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1

INTRODUCTION

1.1

Project Summary

Dudek has prepared this Biological Resources Technical Report (BRTR) for Pasadena Water and
Power (PWP) in support of the City of Pasadena’s (City) Arroyo Seco Canyon Project Areas 2 and
3 (proposed Project or Project). The Project is located in the northwest corner of the City of
Pasadena in Los Angeles County, California as shown in Figure 1, Local Vicinity and Regional
Location. Figure 1 also depicts the Project’s 37.38-acre Study Area, which is defined as the
following Project components (Area 2, Area 3, the Gabrielino Trail/Access Road between Area 2
and Area 3, and North Arroyo Boulevard1 from Ventura Street), a 50-foot buffer around each
component, and two staging areas. Figure 1 also identifies the municipal boundaries of the adjacent
City of La Cañada Flintridge and the community of Altadena, as well as other nearby properties,
including the Jet Propulsion Laboratory (JPL) and the Devil’s Gate Reservoir and Dam.
The proposed Project consists of two primary action areas: a diversion dam and intake replacement
in Area 2, and the spreading basin expansion in Area 3. These areas are connected by the
Gabrielino Trail/Access Road, which serves as a recreational trail and the access road for the City
of Pasadena and U.S. Forest Service vehicles heading into and out of the Angeles National Forest
(ANF). No improvements are expected to the Gabrielino Trail/Access Road. The North Arroyo
Boulevard connects with the Gabrielino Trail/Access Road and is included in the Study Area, as
it connects Area 3 to the public road intersection of Ventura Street and Windsor Avenue.
This BRTR has been prepared to evaluate the potential impacts to biological resources pursuant to
the California Environmental Quality Act (CEQA). This BRTR documents the vegetation
communities, plants, wildlife; existing and potential special-status wildlife and plant species;
wildlife movement; and jurisdictional waters within the Study Area. The biological significance
of these resources and potential Project-related impacts are evaluated, and mitigation measures are
recommended, if needed, to avoid or substantially lessen potentially significant environmental
impacts.
This BRTR presents the findings of several biological surveys conducted at the Project site by
Dudek, including a general biological reconnaissance survey conducted on April 23, 2019, focused
special-status plant surveys conducted in May and July 2019, focused amphibian survey in May
3, 2019, focused special-status bird surveys from April to July 2019, jurisdictional delineation

1

Also known as “Arroyo Seco Road”.
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update on July 5, 2019, focused fish survey conducted on October 14, 2019, and protected tree
survey conducted on April 2 and 3, 2020.
1.1.1

Project Background

On October 9, 2014, PWP circulated the Arroyo Seco Canyon Project (ASCP) Initial
Study/Mitigated Negative Declaration (IS/MND) and associated technical studies, State
Clearinghouse Number 2014101022, for a 30-day public review period from October 9, 2014, to
November 8, 2014. The PWP was seeking approval of a Conditional Use Permit (CUP) No. 6222
for the ASCP, which involved improvements to three areas, including Area 1, Arroyo Seco
Headworks; Area 2, Arroyo Seco Intake; and Area 3, JPL East Parking Lot. The 2014 IS/MND
included the following biological studies to support the analysis of the ASCP:
•

Biological Technical Report, Arroyo Seco Canyon Project, dated September 2014
(BonTerra Psomas 2014a)

•

Special Status Botanical Surveys for the Arroyo Seco Canyon Project, dated January 20,
2014 (BonTerra Psomas 2014b)

•

Native Tree Survey, Arroyo Seco Canyon Project, dated September 2014 (BonTerra
Psomas 2014c)

•

Jurisdictional Delineation Report, Arroyo Seco Canyon Project, dated May 2014
(BonTerra Psomas 2014d)

•

Results of the 2013 Amphibian Surveys for the Arroyo Seco Canyon Project, dated
February 4, 2014 (BonTerra Psomas 2014e)

•

Results of the 2013 Least Bell’s Vireo/Southwestern Willow Flycatcher Survey for the
Arroyo Seco Canyon Project Dated September 2013 (BonTerra Consulting 2013)

Figure 2, Study Area Comparison, shows a comparison of the areas studied in 2013 and 2014
documents listed above to the areas studied for this BRTR. As described below, the study areas
are different to reflect the direction given through a Court judgement and associated Settlement
Agreement related to the environmental review requirements of the proposed Project.
On January 12, 2015, the City’s Hearing Officer made findings to approve the ASCP IS/MND for
CUP No. 6222. On January 20, 2015, Spirit of the Sage Council, Project Soliton, and Hugh Bowles
submitted an appeal of the Hearing Officer’s decision to the Board of Zoning Appeals. The Board
of Zoning Appeals hearing took place on March 4, 2015, and upheld the Hearing Officer’s decision
by a unanimous vote. The approval was again appealed to the City Council, and on June 1, 2015,
the City Council voted to uphold the Board of Zoning Appeals decision by unanimous vote.

2
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On July 2, 2015, a lawsuit (Court Case No. BS156207) was filed against the City by petitioners
Spirit of the Sage Council and Project Soliton challenging the approval of the ASCP. On March
20, 2017, the Los Angeles Superior Court issued its decision and on June 26, 2017, entered a
judgment that partially favored the petitioners. The Court found that the elements of the ASCP that
related to increased diversions of surface water (i.e., greater taking of stream water from the Arroyo
Seco beyond its current withdrawal) were inadequately analyzed under CEQA and required the
preparation of an Environmental Impact Report (EIR).
The Court also ruled that the elements of the ASCP that did not relate to increased diversions were
severable from the remainder of the ASCP and complied with CEQA. As such, the Court
determined that CUP #6222 and its related findings and conditions of approval, and the ASCP
IS/MND shall remain intact for these components, (Spirit of the Sage Council v. City of Pasadena
2017) and would be allowed to move forward without any additional environmental review
pursuant to CEQA. These components include the following:
•

Area 1, Arroyo Seco Headworks: All ASCP elements

•

Area 2, Arroyo Seco Intake: Access road improvements and related slope reconstruction
and protective riprap elements, except the diversion dam and intake replacement

•

Area 3, JPL East Parking Lot: All ASCP elements, except the expansion of four existing
spreading basins and the construction of two new spreading basins

As stated above, for Area 2, the demolition and replacement of the diversion dam and intake
structure were required to be analyzed in an EIR. For Area 3, components of the ASCP IS/MND
that would be allowed to proceed include the parking lot, access road, sedimentation basin,
demolition of existing structures and pipelines, new pipelines, new public restroom, new security
booth, and associated utility services (water, sewer, power, and communication lines), while the
expansion of four existing spreading basins and the construction of two new spreading basins were
required to be analyzed in an EIR.
In addition, a Settlement Agreement was negotiated, which stated that the City shall have the right
to perform maintenance activities, including tilling and grading of the existing spreading basins to
reestablish historical percolation rates and maintenance activities that involve negligible or no
expansion of use as described in CEQA Guidelines Section 15301 for a Class 1 Categorical
Exemption. The Settlement Agreement further clarified that the City may perform excavation and
grading necessary for the temporary bridges as described in the ASCP IS/MND.
In accordance with the terms and provisions of the Writ of Mandate and Judgment, as modified by
the Settlement Agreement, the City is preparing an EIR for the proposed Project in accordance
with CEQA and the CEQA Guidelines. Because several components of the ASCP were allowed

3
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to proceed without any additional environmental review pursuant to CEQA, the proposed Project
boundaries of Area 2 and Area 3 have been refined from those shown in the ASCP IS/MND to
reflect the activities subject to review under the EIR, as described below.
1.1.2

Report Format and Approach

This BRTR has been prepared to satisfy the requirements of CEQA and the terms and provisions
of the Writ of Mandate and Judgment, as modified by the Settlement Agreement, regarding the
biological impacts of Project implementation. As such, the Study Area for this BRTR is defined
as Areas 2 and 3 as shown on Figure 1.
It is anticipated that this BRTR, in conjunction with the previous biological studies listed above
that supported implementation of certain components of the ASCP (supported by the 2014
IS/MND and associated studies), would support the applications for a Section 404 Permit by the
U.S. Army Corps of Engineers (USACE), a Section 1602 Streambed Alteration Agreement by the
California Department of Fish and Wildlife (CDFW), and a Section 401 Water Quality
Certification by the Los Angeles Regional Water Quality Control Board (RWQCB).
As such, it is anticipated that the future discretionary issuance of regulatory permits will be
supported by the 2014 IS/MND and associated biological studies, as well as the 2019 EIR and this
BRTR. Therefore, the Least Bell’s Vireo/Southwestern Willow Flycatcher Focused Surveys
Memorandum (Appendix A), California Red-Legged Frog/Arroyo Toad Survey Memorandum
(Appendix B), and Focused Fish Survey Memorandum (Appendix C) are updated survey efforts
that include areas of the ASCP that were allowed to proceed under the Settlement Agreement (e.g.,
Area 1 and portions of Areas 2 and 3), as well as the Study Area of the proposed Project (see
Figure 1), to facilitate resource agency review of permit applications for the entirety of the ASCP

1.2

Project Description

1.2.1

Project Location

The Project site is located in the City of Pasadena within the Arroyo Seco Canyon, located in
Township 1 North, Range 12 West on the Pasadena, California 7.5-inch U.S. Geologic Survey
quadrangle map. The Project site can be accessed via Interstate (I) 210 by exiting Windsor Avenue
and traveling northward for approximately 0.8-mile to the intersection of Windsor Avenue and
Ventura Street. From this intersection, the City’s open area (i.e., the former JPL East Parking Lot)
is located approximately 0.3 miles north along Explorer Road, which constitutes the southern
boundary of Area 3.

