the second edition of The Manual of
California Vegetation (MCV), but are also specifically tailored to the PBSH Vegetation
Study. For example, where Quercus cornelius-mulleri is described in the MCV as
occurring primarily on upper slopes and ridgetops, the descriptions in this document are
more restrictive because within the mapping area, they are more likely to be found on
protected mid to lower slopes that are quite steep at lower elevations and on gently sloping
terrain higher up. Specific rules regarding definitive cover and floristic characteristics of
the stand are derived from the Second Edition of the Manual of California Vegetation
(Sawyer et al, 2009) floristic descriptions, the DRECP Final Report (Menke et al, 2013),
and associated plot data and analysis. Descriptions in this section refer to common and/or
likely settings within the PBSH Vegetation mapping area.
Photo Interpretation Signature: These descriptions help the reader identify the
vegetation from an aerial perspective. Since most of the Alliance-level assignments were
interpreted from the 2014 or 2012 NAIP imagery, signature descriptions are based on
these datasets, unless otherwise noted.

Some vegetation types have a very limited presence in the study area at sizes above the MMU.
For these types, it was not possible to formulate the standard in-depth descriptions. Instead,
they are represented only with a short description of their location within the study area. These
will be noted at the end of the descriptions within this Appendix.
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1113 Quercus chrysolepis Alliance (Canyon live oak forest)

462 Acres Mapped

The above example depicts a steep low to mid
slope in Chino Canyon. The elevation here is
approximately 4000’. The stand contains a Q.
chrysolepis canopy with Platanus racemosa &
Alnus rhombifolia adjacent to the drainage.

DESCRIPTION:
The Quercus chrysolepis Alliance is limited to several steep lower to mid canyon sideslopes
mainly in upper Falls Creek and Chino Canyon. Stands generally are found upslope from
riparian vegetation containing a mix of Platanus racemosa and Alnus rhombifolia. Cover is
moderate to high, lower cover stands are interspersed with rocky outcroppings. Quercus
wislizeni frequently occurs adjacent and upslope from this alliance.
PHOTO INTERPRETATION SIGNATURE:
Quercus chrysolepis forms a uniform signature within the stand except where narrow riparian
vegetation occurs or where the canopy is interrupted by rock outcroppings. In all but the
densest woodland settings, crowns are generally rounded and form multiple sub-crowning,
especially in mature trees. Crown edges form distinct margins. Signature color ranges from
medium to dark tones of green depending mainly on the leaf age and health.
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1114 Quercus wislizeni Alliance (Interior live oak woodland)

3164 Acres Mapped

The above example depicts a moderately steep mid
slope above the east fork of Snow Creek between
4000’ & 5000’. The stand contains a mix of Q.
wislizeni with other pre-montane chaparral species
including Ceanothus leucodermis.

DESCRIPTION:
The Quercus wislizeni Alliance is limited to moderately steep to very steep canyon sideslopes
mainly in upper Falls Creek, Chino Canyon, and Snow Creek. Stands in the mapping area are
usually shrubby, in a variety of post fire settings making cover highly variable. Stands mix with
Ceanothus leucodermis and on higher slopes with Arctostaphylos glandulosa. This species
transitions to a Q. chrysolepis woodland downslope closer to steep sideslopes near seasonally
flooded streams and upslope at higher elevations. Stands are noted in unusually low elevations
adjacent to Jenson Creek and other drainages nearby due to steep cold air drainages from
upper slopes.
PHOTO INTERPRETATION SIGNATURE:
Quercus wislizeni has a variable signature due to its cover density changing based on burn
history in the stand. Signature variability also increases from other species mixing in the shrub
layer, especially the lighter colored C. leucodermis. Q. wislizeni crowns are smaller than its
canyon oak relative but, like canyon oak, tend to have a similar dark green color.
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1122 Juniperus californica Alliance (California juniper woodland)

19,541 Acres Mapped

The above example depicts a rocky moderately
steep mid to upper slope around 3400’ near Dos
Palmas Springs. This is a low elevation more xeric
desert edge example containing an understory of
Viguiera parishii and Agave deserti. Junipers in this
example are under 2 meters tall.

DESCRIPTION:
The Juniperus californica Alliance is widespread on gently sloping to moderately steep settings.
It is found as low as 2200’ but is more extensive above 2700’ throughout the eastern third of the
study area. Portions of its range have been decimated by recent burns in 2013. Stands in the
mapping area are variable in size and floristic diversity. Drier sites often contain an understory
of Agave deserti and Viguiera parishii, and occasionally Yucca schidigera. Higher elevation
stands will mix with Quercus cornelius-mulleri, often with an emergent low cover of Pinus
monophylla. Juniper cover can be as low as 2-3% in this alliance.
PHOTO INTERPRETATION SIGNATURE:
Juniperus californica has a reliably rounded crown, varying considerably in size. Crown color is
usually brighter green than associated Q. cornelius-mulleri, but usually less bright than Rhus
ovata. Look for juniper on gentler slopes than the nearby oaks, which at lower elevations will be
on steeper, more protected settings.
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1311 Pinus monophylla Alliance (Singleleaf pinyon woodland)

11,542 Acres Mapped

The above example depicts a fairly dense mix of
emergent Pinus monophylla with juniper and oak in
the understory on a fairly steep north trending rocky
slope.

DESCRIPTION:
The Pinus monophylla Alliance occurs in a similar range to the juniper but is more restricted to
elevations generally over 3500’. Lower elevation stands contain a high cover of Juniperus
californica and Quercus cornelius-mulleri. High elevation stands are strongly dominated with
pine. Stands occurring along upper slopes between Toro and Rabbit Peaks are likely to contain
an open understory shrub component of Cercocarpus ledifolius, especially at elevations greater
than 4500’. Stands are mapped with as little as 1-2% cover, even in semi-desert chaparral
settings where juniper and/or oak may co-dominate with significantly higher cover.
PHOTO INTERPRETATION SIGNATURE:
Pinus monophylla has a narrow irregularly shaped crown, especially for a pine. Color trends
towards a blue-grey, not as bright as juniper. In several topographical settings, the pines yield
some significant shadowing on the imagery. When pines become strongly dominant, the
signature becomes more distinct with extensive shadowing where the cover varies.
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1411 Populus fremontii Alliance (Fremont cottonwood forest)

69 Acres Mapped

The above example depicts a narrow stand in upper
Palm Canyon sharing dominance with Salix exigua
& S. laevigata. In the adjacent ground photo, most
of the riparian canopy is hidden from view.

DESCRIPTION:
The Populus fremontii Alliance is mapped in narrow seasonally flooded major drainages with at
least 5% cover. Salix spp. are a frequent co-dominant to the riparian canopy. Stands are quite
small with most under a couple of acres in size. Several stands within the mapping area are
infested with Tamarix spp. Lower elevation stands may contain several individuals of
Washingtonia filifera. Stands are widely distributed, and in the northwestern portion of the
mapping area, they occasionally co-dominate with Platanus racemosa.
PHOTO INTERPRETATION SIGNATURE:
Higher resolution ancillary imagery (GE and Esri World) are necessary to separate out riparian
trees in the canyons, usually because the stands are below two acres in size. On finer
resolution image datasets, cottonwood crowns tend to be more open than associated tree
willows but this is only evident when stands are more extensive.
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1412 Salix laevigata Alliance (Red willow thickets)

42 Acres Mapped

The above example depicts a low cover
discontinuous stand in upper Palm Canyon.

DESCRIPTION:
The Salix laevigata is mapped in narrow seasonally flooded major drainages with at least 5%
cover. Populus fremontii can be present in the canopy. Stands are quite small and widely
distributed throughout larger seasonally flooded streams in the study. Although this Alliance
occurs in very small stands, cover tends to be higher than in the Populus fremontii Alliance. In
the mapping area, this species is also less likely to occur as individual trees.
PHOTO INTERPRETATION SIGNATURE:
Higher resolution ancillary imagery (GE and ESRI World) are necessary to separate out riparian
trees in the canyons, usually because the stands are commonly less than two acres. On finer
resolution image datasets, red willow has a denser, darker green, more irregularly shaped
crown than cottonwood.
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1414 Platanus racemosa Alliance (California sycamore woodland)

416 Acres Mapped

The above example depicts a small dense
patch in leaf-on conditions adjacent to
Quercus wislizeni. The adjacent ground
photo depicts leaf-off conditions. The stand
occurs on an alluvial sideslope in the Snow
Creek watershed.

DESCRIPTION:
The Platanus racemosa Alliance is mapped in rather narrow temporarily to seasonally flooded
canyons and on sideslope springs in the northwestern third of the study area. Stands in springlike settings are small, but when occurring adjacent to larger seasonally flooded drainages such
as Chino Canyon, they extend continuously over two miles. The alliance is mapped where
Platanus racemosa dominates or co-dominates with at least 10% cover, at times with other
riparian trees such as Alnus rhombifolia, or Salix spp. Populus fremontii is occasionally a
component to the canopy.
PHOTO INTERPRETATION SIGNATURE:
Photo signatures in larger mature stands are distinct on a number of image datasets. Fall GE
imagery depicts the brownish orange leaf color contrasting with the white trunk. Texture is
coarse and leaf-on signature is lighter green than other riparian tree species. Stands are often
bordered on the upland margins by the darker green Quercus wislizeni.
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1415 Washingtonia filifera Alliance (California fan palm oasis)
14151 Washingtonia filifera – Platanus racemosa – Salix spp. Association

78 Acres Mapped

In this example, Washingtonia filifera codominates with Platanus racemosa along
with a presence of Alnus rhombifolia in
upper Andreas Canyon at an elevation just
under 1500’.

DESCRIPTION:
The Washingtonia filifera Alliance is mapped where the palm species dominates or codominates the canopy. In this Association, Platanus racemosa, with or without Alnus
rhombifolia is present to co-dominant. At times Populus fremontii and/or Salix spp. is present in
the stand. Stands are limited in the study area, occurring generally below 2500’ in Palm
Canyon, Cedar Creek, Andreas Canyon, and Murray Canyon. Note: When palms are visible in
the canopy but not mapped to either of the palm associations, their presence is noted in the
Palms attribute within the database.
PHOTO INTERPRETATION SIGNATURE:
Photo signature characteristics of Washingtonia filifera are distinct, with a consistent rounded
crown, light green in color and tightly packed in dense groups. Riparian trees co-dominating the
canopy do not truly mix but occur adjacent between the palm groves and are significantly darker
green.
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1415 Washingtonia filifera Alliance (California fan palm oasis)
14152 Washingtonia filifera / spring (Atriplex – Baccharis – Pluchea) Association

64 Acres Mapped

In this example, Washingtonia filifera
strongly dominates the tree canopy. Acacia
greggii & Prosopis glandulosa surround the
stand.

DESCRIPTION:
The Washingtonia filifera Alliance is mapped where the palm species dominates or codominates the canopy. In this association, Washingtonia filifera is the sole dominant, with little
or no associated riparian trees. Stands may contain an understory component of Baccharis
sergiloides or Atriplex spp., at times with scattered Tamarix spp. This association is more
widely distributed than the riparian one; however, they occur in significantly smaller stands.
This association tends to occur in smaller less frequently flooded watersheds, at times in
temporarily saturated conditions.
PHOTO INTERPRETATION SIGNATURE:
Photo signature characteristics of Washingtonia filifera are distinct, with a consistent rounded
crown, light green in color and tightly packed in dense groups. In this association, there are little
or no other tree species in the canopy that interrupt the signature characteristics of the palms.
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1423 Baccharis sergiloides Alliance (Broom Baccharis thickets)

236 Acres Mapped

In this example, Baccharis sergiloides is
seen occurring in a temporarily to seasonally
flooded sandy wash with patches of
Prosopis glandulosa along the floodplain
margin.

DESCRIPTION:
The Baccharis sergiloides Alliance is mapped within and along the immediate margins of sandy
washes with a watershed large enough to sustain annual flooding in its channel. Stands are
discontinuous and vary in cover, generally under 15% with as little as 2% cover. Distribution is
widespread in the southern portion of the study area.
PHOTO INTERPRETATION SIGNATURE:
Photo signature characteristics often yield very small dark patches over a light colored sandy
substrate. The discontinuous nature of the cover makes it difficult to obtain an adequate
signature across the stand. Stands are found more often in the channel than other shrubby
riparian species in the region such as Acacia greggii.

D-11

1424 Salix exigua Alliance (Sandbar willow thickets)

13 Acres Mapped

In this example at the mouth of Murray
Canyon, Salix exigua is a strong dominant
with several emergent palms. The stand is
located just below a small patch of mesquite.

DESCRIPTION:
The Salix exigua Alliance is mapped in scattered locations throughout the study area in very
small patches across a broad elevational gradient. Mapped where Salix exigua dominates or
co-dominates with other riparian vegetation. This type is found in large watersheds where water
is present at or near the surface most of the year. Stands are mapped where shrub cover is
usually over 40%.
PHOTO INTERPRETATION SIGNATURE:
Salix exigua has a distinctive signature in healthy mature stands. Signature color is light blue to
light blue-green and texture is stipple-like to smooth depending on image resolution. Less
healthy stands or stands in leaf-off phenology tend to be a very light gray color.
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1428 Vitis arizonica – Vitis girdiana Alliance (Arizona grape – valley grape
thickets)

32 Acres Mapped

In this example, two small patches of Vitis
are identified by the arrows adjacent to a
sycamore run at the parking lot of the Palm
Springs Aerial Tramway.

DESCRIPTION:
The Vitis arizonica – Vitis girdiana Alliance is mapped where Vitis spp. strongly dominates the
shrub layer in cover usually over 80%. Stands are limited and often just upslope from the
canyon bottom. This alliance is found in the northwest quarter of the mapping area.
PHOTO INTERPRETATION SIGNATURE:
Photo signature is uniform changing only on imagery flown in different seasons. Texture is
smooth and leaf-on color is a uniform medium green. Stand edges are abrupt, especially
against xeric vegetation upslope from this alliance.
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1432 Tamarix spp. Semi-natural Stands (Tamarisk thickets)

163 Acres Mapped

In this example, Tamarix. spp. dominates in
a narrow band along upper Palm Canyon.
Annual Mediterranean grasses dominate the
understory. Some mesquite is visible
upslope.

DESCRIPTION:
Tamarix spp. Semi-natural Stands are mapped where it strongly dominates the tall shrub layer
in a wide range of cover. Riparian woodland species can be an emergent to the shrub layer in
cover generally under 5%. Tamarix spp. (Tamarix ramosissima, T. chinensis, or other similar
species) are frequently a significant component to riparian defined alliances and can even
locally dominate portions of the stand. Mapped stands are somewhat limited in size except
along Palm Canyon where portions have been treated. When Tamarix shrubs are visible in the
stand, the polygon is denoted in the Tamarisk attribute within the database as being present.
PHOTO INTERPRETATION SIGNATURE:
Tamarisk is difficult to interpret because it has a wide variety of signature characteristics,
depending on age, health and prior treatment efforts within the stand. Healthy stands are bright
green with a relatively smooth texture. Stands often contain a component of native vegetation
and make it difficult to estimate cover. Interpretation from one image dataset can yield a
significant change from subsequent or prior imagery dates.
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2330 Mediterranean California naturalized annual & perennial grasslands Group

88 Acres Mapped

In this example, annual grasses (Bromus
spp. and Avena fatua) form a dense
herbaceous mat with less than 5% emergent
cover of coastal scrub. The area was
burned in 2013

DESCRIPTION:
The Mediterranean California naturalized annual & perennial grasslands Group is mapped
primarily in post burn settings in the non-desert (extreme northwest) portion of the mapping area
and in an area west of Palm Canyon that underwent a burn in 1994. Stands contain less than
8-10% cover of coastal scrub (in the northwest portion) and under 5% cover of semi-desert
chaparral species in the Palm Canyon burn. Annual Bromus, Schismus, Avena, Brassica,
and/or other nonnative species strongly dominate.
PHOTO INTERPRETATION SIGNATURE:
As depicted in the ground photo and imagery above, annual grasses vary in color depending on
season and winter precipitation. Texture is generally smooth with increasing variability
depending on shrub cover, herbaceous species diversity and the presence of sparsely
vegetated outcroppings.
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2334 Pennisetum setaceum Semi-Natural Stands (Fountain grass swards)

17 Acres Mapped

In this example, the ground photo contains a
high component of Pennisetum with Encelia
farinosa in Snow Canyon. The 2014
imagery depicts a narrow but dense stand in
Sheep Canyon at the other end of the study.

DESCRIPTION:
The Pennisetum setaceum Semi-natural Stands are mapped only where cover is concentrated
in dense linear stands. Scattered individuals are difficult to see using even the finest imagery.
If substantiated by plot or reconnaissance data, or visible on the imagery, the Fountain Grass
attribute within the database is denoted as present. Mapped where this species strongly
dominates and shrub cover is very low in a few scattered locations throughout the study area.
PHOTO INTERPRETATION SIGNATURE:
Stands containing this species of grass are visible on the imagery only when they strongly
dominate. In these settings, they give off a tan to light green color that is stipple-like in texture.
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3314 Quercus cornelius-mulleri Alliance (Muller oak chaparral)

6115 Acres Mapped

In this example, Quercus cornelius-mulleri
dominates the stand with a presence of
Juniperus californica and Rhus ovata at
4000’ on gently sloping terrain just south of
Asbestos Mountain.

DESCRIPTION:
The Quercus cornelius-mulleri Alliance is mapped in two distinct settings in the study area. The
higher elevation example as depicted here occurs on relatively deep, well-drained soil on gently
sloping terrain, often with a component of Juniperus californica, Rhus ovata and Pinus
monophylla. Lower elevation examples are mapped on steep north and northeast protected
slopes, also with a component of Juniperus californica. Conifer cover in this alliance is below 23%. Rhus ovata can co-dominate the tall shrub layer. This alliance is widespread along almost
the entire eastern third of the study area; best developed at elevations above 3000’.
PHOTO INTERPRETATION SIGNATURE:
Quercus cornelius-mulleri has a more blue-grey signature than juniper and has a denser more
rounded crown than pinyon pine. Rhus ovata has a brighter green crown. Difficulty arises in
estimating relative cover of oaks to conifers in accurately assigning this alliance.
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3315 Adenostoma sparsifolium Alliance (Redshank chaparral)

2844 Acres Mapped

In this example, Adenostoma sparsifolium
dominates the stand in high cover along the
margins of the study area around 4200’ in
the upper portions of Deep Canyon.

DESCRIPTION:
The Adenostoma sparsifolium Alliance is mapped at elevations generally over 3000’ in a broad
band east of upper Palm Canyon just below Pine Mountain and in a similar but less rocky
environment along north-south trending ridgeline between Andreas and Tachevah Canyons. It
is mapped where Adenostoma sparsifolium is a strong dominant in the shrub layer, generally in
cover over 40%, at times significantly higher.
PHOTO INTERPRETATION SIGNATURE:
Adenostoma sparsifolium has a distinct brown-green hue representing components of the leaf
canopy and the woody portion of the plant. A generally high cover in the shrub canopy yields
consistency to this color across the stand and is interrupted only by the rockiness of the
substrate.
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3321 Rhus ovata Alliance (Sugarbush chaparral)

2230 Acres Mapped

In this example, Rhus ovata dominates the
chaparral mix with an understory of Encelia
farinosa in a rocky setting west of Snow
Creek along the Pacific Crest Trail.

DESCRIPTION:
The Rhus ovata Alliance is mapped where it strongly dominates the chaparral in a variety post
fire settings in the northwest portion of the study area. The species is a component, often codominating borderline chaparral alliances such as Quercus cornelius-mulleri further east,
especially along the Palms to Pines Highway. Where the alliance is mapped, Encelia farinosa is
a frequent understory shrub, and in rocky settings, where this alliance is found, it is low in cover.
PHOTO INTERPRETATION SIGNATURE:
Rhus ovata has distinct rounded dense crowns with definitive margins. Individual crowns are
often over 3 meters in diameter. They are indistinguishable in these settings from other large
shrubs including Prunus ilicifolia and Quercus cornelius-mulleri because of the low cover.
Where these and other shrubs co-occur east of Palm Canyon, stands are mapped up to the
Warm Interior Chaparral Macrogroup.
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4114 Encelia farinosa Alliance (Brittle bush scrub)

19,187 Acres Mapped

In this example, Encelia farinosa dominates
the shrub layer with low to moderate cover in
the western portion of the mapping area.

DESCRIPTION:
The Encelia farinosa Alliance is mapped in two distinct floristic subregions; it occurs in grassy
settings on lower mountain slopes in an inland coastal scrub community within the Southern
California Coastal Subregion, and in the Sonoran Desert Subregion on rocky mid and upper
slopes with low cover. It is mapped where Encelia farinosa dominates or co-dominates the
small shrub layer, in the western portion often with a component of Eriogonum fasciculatum and
in the eastern three quarters of the study with a component of Agave deserti and/or Fouquieria
splendens. This alliance is occasionally mapped on upper rocky, relatively steep alluvial fans
with small rills, at times with a component of Acacia greggii.
PHOTO INTERPRETATION SIGNATURE:
Encelia farinosa has a fairly distinct signature for a small desert shrub, displaying a very light
color with a dense well-defined crown. Distribution across the stand is generally quite variable
depending on substrate soil development yielding a somewhat clumpy pattern.
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4115 Larrea tridentata – Ambrosia dumosa Alliance (Creosote bush – white
bursage scrub)

2403 Acres Mapped

In this example, Larrea tridentata dominates
the tall shrub layer with an understory of
Ambrosia dumosa. Cover is between 10 &
15%. Note some of the creosote cloning on
the imagery in the upper right.

DESCRIPTION:
The Larrea tridentata – Ambrosia dumosa Alliance is mapped where Larrea tridentata broadly
co-dominates with Ambrosia dumosa and both species are evenly distributed across the stand.
However, mapping of this alliance takes into account areas where either species may locally not
be present in situations that are patchy across the stand. Within the mapping area, Ambrosia
dumosa can have as little as 1% cover, and still be mapped to this alliance. When Encelia
farinosa is present, it is inconsistently distributed and less than 1% cover.
PHOTO INTERPRETATION SIGNATURE:
Larrea tridentata has an unexpectedly consistent signature for a plant that is so widely
distributed across the study area. Variation in crown size is high though, with smaller plants
occurring on hillslopes with minimal soil development. The associated Ambrosia dumosa is
difficult to distinguish from other small understory shrubs; however, their distribution patterning
characteristics differ from other species such as Ambrosia salsola.
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4118 Larrea tridentata – Encelia farinosa Alliance (Creosote bush – brittle bush
scrub)

75,691 Acres Mapped

In this example, Larrea tridentata dominates
the tall shrub layer with an understory of
Encelia farinosa. Cover is less than 5% in a
cobble-dominated substrate.

DESCRIPTION:
In this dual-species alliance, both Larrea tridentata and Encelia farinosa broadly co-dominate
with both species having at least 1% cover. It is the most extensive alliance in the study area
containing just about 40% of the total area mapped. Stands generally occur on low to upper
slopes above the alluvial bajadas. This alliance ranges from the northwestern quarter of the
study, where it is restricted to the lower easternmost slopes, all the way to the southern edge of
the study, where its east-west range broadens significantly. Agave deserti is often a significant
component to the stand throughout all but the westernmost portions of study area, especially in
rockier settings where it shares the canopy with Fouquieria splendens.
PHOTO INTERPRETATION SIGNATURE:
Larrea tridentata has a relatively small, poorly defined crown and occurs on rocky slopes.
Encelia farinosa has a larger and more distinct crown than Ambrosia dumosa and appears
brighter against the generally brown to brownish orange rocky substrate. Distribution of the
Encelia shrub is variable, with small dense patches often occurring in rills where there is
somewhat more soil development.
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4119 Larrea tridentata Alliance (Creosote bush scrub)

3631 Acres Mapped

In this example, Larrea tridentata strongly
dominates the tall shrub layer over a cobblestrewn substrate. Cover averages 5-10%
across the stand.

DESCRIPTION:
In this alliance, Larrea tridentata is the dominant shrub with at least 2% cover and is evenly
distributed in the stand. Stands are mapped in a variety of settings and are widely distributed
across the eastern portions of nearly the entire extent of the study area. This alliance contains
significantly less area than the dual-species Larrea tridentata – Encelia farinosa Alliance. This
particular Larrea type extends onto higher elevations then the other two dual-species alliances.
It is found as high as 4000’ in small stands, either on upper south trending slopes or on deep
soil terraces adjacent to floodplains.
PHOTO INTERPRETATION SIGNATURE:
Larrea tridentata in this alliance usually occurs with larger than average crowns for this species.
Patterning is also more consistent across the stand. As with the other two Larrea defined
alliances, shrub color is consistent across the stand.
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4151 Viguiera parishii Alliance (Parish’s goldeneye scrub)

9705 Acres Mapped

In this example, Viguiera parishii codominates with Eriogonum fasciculatum and
Agave deserti on a steep south facing mid
slope.

DESCRIPTION:
In this alliance, Viguiera parishii usually co-dominates with Eriogonum fasciculatum in the
mapping area. Stands often contain an emergent cover of Juniperus californica well below 1%
cover. Agave deserti is often a component to this alliance in rockier settings and Prunus
fremontii can be present in low cover on lower more gently sloping terrain. This desert edge
alliance is found at elevations over 2000’ mostly in the southeastern half of the mapping area.
PHOTO INTERPRETATION SIGNATURE:
Both Viguiera parishii and Eriogonum fasciculatum are not reliably discernable from each other
on even higher resolution data sets and therefore this alliance must be modeled from other
small shrub types by their elevation and other terrain characteristics. Generally, Encelia
farinosa is recognizable as a shrub on the imagery and the patterning is quite different. The
Viguiera Alliance often has a small component of juniper and will never have Larrea tridentata in
the shrub layer.
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4153 Prunus fremontii Alliance (Desert apricot scrub)

7137 Acres Mapped

In this example, Prunus fremontii appears in
drought stress, leaf-off conditions sharing
dominance with Cylindropuntia spp.,
Viguiera, Yucca schidigera and Eriogonum
fasciculatum.

DESCRIPTION:
In this alliance, Prunus fremontii dominates or co-dominates the shrub layer with generally
smaller shrubs such as Eriogonum fasciculatum, Viguiera parishii and others. Yucca
schidigera, Juniperus californica is often present in the canopy. Overall shrub cover is generally
between 10 and 20%. This alliance is found on lower to middle slopes along the desert edge
borderline chaparral margins. Stands where Yucca schidigera is greater than 1% cover are
mapped to that alliance.
PHOTO INTERPRETATION SIGNATURE:
Prunus fremontii is a dark-colored rather large shrub occurring at elevations generally over
2500’. It can be distinguished from Juniperus californica by its darker color and by Quercus
cornelius-mulleri by its smaller size. This species is difficult to estimate cover relative to other
species in the stand making this alliance a challenge to map.
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4214 Prunus fasciculata Alliance (Desert almond scrub)

134 Acres Mapped

In this example, Prunus fasciculata
dominates the tall shrub canopy in a narrow
wash setting crossing a small dirt road.

DESCRIPTION:
In this alliance, Prunus fasciculata dominates or co-dominates the shrub layer with relative high
cover, generally over 25%. Washes are mapped to this alliance when Prunus fasciculata has
as little as 2% cover. This alliance is for the most part mapped in washes adjacent to semidesert chaparral or juniper woodlands.
PHOTO INTERPRETATION SIGNATURE:
Prunus fasciculata has an irregularly shaped crown, generally medium to dark gray in color.
The typical sandy substrate makes the shrub stand out quite easily. This alliance is difficult to
discern from the Acacia greggii washes, but generally occurs in higher elevations in less rocky
settings.
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4216 Ambrosia salsola Alliance (Cheesebush scrub)

592 Acres Mapped

In this example, Ambrosia salsola strongly
dominates this large wash with a high shrub
cover over 15%. Note the several braids
within the wash.

DESCRIPTION:
In this alliance, Ambrosia salsola strongly dominates the shrub layer, comprising over 60% of
the relative cover in the canopy. Washes mapped to this alliance occur on sandy to gravelly
substrate at lower elevations. Stands are occasionally mapped in disturbance settings such as
cleared areas. Riparian trees, including Parkinsonia florida and Psorothamnus spinosus can be
emergent in the canopy with under 1% cover.
PHOTO INTERPRETATION SIGNATURE:
Ambrosia salsola has a gray to yellow-green color with very small rounded crowns. Smaller
washes where this species dominates tend to lack much color, often trending gray to light gray.
Washes dominated by A. salsola tend to occur at lower elevations than washes where other
similar appearing types dominate such as Baccharis sergiloides. Washes containing Bebbia
juncea as a dominant shrub are found in similar elevations; however, they are uncommon, and
generally cover small areas.
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4222 Prosopis glandulosa Alliance (Mesquite bosque, mesquite thicket)

293 Acres Mapped

In this example near 1000’ in Palm Canyon,
Prosopis glandulosa strongly dominates
upslope from a stand of palms. Only a
portion of the stand is seen on the adjacent
ground photo.

DESCRIPTION:
In this alliance, Prosopis glandulosa dominates the tree canopy, usually as the sole dominant in
cover greater than 40%. Other microphyll shrubs when present generally have significantly less
cover. Stands are generally quite small (averaging under 2 acres) and occur along the riparian
fringe in very small, dense patches, usually at the slope break between the upper floodplain and
adjacent sideslope. Higher elevation stands occasionally mix with semi-desert chaparral
species such as Q. cornelius-mulleri.
PHOTO INTERPRETATION SIGNATURE:
The signature characteristics of this alliance vary only slightly, depending on the health and
phenology of the trees. Patterning is clonal like and its consistent topographic setting makes
this a reliable mapping type no matter how small the stand is.
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4224 Chilopsis linearis Alliance (Desert willow woodland)

298 Acres Mapped

In this example, Chilopsis linearis strongly
dominates this large wash with a tree cover
between 10 and 15%.

DESCRIPTION:
In this alliance, Chilopsis linearis dominates or co-dominates the tree canopy with as little as 1%
cover when consistent along the wash. Riparian vegetation mapped to this alliance generally
occurs in large watersheds, on broad sandy to gravelly washes in a wide range of elevations.
Several of the mapped stands in the study area contain a significant component of Tamarix spp.
PHOTO INTERPRETATION SIGNATURE:
Mature individual Chilopsis linearis trees have large, irregularly shaped crowns, smaller ones
are difficult to separate out from commonly co-occurring large shrubs, especially Acacia greggii.
Color depends on seasonal phenology; some imagery depicts this species with a yellow to
yellow-green color. Leaf-on settings yield a green to dark green color with medium intensity.
Patterning of the trees in a typical large wash tends to form as parallel linear bands within the
channel.
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4225 Psorothamnus spinosus Alliance (Smoketree woodland)

153 Acres Mapped

In this example, Psorothamnus spinosus
occupies the centermost active portion of the
wash, with Parkinsonia florida in the
background adjacent on the less active
portions.

DESCRIPTION:
In this alliance, Psorothamnus spinosus dominates or co-dominates the tree canopy. Within the
mapping area, Parkinsonia florida is a frequent component to the stand. Cover of
Psorothamnus can be as low as 1% if consistent in the wash channel. Tree cover rarely
exceeds 10%. Within the mapping area, stands dominated by this tree occur in more highenergy washes, often in and along the adjacent margins of the most active portion of the
channel.
PHOTO INTERPRETATION SIGNATURE:
Psorothamnus spinosus has a consistent blue-grey color regardless of crown size. Crowns are
irregularly shaped and feathery. Patterning of individuals in the wash is highly variable.
Understory substrate is usually a very light tan to white.
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4226 Acacia greggii Alliance (Catclaw acacia thorn scrub)

2961 Acres Mapped

In this example, Acacia greggii is occurring
adjacent to the active channel along a broad
upper floodplain in Murray Canyon.

DESCRIPTION:
In this alliance, Acacia greggii is usually mapped in a wash setting, although scattered individual
shrubs were observed frequently on nearby upland slopes. In the mapping area, Acacia greggii
dominates or co-dominates the shrub layer, often with cover exceeding 20%. Stands tend to
form clusters along the channel edge in medium sized watersheds. This alliance has a broad
distribution where it is common in both desert and semi-desert chaparral settings.
PHOTO INTERPRETATION SIGNATURE:
Acacia greggii is a reliably dark colored medium sized shrub with minimal color variability.
Patterning is inconsistent and clumpy forming linear bands along the margins of the channel.
Small individual desert willows are difficult to distinguish but are more likely to be in the center of
the channel. Baccharis sergiloides also cluster along the wash margins but are also common in
the channel itself in less rocky more sandy settings.
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4227 Parkinsonia florida – Olneya tesota Alliance (Blue palo verde – ironwood
woodland)
42271 Parkinsonia florida / Hyptis emoryi Association

3818 Acres Mapped

This is a drier example where Parkinsonia
florida occurs in small braids in the upper
portions of a bouldery upper bajada near the
mouth of Martinez Canyon.

DESCRIPTION:
Although limited to the lower elevations within the southeastern portion of the mapping area, this
association contains more acreage than any other riparian type. Stands are mapped as an
association where Parkinsonia florida is the only occurring tree with at least 2-3% cover and
Hyptis emoryi is scattered inconsistently in the shrub layer with as little as 1% cover. The
association occurs in small to large watersheds and even in small rivulets between desert
pavement surfaces.
PHOTO INTERPRETATION SIGNATURE:
Parkinsonia florida is a medium to large tree with a light to medium green color with a welldefined, irregularly shaped crown. Stands containing this tree form some of the broadest wash
settings in the mapping area ranging from the active portion of the wash channel up to the
lowest sideslopes of the adjacent mountains.
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5424 Yucca schidigera Alliance (Mojave yucca scrub)

2003 Acres Mapped

In this example, Yucca schidigera codominates with other medium sized shrubs
including Prunus fremontii. Scattered juniper
occur in the tree layer below 1% cover. The
stand is located around 3200’ along State
Route 74.

DESCRIPTION:
The Yucca schidigera Alliance is mapped where Yucca schidigera is consistent in the shrub
layer with at least 1% cover. Other shrubs may often co-dominate the stand and may have
higher cover. Overall shrub cover in the mapping area is high, often over 20%. Common
associates include Prunus fremontii, Viguiera parishii, Bernardia incana, and in lower elevation
stands, Larrea tridentata. Higher elevation stands often have an emergent cover of juniper less
than 1%. The alliance is mapped in desert and desert edge environments, normally on gently
sloping toe slopes and ridges between 2500 and 3500 feet.
PHOTO INTERPRETATION SIGNATURE:
Mojave yuccas are discernable only on fine-scale GE and other sub-meter image datasets, and
even with these images, only larger individuals can be reliably identified. Shadowing
characteristics provide somewhat more reliability of their presence. Modeling the elevational
and topographic trends provides greater confidence in mapping this alliance.
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5441 Cercocarpus ledifolius Alliance (Curl leaf mountain mahogany scrub)

312 Acres Mapped

In this example, Cercocarpus ledifolius
occurs in dense cover on upper slopes
above 5500’ between Toro and Rabbit Peak
in the Santa Rosa Mountains. *Note: these
stands need to be substantiated with ground
verification.

DESCRIPTION:
Within the study area, Cercocarpus ledifolius strongly dominates the shrub layer in cover
greater than 30%. Emergent Pinus monophylla occurs in the stand with under 2-3% cover.
Stands dominated by pinyon surround the mapped polygons. Note: Only several stands
dominated by this species of Intermountain scrub were mapped, and only several occur within
the DRECP area mapped to date. Previously documented stands occur near Rabbit and
Villager Peak south of the study area. Stands within the PBSH mapping area were not visited
during field reconnaissance.
PHOTO INTERPRETATION SIGNATURE:
Signature characteristics of Cercocarpus ledifolius vary little across the stand. Shrub size is
fairly uniform and color is consistently a dark brown. Stands are found within pinyon woodlands
and may be the result of burn history.