4
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1.2.2

Project Purpose

The City owns the right to divert up to 25 cubic feet per second (cfs) of surface water from the
Arroyo Seco and currently conveys this water to spreading basins for water pumping credits in the
Raymond Basin. The City receives groundwater pumping credit between 60 to 80 percent of the
amount of water recharged into the groundwater basin. In the two storm seasons following the
2009 Station Fire, excessive amounts of sediment washed down from the watershed. The debris
flows damaged City structures, greatly reducing the City’s capacity to divert water for spreading.
As a result, PWP proposes to repair and replace damaged facilities in the Upper Arroyo Seco
Canyon as a part of the proposed Project. The improvements would allow for increased utilization
of the City’s surface water rights from the Arroyo Seco and maximize the beneficial use of this
important local water resource. The proposed Project would implement a multi-benefit approach
to the repair and replacement of damaged infrastructure in the Arroyo Seco, with the overall Project
objectives to increase the beneficial use of the surface water rights held by the City and to improve
biological functions within the Arroyo Seco for both fish protection and through improved
opportunities for fish passage.
The Project site consists of two primary areas, as shown on Figure 1: Area 2 (Diversion and Intake
Replacement) and Area 3 (Spreading Basin Improvements), which are connected by the Gabrielino
Trail/Access Road. The proposed Project would involve construction activity and facility
improvements in both areas, as well as construction truck traffic along portions of the Gabrielino
Trail/Access Road.
1.2.3

Project Components

1.2.3.1

Area 2: Diversion and Intake Replacement

Area 2 includes approximately 1.4 acres of the Study Area. Figure 3a, Area 2 Existing Conditions,
identifies the primary existing structures in Area 2, including the concrete diversion weir and
intake structure, and a historic bridge (Bridge No. 3) over the Arroyo Seco. The diversion weir
directs water into the intake structure by obstructing the stream flow and creating a small pool of
water that flows into the intake. The intake would be operated to divert the City’s 25 cfs of water
rights, while additional flows beyond 25 cfs would continue downstream. Due to sediment buildup
trapped on the upstream side of the weir, the pooling capacity is reduced and the ability to collect
water for spreading is limited. When water enters the intake, it is conveyed downstream through a
combination of tunnels and pipelines to the PWP’s spreading basins. The existing intake/diversion
system consists of an approximate 9-foot high reinforced concrete training wall and intake with a
trash rack on the east bank of the stream, and a reinforced concrete weir with stop logs in slots.

5
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Under current conditions, the weir crest is approximately 2 feet above the streambed on the
downstream side.
Improvements in Area 2 include the demolition and removal of the existing concrete weir and
portions of the intake structure and the construction of a new diversion structure that would be
operated to divert up to 25 cfs of stream flows into the existing conveyance system. The intake
structure would be remodeled with new concrete walls and top deck to accommodate the
replacement of a trash rack, gates and flushing line, and also a new screen configuration. An
existing concrete slab that previously supported an equipment building located adjacent to the
Gabrielino Trail/Access Road would be demolished. A new 106 square foot (11 feet 4 inches by 9
feet 4 inches) intake service building would be constructed to house the electrical and hydraulic
controls for the diversion structure. Electric power for the operation of the diversion structure and
control equipment enclosure would be supplied by an existing power line at the screen building
(southeast of the intake structure). The locations of the proposed facilities and improvements are
shown on Figure 3b, Area 2 Conceptual Design Overview.
The proposed new diversion/intake structure would capture flows up to PWP’s surface water
rights. Similar to existing operations, this would include all flows during small storm events and
dry weather flows in the Arroyo Seco. However, the improvements will allow for diversion of
flows during large storm events as well. During larger storms when the water is too turbid with
suspended sediments (e.g., flows generally above 100 cfs), the stream with its associated sediment
load would bypass the diversion/intake structure and continue downstream to Devil’s Gate
Reservoir. Operation of the weir during high flows would be facilitated by the adjustable height
weir or crest gate. At low flows, the gate would start in the ‘up’ position and as flows increase, the
gate would be lowered to maintain a constant water surface level in the diversion pool (a pool
created behind the weir to allow for an appropriate water elevation to flow into the diversion
intake). When the gate is fully lowered, flows would entirely bypass the diversion structure and
carry all flows and sediment downstream.
The new diversion/intake structure would improve biological functions in the Arroyo Seco by
allowing for fish passage if future fish populations are established, as well as other aquatic wildlife.
The existing weir/diversion structure is a barrier to upstream fish passage due to the elevation drop
downstream of the structure. The new diversion structure would be designed for the possibility
that some future fish may pass downstream when the diversion is not operating (i.e., the gate is
lowered to allow flows to continue downstream without diversion) or when the diversion is
operating and flows are high enough to spill over the crest gate. A roughened channel would be
constructed downstream of the new diversion structure and operable weir such that upstream
passage for future fish populations may occur during periods when the diversion is not operating
and flows are adequate to allow for passage. In the current condition, water passes through a trash
rack to prevent debris from entering the conveyance system to the spreading basins. In addition to
6
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filtering such debris, the proposed new intake structure would include a fish screening feature to
prevent future fish populations from passing into the intake and conveyance system.
1.2.3.2

Area 3: Spreading Basin Improvements

Area 3 includes approximately 23.27 acres of the Study Area and is located approximately 0.3
miles downstream from Area 2. The Area 3 Study Area includes two existing spreading basins
(Pasadena Ponds 1 and 2, formerly used as sludge ponds for the Behner Treatment Plant),
Spreading Basins Nos. 1 and 2, a portion of Spreading Basin No. 3, the former JPL East Parking
Lot removed in 2015 to accommodate the spreading basin expansion, and the adjacent Explorer
Road. North Arroyo Boulevard is adjacent to Area 3 and would provide construction vehicle access
to Area 2, while Explorer Road will be used to Access Area 3. Figure 4a, Area 3 Existing
Conditions, identifies the primary structures and facilities in Area 3.
Improvements in Area 3 include the reconfiguration and expansion of the spreading basins in order
to accommodate the increased diversion of stream flows for infiltration into the Raymond Basin.
Spreading basins provide an additional means for recharge rather than losing this water to the
ocean while allowing PWP to earn groundwater pumping credits for additional local water supply.
Various facilities would be demolished, including inlet/outlet structures, dry vaults, woodsheds,
utility light pole, pipes and valves, chain link fencing, corrugated metal pipes, and other small
appurtenant structures, to allow for the reconstructed basins.
Figure 4b, Conceptual Site Plan, depicts the proposed spreading basin improvements. Stream flows
from the existing conveyance system would outlet to the new sedimentation basin or to new
spreading Basin E located over the existing Pasadena Pond 1. Basin F would be adjacent to mature
trees to be preserved and would be located at the site of the existing Pasadena Pond 2. Basins G,
H, and I would be located at the site of the existing Basins 1 and 2 and a portion of the City’s open
area (i.e., former JPL East Parking Lot). Each new basin would have an access ramp for
maintenance. Rock boulders would be placed along the western edge of Explorer Road to separate
the roadway from the adjacent basins. With the area’s sloping terrain, depths of the basins would
range from three feet to seven feet. When spreading water, the water depth in the basins would be
approximately 1 foot. All basins would include inlets/outlets with 24-inch interconnection piping.
Spillways, pipelines, culverts, and valves would be provided to connect the basins to each other.
Basin J would be the last newly constructed basin located entirely within the former JPL East
Parking Lot, which would include interconnection piping into the existing Basin 3. Other basins
downstream of Basin 3 are not a part of the proposed Project, although Basin 4 may be temporarily
impacted during construction.

7
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1.2.3.3

Gabrielino Trail/Access Road

The Gabrielino Trail (i.e., North Arroyo Boulevard) runs generally parallel to the Arroyo Seco and
along the eastern side of the former JPL East Parking Lot and serves as a recreation trail for hikers,
bikers, and equestrian uses. The portion of the Gabrielino Trail that will be used for access
constitutes 11.78 acres. It serves as a maintenance access road that leads to the Behner Water
Treatment Plant and into the Arroyo Seco Canyon area to provide access for PWP and the USFS.
During construction activities, the Gabrielino Trail/Access Road would provide for vehicular
access to and from Area 2, and sometimes Area 3 (Explorer Road will be its primary access road).
No changes will be made to the Gabrielino Trail as part of the Project.
1.2.4

Construction Activities

Construction of the Project improvements is anticipated to take approximately 16 months, starting
in August 2021 with Project completion expected by January 2023. In the interest of minimizing
the export of excavated materials from the Project site, the City may implement a mechanical
shaker to sort and sift through excavated soils to separate finer soils from larger rocks, thereby
allowing for the beneficial reuse of the materials as engineered fill materials during the
construction of the spreading basins. Rock materials may be used on site for
decorative/landscaping purposes throughout the Project study area, added to an existing stockpile
that has been created by the City in an area along the west bank of the Arroyo for future uses, or
may be exported off site.
Construction trucks hauling soils and debris to and from to Irwindale – Durbin Inert Debris Engineered
Fill Site are expected to come to the site from I-210 at the Windsor Avenue off-ramp and head north
on Windsor Avenue to the intersection with Ventura Street. At this intersection is a fork in the road,
one leading to Explorer Road into Area 3 and the other leading to the gated North Arroyo Boulevard,
which passes adjacent to residential properties and the Behner Treatment Plant. Near the JPL Bridge
over the Arroyo Seco near the northern boundary of Area 3, North Arroyo Boulevard splits and
provides access to the Gabrielino Trail/Access Road and to the JPL Bridge/Explorer Road.
Construction trucks would use North Arroyo Boulevard to access Area 2 and Explorer Road would be
used to access Area 3. From I-210, trucks would head east and then south on I-605; exit at Lower
Azusa Road off-ramp; and head east onto Los Angeles Street to enter Irwindale – Durbin Inert Debris
Engineered Fill Site. Trucks would come back from the landfill entering the northbound on-ramp of I605at Los Angeles Street and head north; trucks would then go west on I-210 to Windsor Avenue to
Explorer Road and, ultimately, to the site.
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1.2.4.1

Staging Areas

The Screen Building adjacent to Area 2 and the Behner Water Treatment Plant adjacent to Area 3
would be used for temporary construction materials and equipment staging. The Screen Building
staging area constitutes 0.09 acres of the Study Area and the Behner Treatment Plant Staging Area
constitutes 0.84 acres.
1.2.5

Operational Activities

City personnel would continue to provide maintenance of the diversion and intake structures in
Area 2 as occurs under existing conditions. When necessary, cleaning of the spreading basins in
Area 3 would continue to be accomplished by mechanically scraping the top layer of soil using
front-end loaders, graders, or scrapers. Following removal, the surface would be disked or
harrowed to loosen any soil compaction caused by cleaning. An estimated 100 truckloads of soil
from the existing and proposed spreading basins would have to be disposed of offsite every five
years, which is reflective of current maintenance activities. As such, no substantive changes to
ongoing operations and/or maintenance activities are anticipated.
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2

REGULATORY SETTING

This chapter outlines the federal, state, and local regulations pertinent to the biological resources
located on the Project site.