D-34

Mapped Group Level & other vegetation types and types with a limited presence
in the Mapping Area
1123 – Pinus coulteri Alliance (Coulter pine woodland)
Mapped where Pinus coulteri dominates or co-dominates the stand in open woodland settings.
Adjacent to the mapping area, Arctostaphylos glandulosa is a common understory shrub. 1
polygon (~2 acres) mapped along the boundary of the study area at the 5400’ level as part of a
stand in a grassy setting in the San Jacinto Wilderness. Due to the infrequency of this Alliance
within the study area, photo signature and biogeographical characteristics have not been
described.
1410 – Southwestern North American riparian evergreen and deciduous woodland Group
30 polygons (~18 acres) mapped in scattered locations throughout the study area. Interpreting
to finer levels in the National Vegetation Classification hierarchy cannot reliably be achieved
from existing imagery or by modeling based on environmental features for these polygons.
1420 – Southwestern North American riparian/wash scrub Group
101 polygons (~63 acres) mapped throughout the study area. Interpreting to finer levels in the
National Vegetation Classification hierarchy cannot reliably be achieved from existing imagery
or by modeling based on environmental features for these polygons.
1431 – Arundo donax Semi-natural Stands (Giant reed breaks)
Mapped where Arundo donax forms dense stands as a strong dominant to the tall herbaceous
layer. Emergent riparian vegetation, when present, is inconsistently distributed and sparse. 2
polygons (Less than 2 acres total) were mapped in the southern portion of the study mainly
along the middle portions of Martinez Canyon. Due to the infrequency of this Alliance within the
study area, photo signature and biogeographical characteristics have not been described.
1511 – Alnus rhombifolia Alliance (White alder groves)
Mapped where Alnus rhombifolia dominates or co-dominates the tree canopy, generally in high
cover over small areas. 10 polygons (~23 acres) mapped along the upper branches of Snow
Creek and Chino Canyon. Mapped stands have a component of Platanus racemosa. Mapped
in steep seasonally flooded streams, often down slope from canyon live oak woodlands. Due to
the infrequency of this Alliance within the study area, photo signature and biogeographical
characteristics have not been described.
2112 – Adenostoma fasciculata Alliance (Chamise chaparral)
Mapped where Adenostoma fasciculata dominates or co-dominates the shrub layer, generally in
dense cover. 10 polygons (~191 acres) mapped in the northwestern corner of the mapping
area above 2500’. Most are recovering from recent fire. Due to the infrequency of this Alliance
within the study area, photo signature and biogeographical characteristics have not been
described.
2120 – Californian pre-montane chaparral Group
2 polygons (~152 acres) mapped in higher elevations in the northwestern portion of the study
area in the 2005 Blaisdell fire. Interpreting to finer levels in the National Vegetation
Classification hierarchy cannot reliably be achieved from existing imagery or by modeling based
on environmental features for these polygons.
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2121 – Arctostaphylos glandulosa Alliance (Eastwood manzanita chaparral)
Mapped where Arctostaphylos glandulosa dominates, or occasionally co-dominates the stand in
open to high cover. 12 polygons (~317 acres) mapped in higher elevations (above 3000’) of the
mapping area on upper slopes and ridges in the San Jacinto Mountains. Due to the infrequency
of this Alliance within the study area, photo signature and biogeographical characteristics have
not been described.
2210 – Central and south coastal Californian seral scrub Group
8 polygons (~550 acres) mapped to the Group level, primarily in the 2004 Verbenia fire.
Interpreting to finer levels in the National Vegetation Classification hierarchy cannot reliably be
achieved from existing imagery or by modeling based on environmental features for these
polygons.
2215 – Eriodictyon (crassifolium, trichocalyx) Provisional Alliance (Thick leaved and
hairy yerba santa scrub)
Stands are mapped in the study area where Eriodictyon crassifolium is a strong dominant in
moderately dense to dense cover. 10 polygons (~173 acres) mapped in post burn settings. Due
to the infrequency of this Alliance within the study area, photo signature and biogeographical
characteristics have not been described.
2221 – Eriogonum fasciculatum Alliance (California buckwheat scrub)
Stands are dominated by Eriogonum fasciculatum in open cover. May become more common
in areas recovering from the 2013 fire in the northwestern corner of the study area. 6 polygons
(~27 acres) mapped in higher elevations in post burn settings. Due to the infrequency of this
Alliance within the study area, photo signature and biogeographical characteristics have not
been described.
3300 – Warm Interior Chaparral Macrogroup
53 polygons (~1813 Acres) mapped to the Macrogroup level in very sparsely vegetated
bouldery settings west of Palm Canyon, where cover is extremely low and species dominance is
difficult to estimate. Species from two Groups within this Macrogroup commonly share
dominance in these stands. Interpreting to finer levels in the National Vegetation Classification
hierarchy cannot reliably be achieved from existing imagery or by modeling based on
environmental features for these polygons.
3310 – Western Mojave and Western Sonoran Desert borderland chaparral Group
17 polygons (~ 2221 acres) mapped to the Group level within the 2013 Mountain fire.
Interpreting to finer levels in the National Vegetation Classification hierarchy cannot reliably be
achieved from existing imagery or by modeling based on environmental features for these
polygons.
3600 – Western North America Wet Meadow and Low Shrub Carr Macrogroup
2 polygons (~.2 acres) mapped to the Group level. Interpreting to finer levels in the National
Vegetation Classification hierarchy cannot reliably be achieved from existing imagery or by
modeling based on environmental features for these polygons.
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3613 – Muhlenbergia rigens Alliance (Deer grass beds)
Mapped along seasonal channels where Muhlenbergia rigens is present to co-dominant with
other weedy annuals. 9 polygons (~3 ½ acres) mapped in upper Palm Canyon based on the
information from a nearby SRSJMNM water study site (FID 60). Note field visited stands
contained a high cover of annual grasses. Due to the infrequency of this Alliance within the
study area, photo signature and biogeographical characteristics have not been described.
3722 – Atriplex lentiformis Alliance (Quailbush scrub)
Mapped where Atriplex lentiformis dominates or strongly dominates the shrub layer in dense
cover. 3 polygons (~ 50 acres) mapped in disturbance settings along the eastern edge of the
mapping area. Due to the infrequency of this Alliance within the study area, photo signature and
biogeographical characteristics have not been described.
4100 – Mojavean-Sonoran Desert Scrub Macrogroup
27 polygons (~970 Acres) mapped to the Macrogroup level within the 2013 Mountain fire.
Interpreting to finer levels in the National Vegetation Classification hierarchy cannot reliably be
achieved from existing imagery or by modeling based on environmental features for these
polygons.
4110 – Lower bajada and fan Mojavean-Sonoran desert scrub Group
1 polygon (~36 acres) mapped to the Group level. Stand contains a component of
Psorothamnus spp. Interpreting to finer levels in the National Vegetation Classification
hierarchy cannot reliably be achieved from existing imagery or by modeling based on
environmental features for these polygons.
4111 – Ambrosia dumosa Alliance (White bursage scrub)
Mapped where Ambrosia dumosa dominates or co-dominates the stand with other small shrubs
in open cover. 4 polygons (~ 77 acres) mapped along the northernmost boundary of the study
area. Due to the infrequency of this Alliance within the study area, photo signature and
biogeographical characteristics have not been described.
4113 – Atriplex polycarpa Alliance (Allscale scrub)
Mapped where Atriplex polycarpa dominates or co-dominates in open cover with other shrubs
such as Ambrosia dumosa. 11 polygons (~181 acres) mapped in post agricultural and other
disturbance settings along the eastern edge of the mapping area. Due to the infrequency of this
Alliance within the study area, photo signature and biogeographical characteristics have not
been described.
4210 – Mojavean semi-desert wash scrub Group
4 polygons (~20 acres) mapped to the Group level. Interpreting to finer levels in the National
Vegetation Classification hierarchy cannot reliably be achieved from existing imagery or by
modeling based on environmental features for these polygons.
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4211 – Ephedra californica Alliance (California joint fir scrub)
Stands of Ephedra californica are mapped where it dominates or co-dominates with shrubs such
as Ambrosia dumosa and Psorothamnus spp. in open cover over sandy substrate. 4 polygons
(~69 acres) mapped along the uppermost floodplain south of the Whitewater River in the
northwestern most portion of the study area. Due to the infrequency of this Alliance within the
study area, photo signature and biogeographical characteristics have not been described.
4212 – Lepidospartum squamatum Alliance (Scale broom scrub)
Mapped where Lepidospartum squamatum is present to dominant in the shrub layer with other
desert wash species including Ambrosia salsola. 4 polygons (~13 acres) mapped along the
margins of the Whitewater River in the northwestern most portion of the study area. This alliance
is better represented in the main channel just outside of the study area. Due to the infrequency of
this Alliance within the study area, photo signature and biogeographical characteristics have not
been described.
4213 – Ericameria paniculata Alliance (Blackstem rabbitbrush scrub)
Stands are dominated by Ericameria paniculata in open cover, generally in the most active
portions of the wash channel. 2 polygons (2.6 acres) mapped based on a SRSJMNM water study
plot (FID 106) in Bradley Canyon. Due to the infrequency of this Alliance within the study area,
photo signature and biogeographical characteristics have not been described.
4218 – Bebbia juncea Provisional Alliance (Sweet-bush scrub)
Stands containing Bebbia juncea are mapped where the species dominates in open cover,
generally in small narrow washes at lower elevations. 1 polygon (~ 4 acres) mapped along a
wash near the Snow Creek Village. This stand could not be substantiated by ground
reconnaissance. It is flagged in the FieldCheck attribute for verification. Due to the infrequency
of this Alliance within the study area, photo signature and biogeographical characteristics have
not been described.
4221 – Pluchea sericea Alliance (Arrow weed thickets)
Stands are dominated by Pluchea sericea in dense cover over small patches along the margins
of larger seasonally flooded washes in the study area. 12 polygons (~7 acres) mapped in
scattered localities mainly along Palm and Sheep Canyon. Due to the infrequency of this Alliance
within the study area, photo signature and biogeographical characteristics have not been
described.
4227 – Parkinsonia florida – Olneya tesota Alliance (Blue palo verde – ironwood woodland)
Stands are mapped where either tree is dominant, or they both co-dominate the tree canopy in
cover as low as 3-4%. 1 polygon (2½ acres) mapped based on ground verification by the Friends
of the Desert Mountains, substantiating a stand of Olneya tesota. Note: The association under
this alliance (pg. D-32) is a Parkinsonia florida type. This stand is referenced in the Notes attribute
as being ironwood. Due to the infrequency of Olneya tesota within the study area, photo signature
and biogeographical characteristics have not been described.
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5210 – Intermontane seral shrubland Group
1 polygon (~10 acres) mapped in a post burn setting to the Group level. Interpreting to finer levels
in the National Vegetation Classification hierarchy cannot reliably be achieved from existing
imagery or by modeling based on environmental features for these polygons.
5410 – Intermontane deep or well-drained soil scrub Group
2 polygons (~31 acre) mapped to the Group level. Interpreting to finer levels in the National
Vegetation Classification hierarchy cannot reliably be achieved from existing imagery or by
modeling based on environmental features for these polygons.
5421 – Coleogyne ramosissima Alliance (Black brush scrub)
Stands are mapped where Coleogyne ramosissima dominates the shrub layer in cover often
exceeding 20%. 2 polygons (~9 acres) mapped adjacent to the Anza-Borrego Desert mapping
effort where it is common at higher elevations. Due to the infrequency of this Alliance within the
study area, photo signature and biogeographical characteristics have not been described.

Sparsely Vegetated and Disturbance Related Categories
6110 – North American warm desert bedrock cliff and outcrop Group
4 polygons (~28 acres) mapped to the Group level. Interpreting to finer levels in the National
Vegetation Classification hierarchy cannot reliably be achieved from existing imagery or by
modeling based on environmental features for these polygons.
6114 – Unvegetated wash and river bottom Mapping Unit
236 polygons (~310 acres) mapped throughout the study in temporarily, intermittently, and
seasonally flooded washes and stream courses containing less than 2-3% vegetative cover.
6115 – Massive sparsely vegetated rock outcrop Mapping Unit
67 polygons (~333 acres) mapped in scattered locations mostly in the northern half of the study
on area of bedrock substrate with less than 2% cover.
6121 – Dicoria canescens – Abronia villosa Alliance (Desert dunes)
1 polygon (~14 acres) mapped where sand is collecting at the base of a small hill called Windy
Point south of the Whitewater River. Note: the polygon is flagged in the FieldCheck attribute for
post field verification to check the presence of the alliance indicator species. If these species are
not present during the growing season, the polygon should be moved up to the North American
warm desert dunes and sand flats Group level.
9200 – Agriculture
2 polygons (~26 acres) mapped. One area is recovering (an old pistachio farm off Dunn Road)
with Ambrosia salsola, Rhus ovata and Eriogonum fasciculatum. The other appears to be a
mixed-use area called the Lazy C Ranch below Desert Angel Peak.
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9210 – Woody Agriculture (orchards, vineyards)
5 polygons (~38 acres) mapped (mainly citrus & date palm) along the southeastern edge of the
study area, and a small olive farm in the Snow Creek settlement.
9300 – Built-up & Urban Disturbance
171 polygons (~604 acres) mapped along the eastern fringe of the study area and in the Pinyon
Crest settlement off State Route 74.
9320 – Anthropogenic Areas of Little or No Vegetation
30 polygons (~239 acres) mapped in close proximity to built-up land use areas. These areas
have been recently cleared; they do not contain any fixed structures at the time of the NAIP 2014
imagery.
9500 – Exotic Trees
3 polygons (~2 acres) mapped where non-native trees are not defined or could not be classified
to an alliance level in the NVCS.

Figure 8: 1-mile section of the 2013
post fire recovery

9701 – Sparsely Vegetated Recent Burned Areas
7 polygons (~3211 acres) mapped in areas recovering from the 2013 Silver Fire Burn. (Figure 8)
This is a mapping unit agreed upon by Todd Keeler-Wolf (CDFW Senior Vegetation Ecologist)
which is used to denote stands of vegetation that have exhibited little or no recovery on the 2014
NAIP imagery. Unfortunately, much of this land is contained within the coastal sage scrub group,
which represents only a small area of the study. Field reconnaissance in January of 2016 denoted
annual grasses with recovering Artemisia californica, Keckiella antinodes, Eriogonum
fasciculatum, and Eriodictyon crassifolium that were not present on the 2014 imagery. In these
circumstances, it was agreed that photo interpreters should map to the Sparsely Vegetated
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Recently Burned Areas mapping unit that most accurately represents 2014 conditions. This will
in turn more accurately represent change analysis after subsequent updates to the vegetation
map in the future.
9800 – Water
5 polygons (~7 acres) all water-classified features are associated with golf courses along the
margins of the study area.
9805 – Water Impoundment Feature
2 polygons (~ 97 acres) South of Avenue 60 in the southeastern portion of the study area. These
specific features are most likely used as flood control for the La Quinta Golf Club and surrounding
development.
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EXECUTIVE SUMMARY
The University of California Riverside’s Center for Conservation Biology (CCB) has created fine-scale
vegetation maps for a number of Conservation Areas under the jurisdiction of the Coachella Valley
Multiple Species Habitat Conservation Plan (CVMSHCP) under contract with the Coachella Valley
Conservation Commission (CVCC). The primary purpose for creating these maps is provide a landscapescale approach to monitoring changes due to land use, invasive species, recreation, hydrology, and
climate. These digital maps, documenting changes and their causes, are then tools for prioritizing future
conservation actions. The vegetation classification follows Federal Geographic Data Committee (FGDC)
and National Vegetation Classification Standards (NVCS; Federal Geographic Data Committee 2008).
The classification is meant to align with previous and concurrent efforts previous survey and
classification work done by California Department of Fish and Wildlife's Vegetation Classification and
Mapping Program (VegCaMP) and Aerial Information Systems (AIS) for the Desert Renewable Energy
Conservation Plan Area as well as the southeastern Salton Sea Mid-Desert Area, and by the National Park
Service for Joshua Tree National Park. This unit was mapped using the California Department of Fish and
Wildlife (CDFW) and California Natural Plant Society Combined (CNPS) Vegetation Classification and
Mapping Program protocol (CNPS 2014).
This map and report addresses the Coachella Valley Stormwater Channel and Delta Conservation Area
(4,404 acres). Fieldwork, photo-interpretation and mapping were performed from 2016-2017. Within the
study areas, rapid assessment protocol vegetation plots and supplemental reconnaissance observations
were obtained within the study at pre-determined points in order to document the plant community,
disturbances, and invasive species across space and types. Photo-interpretation of 2013 imagery and field
information were combined to produce delineations of vegetation alliances and associations according to
the California Department of Fish and Wildlife classification system, outlined in the Manual of California
Vegetation Second Edition (Sawyer et al. 2009). Thus, the current version of the map best represents the
status of vegetation in 2013.
We digitized the vegetation of the Coachella Valley Stormwater Channel and Delta Conservation Area
from 2013 imagery provided by the Coachella Valley Association of Governments (CVAG); it includes
approximately 316 delineated polygons, each assigned one of 18 vegetation alliances or land-cover types.
We assigned the still finer scale association attribute where field plot data (Rapid Assessment Plot or
reconnaissance observation) was available within the polygon boundaries, or where the association could
be clearly identified from aerial imagery. This unit has several map classes that have less than 2%
absolute vegetation cover, including Disturbed/Built-Up, Water, and a generic Non-Vegetated Habitat
type. The largest amount of land cover is of the non-vegetated habitat type, encompassing 1153 acres 467
ha), followed by iodine bush scrub (1040 acres, 421 ha), and Tamarix thickets (818 acres, 331 ha). This
report and accompanying data are to be released at the end of 2017.

INTRODUCTION
This vegetation map is a tool to help aid in species monitoring and management in the Coachella Valley
Stormwater Channel and Delta Conservation Area of the Coachella Valley MSHCP and Natural
Community Conservation Plan. At the end of the twentieth century, 27 species and 27 vegetation
communities in the Coachella Valley were identified as being affected by pressures of land development
and conversion of habitats. The most direct threat to the biodiversity of the area is habitat loss. From 1996
to 2008, citizens, scientists, land managers, and federal and state agencies of the Valley developed a
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conservation plan that offered protection to these species and preserved over 250,000 acres of open space
(Figure 1). The plan was approved by federal and state agencies and was implemented in 2008, all cities
involved in the collaborative effort.

Figure 1: Coachella Valley Multiple Species Habitat Conservation Plan Boundary in relation to Joshua Tree
National Park, the Santa Rosa and San Jacinto National Monument, the Coachella Valley USFWS Preserve,
Wilderness areas, and the Salton Sea.

This comprehensive land planning essentially protects the ecological drivers and processes to enhance
sustainability of community biodiversity. The plan is science-based and investigates hypotheses related to
the persistence of species on conservation lands through adapting monitoring and management. The
Coachella Valley is situated in the Colorado Desert which is situated on the northwest portion of the
much larger Sonoran Desert, and consists of a variety of habitats. One hundred miles east of Los Angeles,
it is bordered on the west by the San Jacinto, San Gorgonio, and Santa Rosa Mountain Ranges. The
Valley lies at the northwest boundaries of the Colorado Desert, and to the east of the Valley lies the
Salton Sea. The Coachella Valley is an extremely arid desert region that is characterized by aeolian sand
communities, fan palm oases, creosote shrub, alluvial fan, and salt scrub communities.
Precipitation is the primary driver for vegetation growth in the Coachella Valley, which experiences both
summer and winter precipitation events. Rains are highly variable from year to year, but tend to be more
frequent at the far west of the Coachella Valley, due to the rain shadow of the San Jacinto, Santa Rosa,
and San Bernardino mountain ranges. This causes a gradient of increasing temperature and aridness from
west to east, as elevation decreases. During rare monsoonal events in July to September, weather systems
that originate in the Gulf of Mexico, bring heavy but isolated thunderstorms to the Valley. During average
years, the vast amount of reliable moisture comes from winter rains, which originate in the northwest and
move into the area in October through May, contributing the greatest proportion of the annual rainfall.

Coachella Valley Stormwater Channel and Delta Conservation Area
(Reserve Management Unit 5)
The Coachella Valley Stormwater Channel and Delta Conservation Area (hereafter, CVSCDCA)
comprises over 4,404 acres acres at the southern end of a broad agricultural area within the Coachella
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Valley that runs from the cities of Palm Desert and Rancho Mirage to the Salton Sea (Figure 2). It
contains, of course, the stormwater channel that drains areas northwest of Monroe St., and this heavilymanipulated channel runs to the Salton Sea. Most areas within this Conservation Area are +/-40 feet of
200 feet below mean sea level. It is not contiguous with any other Conserved lands under the Plan and is
made up primarily of private lands, Utility permittees (Coachella Valley Water District, Imperial
Irrigation District), as well as small county and federal parcels.
This Conservation Area contains a variety of vegetation types that thrive in seasonally-flooded, riparian,
and saline areas. The Conservation area supports Core Habitat of the crissal thrasher and desert pupfish.
Also protected is suitable habitat to support burrowing owls (documented occurrences), Yuma clapper
and California black rails. A general habitat map was produced prior with the inception of the Plan to
document the distribution of conserved natural communities, documented at the time as mesquite
hummocks, desert saltbush scrub, desert sink scrub, Sonoran cottonwood, willow riparian forest, and
coastal and valley freshwater marsh, using the Holland Type system (Holland, 1986). This effort updates
this outdated map, and provides more specific information about the acreage-extent of habitat in this
Conservation Area.

Figure 2: The Coachella Valley Stormwater Channel and Delta Conservation Area (CVSCDCA) is located in
Riverside County, California, USA, at the south end of the Coachella Valley. CVMSHCP Conservation Areas
boundary shown in yellow, CVSCDCA in red fill. Imagery from the National Agricultural Imagery Program (2014,
USDA).
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PURPOSE
The primary purpose for creating these maps is provide a landscape-scale approach to monitoring changes
due to land use, invasive species, recreation, hydrology, and climate. These digital maps, documenting
changes and their causes, are then tools for prioritizing future conservation actions. The outdated map of
the Coachella Valley MSHCP areas, created before 1999, was based on the Holland classification system
and was inconsistent with current standards prescribed by CDFW’s Vegetation Classification and
Mapping Program (VegCaMP). As part of the CVMSHCP/NCCP monitoring program, a phased work
plan to remap all 746,000 acres of Conservation Areas began in 2012. These mapping areas together
nearly complete the remap of the Plan Area, together with other Conservation Lands mapped by other
entities, and previous work by UCR CCB. The completion of these maps updates the 2007
CVMSHCP/NCCP natural community map. This section of the map provides critical information to assist
in monitoring habitat suitability in conservation areas, and quantifies attributes to help researchers
understand the effects of environmental variability, including drought and climate change. An updated
vegetation map was required to enhance understanding of species and their habitats, and identify
management needs to ensure persistence of target species within the Plan area. The updated vegetation
map is an essential element of monitoring for other covered species and natural communities and provides
a baseline to monitor natural communities and landscape-scale vegetation change. Quantification of biotic
habitat variables help document factors that may influence species population fluctuation. These data are
key to conservation of biological diversity in the Plan area, in light of the listed threats to habitats in this
management unit: invasive species; threats to hydrological regime/processes; climate change and habitat
fragmentation, wildfire management, off-highway vehicle use, and other anthropogenic surface
disturbance (CVMSHCP, Section 8). Understanding habitat requirements for species will help to guide
the development of land management actions that support recovery and sustainability of healthy
populations. Data produced under this effort is publicly available and supports concurrent
CVMSHCP/NCCP monitoring.

RECONNAISSANCE VEGETATION ASSESSMENT
Initial research on the vegetation communities present in this Conservation Areas included a search for
existing vegetation maps (none were found) and development of a preliminary database of possible plant
species, alliances and associations through reconnaissance visits in conjunction with monitoring for
covered species (Crissal thrasher, burrowing owl). Between November and December 2016, CCB staff
conducted surveys throughout the mapping area as a reconnaissance of vegetation types. The purpose of
these field visits was to calibrate the photo-interpretation of aerial imagery to existing vegetation types
within the area. The CNPS California Native Plant Society/Department of Fish and Game Protocol for
Combined Vegetation and Rapid Assessment and Relevé Sampling Field Form was used for Rapid
Assessment surveys (hereafter “RA plots”), in the study areas (CNPS 2016). The study areas were
traversed on foot and by vehicle, and vegetation was assessed at optimal and accessible points, sited
according to RA plot protocol (see CNPS 2016). The field staff completed RA plots both
opportunistically-located as well as targeted at priority areas according to the photo interpreter’s
preference and priorities. A significant effort was made to access areas where little was known about the
vegetation types from previous visits, or where few reconnaissance points existed. At each point, an RA
form was completed, resulting in a database containing perennial vegetation percent cover (and annual
cover of key species such as Abronia villosa, where it was likely to define the alliance); UTM easting and
northing coordinates (NAD 1983 datum, Zone 11N); slope, aspect and elevation; percent surface cover of
vegetation, litter and abiotic substrates; and other data (see protocol, CNPS 2016; Appendix A: RA Plot
Database 2017). As well, file numbers for photos at each point in four cardinal directions were recorded
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(photo database available upon request from CCB). For each RA plot, the field team assessed and
assigned a Vegetation Alliance and Association, which was subsequently reviewed and formally assigned
at the office. In addition, reconnaissance (“Recon”) information including dominant species identities and
other landscape cover notes were gathered throughout the area.
Because this vegetation map is tied to aerial imagery acquired by CVCC in 2013 (with the goal of a
temporally-uniform snapshot of vegetation across the Plan Area), there is a 3 to 4-year gap between the
temporal reference period for this map and the state of vegetation as it was recorded on RA plot field
surveys. In any other case where field conditions in 2016-2017 differed from those on the aerial imagery
in 2013 (dead or dying vegetation, different species composition or extent), the information about likely
conditions in 2013 from photo interpretation took precedence.
In sum, 30 RA plots and 20 Recon plots completed in 2016 were used for mapping within the study area,
plus an additional 27 Recon plots that were completed prior, at monitoring points for a specific covered
species (Toxostoma crissalis, crissal thrasher), completed in 2014-2015.

AERIAL PHOTO INTERPRETATION AND DELINEATION
Mapping Imagery and Photointerpretation: The map was produced by applying heads‐up digitizing
techniques using the primary source imagery, six-inch resolution true-color (RGB) spring 2013 aerial
imagery provided by the Coachella Valley Conservation Commission from local flights for the majority
of the mapping area where this imagery was available. This was supplemented with 2014 one meter
imagery from the National Agricultural Imagery Program (NAIP), both 4-Band and color infrared (CIR)
as well as a variety of other sources such as ESRI WorldImagery (various sources, see:
https://www.arcgis.com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9). These supplemental
sources were not used for delineation unless the primary source imagery was lacking, in which case the
imagery with the nearest reliable time stamp was used. These ancillary sources were mostly useful as
supporting information to help identify types and photosignatures, as well as boundaries between types.
As well, fire history data from CalFire (http://frap.fire.ca.gov/data/frapgisdata-swfireperimeters_download; Fire15_1, released June 9th, 2016) was used as additional information for
identifying stand and cover boundaries.
The photo interpreter used the verified vegetation type locations (vegetation type photo signatures) to
identify vegetation across the landscape, additionally using ecological characteristics of vegetation types
in relation to landscape characteristics such as topographic features. Map polygons were assessed for
vegetation type, percent cover, presence of exotic plants, anthropogenic alteration, development, and
roadedness. Lines were drawn to delineate non-vegetated areas and vegetated areas, and within vegetated
areas, to establish boundaries of Alliance and Association types. The photo interpreter drafted boundaries
separating vegetation types generally at 1:1500 scale and attributed the type using RA plot information
and relevant datasets. A finer visualization scale was used in some cases to delineate wetland types
occurring in narrows bands and patchy areas. Absolute cover values from the RA plots was used to assist
photo interpreters with delineating boundaries. Cover was quantified as non-vegetated habitat where it
was less than 2%. Some coordinates for plots fall outside of the plot boundaries due to the extremely
delicate habitat or accessibility challenges. For these surveys, the cover estimates, as they currently stand,
apply to the projected coordinate locations indicated in the RA database where applicable.
Geodatabase: The photo interpreter worked with a GIS specialist to establish a geodatabase containing
domain tables that relate alliance, group and macrogroup for assigned types in ArcGIS 10.3.1. Vegetation
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delineation was done using a line feature class, assigned to type using point feature class, and finally, a
polygon feature class was created, attributed with alliance and other attributes. A comprehensive quality
control effort was conducted by senior GIS staff to finalize polygons, and geodatabase domains (Alliance,
Common Name, Association, Group and Macrogroup). Continuous quality control checks were
performed using query tools in ArcGIS as well as the utilization of a secondary reviewer from the team
(other than the photo-interpreter) to review polygon assignments, identify problematic vegetation
assignments errors and discrepancies as monitoring continued, and all were incorporated into the final
geodatabase.
Minimum Mapping Unit: For upland alliances occurring in expansive areas, a minimum mapping unit of
10 acres was observed for breaking up classes, or major changes in the vegetation cover class. For the
purposes of the CVMSHCP, habitat of sensitive species is of particular concern and therefore to improve
the ability of researchers and land managers to target wildlife habitat that is patchily-distributed, there are
several alliances where the minimum mapping unit (MMU) is less than an acre. These include Prosopis
glandulosa Woodland Alliance (habitat for the covered species, Toxostoma crissalis, crissal thrasher),
Washingtonia filifera Woodland Alliance (supporting Federally endangered Cyprinodon macularius,
desert pupfish), as well as wetlands types (some support the federally endangered Rallus longirostris
yumanensis, Yuma clapper rail and other sensitive species), and as well as certain wash types which
displayed complexity that necessitated delineation (generally, Groups G499, G531, G533; see
“Classification…” section below). Following common vegetation mapping standards, stands that did not
meet minimum mapping unit criteria were lumped with, or drawn within the bounds of, the most similar
adjacent vegetation type polygon, for example, tree alliances with other tree alliances, shrubs with other
shrub types, upland types with upland types, and so forth.
Vegetation Mortality, Land Use and Other Changes: Due to the agricultural history of the area, many
areas were heavily anthropogenically-altered, or contained stands of remnant produce vegetation
(especially Phoenix dactylifera, date palm). These are noted on the vegetation map as indicated above, as
an anthropogenic disturbance or invasive plant % cover class. No remnant or possible wild stand of date
palm was large enough to map. For polygons in which the RA plot data indicated significant mortality of
the vegetation or dormant vegetation, the photo interpreter visually assessed the greenness of the
vegetation in the aerial imagery from 2013 (or the photo imagery nearest to that date) to decide how much
of the dominant alliance vegetation was in fact living in 2013. Often, remaining basal sprouts or small
percentage of the vegetation remained alive, with sufficient cover remaining alive to pass the assignment
rules for the dominant vegetation type. In a very few areas was enough of the dominant vegetation dead,
with certainty on the ground and from the aerial imagery, to justify assigning a different alliance. Where
the vegetation could be clearly identified but where it was ambiguous as to whether the dominant
vegetation type was sufficiently alive in 2013 after using the decision process described above, the photo
interpreter defaulted to the assumption that the vegetation in question was still alive during the time stamp
represented by the map in lieu of assigning a different alliance.
Other cases in which RA plot data differed from photo imagery included: development, fire, expansion or
management of invasive species, and other changes in land use or land management activities, and these
were assigned to 2013 vegetation status similar to the above. Disturbance codes were entered for stands
that were surveyed, per Rapid Assessment protocol, which aided in interpretation of imagery. As well,
disturbance types and intensity were assigned for all polygons in the geodatabase: roadedness,
development, anthropogenic alteration, as well as invasive species % cover (only if obvious from stand
interpretation or as noted in RA plots). Definitions and protocol for assigning disturbance types in the
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geodatabase were assigned using the criteria set forth in the DRECP vegetation map (CDFW 2013);
differing only in that we did not separate hydrologic alteration from other types of anthropogenic
alteration.
Time Period Represented: The time period aimed at in this map to classify the vegetation state during the
year 2013. This aligns with the overall mapping goal for the CVMSHCP area to have a uniform temporal
snapshot of vegetation across the Plan area for this year. However, as a living map, polygons and
assignments will be regularly reviewed, updated, or flagged for further field visits as part of ongoing
monitoring within the mapping area. It is recommended, due to ongoing changes within the Plan area, that
that periodic updates should be published as additional information and newer imagery becomes
available.
Accuracy Assessment: In sum, 16 RA plots and 15 Recon points were used for delineation and assignment
of the vegetation and landcover types within this study area, while 14 RA plots and 5 Recon points were
withheld from the mapper. Using the withheld information to assess accuracy of the map, the effort was
scored at 92% accuracy.

CLASSIFICATION OF VEGETATION FOR THE MAPPING AREA
The map classification is based largely on work done in areas for previous and ongoing projects:
Vegetation Mapping of Anza-Borrego Desert State Park and Environs (Keeler-Wolf et al. 1998), the
Western Riverside County MSHCP Vegetation Map (2004), Vegetation of Joshua Tree National Park (La
Doux et al. 2013), and the Vegetation Map in Support of the Desert Renewable Energy Conservation Plan
(CDFW, 2013). No provisional or new alliances were described from this area and the 18 cover types
found were well-documented using the current version of the Manual of California Vegetation online
(http://vegetation.cnps.org/).
The nested hierarchy below, containing the vegetation types documented in the mapping area, including
the Macrogroup and Group, was based on the National Vegetation Classification System (Federal
Geographic Data Committee 2008); specifically, the recommendations of Evens (2014) to align the
NVCS with the Manual of California Vegetation (Sawyer et al. 2009).

Class 1. Forest to Open Woodland
Subclass 1.B. Temperate & Boreal Forest
Formation 1.B.3. Temperate Flooded & Swamp Forest
Division 1.B.3.Nd. Southwestern North American Flooded & Swamp Forest
Macrogroup M036. Warm Southwest Riparian Forest
Group G508. Sonoran-Chihuahuan Warm Desert Riparian Woodland
Populus fremontii Alliance
Salix gooddingii Alliance
Washingtonia filifera Alliance
Macrogroup M298. Warm Southwest Semi-natural Flooded & Swamp Forest
Group G510. Southwestern North American Semi-Natural Riparian Forest &
Scrub
Tamarix spp. Semi-Natural Alliance
Class 2. Shrubland & Grassland
Subclass 2.B. Temperate & Boreal Grassland & Shrubland
Formation 2.B.6. Temperate & Boreal Freshwater Marsh, Wet Meadow & Shrubland
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Division 2.B.6.Nb. Western North American Freshwater Shrubland, Wet Meadow & Marsh
Macrogroup M073. Western North American Temperate Lowland Wet Shrubland, Wet
Meadow & Marsh
Group G531. Arid West Interior Freshwater Emergent Marsh
Phragmites australis Alliance (G524)
Schoenoplectus americanus Alliance (G499)
Typha (angustifolia, domingensis, latifolia) Alliance
Macrogroup M301. Western North American Semi-natural Wet Shrubland, Meadow &
Marsh
Group G524. Western North American Semi-natural Wet Shrubland, Meadow
& Marsh
Arundo donax Semi-Natural Alliance
Division 2.B.6.Nc. Southwestern North American Warm Desert Freshwater Marsh
Macrogroup M076. Warm Desert Freshwater Shrubland, Meadow & Marsh
Group G533. North American Warm Desert Riparian Low Bosque &
Shrubland
Pluchea sericea Alliance
Prosopis glandulosa Alliance (G287)
Formation 2.B.7. Salt Marsh
Division 2.B.7.Nc. Temperate & Boreal Pacific Coastal Salt Marsh
Macrogroup M081. North American Pacific Coastal Salt Marsh
Group G499. Temperate Pacific Tidal Salt & Brackish Marsh
Distichlis spicata Alliance (G538)
Division 2.B.7.Nd. North American Western Interior Brackish Marsh
Macrogroup M082. Cool Semi-Desert Alkaline-Saline Wetland
Group G537. North American Desert & Semi-Desert Alkaline-Saline Shrub
Wetland
Allenrolfea occidentalis Alliance
Atriplex lentiformis Alliance
Suaeda moquinii Alliance
Class 3. Desert & Semi-Desert
Subclass 3.A. Warm Desert & Semi-Desert Woodland, Scrub & Grassland
Formation 3.A.2. Warm Desert & Semi-Desert Scrub & Grassland
Division 3.A.2.Na. North American Warm Desert Scrub & Grassland
Macrogroup M092. North American Warm-Desert Xero-Riparian Scrub
Group G541. Warm Semi-Desert Shrub & Herb Dry Wash
Parkinsonia florida–Olneya tesota Alliance

ALLIANCES AND LANDSCAPE ATTRIBUTES IDENTIFIED

Vegetation Alliance or Land Cover Type

Area
(ha)

Area (acres)

Non-vegetated Habitat (less than 2% absolute cover)