2.1

Federal

2.1.1

Federal Endangered Species Act

The federal Endangered Species Act (FESA) of 1973 (16 USC 1531 et seq.), as amended, is
administered by the U.S. Fish and Wildlife Service (USFWS) for most plant and animal species
and by the National Oceanic and Atmospheric Administration National Marine Fisheries Service
for certain marine species. This legislation is intended to provide a means to conserve the
ecosystems upon which endangered and threatened species depend and provide programs for the
conservation of those species, thus preventing the extinction of plants and wildlife. The FESA
defines an endangered species as “any species that is in danger of extinction throughout all or a
significant portion of its range.” A threatened species is defined as “any species that is likely to
become an endangered species within the foreseeable future throughout all or a significant portion
of its range.” Under FESA, it is unlawful to “take” any listed species, and “take” is defined as,
“harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in
any such conduct.”
FESA allows for the issuance of incidental take permits for listed species under Section 7, which
is generally available for projects that also require other federal agency permits or other approvals,
and under Section 10, which provides for the approval of habitat conservation plans on private
property without any other federal agency involvement.
2.1.2

Migratory Bird Treaty Act

The Migratory Bird Treaty Act (16 USC 703 et seq.), as amended, prohibits the intentional take of
any migratory bird or any part, nest, or eggs of any such bird. Under the Migratory Bird Treaty
Act, “take” is defined as pursuing, hunting, shooting, capturing, collecting, or killing, or attempting
to do so. In December 2017, Department of the Interior Principal Deputy Solicitor Jorjani issued
a memorandum (M-37050) that interprets the Migratory Bird Treaty Act’s “take” prohibition to
apply only to affirmative actions that have as their purpose the taking or killing of migratory birds,
their nests, or their eggs. Unintentional or accidental take is not prohibited (DOI 2017).
Additionally, Executive Order 13186, Responsibilities of Federal Agencies to Protect Migratory
Birds, requires that any project with federal involvement address impacts of federal actions on
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migratory birds with the purpose of promoting conservation of migratory bird populations (66 FR
3853–3856). The Executive Order requires federal agencies to work with USFWS to develop a
memorandum of understanding. USFWS reviews actions that might affect these species.
2.1.3

Clean Water Act

The Clean Water Act provides guidance for the restoration and maintenance of the chemical,
physical, and biological integrity of the nation’s waters. Section 401 requires a project operator for
a federal license or permit that allows activities resulting in a discharge to waters of the United
States to obtain state certification, thereby ensuring that the discharge will comply with provisions
of the Clean Water Act. The RWQCBs administer the certification program in California. Section
402 establishes a permitting system for the discharge of any pollutant (except dredged or fill
material) into waters of the United States. Section 404 establishes a permit program administered
by USACE that regulates the discharge of dredged or fill material into waters of the United States,
including wetlands. USACE implementing regulations are found at 33 CFR 320 and 330.
Guidelines for implementation are referred to as the Section 404(b)(1) Guidelines, which were
developed by the U.S. Environmental Protection Agency in conjunction with USACE
(40 CFR 230). The guidelines allow the discharge of dredged or fill material into the aquatic
system only if there is no practicable alternative that would have less adverse impacts.
Wetlands and Other Waters of the United States
Aquatic resources, including riparian areas, wetlands, and certain aquatic vegetation communities,
are considered sensitive biological resources and can fall under the jurisdiction of several
regulatory agencies. USACE exerts jurisdiction over waters of the United States, including all
waters that are subject to the ebb and flow of the tide; wetlands and other waters such as lakes,
rivers, streams (including intermittent or ephemeral streams), mudflats, sandflats, sloughs, prairie
potholes, vernal pools, wet meadows, playa lakes, or natural ponds; and tributaries of the above
features.
The extent of waters of the United States is generally defined as that portion that falls within the
limits of an ordinary high-water mark (OHWM). Typically, the OHWM corresponds to the water
surface elevation of a 2-year flood event (USACE 2008a). In addition, waters of the United States
may include wetlands, including swamps, bogs, seasonal wetlands, seeps, marshes, and similar
areas, defined by USACE as “those areas that are inundated or saturated by surface or groundwater
at a frequency and duration sufficient to support, and that under normal circumstances do support,
a prevalence of vegetation typically adapted for life in saturated soil conditions” (33 CFR 328.3[b];
40 CFR 230.3[t]). Indicators of three wetland parameters (i.e., hydric soils, hydrophytic vegetation,
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and wetlands hydrology), as determined by field investigation, must be present for a site to be
classified as a wetland by USACE (USACE 1987).

2.2

State

2.2.1

California Endangered Species Act

The California Endangered Species Act (CESA) (California Fish and Game Code, Section 20502068) provides protection and prohibits the take of plant, fish, and wildlife species listed by the
State of California. Unlike FESA, under CESA state-listed plants have the same degree of
protection as wildlife, but insects and other invertebrates may not be listed. Take is defined
similarly to FESA and is prohibited for both listed and candidate species. Take authorization may
be obtained by the project applicant from CDFW under CESA Section 2081, which allows take of
a listed species for educational, scientific, or management purposes. In this case, private developers
consult with CDFW to develop a set of measures and standards for managing the listed species,
including full mitigation for impacts, funding of implementation, and monitoring of mitigation
measures.
2.2.2

California Fish and Game Code

Fully Protected Species
Sections 3511, 4700, 5050, and 5515 of the California Fish and Game Code outline protection for
fully protected species of mammals, birds, reptiles, amphibians, and fish. Species that are fully
protected by these sections may not be taken or possessed at any time. CDFW cannot issue permits
or licenses that authorize the “take” of any fully protected species, except under certain
circumstances, such as scientific research and live capture and relocation of such species pursuant
to a permit for the protection of livestock. Furthermore, it is the responsibility of the CDFW to
maintain viable populations of all native species. Toward that end, the CDFW has designated
certain vertebrate species as Species of Special Concern (SSC), because declining population
levels, limited ranges, and/or continuing threats have made them vulnerable to extinction.
Section 5901
Section 5901 makes it unlawful to construct or maintain any device or contrivance that prevents,
impedes, or tends to prevent or impede, the passing of fish up and down stream. Fish are defined
in Section 45 as a wild fish, mollusk, crustacean, invertebrate, amphibian, or part, spawn, or ovum
of any of those animals.
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Section 5937
Section 5937 requires that the owner of any dam shall allow sufficient water at all times to pass
through a fishway, or in the absence of a fishway, allow sufficient water to pass over, around or
through the dam, to keep in good condition any fish that may be planted or exist below the dam.
During the minimum flow of water in any river or stream, permission may be granted by the
department to the owner of any dam to allow sufficient water to pass through a culvert, waste gate,
or over or around the dam, to keep in good condition any fish that may be planted or exist below
the dam, when, in the judgment of the department, it is impracticable or detrimental to the owner
to pass the water through the fishway.
Section 1602
Under Section 1602 of the California Fish and Game Code, a project operator is required to notify
CDFW prior to any project that would divert, obstruct, or change the natural flow, bed, channel, or
bank of any river, stream, or lake. Pursuant to the code, a “stream” is defined as a body of water that
flows at least periodically, or intermittently, through a bed or channel having banks and supporting fish
or other aquatic life. Based on this definition, a watercourse with surface or subsurface flows that
supports or has supported riparian vegetation is a stream and is subject to CDFW jurisdiction. Altered
or artificial watercourses valuable to fish and wildlife are subject to CDFW jurisdiction. CDFW also
has jurisdiction over dry washes that carry water during storm events.
Preliminary notification and project review generally occur during the environmental process.
When an existing fish or wildlife resource may be substantially adversely affected, CDFW is
required to propose reasonable project changes to protect the resource. These modifications are
formalized in a Streambed Alteration Agreement, which becomes part of the plans, specifications,
and bid documents for the project.
California Native Plant Protection Act
The Native Plant Protection Act of 1977 (see Section 1900 et seq. of the California Fish and Game
Code) directed CDFW to carry out the Legislature’s intent to “preserve, protect and enhance rare
and endangered plants in this State.” The Native Plant Protection Act gave the California Fish and
Game Commission the power to designate native plants as “endangered” or “rare” and protect
endangered and rare plants from take. CESA expanded on the original Native Plant Protection Act
and enhanced legal protection for plants, but the Native Plant Protection Act remains part of the
California Fish and Game Code. To align with federal regulations, CESA created the categories of
“threatened” and “endangered” species. It converted all “rare” animals into the act as threatened
species, but did not do so for rare plants. Thus, there are three listing categories for plants in
California: rare, threatened, and endangered. Because rare plants are not included in CESA,
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mitigation measures for impacts to rare plants are specified in a formal agreement between CDFW
and the project proponent.
Nesting Birds
Section 3503 of the California Fish and Game Code states that it is unlawful to take, possess, or
needlessly destroy the nests or eggs of any bird, except as otherwise provided by this code or any
regulation made pursuant thereto. Section 3503.5 protects all birds of prey (raptors) and their eggs
and nests. Section 3511 states that fully protected birds or parts thereof may not be taken or
possessed at any time. Section 3513 states that it is unlawful to take or possess any migratory nongame bird as designated in the MBTA.
2.2.3

California Environmental Quality Act

CEQA requires identification of a project’s potentially significant impacts on biological resources
and ways that such impacts can be avoided, minimized, or mitigated. The act also provides
guidelines and thresholds for use by lead agencies for evaluating the significance of proposed
impacts.
CEQA Guidelines Section 15380(b)(1) defines endangered animals or plants as species or
subspecies whose “survival and reproduction in the wild are in immediate jeopardy from one or
more causes, including loss of habitat, change in habitat, overexploitation, predation, competition,
disease, or other factors.” A rare animal or plant is defined in Section 15380(b)(2) as a species
that, although not presently threatened with extinction, exists “in such small numbers throughout
all or a significant portion of its range that it may become endangered if its environment worsens;
or … [t]he species is likely to become endangered within the foreseeable future throughout all or
a significant portion of its range and may be considered ‘threatened’ as that term is used in the
federal Endangered Species Act.” Additionally, an animal or plant may be presumed to be
endangered, rare, or threatened if it meets the criteria for listing, as defined further in CEQA
Guidelines Section 15380(c).
CDFW has developed a list of “Special Species” as “a general term that refers to all of the taxa the
California Natural Diversity Database (CNDDB) is interested in tracking, regardless of their legal
or protection status.” This is a broader list than those species that are protected under the FESA,
CESA, and other California Fish and Game Code provisions, and includes lists developed by other
organizations, including for example the Audubon Watch List Species. Guidance documents
prepared by other agencies, including the Bureau of Land Management Sensitive Species and
USFWS Birds of Special Concern, are also included on this CDFW Special Species list.
Additionally, CDFW has concluded that plant species listed as California Rare Plant Rank (CRPR)
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1 and 2 by the California Native Plant Society (CNPS), and potentially some CRPR 3 plants, are
covered by CEQA Guidelines Section 15380.
Section IV, Appendix G (Environmental Checklist Form), of the CEQA Guidelines requires an
evaluation of impacts to “any riparian habitat or other sensitive natural community identified in
local or regional plans, policies, regulations or by the California Department of Fish and Game or
the U.S. Fish and Wildlife Service.”
2.2.4

Porter–Cologne Water Quality Control Act

The intent of the Porter–Cologne Water Quality Control Act is to protect water quality and the
beneficial uses of water, and it applies to both surface water and groundwater. Under this law, the
State Water Resources Control Board develops statewide water quality plans, and the nine
RWQCBs develop basin plans that identify beneficial uses, water quality objectives, and
implementation plans. The RWQCBs have the primary responsibility to implement the provisions
of both statewide and basin plans. Waters regulated under the Porter–Cologne Water Quality
Control Act include isolated waters that are no longer regulated by USACE. Developments with
impact to jurisdictional waters must demonstrate compliance with the goals of the act by
developing stormwater pollution prevention plans, standard urban stormwater mitigation plans,
and other measures to obtain an order of Waste Discharge Requirement (or, in cases where a Clean
Water Act Section 401 certification is required, a waiver of Waste Discharge Requirement).

2.3

Local

City of Pasadena Trees and Tree Protection Ordinance
For this proposed Project, trees subject to City permit requirements include those defined by
municipal code Chapter 8.52.020 (City of Pasadena 2010), as follows:
•

"Public tree" means a tree located in a place or area under ownership or control of the city
including but without limitation streets, parkways, open space, parkland and including city
owned property under the operational control of another entity by virtue of a lease, license,
operating or other agreement.

•

"Protected tree" means a native, specimen, landmark, landmark-eligible, mature (except
for the trees in RS or RM-12 zones), or public tree.

All surveyed trees are located in a City owned property, and therefore meet the definition of a
“Public tree”, which are considered a “Protected tree” by the City Municipal Code.
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Tree replacement ratios are determined based on the size of the tree to be removed (i.e., larger
trees require a higher replacement ratio). Tree replacement guidelines as specified in the City Tree
Ordinance are as follows:
Trunk Diameter of
Removed Tree
8.0–12.9 inches
13.0–18.9 inches

19.0–36.9 inches
>37 inches

Replacement Ratio
6:1
3:1
8:1
4:1
2:1
8:1
4:1
12:1
8:1

Container
Replacement Size
15 gallons
24-inch box
15 gallons
24-inch box
36-inch box
24-inch box
36-inch box
24-inch box
36-inch box

Source: City of Pasadena 2010

17

11884
June 2020

Arroyo Seco Canyon Project Areas 2 and 3
DRAFT Biological Resources Technical Report

INTENTIONALLY LEFT BLANK

18

11884
June 2020

Arroyo Seco Canyon Project Areas 2 and 3
DRAFT Biological Resources Technical Report

3

METHODS

Data regarding biological resources present within the Study Area was obtained through a review
of pertinent literature, field reconnaissance, habitat assessments, and protocol/focused surveys,
which are described in detail in this chapter.

3.1

Literature Review

Prior to conducting the field investigation, a literature review was conducted to evaluate the
environmental setting of the Project site and identify potential special-status biological resources
that may be found on the site. The following reports that encompass the Project site were reviewed
and are referenced, as appropriate, in this BRTR:
•

Arroyo Seco Canyon Diversions Biological Impacts Memorandum, dated November 8,
2018 (Psomas 2018)

•

Fish and Fish Passage Related to Pasadena Water and Power Department Diversion on
Arroyo Seco above Pasadena, dated October 29, 2019 (Swift 2019)

•

Draft Basis of Design Report, Arroyo Seco Canyon Project – Intake/Diversion Design,
dated May 2020 (Northwest Hydraulics Consultants 2020)

•

Biological Technical Report, Arroyo Seco Canyon Project, dated September 2014
(BonTerra Psomas 2014a)

•

Special Status Botanical Surveys for the Arroyo Seco Canyon Project, dated January 20,
2014 (BonTerra Psomas 2014b)

•

Native Tree Survey, Arroyo Seco Canyon Project, dated September 2014 (BonTerra
Psomas 2014c)

•

Jurisdictional Delineation Report, Arroyo Seco Canyon Project, dated May 2014
(BonTerra Psomas 2014d)

•

Jurisdictional Delineation Report, Arroyo Seco Canyon Project, dated April 2016
(BonTerra Psomas 2016a)

•

Results of the 2013 Amphibian Surveys for the Arroyo Seco Canyon Project, dated
February 4, 2014 (BonTerra Psomas 2014e)

•

Results of the 2013 Least Bell’s Vireo/Southwestern Willow Flycatcher Survey for the
Arroyo Seco Canyon Project Dated September 2013 (BonTerra Consulting 2013)

•

Results of the 2016 Least Bell’s Vireo/Southwestern Willow Flycatcher Survey for the
Arroyo Seco Canyon Project Dated August 2016 (BonTerra Psomas 2016b)
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The following reports prepared for adjacent projects were also reviewed:
•

Biological Technical Report for the Devil’s Gate Reservoir Project Site in the City of
Pasadena, Los Angeles County, California, dated November 2010, and appendices
(Chambers Group 2010a)

•

IS/MND for Berkshire Creek Area Improvements, dated May 2019 (Psomas 2019a)

•

Upper Arroyo Seco Habitat Enhancement Plan, dated July 2019 (Psomas 2019b)

The following online databases and applications were queried:
•

CNDDB (CDFW 2019a, 2019b)

•

CNPS Inventory of Rare and Endangered Vascular Plants (CNPS 2019a)

•

Calflora’s What Grow Here (Calflora 2019)

•

Biogeographic Information and Observation System (CDFW 2019d)

•

USFWS Species Occurrence Data (USFWS 2019a)

•

Information for Planning and Consultation (IPaC) occurrence data (USFWS 2019b)

•

eBird’s online database of bird distribution and abundance (eBird 2019)

•

Critical Habitat online viewer (USFWS 2019c)

•

Los Angeles County GIS Viewer (County of Los Angeles 2019)

•

Historic aerials and topographic maps (Google Maps 2019; NETR 2019; USGS 2019)

•

Wetland Mapper online viewer (USFWS 2019d)

•

U.S. Department of Agriculture’s Web Soil Survey (USDA 2019a)

The CNDDB and the CNPS Inventory were queried based on the U.S. Geological Survey (USGS)
7.5-minute quadrangle on which the Project site is located (Pasadena, California) and the eight
surrounding quadrangles (Sunland, Condor Peak, Chilao Flat, Burbank, Mount Wilson,
Hollywood, Los Angeles, and El Monte). The USFWS occurrence data and critical habitat
databases were queried using geographic information system (GIS) software based on a 5-mile
buffer around the Project site.

3.2

Resource Mapping

Dudek Senior Biologist Michael Cady performed a general reconnaissance-level biological survey
on April 23, 2019, which was used to guide the schedule of surveys listed in Table 1, Schedule of
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Surveys. The field effort for the Project also included vegetation mapping, a jurisdictional waters
delineation, a focused special-status plant survey, and focused wildlife surveys.
Table 1
Schedule of Surveys
Date
4/23/2019

Hours
1300–1630

Personnel
MC

Focus
General biological reconnaissance level survey

5/3/2019

0700–1000

MC

Focused least Bell’s vireo survey

5/3/2019

1000–1200

MC

5/15/2019

1030–1700

MC

5/22/2019

0558–1004

MB

6/4/2019

0630–1018

MB

6/14/2019

0614–0934

MB

6/26/2019

0649–1003

MB

7/5/2019

0800–1400

MC

7/8/2019

0642–0935

MB

7/18/2019

0630–0900

MC

Non-protocol California red-legged frog and arroyo
toad survey
Focused special-status plant survey/ vegetation
mapping
Focused least Bell’s vireo survey/focused
southwestern willow flycatcher survey
Focused least Bell’s vireo survey/focused
southwestern willow flycatcher survey
Focused least Bell’s vireo survey/focused
southwestern willow flycatcher survey
Focused least Bell’s vireo survey/focused
southwestern willow flycatcher survey
Focused special-status plant survey/jurisdictional
waters delineation
Focused least Bell’s vireo survey/focused
southwestern willow flycatcher survey
Focused least Bell’s vireo survey

7/29/2019

0630–0900

MC

Focused least Bell’s vireo survey

10/14/2019

0900-1500

MC

Focused fish survey

4/2/2020
4/3/2020

0800-1600
0800-1600

CL
CL

Protected Tree Survey
Protected Tree Survey

Conditions
80°F–82°F, 0% cc,
clear, 1–2 mph
59°F–68°F, 0%–
100% cc, 1–2 mph
68°F–71°F, 0% cc, 1–
2 mph
62°F–67°F, 100% cc,
0–2 mph
52°F–64°F, 0%–45%
cc, 0–4 mph
58°F–63°F, 100% cc,
0–2 mph
63°F–65°F, 100% cc,
0–3 mph
61°F–62°F, 100% cc,
misty, 0–3 mph
64°F–86°F, 0% cc, 0–
5 mph
62°F–67°F, 100% cc,
0–1 mph
65°F–72°F, 100% cc,
0–1 mph
64°F–70°F, 5%-50%
cc, 0 mph
61°F–73°F, 0% cc, 1–
2 mph
NR
NR

Notes: cc = cloud cover; mph = miles per hour; NR = not recorded
Survey Personnel: CL = Christopher LaCroix; MB = Melissa Blundell; MC = Michael Cady.