466.6

1,153.0

Allenrolfea occidentalis Shrubland Alliance

421.1

1,040.5

Tamarix spp. Shrubland Semi-Natural Alliance

331.0

818.0

Disturbed/built-up

319.4

789.2

Water

107.9

266.7

Atriplex lentiformis Shrubland Alliance

64.8

160.1

Typha (angustifolia, domingensis, latifolia) Alliance

25.1

62.1

Prosopis glandulosa Woodland Alliance

19.2

47.3

Pluchea sericea Shrubland Alliance

12.5

30.9

Populus fremontii Forest Alliance

8.7

21.4

Distichlis spicata Herbaceous Alliance

2.2

5.5
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Washingtonia filifera Woodland Alliance

1.9

4.7

Schoenoplectus americanus Herbaceous Alliance

0.5

1.3

Suaeda moquinii Shrubland Alliance

0.5

1.1

Parkinsonia florida--Olneya tesota Woodland Alliance

0.3

0.8

Salix gooddingii Woodland Alliance

0.2

0.5

Phragmites australis Herbaceous Alliance

0.2

0.4

Arundo donax Herbaceous Semi-Natural Alliance

0.1

0.2

1,782.1

4,403.6

TOTAL

ASSOCIATIONS IDENTIFIED

Vegetation Association or Land Cover Type
Allenrolfea occidentalis--Suaeda moquinii Association
Allenrolfea occidentalis--Tamarix spp. Association
Allenrolfea occidentalis Association
Distichlis spicata / Allenrolfea occidentalis Association
Pluchea sericea--Tamarix spp. Association
Prosopis glandulosa / Allenrolfea occidentalis Association
Prosopis glandulosa Association
Tamarix spp.--Allenrolfea occidentalis Association
Tamarix spp.--Pluchea sericea Association
Typha domingensis / Tamarix spp. Association
Allenrolfea occidentalis / Phoenix dactylifera Association
Atriplex lentiformis Association
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VEGETATION MAP

Figure 3: Alliance-level vegetation map of the Coachella Valley Stormwater Channel and Delta Conservation Area.
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APPENDICES

Appendix A: Vegetation Geodatabase 2017
Geodatabase components:
“CVSD_RA_plots” (Rapid Assessment Database)
“CVSD_Recon_points” (Reconnaissance Information Database)
“CVSD_Veg_Poly_postAA” (Vegetation and Land Cover)
“CVAG_CVSD_MappingBoundary” (Mapping Area Boundary)
File name and type: CVAG_CVSD_Vegmap_2017.gdb
ArcGIS 10.3.1 Geodatabase
Appendix B: Coachella Valley Stormwater and Delta Conservation Area Alliance Map
File name and type: UCR_CCB_CVAG_CVSD_Vegetation_2017.pdf
File name and type: PDF
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EXECUTIVE SUMMARY
The University of California Riverside’s Center for Conservation Biology (CCB) has created fine-scale
vegetation maps for a number of Conservation Areas under the jurisdiction of the Coachella Valley
Multiple Species Habitat Conservation Plan (CVMSHCP) under contract with the Coachella Valley
Conservation Commission (CVCC). The primary purpose for creating these maps is provide a landscapescale approach to monitoring changes due to land use, invasive species, recreation, hydrology, and
climate. These digital maps, documenting changes and their causes, are then tools for prioritizing future
conservation actions. The vegetation classification follows Federal Geographic Data Committee (FGDC)
and National Vegetation Classification Standards (NVCS; Federal Geographic Data Committee 2008).
The classification is meant to align with previous and concurrent efforts previous survey and
classification work done by California Department of Fish and Wildlife's Vegetation Classification and
Mapping Program (VegCaMP) and Aerial Information Systems (AIS) for the Desert Renewable Energy
Conservation Plan Area as well as the southeastern Salton Sea Mid-Desert Area, and by the National Park
Service for Joshua Tree National Park. This unit was mapped using the California Department of Fish and
Wildlife (CDFW) and California Natural Plant Society Combined (CNPS) Vegetation Classification and
Mapping Program protocol (CNPS 2014).
This map and report addresses the Desert Tortoise and Linkage Conservation Area (approximately 90,000
acres). Fieldwork, photo-interpretation and mapping were performed from 2014-2016. Within the study
areas, rapid assessment protocol vegetation plots and supplemental reconnaissance observations were
obtained within the study at pre-determined points in order to document the plant community,
disturbances, and invasive species across space and types. Photo-interpretation of 2013 imagery and field
information were combined to produce delineations of vegetation alliances and associations according to
the California Department of Fish and Wildlife classification system, outlined in the Manual of California
Vegetation Second Edition (Sawyer et al. 2009). Thus, the current version of the map best represents the
status of vegetation in 2013.
We digitized the vegetation of the Desert Tortoise and Linkage Conservation Area Area from 2013
imagery provided by the Coachella Valley Association of Governments (CVAG) and 2014 imagery from
the National Agricultural Imagery Program (NAIP); it includes approximately 881 delineated polygons,
each assigned one of 21 vegetation alliances or land-cover types. We assigned the still finer scale
association attribute where field plot data (Rapid Assessment Plot or reconnaissance observation) was
available within the polygon boundaries, or where the association could be clearly identified from aerial
imagery. This unit has several map classes that have less than 2% absolute vegetation cover, including the
Desert Pavement/Geraea canescens Alliance, Disturbed/Built-Up, and a generic Non-Vegetated Habitat
type. The largest amount of land cover is of the Larrea tridentata—Encelia farinosa Shrubland Alliance
type, encompassing 27,665 acres), followed by Parkinsonia florida--Olneya tesota Woodland Alliance
(18,255 acres), and Larrea tridentata—Encelia farinosa Shrubland Alliance (17,770 acres). This report
and accompanying data are to be released at the end of 2017.

INTRODUCTION
This vegetation map is a tool to help aid in species monitoring and management in the Desert Tortoise
and Linkage Conservation area within the Coachella Valley MSHCP and Natural Community
Conservation Plan. At the end of the twentieth century, 27 species and 27 vegetation communities in the
Coachella Valley were identified as being affected by pressures of land development and conversion of
habitats. The most direct threat to the biodiversity of the area is habitat loss. From 1996 to 2008, citizens,
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scientists, land managers, and federal and state agencies of the Valley developed a conservation plan that
offered protection to these species and preserved over 250,000 acres of open space (Figure 1). The plan
was approved by federal and state agencies and was implemented in 2008, all cities involved in the
collaborative effort.

Figure 1: Coachella Valley Multiple Species Habitat Conservation Plan Boundary in relation to Joshua Tree
National Park, the Santa Rosa and San Jacinto National Monument, the Coachella Valley USFWS Preserve,
Wilderness areas, and the Salton Sea.

This comprehensive land planning essentially protects the ecological drivers and processes to enhance
sustainability of community biodiversity. The plan is science-based and investigates hypotheses related to
the persistence of species on conservation lands through adapting monitoring and management. The
Coachella Valley is situated in the Colorado Desert which is situated on the northwest portion of the
much larger Sonoran Desert, and consists of a variety of habitats. One hundred miles east of Los Angeles,
it is bordered on the west by the San Jacinto, San Gorgonio, and Santa Rosa Mountain Ranges. The
Valley lies at the northwest boundaries of the Colorado Desert, and to the east of the Valley lies the
Salton Sea. The Coachella Valley is an extremely arid desert region that is characterized by aeolian sand
communities, fan palm oases, creosote shrub, alluvial fan, and salt scrub communities.
Precipitation is the primary driver for vegetation growth in the Coachella Valley, which experiences both
summer and winter precipitation events. Rains are highly variable from year to year, but tend to be more
frequent at the far west of the Coachella Valley, due to the rain shadow of the San Jacinto, Santa Rosa,
and San Bernardino mountain ranges. This causes a gradient of increasing temperature and aridness from
west to east, as elevation decreases. During rare monsoonal events in July to September, weather systems
that originate in the Gulf of Mexico, bring heavy but isolated thunderstorms to the Valley. During average
years, the vast amount of reliable moisture comes from winter rains, which originate in the northwest and
move into the area in October through May, contributing the greatest proportion of the annual rainfall.
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Desert Tortoise and Linkage Conservation Area (Reserve Management Unit 3)
The Desert Tortoise and Linkage Conservation Area (hereafter, DTLA) comprises over 90,000 acres at
the east end of the Coachella Valley, between Joshua Tree National Park to the north and the Mecca Hills
and Orocopia Mountains to the south (Figure 2). The elevation at the southern end, within the __ canyon
area is approximately 800 feet, and the highest elevation in the Conservation Area are the areas abutting
the Park, at about 2900 feet. It is bisected by a major freeway thoroughfare, the I-10 interstate, a feature
that plays a role in hydrologic processes influencing vegetation patterns to the north and to the south. It is
made up primarily of public lands, Utility permittees (Coachella Valley Water District, Imperial Irrigation
District), as well as small county and federal parcels. It is threatened by a proposed development project,
sited within its boundaries.
This Conservation Area contains a variety of vegetation types that thrive in lower-elevation areas within
the Colorado Desert. The Conservation area supports Plan-defined Core Habitat of the federallythreatened desert tortoise, and the area is part of the functional Core Habitat of the rare Mecca aster
(California Rare Plant Rank 1B.2, CNPS 2016b) and Orocopia sage (California Rare Plant Rank 1B.3,
CNPS 2016b). Also protected is Other Conserved Habitat for Le Conte’s thrasher, round-tailed ground
squirrel and the Palm Springs pocket mouse. A general habitat map was produced prior with the inception
of the Plan to document the distribution of conserved natural communities, documented at the time as
Sonoran creosote bush scrub, Sonoran mixed woody and succulent scrub, Mojave mixed woody scrub,
and desert dry wash woodland, using the Holland Type system (Holland, 1986). This effort updates this
outdated map, and provides more specific information about the acreage-extent of habitat in this
Conservation Area.

Figure 2: The Desert Tortoise and Linkage Conservation Area (DTLA) is located in Riverside County, California,
USA, at the east end of the Coachella Valley. CVMSHCP Conservation Areas boundary shown in yellow, DLTA in
red fill. Imagery from the National Agricultural Imagery Program (2014, USDA).
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PURPOSE
The primary purpose for creating these maps is provide a landscape-scale approach to monitoring changes
due to land use, invasive species, recreation, hydrology, and climate. These digital maps, documenting
changes and their causes, are then tools for prioritizing future conservation actions. The outdated map of
the Coachella Valley MSHCP areas, created before 1999, was based on the Holland classification system
and was inconsistent with current standards prescribed by CDFW’s Vegetation Classification and
Mapping Program (VegCaMP). As part of the CVMSHCP/NCCP monitoring program, a phased work
plan to remap all 746,000 acres of Conservation Areas began in 2012. These mapping areas together
nearly complete the remap of the Plan Area, together with other Conservation Lands mapped by other
entities, and previous work by UCR CCB. The completion of these maps updates the 2007
CVMSHCP/NCCP natural community map. This section of the map provides critical information to assist
in monitoring habitat suitability in conservation areas, and quantifies attributes to help researchers
understand the effects of environmental variability, including drought and climate change. An updated
vegetation map was required to enhance understanding of species and their habitats, and identify
management needs to ensure persistence of target species within the Plan area. The updated vegetation
map is an essential element of monitoring for other covered species and natural communities and provides
a baseline to monitor natural communities and landscape-scale vegetation change. Quantification of biotic
habitat variables help document factors that may influence species population fluctuation. These data are
key to conservation of biological diversity in the Plan area, in light of the listed threats to habitats in this
management unit: invasive species; threats to hydrological regime/processes; climate change and habitat
fragmentation, wildfire management, off-highway vehicle use, and other anthropogenic surface
disturbance (CVMSHCP, Section 8). Understanding habitat requirements for species will help to guide
the development of land management actions that support recovery and sustainability of healthy
populations. Data produced under this effort is publicly available and supports concurrent
CVMSHCP/NCCP monitoring.

RECONNAISSANCE VEGETATION ASSESSMENT
Initial research on the vegetation communities present in this Conservation Areas included a search for
existing vegetation maps and development of a preliminary database of possible plant species, alliances
and associations. The Desert Renewable Energy Conservation Plan map, which overlaps a small portion
of the eastern end of the study area became available to the mapping team after Reconnaissance and
mapping had begun and this information was incorporated in 2016. Reconnaissance visits in conjunction
with monitoring for covered species (Crissal thrasher, burrowing owl) occurred between November and
March in both 2014-2015 and in 2016-2017, CCB staff conducted surveys throughout the mapping area
as a reconnaissance of vegetation types. The purpose of these field visits was to calibrate the photointerpretation of aerial imagery to existing vegetation types within the area. The CNPS California Native
Plant Society/Department of Fish and Game Protocol for Combined Vegetation and Rapid Assessment
and Relevé Sampling Field Form was used for Rapid Assessment surveys (hereafter “RA plots”), in the
study areas (CNPS 2014, 2016). The study areas were traversed on foot and by vehicle, and vegetation
was assessed at optimal and accessible points, sited according to RA plot protocol (CNPS 2014, 2016).
The field staff completed 56 RA plots in 2014-2015 and 42 RA plots in 2016-2017 both
opportunistically-located as well as targeted at priority areas according to the photo interpreter’s
preference and priorities. Some of these RA plots in 2014-2015 were sited for concurrent monitoring of
Xylorhiza cognata monitoring within DTLA boundaries. In addition, reconnaissance (“Recon”)
information including dominant species identities and other landscape cover notes were gathered at 62
points throughout the area. A significant effort was made to access areas where little was known about the
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vegetation types from previous visits, or where few RA or Recon points existed. At each point, an RA
form was completed, resulting in a database containing perennial vegetation percent cover (and annual
cover of key species such as Abronia villosa, where it was likely to define the alliance); UTM easting and
northing coordinates (NAD 1983 datum, Zone 11N); slope, aspect and elevation; percent surface cover of
vegetation, litter and abiotic substrates; and other data (see protocol, CNPS 2016). As well, file numbers
for photos at each point in four cardinal directions were recorded (photo database available upon request
from CCB). For each RA plot, the field team assessed and assigned a Vegetation Alliance and
Association, which was subsequently reviewed and formally assigned at the office.
Because this vegetation map is tied to aerial imagery acquired by CVCC in 2013 (with the goal of a
temporally-uniform snapshot of vegetation across the Plan Area), there is a 1 to 3-year gap between the
temporal reference period for this map and the state of vegetation as it was recorded on RA plot field
surveys. In any other case where field conditions in 2016-2017 differed from those on the aerial imagery
in 2013 (dead or dying vegetation, different species composition or extent), the information about likely
conditions in 2013 from photo interpretation took precedence.

AERIAL PHOTO INTERPRETATION AND DELINEATION
Mapping Imagery and Photointerpretation: The map was produced by applying heads‐up digitizing
techniques using the primary source imagery, six-inch resolution true-color (RGB) spring 2013 aerial
imagery provided by the Coachella Valley Conservation Commission from local flights for the majority
of the mapping area. However, only a small western portion of the DTLA mapping area was covered by
the primary 2013 source imagery (Figure 3). For the areas within the DTLA mapping area not covered by
the base imagery, NAIP 2014 one meter 4-band and color infrared imagery (CIR) was used as the primary
source for identification and delineation. This was supplemented with a variety of other sources such as
ESRI WorldImagery (various sources, see:
https://www.arcgis.com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9). These supplemental
sources were not used for delineation unless the primary source imagery was lacking, in which case the
imagery with the nearest reliable time stamp was used. These ancillary sources were mostly useful as
supporting information to help identify types and photosignatures, as well as boundaries between types,
especially where the 2013 photo-imagery had heavy shadows within topographically-diverse areas.
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Figure 3: 2013 CVAG true-color 6-inch resolution imagery coverage with the DTLA mapping area boundaries.

The photo interpreter used the verified vegetation type locations (vegetation type photo signatures) to
identify vegetation across the landscape, additionally using ecological characteristics of vegetation types
in relation to landscape characteristics such as topographic features. Map polygons were assessed for
vegetation type, percent cover, presence of exotic plants, anthropogenic alteration, development, and
roadedness. Lines were drawn to delineate non-vegetated areas and vegetated areas, and within vegetated
areas, to establish boundaries of Alliance and Association types. The photo interpreter drafted boundaries
separating vegetation types generally at 1:1500 scale and attributed the type using RA plot information
and relevant datasets. A finer visualization scale was used in some cases to delineate wetland types
occurring in narrows bands and patchy areas. Absolute cover values from the RA plots was used to assist
photo interpreters with delineating boundaries. Cover was quantified as non-vegetated habitat where it
was less than 2%. Some coordinates for plots fall outside of the plot boundaries due to the extremely
delicate habitat or accessibility challenges. For these surveys, the cover estimates, as they currently stand,
apply to the projected coordinate locations indicated in the RA database where applicable.
Geodatabase: The photo interpreter worked with a GIS specialist to establish a geodatabase containing
domain tables that relate alliance, group and macrogroup for assigned types in ArcGIS 10.3.1. Vegetation
delineation was done using a line feature class, assigned to type using point feature class, and finally, a
polygon feature class was created, attributed with alliance and other attributes. A comprehensive quality
control effort was conducted by senior GIS staff to finalize polygons, and geodatabase domains (Alliance,
Common Name, Association, Group and Macrogroup). Continuous quality control checks were
performed using query tools in ArcGIS as well as the utilization of a secondary reviewer from the team
(other than the photo-interpreter) to review polygon assignments, identify problematic vegetation
assignments errors and discrepancies as monitoring continued, and all were incorporated into the final
geodatabase.
Minimum Mapping Unit: For upland alliances occurring in expansive areas, a minimum mapping unit of
10 acres was observed for breaking up classes, or major changes in the vegetation cover class. For the
purposes of the CVMSHCP, habitat of sensitive species is of particular concern and therefore to improve
the ability of researchers and land managers to target wildlife habitat that is patchily-distributed, there are
several alliances where the minimum mapping unit (MMU) is less than an acre. These include Prosopis
glandulosa Woodland Alliance (habitat for the covered species, Toxostoma crissalis, crissal thrasher) and
Washingtonia filifera Woodland Alliance (supporting Federally endangered Cyprinodon macularius,
desert pupfish), as well as certain wash types which displayed complexity that necessitated delineation
(generally, Groups G499, G531, G533; see “Classification…” section below). Following common
vegetation mapping standards, stands that did not meet minimum mapping unit criteria were lumped with,
or drawn within the bounds of, the most similar adjacent vegetation type polygon, for example, tree
alliances with other tree alliances, shrubs with other shrub types, upland types with upland types, and so
forth.
Vegetation Mortality, Land Use and Other Changes: Due to land clearing for electrical or gas
transmission, some areas were heavily anthropogenically-altered. These are noted on the vegetation map
as indicated above, as an anthropogenic disturbance or invasive plant % cover class. For polygons in
which the RA plot data indicated significant mortality of the vegetation or dormant vegetation, the photo
interpreter visually assessed the greenness of the vegetation in the aerial imagery from 2013 (or the photo
imagery nearest to that date) to decide how much of the dominant alliance vegetation was in fact living in
2013. Often, remaining basal sprouts or small percentage of the vegetation remained alive, with sufficient
cover remaining alive to pass the assignment rules for the dominant vegetation type. Where the vegetation
could be clearly identified but where it was ambiguous as to whether the dominant vegetation type was
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sufficiently alive in 2013 after using the decision process described above, the photo interpreter defaulted
to the assumption that the vegetation in question was still alive during the time stamp represented by the
map in lieu of assigning a different alliance.
Other cases in which RA plot data differed from photo imagery included: development, fire, expansion or
management of invasive species, and other changes in land use or land management activities, and these
were assigned to 2013 vegetation status similar to the above. Disturbance codes were entered for stands
that were surveyed, per Rapid Assessment protocol, which aided in interpretation of imagery. As well,
disturbance types and intensity were assigned for all polygons in the geodatabase: roadedness,
development, anthropogenic alteration, as well as invasive species % cover (only if obvious from stand
interpretation or as noted in RA plots). Definitions and protocol for assigning disturbance types in the
geodatabase were assigned using the criteria set forth in the DRECP vegetation map (CDFW 2013);
differing only in that we did not separate hydrologic alteration from other types of anthropogenic
alteration.
Time Period Represented: The time period aimed at in this map to classify the vegetation state during the
year 2013. This aligns with the overall mapping goal for the CVMSHCP area to have a uniform temporal
snapshot of vegetation across the Plan area for this year. However, as a living map, polygons and
assignments will be regularly reviewed, updated, or flagged for further field visits as part of ongoing
monitoring within the mapping area. It is recommended, due to ongoing changes within the Plan area, that
that periodic updates should be published as additional information and newer imagery becomes
available.