Binoculars were used to survey areas that were not physically accessible due to terrain or dense
vegetation. All plant and animal species detected by sight, calls, tracks, scat, or other sign were
recorded, as well as a determination of potential wildlife linkages based on sign and track
detection. Observable sensitive resources including flowering annual plants, shrubs, and trees, and
conspicuous wildlife (i.e., birds and some reptiles) commonly accepted as regionally sensitive by
CNPS, CDFW, or USFWS were also documented, if observed.
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3.2.1

Vegetation Community and Land Cover Mapping

Vegetation communities and land uses within the Project site were mapped in the field directly
onto a 200-scale (1 inch = 200 feet) color digital orthographic map of the property (Bing 2018).
Following completion of the fieldwork, all vegetation polygons were digitized using ArcGIS
software and GIS coverage was created. Vegetation communities within the Project site were
mapped using A Manual of California Vegetation, Second Edition (Sawyer et al. 2009. Some
modifications were incorporated to accommodate the lack of conformity of the observed
communities to those included in these references.
3.2.2

Flora

Latin and common names for plant species with a CRPR (formerly CNPS List) follow the Inventory
of Rare and Endangered Plants (CNPS 2019a). For plant species without a CRPR, Latin names follow
the Jepson Interchange List of Currently Accepted Names of Native and Naturalized Plants of
California (Jepson Flora Project 2019), and common names follow the California Natural Community
list (CDFW 2019e) or the U.S. Department of Agriculture Natural Resources Conservation Service
PLANTS Database (USDA 2019b).
3.2.2.1

Focused Special-Status Plant Survey

Dudek Senior Biologist Michael Cady conducted focused surveys for special-status plant species with
a potential to occur within the two work areas, Gabrielino Trail/Access Road, and North Arroyo
Boulevard, plus a 50-foot buffer surrounding each. Two surveys were conducted, one in the spring
and one in the summer, in order to cover the blooming period of the target species. Prior to the start
of focused surveys, nearby reference populations were checked to verify that target species were
in bloom. The surveys conformed to CNPS Botanical Survey Guidelines (CNPS 2001); Protocols
for Surveying and Evaluating Impacts to Special Status Native Plant Populations and Natural
Communities (CDFW 2018); and Guidelines for Conducting and Reporting Botanical Inventories
for Federally Listed, Proposed, and Candidate Plants (USFWS 1996).
The Study Area was surveyed with meandering transects searching for federally and/or state-listed
plants known to occur or with the potential to occur within the Study Area. Additionally, the
Arroyo Seco streambed between Area 2 and the JPL Bridge was surveyed for special-status plant
species associated with riparian habitats. All plant species encountered during the field surveys
were identified to subspecies or variety, if applicable, to determine sensitivity status. Moreover,
all plant species encountered in the field were recorded. If target species were encountered, data
points were mapped in the field using a GPS unit.
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3.2.3

Fauna

All wildlife species detected during the field surveys by sight, vocalizations, burrows, tracks, scat,
and other signs were recorded. Binoculars (10 mm × 42 mm) were used to aid in the identification
of observed wildlife. In addition to species observed on site, expected wildlife usage of the site
was determined according to known habitat preferences and knowledge of relative distributions of
regional wildlife in the area. Latin and common names of animals follow Crother (2012) for
reptiles and amphibians, American Ornithologists’ Union (AOU 2018) for birds, Wilson and
Reeder (2005) for mammals, North American Butterfly Association (NABA 2016) for butterflies,
and Moyle (2002) for fish.
3.2.3.1

Focused Least Bell’s Vireo and Southwestern Willow Flycatcher
Surveys

The surveys for least Bell’s vireo (Vireo bellii pusillus) and southwestern willow flycatcher
(Empidonax traillii extimus) were conducted according to USFWS (2001) and U.S. Geological
Survey (Sogge et al. 2010) survey protocols. The surveys were conducted between May 3, 2019,
and July 29, 2019. The focused surveys were conducted in any riparian habitats in the two work
areas and along the Gabrielino Trail/Access Road. All southwestern willow flycatcher surveys
were conducted by Dudek biologist Melissa Blundell, who holds a federal recovery permit (No.
TE97717A) to survey for the species. Michael Cady conducted the surveys where only least Bell’s
vireo was the focus. The full methodology is included in Appendix A, Southwestern Willow
Flycatcher and Least Bell’s Vireo Survey Memorandum.
3.2.3.2

Non-Protocol California Red-Legged Frog and Arroyo Toad Survey

Dudek conducted a focused, but non-protocol, survey for California red-legged frog (Rana
draytonii) and arroyo toad (Anaxyrus californicus) within the Study Area and within portions of
Arroyo Seco from Area 2 to the JPL Bridge, and the spreading basins in Area 3 that had standing
water. The purpose of the survey was to look for individuals of the two species and identify
potential habitat. The survey was conducted on May 3, 2019 by Dudek Senior Biologist Michael
Cady. The focused survey passes were conducted by walking along the stream. The full
methodology is included in Appendix B, Non-Protocol California Red-Legged Frog and Arroyo
Toad Survey Memorandum.
3.2.3.3

Focused Fish Survey

Dudek conducted a focused survey for fish within the Arroyo Seco from where the waters go subgrade to the west of Area 3 (during drier periods of the year) and upstream to the Brown Mountain
Dam; approximately 4.5 river miles. The focus of the survey was to determine if southern
steelhead/rainbow trout (Oncorhynchus mykiss) and arroyo chub (Gila orcuttii) were present in
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the survey area. The focused survey pass was conducted by walking along the stream. The full
methodology is included in Appendix C, Focused Fish Survey Memorandum.
3.2.4

Jurisdictional Delineation

A jurisdictional delineation of waters of the United States, including wetlands, under the
jurisdiction of the USACE, CDFW, and RWQCB was conducted by Dudek Senior Biologist
Michael Cady to update potential jurisdictional waters in the Study Area in accordance with the
1987 USACE Wetland Delineation Manual: Arid West Region (USACE 2008b). The wetland
delineation focused on identifying the changes to the extent of regulated resources within Arroyo
Seco and the spreading basins that had been previously delineated (BonTerra Psomas 2014a,
2016a). This included the evaluation of the OHWM, surface water, and hydrophytic vegetation.
Riparian habitat previously mapped was also checked to determine any changes. The previous
jurisdictional delineation (BonTerra Psomas 2016a) was relied on to assess the potential presence
of hydric soils.
Under current regulatory standards, an applicant under Section 404 of the Clean Water Act may
request a Preliminary Jurisdictional Determination from USACE in which federal jurisdiction of
aquatic resources is assumed. Alternatively, an Approved Jurisdictional Determination can be
requested in which an assessment of surface water connectivity and/or significant nexus of aquatic
resources within the Study Area with downstream navigable waters of the United States would be
required to determine whether aquatic resources in the Study Area are “isolated” and can be
excluded from federal jurisdiction. Since an assessment of surface water connectivity and/or
significant nexus was not completed, aquatic resources within the Study Area are assumed to be
under federal, as well as state, jurisdiction.
3.2.5

Protected Tree Survey

Dudek mapped tree locations for all trees located within the Area 2 and Area 3 Study Areas. Tree
mapping was conducted using a Trimble Pathfinder Pro XH Global Positioning System (GPS)
receiver with H-Star Technology. Since tree canopies can sometimes cause loss of satellite lock
by blocking the line-of-sight to satellites, an electronic compass and reflectorless, electronic
distance-measuring device were also used in mapping tree locations. The reflectorless, electronic
distance-measuring device/compass combination operates in concert with the Pathfinder system
to position offsets, and offset information is automatically attached to the GPS position data string.
The electronic tree locations were then evaluated using ArcView 10.4 software to determine the
position of the trees related to the project development footprint.
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All inventoried and assessed protected trees were tagged with an aluminum tag bearing a unique
identification number, which was placed on the trunk of each tree. Tree trunk diameters were
measured using a diameter tape providing adjusted figures2 for diameter measurements when
wrapping the tape around an object’s circumference. Diameter measurements were taken using
protocol provided by the Council of Tree and Landscape Appraisers in the Guide for Plant
Appraisal (ISA 2000). The trunk diameter measurement of each tree was taken at 4.5 feet above
the ground along the trunk axis. Tree height was visually estimated by experienced tree surveyors.
Tree canopy diameters were typically estimated by “pacing-off” the measurement based on the
investigator’s knowledge of their stride length or by visually estimating the canopy width. The
crown diameter measurements were made along an imaginary line intersecting the tree trunk that
best approximated the average canopy diameter. Additionally, Dudek arborists calculated
composite trunk diameters for multiple-stem trees according to ISA standards. According to these
standards, the sum of all stem diameters was calculated to ascertain composite trunk diameter
values for multiple-stem trees.
Pursuant to the Guide for Plant Appraisal (ISA 2000), tree health and structure were evaluated
with respect to five distinct tree components: roots, trunk, scaffold branches, small branches, and
foliage. Each component of the tree was assessed with regard to health factors such as insect and
pathogen damage, mechanical damage, presence of decay, presence of wilted or dead leaves, and
wound closure. Tree health and structure were graded as good, fair, poor, and dead, with “good”
representing no apparent problems, and “dead” representing a dying and/or dead tree. Good
condition trees exhibit acceptable vigor, healthy foliage, and adequate structure, and lack any
major maladies. Fair condition trees are typically those with few maladies but declining vigor.
This method of tree condition rating is comprehensive and results in ratings that are useful for
determining the status of trees based on common urban forestry standards.
3.2.6

Survey Limitations

The focused rare plant surveys were conducted in the spring and summer after a higher-thannormal rainy season. A weather station at Devil’s Gate Dam has recorded 25.55 inches of
precipitation since the beginning (October 1, 2018) of the current rainy season (LACDPW 2019),
which is above the normal of 20.4 inches for Pasadena (City of Pasadena 2019a). This allowed for
an above-average bloom from the plants in the region.
Climatic conditions during the survey generally were favorable for identification of wildlife.
Potential limitations of the survey included seasonal constraints, a diurnal bias, and the absence of
focused trapping for small mammals and reptiles. Surveys were conducted during the daytime to

2

Inches divided by 3.14 () provide diameter measurement in inches.
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maximize visibility for the detection of plants and most animals. Birds represent the largest
component of the vertebrate fauna, and because they are active in the daytime, diurnal surveys
maximize the number of observations of this portion of the fauna. In contrast, daytime surveys
usually result in few observations of mammals, many of which may only be active at night. In
addition, many species of reptiles and amphibians are secretive in their habits and are difficult to
observe using standard meandering transects.

3.3

Special-Status Species Habitat Assessment

Endangered, rare, or threatened plant species as defined in Section 15380(b) of the CEQA
Guidelines (14 CCR 15000 et seq.) are referred to as “special-status plant species” in this BRTR
and include endangered or threatened plant species recognized in the context of CESA and FESA
(CDFW 2019b) and plant species with a CRPR 1 through 4 (CNPS 2019a). Species with CRPR 3
or 4 may, but generally do not, qualify for protection under this provision. Species with CRPR 3
and 4 are those that require more information to determine status and plants of limited distribution.
Thus, only CRPR 3 and 4 plant species that were also locally recognized by the City of Pasadena
Trees and Tree Protection Ordinance were analyzed further.
Endangered, rare, or threatened wildlife species as defined in CEQA Guidelines, Section 15380(b)
(14 CCR 15000 et seq.), are referred to as “special-status wildlife species” and, as used in this
report, include (1) endangered or threatened wildlife species recognized in the context of CESA
and FESA (CDFW 2019b); (2) California Species of Special Concern and Watch List species as
designated by CDFW (2019c); (3) mammals and birds that are fully protected species as described
in the California Fish and Game Code, Sections 4700 and 3511; and (4) Birds of Conservation
Concern as designated by USFWS (2008).
The CNDDB and CNPS database queries conducted during the literature review resulted in a list
of plant and wildlife species that have recorded occurrences within the Project vicinity. For each
species evaluated, a determination was made regarding the potential for the species to occur in the
Study Area based on information gathered during the field reconnaissance, including the location of
the site, habitats present, current site conditions, known range, habitat associations, preferred soil
substrate, life form, elevation, and blooming period.
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4

ENVIRONMENTAL SETTING

The purpose of this chapter is to describe the general existing conditions within and adjacent to
the Study Area to document the baseline conditions for the BRTR and subsequent analysis.