CLASSIFICATION OF VEGETATION FOR THE MAPPING AREA
The map classification is based largely on work done in areas for previous and ongoing projects:
Vegetation Mapping of Anza-Borrego Desert State Park and Environs (Keeler-Wolf et al. 1998), the
Western Riverside County MSHCP Vegetation Map (2004), Vegetation of Joshua Tree National Park (La
Doux et al. 2013), and the Vegetation Map in Support of the Desert Renewable Energy Conservation Plan
(CDFW, 2013). There are also several new provisional alliances developed from previous work in the
CVMSHCP area, including the Mecca Hills and Orocopia Mountains Map (2016) and the Dos Palmas
Conservation Area Map (2016); these new provisional alliances are described in the respective reports.
Any provisional alliance that has not been yet adopted by CDFW into the MCV schema as reflected in the
MCV online (http://vegetation.cnps.org/, accessed June 2017) are still listed as “Provisional” in this map
and geodatabase. There was one provisional alliance identified during this study, based on relevé plot
observation and subsequent classification, the Peucephyllum schottii Scrub Alliance (* in the
classification below), though this type needs additional sampling before being proposed to the NVCS.
Although field staff frequently encountered Desert Pavement substrate, we were unable to capture the
annual flora that identifies the Geraea canescens--Chorizanthe rigida Desert Pavement Annual
Herbaceous Alliance due to the early seasonal sampling, although some dried spineflower was located in
the field in one RA plot. Thus, this alliance was identified using substrate, micro-topography, and
vegetation structural characteristics in the field.
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The nested hierarchy below, containing the vegetation types documented in the mapping area, including
the Macrogroup and Group, was based on the National Vegetation Classification System (Federal
Geographic Data Committee 2008); specifically, the recommendations of Evens (2014) to align the
NVCS with the Manual of California Vegetation (Sawyer et al. 2009).
Class 2. Shrubland & Grassland
Subclass 2.B. Temperate & Boreal Grassland & Shrubland
Formation 2.B.1. Mediterranean Scrub & Grassland
Division 2.B.1.Na. California Scrub
Macrogroup M044. California Coastal Scrub
Group G264. Central & Southern California Coastal Sage Scrub
Eriogonum fasciculatum—Viguiera parishii Provisional Alliance
Class 3. Desert & Semi-Desert
Subclass 3.A. Warm Desert & Semi-Desert Woodland, Scrub & Grassland
Formation 3.A.2. Warm Desert & Semi-Desert Scrub & Grassland
Division 3.A.2.Na. North American Warm Desert Scrub & Grassland
Macrogroup M088. Mojave-Sonoran Semi-Desert Scrub
Group G293. Sonoran Paloverde - Mixed Cacti Desert Scrub
Simmondsia chinensis Provisional Alliance
Group G295. Mojave-Sonoran Bajada & Valley Desert Scrub
Ambrosia dumosa Alliance
Encelia farinosa Alliance
Larrea tridentata Alliance
Larrea tridentata–Ambrosia dumosa Alliance
Larrea tridentata–Encelia farinosa Alliance
Psorothamnus schottii Provisional Alliance
Group G296. Mojave Mid-Elevation Mixed Desert Scrub
Lycium andersonii Alliance
Macrogroup M092. North American Warm-Desert Xero-Riparian Scrub
Group G541. Warm Semi-Desert Shrub & Herb Dry Wash
Acacia greggii Alliance
Ambrosia salsola Alliance
Encelia (actoni, virginensis) Alliance
Hyptis emoryi Alliance
Justicia californica Provisional Alliance
Parkinsonia florida–Olneya tesota Alliance
Peucephyllum schottii Provisional Alliance *
Psorothamnus spinosus Alliance
Subclass 3.B. Cool Semi-Desert Scrub & Grassland
Formation 3.B.1. Cool Semi-Desert Scrub & Grassland
Division 3.B.1.Ne. Western North American Cool Semi-Desert Scrub & Grassland
Macrogroup M171. Great Basin & Intermountain Dry Shrubland & Grassland
Group G311. Intermountain Semi-Desert Grassland
Pleuraphis rigida Alliance
Class 6. Rock Vegetation
Subclass 6.C. Desert & Semi-Desert Rock Vegetation
Formation 6.C.1. Warm Desert & Semi-Desert Cliff, Scree & Other Rock Vegetation
Division 6.C.1.Na. North American Warm Semi-Desert Cliff, Scree & Rock Vegetation
Macrogroup M117. North American Warm Semi-Desert Cliff, Scree & Rock Vegetation
Group G569. North American Warm Semi-Desert Cliff, Scree & Pavement
Sparse Vegetation
Geraea canescens—Chorizanthe rigida Desert Pavement Provisional
Alliance
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PROVISIONAL ALLIANCE DESCRIPTIONS

Peucephyllum schottii Provisional Alliance
Pygmy-cedar scrub Provisional Alliance

Figure 4: The image on the left shows a Peucephyllum schottii shrubland stand. The image on the right shows the photo signature on the 6inch 2013 true-color imagery, with the location of the left-hand photo identified with a green circle, taken facing eastward. This stand had
5% Peucephyllum schottii, 3% Hyptis emoryi, 1% Ambrosia salsola, and less than 1% of Parkinsonia florida, Psorothamnus spinosus,
Bebbia juncea, Petalonyx thurberi, Ferrocactus cylindraceus, Asclepias albicans, and Fouquieria splendens.

DESCRIPTION: Polygons mapped as this Provisional Alliance are dominated by Peucephyllum schottii,
with at least 2 percent absolute cover in the shrub canopy and no other species having greater or equal
cover. These stands are typically within fairly gently-sloping, open sections of seasonally-flooded drains
that are fairly disturbed, though the species also occurs in upland habitats on rocky slopes. Additional
samples should be taken of this stand type.
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ALLIANCES AND LANDSCAPE ATTRIBUTES IDENTIFIED
Vegetation Alliance or Land Cover Type

Area (ha)

Area (acres)

Larrea tridentata--Encelia farinosa Shrubland Alliance

11,195.67

27,665.06

Parkinsonia florida--Olneya tesota Woodland Alliance

7,387.56

18,255.02

Larrea tridentata--Ambrosia dumosa Shrubland Alliance

7,191.46

17,770.46

Larrea tridentata Shrubland Alliance

3,692.17

9,123.55

Non-vegetated Habitat (less than 2% absolute cover)

2,534.68

6,263.31

Encelia farinosa Shrubland Alliance

1,575.18

3,892.36

Geraea canescens--Chorizanthe rigida Desert Pavement Annual Herbaceous Alliance

1,285.22

3,175.84

Psorothamnus schottii Shrubland Provisional Alliance

401.72

992.67

Hyptis emoryi Shrubland Alliance

275.41

680.56

Ambrosia salsola Shrubland Alliance

254.56

629.03

Disturbed/built-up

175.46

433.58

Ambrosia dumosa Shrubland Alliance

160.68

397.04

Acacia greggii Shrubland Alliance

146.86

362.89

Psorothamnus spinosus Woodland Alliance

93.11

230.07

Eriogonum fasciculatum--Viguiera parishii Shrubland Alliance

53.81

132.97

Justicia californica Shrubland Alliance

30.20

74.63

Peucephyllum schottii Provisional Shrubland Alliance

20.26

50.07

Lycium andersonii Shrubland Alliance

11.24

27.78

Pleuraphis rigida Herbaceous Alliance

9.01

22.25

Simmondsia chinensis Provisional Shrubland Alliance

8.34

20.62

Encelia (actoni, virginensis) Shrubland Alliance

8.25

20.38

36,510.86

90,220.15

TOTAL
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ASSOCIATIONS IDENTIFIED

Vegetation Association or Land Cover Type
Acacia greggii / (Bebbia juncea / Hyptis emoryi) Association
Acacia greggii--Bebbia juncea Association
Ambrosia salsola--Acacia greggii--(Bebbia juncea--Hyptis emoryi) Association
Ambrosia salsola--Hyptis emoryi Association
Ambrosia salsola--Larrea tridentata--Encelia farinosa--Ambrosia dumosa Association
Ambrosia salsola--Peucephyllum schottii Association
Chilopsis linearis / Ericameria paniculata--Ambrosia salsola Association
Chilopsis linearis--Xylorhiza cognata Association
Encelia farinosa - Pleuraphis rigida Association
Encelia farinosa--Ambrosia dumosa Association
Encelia farinosa--Peucephyllum schottii Association
Hyptis emoryi Association
Hyptis emoryi--Ambrosia salsola Association
Larrea tridentata / wash Association
Larrea tridentata Association
Larrea tridentata--Ambrosia dumosa / Olneya tesota Association
Larrea tridentata--Ambrosia dumosa Association
Larrea tridentata--Ambrosia dumosa--Ambrosia salsola Association
Larrea tridentata--Ambrosia dumosa--Encelia farinosa Association
Larrea tridentata--Ambrosia dumosa--Hyptis emorii Association
Larrea tridentata--Ambrosia dumosa--Krameria grayi Association
Larrea tridentata--Ambrosia dumosa--Psorothamnus schottii--Encelia farinosa Association
Larrea tridentata--Ambrosia salsola Association
Larrea tridentata--Encelia farinosa / Parkinsonia florida Association
Larrea tridentata--Encelia farinosa Association
Larrea tridentata--Encelia farinosa--Ambrosia dumosa Shrubland Association
Larrea tridentata--Encelia farinosa--Ambrosia salsola Association
Larrea tridentata--Encelia farinosa--Fouquieria splendens Association
Larrea tridentata--Encelia farinosa--Psorothamnus schottii Association
Larrea tridentata--Encelia farinosa--Psorothamnus schottii--Association
Larrea tridentata--Fouquieria splendens Association
Larrea tridentata--Hoffmannseggia microphylla Association
Lycium andersonii--Larrea tridentata--Hyptis emoryi Association
Non-vegetated habitat / Encelia farinosa Association
Non-vegetated Habitat / Larrea tridentata Association
Non-vegetated habitat / Larrea tridentata Association--Xylorhiza cognata Association
Olneya tesota / Ambrosia salsola--Hyptis emoryi Association
Olneya tesota / Justicia californica Association
Olneya tesota / Larrea tridentata Association
Olneya tesota / Larrea tridentata--Encelia farinosa Association
Parkinsonia florida / Acacia greggii Association
Parkinsonia florida / Acacia greggii--Hyptis emoryi Association
Parkinsonia florida / Ambrosia salsola Association
Parkinsonia florida / Bebbia juncea Association
Parkinsonia florida / Hyptis emoryi Association
Parkinsonia florida / Larrea tridentata--Peucephyllum schottii Association
Parkinsonia florida / Larrea tridentata--Psorothamnus schottii Association
Parkinsonia florida / Psorothamnus schottii Association
Parkinsonia florida--Olneya tesota / Acacia greggii Association
Parkinsonia florida--Olneya tesota / Cylindropuntia sp. Association
Parkinsonia florida--Olneya tesota / Hyptis emoryi Association
Parkinsonia florida--Olneya tesota / Larrea tridentata--Ambrosia dumosa Association
Parkinsonia florida--Olneya tesota Association
Parkinsonia florida--Olneya tesota--Psorothamnus spinosus Association
Peucephyllum schottii / Hyptis emoryi Association
Pleuraphis rigida / Encelia farinosa Association
Pleuraphis rigida / Hyptis emoryi Association
Psorothamnus schottii Association
Psorothamnus schottii--Senna armata Association
Psorothamnus spinosus / Ambrosia salsola--Bebbia juncea Association
Psorothamnus spinosus / Hyptis emoryi--Acacia greggii Association
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VEGETATION MAP

Figure 5: Vegetation map of the Desert Tortoise and Linkage Conservation Area.
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APPENDICES

Appendix A: Vegetation Geodatabase 2017
Geodatabase components:
“DTLA_RA_plots” (Rapid Assessment Database)
“DTLA_Recon_points” (Reconnaissance Information Database)
“DTLA_Veg_Poly_postAA” (Vegetation and Land Cover)
“CVAG_DTLA_MappingBoundary” (Mapping Area Boundary)
File name and type: CVAG_DLTA_Vegmap_2017.gdb
ArcGIS 10.3.1 Geodatabase
Appendix B: Desert Tortoise and Linkage Conservation Area Alliance Map
File name and type: UCR_CCB_CVAG_DTLA_Vegetation_2017.pdf
File name and type: PDF
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EXECUTIVE SUMMARY
The University of California Riverside’s Center for Conservation Biology (CCB) has created fine-scale
vegetation maps for a number of Conservation Areas under the jurisdiction of the Coachella Valley
Multiple Species Habitat Conservation Plan (CVMSHCP) under contract with the Coachella Valley
Conservation Commission (CVCC). The primary purpose for creating these maps is provide a landscapescale approach to monitoring changes due to land use, invasive species, recreation, hydrology, and
climate. These digital maps, documenting changes and their causes, are then tools for prioritizing future
conservation actions. The vegetation classification follows Federal Geographic Data Committee (FGDC)
and National Vegetation Classification Standards (NVCS; Federal Geographic Data Committee 2008).
The classification is meant to align with previous and concurrent efforts previous survey and
classification work done by California Department of Fish and Wildlife's Vegetation Classification and
Mapping Program (VegCaMP) and Aerial Information Systems (AIS) for the Desert Renewable Energy
Conservation Plan Area as well as the southeastern Salton Sea Mid-Desert Area, and by the National Park
Service for Joshua Tree National Park. This unit was mapped using the California Department of Fish and
Wildlife (CDFW) and California Natural Plant Society Combined (CNPS) Vegetation Classification and
Mapping Program protocol (CNPS 2014).
This map and report addresses the area of overlap between the newly-designated Sand to Snow National
Monument and the CVMSHCP Plan Area (47,256 acres), hereafter, the “Sand to Snow/CVMSHCP
mapping area.” The Conservation Areas within the mapping area are: Cabazon, Whitewater Canyon,
Stubbe and Cottonwood Canyons, and the Upper Mission/Big Morongo Conservation areas. Fieldwork,
photo-interpretation and mapping were performed from 2016-2017. Within the study areas, rapid
assessment protocol vegetation plots and supplemental reconnaissance observations were obtained within
the study at pre-determined points in order to document the plant community, disturbances, and invasive
species across space and types. Photo-interpretation of 2013 imagery and field information were
combined to produce delineations of vegetation alliances and associations according to the California
Department of Fish and Wildlife classification system, outlined in the Manual of California Vegetation
Second Edition (Sawyer et al. 2009). Thus, the current version of the map best represents the status of
vegetation in 2013.
We digitized the vegetation of the Sand to Snow/CVMHSCP mapping area from 2013 imagery provided
by the Coachella Valley Association of Governments (CVAG); it includes approximately 938 delineated
polygons to separate areas of varied vegetation cover and type, each assigned one of 61 vegetation
alliances or land-cover types. We assigned the still finer-scale vegetation association where field plot data
(Rapid Assessment Plot or reconnaissance observation) was available within the polygon boundaries, or
where the association could be clearly identified from aerial imagery. This unit has several map classes
that have less than 2% absolute vegetation cover, including Disturbed/Built-Up, Water, and a generic
Non-Vegetated Habitat type. The largest amount of land cover is of the Encelia farinosa Shrubland
Alliance, (encompassing 15,991 acres), followed by the Larrea tridentata--Encelia farinosa Shrubland
Alliance (3,051 acres), and the Quercus chrysolepis Forest Alliance (2,731 acres). This report and
accompanying data are to be released at the end of 2017.

INTRODUCTION
This vegetation map is a tool to help aid in species monitoring and management in the Sand to
Snow/CVMSHCP area of the Coachella Valley MSHCP and Natural Community Conservation Plan. At
the end of the twentieth century, 27 species and 27 vegetation communities in the Coachella Valley were
identified as being affected by pressures of land development and conversion of habitats. The most direct
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threat to the biodiversity of the area is habitat loss. From 1996 to 2008, citizens, scientists, land managers,
and federal and state agencies of the Valley developed a conservation plan that offered protection to these
species and preserved over 250,000 acres of open space (Figure 1). The plan was approved by federal and
state agencies and was implemented in 2008, all cities involved in the collaborative effort.

Figure 1: Coachella Valley Multiple Species Habitat Conservation Plan Boundary in relation to Joshua Tree
National Park, the Santa Rosa and San Jacinto National Monument, the Coachella Valley USFWS Preserve,
Wilderness areas, and the Salton Sea.

This comprehensive land planning essentially protects the ecological drivers and processes to enhance
sustainability of community biodiversity. The plan is science-based and investigates hypotheses related to
the persistence of species on conservation lands through adapting monitoring and management. The
Coachella Valley is situated in the Colorado Desert which is situated on the northwest portion of the
much larger Sonoran Desert, and consists of a variety of habitats. One hundred miles east of Los Angeles,
it is bordered on the west by the San Jacinto, San Gorgonio, and Santa Rosa Mountain Ranges. The
Valley lies at the northwest boundaries of the Colorado Desert, and to the east of the Valley lies the
Salton Sea. The Coachella Valley is an extremely arid desert region that is characterized by aeolian sand
communities, fan palm oases, creosote shrub, alluvial fan, and salt scrub communities.
Precipitation is the primary driver for vegetation growth in the Coachella Valley, which experiences both
summer and winter precipitation events. Rains are highly variable from year to year, but tend to be more
frequent at the far west of the Coachella Valley, due to the rain shadow of the San Jacinto, Santa Rosa,
and San Bernardino mountain ranges. This causes a gradient of increasing temperature and aridness from
west to east, as elevation decreases. During rare monsoonal events in July to September, weather systems
that originate in the Gulf of Mexico, bring heavy but isolated thunderstorms to the Valley. During average
years, the vast amount of reliable moisture comes from winter rains, which originate in the northwest and
move into the area in October through May, contributing the greatest proportion of the annual rainfall.

Sand to Snow/CVMSHCP Mapping Area: Cabazon, Whitewater Canyon, Stubbe and Cottonwood
Canyon and the Upper Mission Creek/Big Morongo Canyon (Reserve Management Unit 1)
The Sand to Snow/CVHMSCHP mapping area comprises over 47,546 acres at the northwestern end the
Coachella Valley; the area between the I-10 and the San Bernardino County Line (Figure 2). It is
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contiguous with the Joshua Tree National Park Conservation Area, as well as San Bernardino National
Forest lands to the north and ends at the (western) Riverside County Multiple Species Habitat
Conservation Plan Area to the west. The elevational range encompassed within this mapping unit is
significant, from approximately 1,100 feet in the Whitewater Canyon Conservation Area to Kitching Peak
at 6,598 feet within the Cabazon Conservation Area. This mapping unit is made up primarily of federal
lands (USFS, BLM), private conservation lands (the Coachella Valley Conservation Commission, the
Friends of the Desert Mountains and the Wildlands Conservancy), as well as small parcels of private land
and non-permittee utilities (e.g. Metropolitan Water District and Southern California Edison).
The Conservation Areas within this mapping area contain a variety of vegetation types that thrive in the
Colorado/Mojave Desert transition, riparian as well as lower montane climates. This area is a sand source
area for the aeolian fluvial system. The conservation areas herein support Core Habitat and Other
Conserved Habitat for many Plan-listed species, including: the arroyo toad, desert tortoise, Jerusalem
cricket, Little San Bernardino linanthus, Le Conte’s thrasher, Palm Springs pocket mouse, triple-ribbed
milkvetch and many of the riparian birds (least Bell’s vireo, southwestern willow flycatcher, summer
tanager, yellow-breasted chat and yellow warbler). A general habitat map was produced prior with the
inception of the Plan to document the distribution of conserved natural communities using the Holland
Type system (Holland, 1986). This effort updates this outdated map, and provides more specific
information about the acreage-extent of habitat in this Conservation Area, which will provide essential
information for monitoring habitat for Plan-listed species.

Figure 2: The Sand to Snow/CVMSHCP Mapping Area is located in Riverside County, California, USA, at the
northwest end of the Coachella Valley. CVMSHCP Conservation Areas boundary shown in yellow, with the
mapping area in red fill. Imagery from the National Agricultural Imagery Program (2014, USDA).

5

PURPOSE
The primary purpose for creating these maps is provide a landscape-scale approach to monitoring changes
due to land use, invasive species, recreation, hydrology, and climate. These digital maps, documenting
changes and their causes, are then tools for prioritizing future conservation actions. The outdated map of
the Coachella Valley MSHCP areas, created before 1999, was based on the Holland classification system
and was inconsistent with current standards prescribed by CDFW’s Vegetation Classification and
Mapping Program (VegCaMP). As part of the CVMSHCP/NCCP monitoring program, a phased work
plan to remap all 746,000 acres of Conservation Areas began in 2012. These mapping areas together
nearly complete the remap of the Plan Area, together with other Conservation Lands mapped by other
entities, and previous work by UCR CCB. The completion of these maps updates the 2007
CVMSHCP/NCCP natural community map. This section of the map provides critical information to assist
in monitoring habitat suitability in conservation areas, and quantifies attributes to help researchers
understand the effects of environmental variability, including drought and climate change. An updated
vegetation map was required to enhance understanding of species and their habitats, and identify
management needs to ensure persistence of target species within the Plan area. The updated vegetation
map is an essential element of monitoring for other covered species and natural communities and provides
a baseline to monitor natural communities and landscape-scale vegetation change. Quantification of biotic
habitat variables help document factors that may influence species population fluctuation. These data are
key to conservation of biological diversity in the Plan area, in light of the listed threats to habitats in this
management unit: invasive species; threats to hydrological regime/processes; climate change and habitat
fragmentation, wildfire management, off-highway vehicle use, and other anthropogenic surface
disturbance (CVMSHCP, Section 8). Understanding habitat requirements for species will help to guide
the development of land management actions that support recovery and sustainability of healthy
populations. Data produced under this effort is publicly available and supports concurrent
CVMSHCP/NCCP monitoring.

RECONNAISSANCE VEGETATION ASSESSMENT
Initial research on the vegetation communities present in these Conservation Areas included a review of
existing vegetation maps (CVCC 2007, CALVEG 2014, Joshua Tree National Park 2012, Western
Riverside 2004) and development of a preliminary database of possible plant species, alliances and
associations. To determine the plant communities that might be encountered during field surveys, CCB
staff consulted with Wildlands Conservancy staff at Whitewater Canyon, who provided a plant species
list from past survey data. Additional information concerning vegetation and stand history was provided
by environmental scientists with the Morongo Band of Mission Indians. Between July 2016 and March
2017, CCB staff conducted surveys throughout the mapping area for sampling of vegetation types. The
purpose of these field visits was to calibrate the photo-interpretation of aerial imagery to existing
vegetation types within the area. The CNPS California Native Plant Society/Department of Fish and
Game Protocol for Combined Vegetation and Rapid Assessment and Relevé Sampling Field Form was
used for Rapid Assessment surveys (hereafter “RA plots”), in the study areas (CNPS 2014, 2016). The
study areas were traversed on foot and by vehicle, and vegetation was assessed at optimal and accessible
points, sited according to RA plot protocol (CNPS 2014, 2016). Accessibility to many areas was limited
by a lack of vehicular access, rugged terrain, dense chaparral vegetation and the distance required to be
traversed on foot, necessitating several overnight excursions by staff in order to access areas beyond the
periphery of the 74-square-mile, largely roadless mapping area. Within the Stubbe Canyon area, access
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was limited by private landholdings that occupied access points from the south. Access to the Millard
Canyon area within the Cabazon Conservation Area as well as to the northwestern portions of Stubbe and
Cottonwood Canyon Conservation Area was kindly granted with permission from the Morongo Band of
Mission Indians.
The field staff completed 150 RA plots in 2016-2017 both opportunistically-located as well as targeted at
priority areas according to the photo interpreter’s preference and priorities. Some of these RA plots were
sited for concurrent monitoring of Astragalus tricarinatus within mapping area boundaries. In addition,
reconnaissance (“Recon”) information including dominant species identities and other landscape cover
notes were gathered at 161 points throughout the area. A significant effort was made to access areas
where little was known about the vegetation types from previous visits, or where few RA or Recon points
existed. At each point, an RA form was completed, resulting in a database containing perennial vegetation
percent cover (and annual cover of key species, where it was likely to define the alliance); UTM easting
and northing coordinates (NAD 1983 datum, Zone 11N); slope, aspect and elevation; percent surface
cover of vegetation, litter and abiotic substrates; and other data (see protocol, CNPS 2016; Appendix A:
RA Plot Database 2017). As well, file numbers for photos at each point in four cardinal directions were
recorded (photo database available upon request from CCB). For each RA plot, the field team assessed
and assigned a Vegetation Alliance and Association, which was subsequently reviewed and formally
assigned at the office.
Because this vegetation map is tied to aerial imagery acquired by CVCC in 2013 (with the goal of a
temporally-uniform snapshot of vegetation across the Plan Area), there is a 3 to 4-year gap between the
temporal reference period for this map and the state of vegetation as it was recorded on RA plot field
surveys. In the far western end of the Sand to Snow/CVMSHCP mapping area cases, RA plots were
recorded in 2017, which reflect post-fire conditions within the Hathaway Fire burn area (ignition date
June 6, 2013); however, Spring 2013 mapping date pre-fire vegetation conditions are documented on this
vegetation map (see section on Aerial Photo Interpretation and Delineation). In any other case where field
conditions in 2016-2017 differed from those on the aerial imagery in 2013 (dead or dying vegetation,
different species composition or extent), the information about likely conditions in 2013 from photo
interpretation took precedence.

AERIAL PHOTO INTERPRETATION AND DELINEATION
Mapping Imagery and Photointerpretation: The map was produced by applying heads‐up digitizing
techniques using the primary source imagery, six-inch resolution true-color (RGB) spring 2013 aerial
imagery provided by the Coachella Valley Conservation Commission (CVCC) from local flights for the
majority of the mapping area. This was supplemented with 2015 true-color (RGB) imagery from the
CVCC, 2014 one meter imagery from the National Agricultural Imagery Program (NAIP), both 4-Band
and color infrared (CIR) as well as a variety of other sources such as ESRI WorldImagery (various
sources, see: https://www.arcgis.com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9). These
supplemental sources were not used for delineation unless the primary source imagery was lacking, in
which case the imagery with the nearest reliable time stamp was used. These ancillary sources were
mostly useful as supporting information to help identify types and photosignatures, as well as boundaries
between types, especially where the 2013 photo-imagery had heavy shadows within topographicallydiverse areas. As well, fire history data from CalFire (http://frap.fire.ca.gov/data/frapgisdata-swfireperimeters_download; Fire15_1, released June 9th, 2016) was used as additional information for
identifying stand and cover boundaries.
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Although much of the Sand to Snow/CVMSHCP mapping area was covered by the primary 2013 source
imagery (Figure 6). For the areas within the DTLA mapping area not covered by the base imagery, NAIP
2014 4-band and color infrared imagery was used as the primary source for identification and delineation.
For the remainder of the Sand to Snow mapping area where the primary source imagery was not available
(the far western portion, UTM NAD 83 522567E to the western study area boundary, as well as a smaller
eastern portion, 547096E to the eastern study boundary) 0.3m resolution USGS 2011 High Resolution
Orthoimagery (https://lta.cr.usgs.gov/high_res_ortho) was used as the base imagery for delineation. 2011
imagery was used as the base in lieu of 2014 National Agricultural Imagery Program (NAIP) imagery in
order to represent the pre-fire vegetation conditions in the Hathaway Fire burn area (ignition date June 6,
2013) matching the remainder of the Spring 2013-date imagery area. However, for a small portion in the
southwest corner, the only available imagery was the 1m resolution NAIP 2014 4-band and color infrared
imagery, and so this was used as the primary source for identification and delineation.

Figure 3: 2013 CVAG true-color 6-inch resolution imagery coverage with the Sand to Snow/CVMSCHP mapping
area boundaries.

The photo interpreter used the verified vegetation type locations (vegetation type photo signatures) to
identify vegetation across the landscape, additionally using ecological characteristics of vegetation types
in relation to landscape characteristics such as topographic features. Map polygons were assessed for
vegetation type, percent cover, presence of exotic plants, anthropogenic alteration, development, and
roadedness. Lines were drawn to delineate non-vegetated areas and vegetated areas, and within vegetated
areas, to establish boundaries of Alliance and Association types. The photo interpreter drafted boundaries
separating vegetation types generally at 1:1500 scale and attributed the type using RA plot information
and relevant datasets. A finer visualization scale was used in some cases to delineate wetland types
occurring in narrows bands and patchy areas. Absolute cover values from the RA plots was used to assist
photo interpreters with delineating boundaries. Cover was quantified as non-vegetated habitat where it
was less than 2%. Some coordinates for plots fall outside of the plot boundaries due to the extremely
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delicate habitat or accessibility challenges. For these surveys, the cover estimates, as they currently stand,
apply to the projected coordinate locations indicated in the RA database where applicable.
Geodatabase: The photo interpreter worked with a GIS specialist to establish a geodatabase containing
domain tables that relate alliance, group and macrogroup for assigned types in ArcGIS 10.3.1. Vegetation
delineation was done using a line feature class, assigned to type using point feature class, and finally, a
polygon feature class was created, attributed with alliance and other attributes. A comprehensive quality
control effort was conducted by senior GIS staff to finalize polygons, and geodatabase domains (Alliance,
Common Name, Association, Group and Macrogroup). Continuous quality control checks were
performed using query tools in ArcGIS as well as the utilization of a secondary reviewer from the team
(other than the photo-interpreter) to review polygon assignments, identify problematic vegetation
assignments errors and discrepancies as monitoring continued, and all were incorporated into the final
geodatabase.
Minimum Mapping Unit: For upland alliances occurring in expansive areas, a minimum mapping unit of
10 acres was observed for breaking up classes, or major changes in the vegetation cover class. For the
purposes of the CVMSHCP, habitat of sensitive species is of particular concern and therefore to improve
the ability of researchers and land managers to target wildlife habitat that is patchily-distributed, there are
several alliances where the minimum mapping unit (MMU) is less than an acre. These include Prosopis
glandulosa Woodland Alliance (habitat for the covered species, Toxostoma crissalis, crissal thrasher),
Washingtonia filifera Woodland Alliance (potentially supporting Federally endangered Cyprinodon
macularius, desert pupfish), as well as wetland or montane meadow types and as well as certain wash
types which displayed complexity that necessitated delineation (generally, Groups G531, G533 and G538;
see “Classification…” section below). Following common vegetation standards, stands that did not meet
minimum mapping unit criteria were lumped with, or drawn within the bounds of, the most similar
adjacent vegetation type polygon, for example, tree alliances with other tree alliances, shrubs with other
shrub types, upland types with upland types, and so forth.
Vegetation Mortality, Land Use and Other Changes: Due to land clearing for wind power generation or
transmission, some areas were heavily anthropogenically-altered. These are noted on the vegetation map
as indicated above, as an anthropogenic disturbance or invasive plant % cover class. For polygons in
which the RA plot data indicated significant mortality of the vegetation or dormant vegetation, the photo
interpreter visually assessed the greenness of the vegetation in the aerial imagery from 2013 (or the photo
imagery nearest to that date) to decide how much of the dominant alliance vegetation was in fact living in
2013. Often, remaining basal sprouts or small percentage of the vegetation remained alive, with sufficient
cover remaining alive to pass the assignment rules for the dominant vegetation type. In a very few areas
was enough of the dominant vegetation dead, with certainty on the ground and from the aerial imagery, to
justify assigning a different alliance. These cases included mortality of Pseudotsuga macrocarpa within
the Sand to Snow/CVMSCHP mapping area. Where the vegetation could be clearly identified but where it
was ambiguous as to whether the dominant vegetation type was sufficiently alive in 2013 after using the
decision process described above, the photo interpreter defaulted to the assumption that the vegetation in
question was still alive during the time stamp represented by the map in lieu of assigning a different
alliance.
Other cases in which RA plot data differed from photo imagery included: development, fire, expansion or
management of invasive species, and other changes in land use or land management activities, and these
were assigned to 2013 vegetation status similar to the above. Disturbance codes were entered for stands
that were surveyed, per Rapid Assessment protocol, which aided in interpretation of imagery. As well,
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disturbance types and intensity were assigned for all polygons in the geodatabase: roadedness,
development, anthropogenic alteration, as well as invasive species % cover (only if obvious from stand
interpretation or as noted in RA plots). Definitions and protocol for assigning disturbance types in the
geodatabase were assigned using the criteria set forth in the DRECP vegetation map (CDFW 2013);
differing only in that we did not separate hydrologic alteration from other types of anthropogenic
alteration.
Time Period Represented: The time period aimed at in this map to classify the vegetation state during the
year 2013. This aligns with the overall mapping goal for the CVMSHCP area to have a uniform temporal
snapshot of vegetation across the Plan area for this year. However, as a living map, polygons and
assignments will be regularly reviewed, updated, or flagged for further field visits as part of ongoing
monitoring within the mapping area. It is recommended, due to ongoing changes within the Plan area, that
that periodic updates should be published as additional information and newer imagery becomes
available.