4.1

Climate

The Project vicinity has a Mediterranean climate, with typically hotter summers and slightly cooler
winters than nearby coastal areas. The average temperature for the year is 63.9°F. The warmest
month on average is August, with an average temperature of 74.7°F. The coolest month on average
is January, with an average temperature of 54.4°F. The average amount of precipitation for the
year in Pasadena is 20.4 inches. Its location relative to the San Gabriel Mountains means it receives
orographic precipitation (precipitation produced when moist air is lifted as it moves over a
mountain range), which adds several more inches of rainfall per year than nearby areas. Most of
the precipitation occurs between October and April, with the most precipitation on average in
February, with 4.6 inches (City of Pasadena 2019a).

4.2

Geology and Topography

The northern portion of the Study Area is mostly composed of steep slopes of the San Gabriel
Mountains, with flat areas in the canyon bottom. The Arroyo Seco empties out into a broad
piedmont plain that slopes downward from the base of the San Gabriel Mountains to Devil’s Gate
Reservoir, the lowest ground surface point of the Raymond Groundwater Basin within the Study
Area. The Raymond Basin lies in the northwestern part of the San Gabriel Valley, bounded by the
San Gabriel Mountains to the north, the San Rafael Hills to the west, and ending to the south and
east at the Raymond Fault. The Raymond Fault separates the Raymond Basin from the Main San
Gabriel Basin in the vicinity of the southeasterly boundary. The California Department of Water
Resources characterized the water-bearing formations of the Raymond Basin as alluvial fill having
characteristics of the coarse deposits found in the small basins near the mountain margins. The
deposits are coarsest at the base of the mountains where they contain boulders several feet in
diameter, but even in the southerly part of the basin, cobbles, stones, and boulders are not
uncommon. There are practically no true sand beds in the northerly part of Raymond Basin. Recent
alluvium occupies channels, washes, and flood plains of Arroyo Seco, Eaton Creek, and Big and
Little Santa Anita Creeks, and to a lesser extent, exists as veneers scattered along the slope of the
valley resulting from flood discharges of intermittent streams (Psomas 2018).
Area 2 is located approximately half a mile from the mouth of Arroyo Seco Canyon at an elevation
of approximately 1,175 feet above mean sea level (AMSL). The canyon bottom is relatively
narrow between Area 2 and the canyon mouth at the JPL bridge. Area 3 is within the piedmont
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plain and has elevations that range between 1,130 feet AMSL in the north to 1,090 feet AMSL in
the south. Area 3 is located approximately 20 to 30 feet above the current active floodplain of the
Arroyo Seco (USGS 2018).

4.3

Soils

As shown in Figure 5, Soil Types, three soil types have been previously mapped for the Project
site according to the U.S. Department of Agriculture Natural Resources Conservation Service Web
Soil Survey (USDA 2019a): Hanford gravelly sandy loam, Ramona loam, and Ramona sandy
loam.
Hanford Series
The Hanford series consists of very deep, well drained soils that formed in moderately coarse
textured alluvium dominantly from granite. Hanford soils are on stream bottoms, floodplains and
alluvial fans. The soils are well-drained, with negligible to low runoff and moderately rapid
permeability. Vegetation in uncultivated areas is mainly annual grasses (USDA 2019c). Hanford
soils are found in the northernmost portion of the Study Area and includes Area 2.
Ramona Series
The Ramona series are composed of fine sandy loam formed in alluvium derived mostly from
granitic and related rock sources. Ramona soils are found on terraces and alluvial fans. The soils
are well-drained, with slow to rapid runoff and moderately slow permeability. Uncultivated areas
have a cover of annual grasses, forbs, chamise or chaparral. (USDA 2019c). Ramona soils are
found in the remainder of the site and includes Area 3.

4.4

Surrounding Land Uses

The Arroyo Seco originates in the San Gabriel Mountains, with waters flowing south through the
Cities of Pasadena, South Pasadena, and Los Angeles before joining the Los Angeles River just
east of Elysian Park and west of the I-5/I-110 Interchange. Within the City of Pasadena, the Arroyo
Seco passes through three distinct recreational areas: (1) Upper Arroyo Seco, containing the
Hahamonga Watershed Park (HWP) and Devil’s Gate Dam; (2) Central Arroyo Seco, containing
the Brookside Golf Course and the Rose Bowl; and (3) Lower Arroyo Seco, containing an archery
range, a casting pond, and Memorial Grove. HWP is bounded on the south by the Devil’s Gate
Dam and Oak Grove Drive. Oak Grove Drive and JPL mark the boundaries of the HWP to the
west in the City of La Cañada Flintridge. To the east, HWP is bounded by the residential
neighborhoods of Pasadena and Altadena. The HWP extends northward into the San Gabriel
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Mountains and includes approximately 1,300 acres of open space and recreational amenities,
including the Gabrielino Trail, which is heavily used for hiking/bicycling and equestrian activities.
Downstream of the JPL Bridge, the Arroyo Seco fans out into the alluvial system of the Devil’s
Gate Reservoir. In October 2018, the Los Angeles County Flood Control District (LACFCD)
began preparing to start work on the Devil’s Gate Sediment Removal Project, which plans to
remove up to 1.7 million cubic yards of accumulated sediment located within 42 acres of the
Devil’s Gate Reservoir. In November 2018, the LACFCD began vegetation removal from within
the sediment excavation footprint, and the sediment removal activities began in February of 2019.
The northernmost limit of the LACFCD’s sediment removal area is located approximately 0.5mile south of Area 3. Sediment removal would occur from that point southerly to the Devil’s Gate
Dam, which is located approximately 1.0-mile mile south of Area 3. The LACFCD’s habitat
restoration activities are planned adjacent to the sediment removal area as well as areas to the
north, including along the slopes between the Arroyo Seco and the spreading basins as well as
within the southernmost Spreading Basin No. 17 (i.e. Johnson Field). Sediment removal activities
are anticipated to continue through 2022 with habitat restoration activities occurring through 2023
(Los Angeles County Public Works 2018).
Upstream of the Project’s Study Area is the ANF, which is located within the San Gabriel
Mountains. The ANF covers over 650,000 acres of primarily natural open space, which includes
the upper portion of the Arroyo Seco watershed. Much of the ANF is covered with dense chaparral,
which changes to pine- and fir-covered slopes near the mountain peaks at the higher elevations.

4.5

Watersheds and Hydrology

The Arroyo Seco watershed, a subwatershed of the Los Angeles River watershed, spans from
mountainous headwaters through a mix of natural and urban lowlands where it converges with the
Los Angeles River. Approximately 47 square miles drain into the Arroyo Seco watershed,
approximately two-thirds of which are in the San Gabriel Mountains/ANF. The Arroyo Seco is a
perennial stream, which means there is generally flowing water year-round, but the flow is below
the surface (underground) in some locations at various times throughout the year. The Arroyo Seco
flows through a deeply incised canyon through the San Gabriel Mountains before emptying into
areas of open alluvium and incised channels downstream of the JPL Bridge to Devil’s Gate Dam
and Reservoir (USACE and LACDPW 2011). During high flow periods, surface flows can reach
the Devil’s Gate Reservoir area, but during low flow periods in the drier months of the year, water
infiltrate into the sandy sediment at the uppermost portion of the Reservoir.
Also, during periods of high flow, the Arroyo Seco collects storm water from drains that either
outlet directly into the stream, or indirectly from discharge points throughout the Hahamongna
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Watershed Basin. The storm drains originate in the neighboring communities of Altadena and La
Canada Flintridge, as well as JPL and Pasadena. Collectively, the amount of rainfall and storm
water captured in the Arroyo Seco that finds its way to Devil’s Gate Reservoir can exceed the
natural percolation capacity of the streambed. When the water level behind the dam rises to a
certain level, the LACFCD releases water that eventually flows to the ocean.
Below Devil’s Gate Dam, Arroyo Seco is mostly channelized, with a stream bottom constructed
of impervious materials and water flows restricted and controlled by the Dam (USACE and
LACDPW 2011). The watershed outside of the San Gabriel Mountains consists primarily of urban
lands where impervious surfaces dominate the land cover. Flow during the dry season, from May
to October, consists primarily of nuisance urban runoff (USACE and LACDPW 2011).
The streambed in Area 2 is generally comprised of coarse sediments ranging from sand to boulders.
Bedrock exposure was noted in several locations between the JPL bridge and the diversion in the
banks and bed of the channel. Active streambed widths vary between about 20 and 40 feet. The
channel varies between step-pool and plane bed morphology, with step-pools associated with
steeper reaches and very coarse (cobble to boulder) bed material and bedrock exposures. These
two channel morphologies are consistent with the overall slope of the channel of about 2.5 to 3
percent. The diversion dam in Area 2 forms a small high point in the bed to facilitate flow into the
intake. The stream slope is significantly flattened upstream of the diversion but maintains a
continuous positive slope of about 1.5 percent.
The watershed was severely burned in the 2009 Station Fire and was subject to elevated sediment
debris and sediment loads in the years following the fire. Peak flows of approximately 4,600 cfs
and 2,300 cfs were recorded at a gage upstream of Area 2 (USGS stream gage 11098000) in Water
Years 2010 and 2011, respectively. At the present time, there is very little fine-grained material
(silt or clay) in the present bed material in the reach between the JPL bridge and the diversion.
Numerous barriers to aquatic organism passage occur in Arroyo Seco and Los Angeles River
downstream of the project area. In the vicinity of the project, Devil’s Gate Dam is a complete
barrier and the reservoir stream segment above the dam is subject to deposition, channel shifting,
and frequent dry conditions due to loss of flow into the alluvium as the channel emerges from the
canyon. Upstream of the JPL bridge, partial temporal barriers may be present during low flows
due to steep channel segments and step-pool or bedrock drops. An anthropogenic barrier exists at
the road crossing (Bridge 3) approximately 500 feet downstream of the diversion at a channel
spanning weir that may have been installed for flow measurement. A drop of approximately three
feet occurs at this concrete structure. At the diversion in Area 2, a drop of approximately two feet
occurs from the base of the flashboard notch to the water surface in the scour pool downstream.
The top of the diversion dam is approximately 2.5 feet higher than the notch.
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4.6

Station Fire

In August 26, 2009, the Station Fire started in the ANF approximately 4 miles north of La Cañada
Flintridge along the Angeles Crest Highway (SR-2). The fire was the largest fire in the recorded
history of the ANF (est. 1892) and the 10th largest fire in California since 1933, as of 2019. The
fire burned a total of 161,189 acres, 96% of which was on ANF lands. The fire burned almost the
entire watershed of the Arroyo Seco in the ANF, which led to significant sediment flows following
precipitation events. These sediments were deposited primarily in the Hahamongna alluvial plain
and having significant effects on riparian communities, in some places completely burying them.
(USACE and LACDPW 2011).
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5

RESULTS

This chapter describes the results of the literature review, field surveys, and habitat assessments
within the Study Area. Representative site photographs of the Project site are provided in Appendix
D of this BRTR.