CLASSIFICATION OF VEGETATION FOR THE MAPPING AREA
The map classification is based largely on work done in areas for previous and ongoing projects:
Vegetation Mapping of Anza-Borrego Desert State Park and Environs (Keeler-Wolf et al. 1998), the
Western Riverside County MSHCP Vegetation Map (2004), Vegetation of Joshua Tree National Park (La
Doux et al. 2013), and the Vegetation Map in Support of the Desert Renewable Energy Conservation Plan
(CDFW, 2013). There are also several new provisional alliances developed from previous work in the
CVMSHCP area, including the Mecca Hills and Orocopia Mountains Map (2016) and the Dos Palmas
Conservation Area Map (2016); these new provisional alliances are described in the respective reports.
Any provisional alliance that has not been yet adopted by CDFW into the MCV schema as reflected in the
MCV online (http://vegetation.cnps.org/, accessed June 2017) are still listed as “Provisional” in this map
and geodatabase. There were two provisional alliances identified during this study, based on relevé plot
observation and subsequent classification, the Eriodictyon tricocalyx Provisional Scrub Alliance, and the
Ziziphus parryi Provisional Scrub alliance (both * in the classification below), though both of these types
need additional sampling before being proposed to the NVCS.
The nested hierarchy, including the Macrogroup and Group, was based on the National Vegetation
Classification System (Federal Geographic Data Committee 2008); specifically, the recommendations of
Evens (2014) to align the NVCS with the Manual of California Vegetation (Sawyer et al. 2009).
Class 1. Forest to Open Woodland
Subclass 1.B. Temperate & Boreal Forest
Formation 1.B.1. Warm Temperate Forest
Division 1.B.1.Nc. Californian Warm Temperate Forest
Macrogroup M009. California Forest & Woodland
Group G195. California Broadleaf Forest & Woodland
Quercus chrysolepis Forest Alliance
Group G198. California Conifer Forest & Woodland
Juniperus californica Alliance (G296)
Pinus coulteri Alliance
Formation 1.B.2. Cool Temperate Forest

10

Division 1.B.2.Nd. Vancouverian Cool Temperate Forest
Macrogroup M023. Southern Vancouverian Montane-Foothill Forest
Group G344. California Montane Conifer Forest & Woodland
Abies concolor–Pinus lambertiana Alliance
Calocedrus decurrens Alliance
Pseudotsuga macrocarpa Alliance
Formation 1.B.3. Temperate Flooded & Swamp Forest
Division 1.B.3.Nd. Southwestern North American Flooded & Swamp Forest
Macrogroup M036. Warm Southwest Riparian Forest
Group G508. Sonoran-Chihuahuan Warm Desert Riparian Woodland
Platanus racemosa Alliance
Populus fremontii Alliance
Salix gooddingii Alliance
Salix laevigata Alliance
Washingtonia filifera Alliance
Macrogroup M298. Warm Southwest Semi-natural Flooded & Swamp Forest
Group G510. Southwestern North American Semi-natural Riparian Forest &
Scrub
Tamarix spp. Semi-Natural Stands
Division 1.B.3.Ng. Vancouverian Flooded & Swamp Forest
Macrogroup M035. Vancouverian Flooded & Swamp Forest
Group G254. North Pacific Lowland Riparian Forest & Woodland
Alnus rhombifolia Alliance (G508/G509/G503)
Class 2. Shrubland & Grassland
Subclass 2.B. Temperate & Boreal Grassland & Shrubland
Formation 2.B.1. Mediterranean Scrub & Grassland
Division 2.B.1.Na. California Scrub
Macrogroup M043. California Chaparral
Group G257. California Xeric Chaparral
Adenostoma fasciculatum Alliance
Arctostaphylos glauca Alliance
Group G261. California Mesic & Pre-montane Chaparral
Arctostaphylos glandulosa Alliance
Ceanothus leucodermis Alliance
Cercocarpus montanus Alliance
Prunus ilicifolia Alliance
Quercus berberidifolia Alliance
Quercus chrysolepis Shrubland Alliance
Quercus wislizeni shrub Alliance
Macrogroup M044. California Coastal Scrub
Group G264. Central & Southern California Coastal Sage Scrub
Dendromecon rigida Alliance
Eriodictyon tricocalyx Provisional Alliance *
Eriogonum fasciculatum Alliance
Eriogonum fasciculatum–Salvia apiana Alliance
Keckiella antirrhinoides Alliance
Salvia apiana Alliance
Division 2.B.1.Nb. California Grassland & Meadow
Macrogroup M046. California Semi-natural Grassland & Meadow
Group G497. California Semi-natural Grassland & Forb Meadow
Bromus (diandrus, hordeaceus)–Brachypodium distachyon SemiNatural Stands
Formation 2.B.2. Temperate Grassland, Meadow & Shrubland
Division 2.B.2.Nd. Western North American Interior Sclerophyllous Chaparral
Macrogroup M091. Warm Interior Chaparral
Group G281. Western Interior Chaparral
Ceanothus greggii Alliance
Quercus cornelius-mulleri Alliance
Formation 2.B.6. Temperate & Boreal Freshwater Marsh, Wet Meadow & Shrubland
Division 2.B.6.Nb. Western North American Freshwater Shrubland, Wet Meadow & Marsh
Macrogroup M073. Western North American Temperate Lowland Wet Shrubland, Wet
Meadow & Marsh
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Group G517. Vancouverian Freshwater Wet Meadow & Marsh
Muhlenbergia rigens Herbaceous Alliance
Group G531. Arid West Interior Freshwater Emergent Marsh
Typha (angustifolia, domingensis, latifolia) Alliance
Division 2.B.6.Nc. Southwestern North American Warm Desert Freshwater Marsh
Macrogroup M076. Warm Desert Freshwater Shrubland, Meadow & Marsh
Group G533. North American Warm Desert Riparian Low Bosque &
Shrubland
Baccharis sergiloides Alliance
Pluchea sericea Alliance
Prosopis glandulosa Alliance (G287)
Salix exigua Alliance (G526)
Salix lasiolepis Alliance (G527)
Class 3. Desert & Semi-Desert
Subclass 3.A. Warm Desert & Semi-Desert Woodland, Scrub & Grassland
Formation 3.A.2. Warm Desert & Semi-Desert Scrub & Grassland
Division 3.A.2.Na. North American Warm Desert Scrub & Grassland
Macrogroup M088. Mojave-Sonoran Semi-Desert Scrub
Group G293. Sonoran Paloverde - Mixed Cacti Desert Scrub
Rhus ovata Alliance
Simmondsia chinensis Provisional Shrubland Alliance
Group G295. Mojave-Sonoran Bajada & Valley Desert Scrub
Ambrosia dumosa Alliance
Cylindropuntia bigelovii Alliance
Encelia farinosa Alliance
Larrea tridentata Alliance
Larrea tridentata–Ambrosia dumosa Alliance
Larrea tridentata–Encelia farinosa Alliance
Group G296. Mojave Mid-Elevation Mixed Desert Scrub
Eriogonum wrightii Alliance
Viguiera parishii Alliance
Yucca schidigera Alliance
Ziziphus parryi Provisional Shrubland Alliance *
Macrogroup M092. North American Warm-Desert Xero-Riparian Scrub
Group G541. Warm Semi-Desert Shrub & Herb Dry Wash
Acacia greggii Alliance
Ambrosia salsola Alliance
Chilopsis linearis Alliance
Encelia (actoni, virginensis) Shrubland Alliance
Ephedra californica Alliance
Ericameria paniculata Alliance
Hyptis emoryi Alliance
Lepidospartum squamatum Alliance
Macrogroup M512. North American Warm Desert Semi-natural Scrub & Grassland
Group G677. North American Warm Desert Semi-natural & Planted Scrub &
Grassland
Bromus rubens–Schismus (arabicus, barbatus) Semi-Natural Stands
(G497)
Subclass 3.B. Cool Semi-Desert Scrub & Grassland
Formation 3.B.1. Cool Semi-Desert Scrub & Grassland
Division 3.B.1.Ne. Western North American Cool Semi-Desert Scrub & Grassland
Macrogroup M169. Great Basin & Intermountain Tall Sagebrush Shrubland & Steppe
Group G302. Intermountain Mesic Tall Sagebrush Shrubland & Steppe
Artemisia tridentata Alliance (G303)
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PROVISIONAL ALLIANCE DESCRIPTIONS
Eriodictyon tricocalyx Provisional Alliance
Hairy yerba santa scrub Provisional Alliance

Figure 4: The image on the left shows an Eriodictyon tricocalyx stand, with Artemisia dracunculus. On the right, the image shows the
photo signature within a gently sloping, flat area at the base of a hill, at approximately 3700’ elevation on the 6-inch 2013 true-color
imagery, with the location of the left-hand photo identified with a green star, taken facing westward.

DESCRIPTION: Polygons mapped as this Provisional Alliance are dominated by Eriodictyon
tricocalyx, have at least 50% relative cover the shrub canopy with moderate cover. These stands were
found in post-burn areas at mid-elevation, with absolute cover of Eriodictyon often exceeding 30%.
Additional samples should be taken of this stand type.

Ziziphus parryi Provisional Alliance
Parry’s jujube scrub Provisional Alliance

Figure 5: The image on the left shows a Ziziphus parryi stand. On the right, the image shows the photo signature on the 6-inch 2013 truecolor imagery, on a north-facing moderate-slope area, at approximately 2500’ elevation, with the location of the left-hand photo identified
with a green star, taken facing westward.

DESCRIPTION: Polygons mapped as this Provisional Alliance are dominated by Ziziphus parryi, have
at least 50% relative cover the shrub canopy, and greater than 2% absolute cover in the tall shrub canopy.
These stands were found on cool, moderate to steep slopes at low-mid-elevation, often co-occuring with
Quercus cornelius-mulleri and Juniperus californica. Additional samples should be taken of this stand
type.
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ALLIANCES AND LANDSCAPE ATTRIBUTES IDENTIFIED
Vegetation Alliance or Land Cover Type

Area (ha)

Area (acres)

Encelia farinosa Shrubland Alliance

6,471.7

15,991.9

Larrea tridentata--Encelia farinosa Shrubland Alliance

1,234.9

3,051.6

Quercus chrysolepis Forest Alliance

1,105.6

2,731.9

Adenostoma fasciculatum Shrubland Alliance

1,104.3

2,728.7

Quercus cornelius-mulleri Shrubland Alliance

1,065.4

2,632.4

Quercus wislizeni Shrubland Alliance

1,012.1

2,500.9

Cercocarpus montanus Shrubland Alliance

680.1

1,680.7

Rhus ovata Shrubland Alliance

574.5

1,419.6

Ceanothus greggii Shrubland Alliance

472.5

1,167.5

Pseudotsuga macrocarpa Forest Alliance

470.0

1,161.3

Acacia greggii Shrubland Alliance

459.7

1,136.0

Larrea tridentata--Ambrosia dumosa Shrubland Alliance

431.6

1,066.5

Ericameria paniculata Shrubland Alliance

388.9

960.9

Juniperus californica Woodland Alliance

379.3

937.3

Encelia (actoni, virginensis) Shrubland Alliance

357.8

884.1

Quercus berberidifolia Shrubland Alliance

355.5

878.6

Chilopsis linearis Woodland Alliance

285.5

705.4

Larrea tridentata Shrubland Alliance

275.0

679.4

Ambrosia dumosa Shrubland Alliance

176.9

437.1

Dendromecon rigida Shrubland Alliance

155.6

384.5

Eriogonum fasciculatum Shrubland Alliance

144.9

358.1

Ceanothus leucodermis Shrubland Alliance

144.7

357.6

Lepidospartum squamatum Shrubland Alliance

135.1

333.9

Prunus ilicifolia Shrubland Alliance

128.9

318.6

Ambrosia salsola Shrubland Alliance

123.3

304.6

Arctostaphylos glandulosa Shrubland Alliance

103.9

256.8

Populus fremontii Forest Alliance

87.0

215.0

Quercus chrysolepis Shrubland Alliance

82.7

204.4

Keckiella antirrhinoides Shrubland Alliance

81.8

202.0

Pinus coulteri Woodland Alliance

78.8

194.6

Disturbed/built-up

61.5

151.9

Bromus rubens--Schismus (arabicus, barbatus) Herbaceous Semi-Natural Alliance

104.8

259.2

Non-vegetated Habitat (less than 2% absolute cover)

48.5

119.9

Ephedra californica Shrubland Alliance

46.1

113.8

Salix exigua Shrubland Alliance

45.5

112.5
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Abies concolor--Pinus lambertiana Forest Alliance

37.2

92.0

Viguiera parishii Shrubland Alliance

31.2

77.2

Prosopis glandulosa Woodland Alliance

28.0

69.2

Platanus racemosa Woodland Alliance

26.1

64.4

Ziziphus parryi Provisional Shrubland Alliance

21.0

51.8

Calocedrus decurrens Forest Alliance

16.4

40.4

Alnus rhombifolia Forest Alliance

16.0

39.4

Arctostaphylos glauca Shrubland Alliance

13.2

32.6

Salvia apiana Shrubland Alliance

9.6

23.7

Salix laevigata Woodland Alliance

4.9

12.2

Tamarix spp. Shrubland Semi-Natural Alliance

4.1

10.1

Eriogonum wrightii Dwarf Shrubland Alliance

3.9

9.8

Simmondsia chinensis Provisional Shrubland Alliance

3.8

9.4

Cylindropuntia bigelovii Shrubland Alliance

3.8

9.3

Hyptis emoryi Shrubland Alliance

3.5

8.8

Eriogonum fasciculatum--Salvia apiana Shrubland Alliance

3.2

7.8

Salix lasiolepis Shrubland Alliance

3.0

7.4

Typha (angustifolia, domingensis, latifolia) Alliance

2.6

6.5

Baccharis sergiloides Shrubland Alliance

2.2

5.5

Artemisia tridentata Shrubland Alliance

2.2

5.4

Salix gooddingii Woodland Alliance

1.8

4.5

Pluchea sericea Shrubland Alliance

1.3

3.1

Yucca schidigera Shrubland Alliance

1.0

2.6

Muhlenbergia rigens Herbaceous Alliance

0.7

1.7

Eriodictyon trichocalyx Provisional Shrubland Alliance

0.6

1.5

Washingtonia filifera Woodland Alliance

0.1

0.3

19,115.6

47,235.72

TOTAL
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ASSOCIATIONS IDENTIFIED

Vegetation Association or Land Cover Type
Acacia greggii / Chilopsis linearis Association
Acacia greggii--Ambrosia salsola Association
Acacia greggii--Larrea tridentata--Ambrosia dumosa Association
Ambrosia salsola--Acacia greggii--(Bebbia juncea--Hyptis emoryi) Association
Ambrosia salsola--Ericameria paniculata Association
Encelia farinosa--Ambrosia dumosa Association
Ericameria paniculata--Ambrosia salsola Association
Larrea tridentata Association
Larrea tridentata--Ambrosia dumosa--Ambrosia salsola--Psorothamnus schottii Association
Larrea tridentata--Ambrosia dumosa--Encelia farinosa Association
Larrea tridentata--Ambrosia dumosa--Krameria grayi Association
Larrea tridentata--Ambrosia dumosa--Psorothamnus arborescens Association
Larrea tridentata--Encelia farinosa--Ambrosia dumosa--Krameria grayi Association
Larrea tridentata--Encelia farinosa--Ambrosia salsola Association
Larrea tridentata--Encelia farinosa--Ephedra californica Association
Quercus cornelius-mulleri--Eriogonum fasciculatum--Ericameria linearifolia Association
Ambrosia salsola--Larrea tridentata Association
Encelia farinosa Association
Non-vegetated habitat / Encelia farinosa Association
Ambrosia dumosa--Larrea tridentata Association
Encelia farinosa - Pleuraphis rigida Association
Acacia greggii--Eriogonum fasciculatum Association
Adenostoma fasciciulatum Association
Adenostoma fasciculatum--(Arctostaphylos glandulosa) Association
Adenostoma fasciculatum--(Ceanothus greggii / mafic) Association
Adenostoma fasciculatum--Eriogonum fasciculatum Association
Alnus rhombifolia--Acer macrophyllum Association
Alnus rhombifolia--Platanus racemosa Association
Arctostaphylos glandulosa Association
Arctostaphylos glauca Association
Ceanothus greggii--Adenostoma fasciculatum Association
Cercocarpus montanus--Adenostoma fasciculatum Association
Cercocarpus montanus--Eriogonum fasciculatum Association
Chilopsis linearis / Ericameria paniculata Association
Cylindropuntia bigelovii--Ferocactus cylindraceus--Larrea tridentata Association
Dendromecon rigida Association
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Ephedra californica Association
Eriogonum fasciculatum Association
Eriogonum fasciculatum--Salvia apiana Association
Juniperus californica / Yucca schidigera / Pleuraphis rigida Association
Juniperus californica--Yucca schidigera Association
Keckiella antirrhinoides--Mixed Chaparral Association
Pinus coulteri--Quercus chrysolepis Association
Pinus coulteri--Quercus wislizeni Association
Populus fremontii / Salix exigua Association
Populus fremontii Association
Populus fremontii--Salix (laevigata, lasiolepis, lucida ssp. lasiandra) Association
Prunus ilicifolia ssp. ilicifolia Association
Pseudotsuga macrocarpa--Quercus chrysolepis Association
Quercus berberidifolia Association
Quercus chrysolepis Forest Association
Quercus chrysolepis--Calocedrus decurrens Association
Quercus chrysolepis--Calocedrus decurrens Forest Association
Quercus cornelius-mulleri--Rhus ovata Association
Quercus wislizeni--Ceanothus leucodermis / Pinus coulteri Shrubland Association
Quercus wislizeni--Ceanothus leucodermis Shrubland Association
Quercus wislizeni--Cercocarpus montanus Shrubland Association
Quercus wislizeni--Quercus berberidifolia Shrubland Association
Rhus ovata Association
Rhus ovata--Ziziphus parryi Association
Salix exigua / Baccharis sergiloides Association
Acacia greggii--Encelia farinosa Association
Baccharis sergiloides--Eriodictyon trichocalyx Association
Calocedrus decurrens--Pseudostuga macrocarpa Association
Chilopsis linearis / Acacia greggii Association
Cylindropuntia bigelovii--Ambrosia dumosa--Encelia farinosa Association
Encelia actoni Association
Encelia farinosa / Ziziphus parryi Association
Ephedra californica / Acacia greggii Association
Ericameria paniculata Association
Eriodictyon trichocalyx Association
Juniperus californica / Ephedra californica Association
Juniperus californica / Xylorhiza tortifolia Association
Juniperus californica / Ziziphus parryi Association
Platanus racemosa--Salix laevigata Association
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Platanus racemosa / Lepidospartum squamatum Association
Populus fremontii / Baccharis sergiloides Association
Populus fremontii--Plantanus racemosa Association
Prosopis glandulosa / Encelia farinosa Association
Quercus chrysolepis--Pseudotsuga macrocarpa Association
Quercus cornelius-mulleri / Juniperus californica Association
Viguiera parishii--Eriogonum fasciculatum Association
Washingtonia filifera / Rhus ovata Association
Yucca schidigera--Viguiera parishii Association
Ziziphus parryi Association
Ziziphus parryi--Acacia greggii Association
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VEGETATION MAP

Figure 5: The vegetation alliance map for the mapping area within the CVMSHCP and the Sand to Snow National
Monument.
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APPENDICES

Appendix A: Vegetation Geodatabase 2017
Geodatabase components:
“SAND_RA_plots” (Rapid Assessment Database)
“SAND_Recon_points” (Reconnaissance Information Database)
“SAND_Veg_Poly” (Vegetation and Land Cover)
“CVAG_SAND_MappingBoundary” (Mapping Area Boundary)
File name and type: CVAG_SAND_Vegmap_2017.gdb
ArcGIS 10.3.1 Geodatabase
Appendix B: Sand to Snow/CVMSHCP Mapping Area Alliance Map
File name and type: UCR_CCB_CVAG_SAND_Vegetation_2017.pdf
File name and type: PDF
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