5.1

Vegetation Communities, Land Covers, and Floral Diversity

Ten vegetation communities and land cover types are identified within the approximately 34.57acre Study Area during the biological resource evaluation: California sagebrush–California
buckwheat scrub–laurel sumac scrub association, coast live oak woodland alliance, white alder–
California sycamore woodland association, California sycamore woodlands alliance, arroyo
willow–mulefat scrub association, laurel sumac scrub alliance, California sagebrush–California
buckwheat scrub alliance, urban/developed, disturbed habitat, and parks and ornamental plantings.
These vegetation communities and land cover types are described below, their acreages tabulated
in Table 2, Vegetation Types, and their spatial distributions depicted on Figure 6, Vegetation Types
(Sheets 1 and 2).
Table 2
Vegetation Communities and Land Covers within the Study Area

Vegetation
Community or
Land Cover
California
sagebrush–
California
buckwheat–laurel
sumac scrub
association
Coast live oak
woodland alliance
White alder–
California
sycamore
woodland
associationc
California
sycamore
woodlands
alliancec

Screen
Building
Staging
Area

Behner
Treatment
Plant
Staging
Area

Total
Area
(acres)

4.42

—

0.02

10.41

—

3.01

0.06

—

3.1

0.86

—

0.02

—

—

0.88

0.24

—

—

—

—

0.24

California
Natural
Community
Codesa

GlobalState
Rarity
Ranksb

Access
Area 2
Area 3
Road
Study
Study
Study
Area
Area
Area
Native Vegetation Communities

32.110.06

G4/S4

0.05

5.93

71.060.00

G5/S4

0.03

61.420.15

G3c

61.310.00

G3/S3c
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Table 2
Vegetation Communities and Land Covers within the Study Area

Vegetation
Community or
Land Cover
Arroyo willow–
mulefat scrub
association
Laurel sumac
scrub alliance
California
sagebrush–
California
buckwheat scrub
alliancec
Urban/developed
Disturbed habitat
Parks and
ornamental
plantings
Total

Area 3
Study
Area

Access
Road
Study
Area

Screen
Building
Staging
Area

Behner
Treatment
Plant
Staging
Area

Total
Area
(acres)

—

0.10

—

—

—

0.10

G4/S4

—

0.17

—

—

—

0.17

32.110.00

G4/S4

0.06

—

0.03

—

—

0.09

—
—

—
—

4.09
—

0.04
—

0.82
—

15.35
6.83

—

—

—

—

0.22

—

—

0.22

—

—

1.40

23.27

11.78

0.09

0.84

37.38

California
Natural
Community
Codesa

GlobalState
Rarity
Ranksb

Area 2
Study
Area

61.201.06

G4

45.455.00

Non-Natural Land covers
0.15
10.25
—
6.83

Notes: Numbers may not sum due to rounding.
a
Unique codes assigned to alliances and associations.
b
NatureServe Global and State rarity ranks per Faber-Langendoen et al. (2012). Natural communities with global or state ranks of 1–3 are
considered Sensitive Natural Communities by CDFW and are to be addressed in the environmental review processes of CEQA (CDFW).
c
Sensitive community

5.1.1

California Sagebrush–California Buckwheat–Laurel Sumac Scrub
Association (32.110.06)

The California sagebrush–California buckwheat–laurel sumac scrub association consists of a
codominance of California sagebrush (Artemisia californica), California buckwheat (Eriogonum
fasciculatum), and laurel sumac (Malosma laurina). The association is part of the California
Sagebrush–California Buckwheat scrub alliance (32.110.00) but is not considered a sensitive
natural community (CDFW 2018). Laurel sumac is a large, large-leaved sclerophyllous shrub that
grows to 16 feet in height. California sagebrush is a much-branched shrub up to 8 feet tall with
shallow roots. California buckwheat is a semi-woody, multi-branched shrub with woody, manybranched roots. Many additional shrubs may be present in the community and the herbaceous layer
is seasonally present (CNPS 2019b).
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In the Study Area, California sagebrush–California buckwheat–laurel sumac scrub is found along
North Arroyo Boulevard, on the slope adjacent to the eastern side of Area 3, and on the slopes
above the riparian corridor within the canyon. Additional common shrubs found in the community
in the Study Area include blue elderberry (Sambucus nigra), lemonade berry (Rhus integrifolia),
deerweed (Acmispon glaber), white sage (Salvia apiana), black sage (Salvia mellifera), bush
monkeyflower (Diplacus aurantiacus), hoary leaf ceanothus (Ceanothus crassifolius), and
California coffee berry (Frangula californica). Common native herbaceous species included
yellow pincushion (Chaenactis glabriuscula), small wirelettuce (Stephanomeria exigua),
Clearwater cryptantha (Cryptantha intermedia), caterpillar phacelia (Phacelia cicutaria), and
miniature lupine (Lupinus bicolor). Non-native species present include tree tobacco (Nicotiana
glauca), Spanish broom (Spartium junceum), shortpod mustard (Hirschfeldia incana), and various
grasses (Avena spp. and Bromes spp.).
5.1.2

Coast Live Oak Woodland Alliance (71.060.00)

Coast live oak woodland alliance is dominated by coast live oak (Quercus agrifolia), but it may
include other tree species with less frequency. Coast live oak is a drought-resistant evergreen tree
that grows to 80 feet in height. The canopy structure can be open to continuous and the shrub and
herbaceous layers are sparse to intermittent. Coast live oak woodland are found on alluvial terraces,
canyon bottoms, stream banks, slopes, flats. Soils are typically deep, sandy, or loamy with high
organic matter (CNPS 2019b).
In the Study Area, coast live oak woodland is found along Gabrielino Trail/Access Road and
Arroyo Boulevard. Additional tree species found in the community include canyon live oak
(Quercus chrysolepis), California sycamore (Platanus racemosa), and bigleaf maple (Acer
macrophyllum). The shrub component is sparse and consists of species also found in California
sagebrush–California buckwheat–laurel sumac scrub. The understory was also sparse and common
native herbaceous species include poison oak (Toxicodendron diversilobum), American black
nightshade (Solanum americanum), golden currant (Ribes aureum), miner’s lettuce (Claytonia
perfoliata), and California polypody (Polypodium californicum).
5.1.3

White Alder–California Sycamore Woodland Association (61.420.11)

White alder–California sycamore woodland association is dominated by white alder (Alnus
rhombifolia) and California sycamore. The association is part of the white alder groves alliance
(61.420.00). White alder is a deciduous hardwood that attains 115 feet in height. California
sycamore is a fast-growing, deciduous tree that attains 80 feet in height and is well adapted to
intermittent flooding conditions. The community typically occurs in inland foothills and lower
montane zones, usually as narrow strips along perennial stream courses throughout cismontane
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California. It is well adapted to many flood regimes. White alder–California sycamore woodland
is considered a sensitive vegetation community by CDFW (2018).
In the Study Area, white alder–California sycamore woodland is found in Area 2. The understory
was very sparse and native herbaceous species include California blackberry (Rubus ursinus), and
scarlet monkeyflower (Erythranthe cardinalis).
5.1.4

California Sycamore Woodlands Alliance (61.310.00)

California sycamore woodlands alliance is dominated by California sycamore, but it may include
other tree species with less frequency. California sycamore is a fast-growing, deciduous tree that
attains 80 feet in height and is well adapted to intermittent flooding conditions. The canopy
structure can be open to continuous, the shrub layer is sparse to continuous, and the herbaceous
layers is variable. California sycamore woodlands are found in gullies, intermittent streams,
springs, seeps, stream banks, and terraces adjacent to floodplains that are subject to high-intensity
flooding. Soils are typically rocky or cobbly alluvium with permanent moisture at depth (CNPS
2019b). California sycamore woodlands is considered a sensitive vegetation community by CDFW
(CDFW 2019e).
In the Study Area, California sycamore woodlands are found within the Area 2 portion of the Study
Area, on the west side of the Gabrielino Trail/Access Road and at the base of a steep slope. The
understory consisted of poison oak and the non-native English ivy (Hedera helix).
5.1.5

Arroyo Willow–Mulefat Scrub Association (61.201.06)

Arroyo willow–mulefat scrub association is dominated by arroyo willow (Salix lasiolepis) and
mulefat (Baccharis salicifolia). The association is part of the arroyo willow thickets alliance
(61.201.00). Arroyo willow is a riparian tall shrub or tree that grows up to 26 feet in height. Mulefat
is an evergreen shrub with willow-like leaves that have widely spaced, fine teeth and shiny upper
surfaces. The canopy is open to continuous and the herbaceous layer is variable. The community
is typically found on stream banks and benches, slope seeps, and stringers along drainages.
In the Study Area, arroyo willow–mulefat scrub association is located within the wash of the
Arroyo Seco, adjacent to Area 3. Additional species present are similar to those found in the
California sagebrush–California buckwheat–laurel sumac scrub association.
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5.1.6

Laurel Sumac Scrub Alliance (45.455.00)

Laurel sumac scrub alliance is dominated by laurel sumac but may include other shrub species.
Laurel sumac is a large, large-leaved sclerophyllous shrub that grows to 16 feet in height. The
canopy of Laurel sumac scrub is open or continuous and the herbaceous layer is sparse or grassy.
The community is typically found on steep slopes and soils are shallow and fine textured (CNPS
2019b).
In the Study Area, laurel sumac scrub is found in only one location on the western edge of Area 3.
No other substantial shrub species are present. The understory is composed primarily of non-native
vegetation that was dominated by shortpod mustard (Hirschfeldia incana) and various grasses
(primarily Avena spp. and Bromes spp.).
5.1.7

California sagebrush–California Buckwheat Scrub Alliance (32.110.00)

California sagebrush–California buckwheat scrub alliance is dominated by California sagebrush
and California buckwheat. California sagebrush is a much-branched shrub up to eight feet tall with
shallow roots. California buckwheat is a semi-woody, multi-branched shrub with woody, manybranched roots. The herbaceous layer is seasonally present. The community is typically found on
slopes that are steep and occurs on fine-textured soils developed from granitic or sedimentary rocks
(CNPS 2019b). California sagebrush–California buckwheat scrub is considered a sensitive
vegetation community by CDFW (CDFW 2019e).
In the Study Area, California sagebrush–California buckwheat scrub is found on the eastern slope
adjacent to Area 2. Other species present are similar to those found in the California sagebrush–
California buckwheat–laurel sumac scrub association.
5.1.8

Urban/Developed

Urban/developed land refers to areas that have been constructed upon or disturbed so severely that
native vegetation is no longer supported (Holland 1986). Developed land includes areas with
permanent or semi-permanent structures, pavement or hardscape, landscaped areas, and areas with
a large amount of debris or other materials (Holland 1986). Developed areas are generally graded
and compacted, sometimes covered with gravel road base or built, and have little to no vegetation
present. Developed land dominates the majority of the Study Area for the project and refers to
those areas supporting manmade structures or features including paved/compacted roadways,
driveways, parking lots, residences, and commercial or industrial buildings. These areas support
limited natural ecological processes, native vegetation, or habitat for wildlife species and thus are
not considered sensitive by local, state, and/or federal agencies.
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In the Study Area, the urban/developed land is primarily found in Area 3 and the Gabrielino
Trail/Access Road. Non-native herbaceous species are present scattered throughout. Common
species include redstem stork’s bill (Erodium cicutarium), puncturevine (Tribulus terrestris), and
various grasses (primarily Avena spp. and Bromes spp.).
5.1.9

Disturbed Habitat

Disturbed habitat refers to areas that are not developed yet, lack vegetation, and generally are the
result of severe or repeated mechanical perturbation. Areas mapped as disturbed land may include
unpaved roads, trails, and graded areas. Vegetation in these areas, if present at all, is usually sparse
and dominated by non-native weedy herbaceous species (Jones & Stokes 1993).
In the Study Area, disturbed habitat is found within Area 3 and is primarily associated with the
existing spreading basins. Routine maintenance of the basins keeps a vegetation community from
becoming established. Dominant species found in disturbed habitat are non-native and include
prickly lettuce (Lactuca serriola), shortpod mustard, wild radish (Raphanus sativa), tocalote
(Centaurea melitensis), and various grasses (Avena spp. and Bromes spp.). Common native species
include Canadian horseweed (Erigeron canadensis), common sunflower (Helianthus annuus), and
telegraph weed (Heterotheca grandiflora). Components of California sagebrush–California
buckwheat scrub are present, but native shrub cover is present in low abundance and density (i.e.,
less than 20% cover within minimum mapping units of 0.1 acres or more).
5.1.10

Parks and Ornamental Plantings

Parks and ornamental plantings consist of introduced trees, shrubs, flowers, and turf grass.
Ornamental landscaping occurs in greenbelts, parks, and horticultural plantings throughout the
county (Jones & Stokes 1993). In the Study Area, ornamental landscaping occurs at the southern
end of North Arroyo Boulevard.

5.2

Plants

A total of 182 plant species were recorded in the Study Area, including 112 native species (61%)
and 71 non-native species (39%). The more common plant species in the Study Area were
identified in the description of the vegetation communities in Section 5.1, Vegetation
Communities, Land Covers, and Floral Diversity. The majority of non-native species were found
in Area 3. The cumulative list of plant species observed in the Study Area is provided in Appendix
E to this BRTR. Special-status plant species are discussed in Section 5.5.1.
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5.3

Wildlife

A total of 69 wildlife species were recorded in the Study Area, including 65 native species (94%)
and four non-native species (6%), during the field effort for the Project. The cumulative list of
wildlife species observed in the Study Area is provided in Appendix F to this BRTR. Specialstatus wildlife species are discussed in Section 5.5.2.
5.3.1

Fish

The Arroyo Seco historically provided habitat for seven species of native freshwater fish, namely
Pacific brook lamprey (Lampetra spp.), Pacific lamprey (Entosphenus tridentata), rainbow
trout/steelhead, arroyo chub, Santa Ana speckled dace (Rhinichthys osculus), Santa Ana sucker
(Catostomus santaanae), and unarmored threespine stickleback (Gasterosteus aculeatus
williamsoni). All occurred in Arroyo Seco and were recorded by Culver and Hubbs (1917). None,
except rainbow trout, have been recorded as present in Arroyo Seco upstream of Devil’s Gate Dam
for at least 50 years (Swift and Seigel, 1993; Moyle, 2002) and probably much longer. Rainbow
trout that have been observed in upper Arroyo Seco are believed to be present at least partly due
to fish planting over the years. Rainbow trout were present in upper Arroyo Seco (upstream of the
diversion) prior to the 2009 Station Fire but have not been detected since (Swift 2019).
Only three of these native species listed above remain elsewhere in the Los Angeles River
drainage; Santa Ana sucker, arroyo chub, and Santa Ana speckled dace. They are present in the
Los Angeles drainage only in Big Tujunga Wash above Hansen Dam and mostly below Big
Tujunga dam, except that arroyo chub, which occurs above the Big Tujunga Dam as well. A few
years ago a few hundred arroyo chub were moved from Big Tujunga to a couple of natural stretches
of the Arroyo Seco below Devil’s Gate Dam and under the Colorado Street Bridge, but these
individuals did not survive beyond a second year; perhaps due to sediment deposition from the
2009 Station Fire. Judging by their occurrences elsewhere in the Los Angeles and Santa Ana rivers,
only the Santa Ana speckled dace and rainbow trout would have been common in Arroyo Seco
from the JPL bridge and upstream. The others would have primarily been in the lower reaches in
habitats with lower gradients (Swift 2019).
No fish were observed during the 2019 surveys for the Project, including the focused fish survey
(see Appendix C) that included all waters from the surface water terminus at the southern end in
the Arroyo Seco wash adjacent to Area 3 to the Brown Mountain Dam. There was an incidental
sighting of rainbow trout during the focused amphibian surveys conducted in 2013, but its
provenance was not determined (BonTerra Psomas 2014e). The low flows and intermittent
presence of surface water during a few to many months of the dry season means the habitat in the
Study Area, while having desirable features, is very reduced and would temporarily support only
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a few fish in the larger pools where some cover is present to deter predation. During dry years the
pool habitat may be very limited or unsuitable due to lack of cover and temperature. This would
account for the lack of fish other than a few small trout historically observed in the area of Area 2,
probably strays from upstream. In addition, limited pool areas receive significant recreational use
for swimming/bathing, and this disturbance would be adverse for fish in the limited areas available.
(Northwest Hydraulic Consultants 2020)
The Arroyo Seco canyon is subject to occasional high flows and episodic disturbance associated
with wildfire. Very high flows may wash fish downstream to the Devil’s Gate Reservoir where
they would likely perish under current conditions. These flows may also remove riparian
vegetation, as noted in recent observations of single age class stands of riparian trees. In addition,
sediment delivery associated with mass wasting processes or wildfire may bury suitable substrates
and vegetation, eliminate cover, and change turbidity and temperatures in the stream. The
observations of fish in the Arroyo Seco watershed before the Station Fire and few observations
almost a decade later are indicative of the significance of these types of events to fish populations
(Northwest Hydraulic Consultants 2020).
5.3.2

Amphibians

Three common amphibian species were observed in the Study Area: western toad (Anaxyrus
boreas), California treefrog (Pseudacris cadaverina), and Baja California treefrog (Pseudacris
hypochondriaca). These three species are primarily terrestrial, with predator avoidance, breeding
activities, egg laying, and larval development occurring in the water. Numerous immature western
toads were observed in the dried portions of the northern spreading basins in Area 3. Treefrog
tadpoles were observed in the Arroyo Seco between Area 2 and the JPL Bridge during the
California red-legged frog and arroyo toad non-protocol survey (Appendix B). Additional common
amphibians with potential to occur in the Study Area are black-bellied slender salamander
(Batrachoseps nigriventris) and garden slender salamander (Batrachoseps major major). These
two species of slender salamander are terrestrial.
5.3.3

Reptiles

Three species of reptile were observed in the Study Area: San Diego alligator lizard (Elgaria
multicarinata webbii), common side-blotched lizard (Uta stansburiana), and western fence lizard
(Sceloporus occidentalis). Common species expected to occur include California striped racer
(Coluber lateralis lateralis), San Diego nightsnake (Hypsiglena ochrorhyncha klauberi),
California kingsnake (Lampropeltis californiae), gopher snake (Pituophis catenifer), and southern
Pacific rattlesnake (Crotalus oreganus helleri).
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5.3.4

Birds

Birds were the most common wildlife observed throughout the Study Area with 59 species
observed. Common abundant species observed included bushtit (Psaltriparus minimus), house
finch (Haemorhous mexicanus), lesser goldfinch (Spinus psaltria), Anna's hummingbird (Calypte
anna), California scrub-jay (Aphelocoma californica), common raven (Corvus corax), mourning
dove (Zenaida macroura), cliff swallow (Petrochelidon pyrrhonota), acorn woodpecker
(Melanerpes formicivorus), Bewick’s wren (Thryomanes bewickii), and dark-eyed junco (Junco
hyemalis). The Study Area is expected to be used by many species during spring and fall migration.
5.3.5

Mammals

Four species of mammal were observed in the Study Area: western gray squirrel (Sciurus griseus),
California ground squirrel (Otospermophilus beecheyi), coyote (Canis latrans), and mule deer
(Odocoileus hemionus). Many mammal species are primarily nocturnal and would not have been
seen during the surveys. Common species expected to occur include Virginia opossum (Didelphis
virginiana), Audubon’s Cottontail (Sylvilagus audubonii), Botta’s pocket gopher (Thomomys
bottae), big-eared woodrat (Neotoma macrotis), black bear (Ursus americanus), raccoon (Procyon
lotor), striped skunk (Mephitis mephitis), mountain lion (Puma concolor), and bobcat (Lynx rufus).
Bats are expected to forage over the Study Area, and potential day roost, but hibernation and
maternal roosting is not expected due to the lack of physical structures (e.g., caves, mines, and
abandoned buildings) that are associated with those activities.

5.4 Special-status Species Protocol/Focused Survey Results
Protocol surveys were conducted for least Bell’s vireo and southwestern flycatcher, and focused
surveys were conducted for arroyo chub, rainbow trout/southern steelhead, arroyo toad, and
California red-legged frog. None of the focal species were observed. Table 3, Protocol/Focused
Survey Special-Status Wildlife Species, summarizes the species status, habitat, and potential to
occur.
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Table 3
Protocol/Focused Survey Special-Status Wildlife Species
Scientific Name

Common Name

Gila orcuttii

arroyo chub

Oncorhynchus
mykiss irideus pop.
10

steelhead –
Southern
California DPS

Anaxyrus
californicus

arroyo toad

Status
(Federal/State)
None/SSC

Habitat
Fish
Warm, fluctuating streams
with slow-moving or
backwater sections of warm
to cool streams at depths
>40 centimeters (16 inches);
substrates of sand or mud

FE/None

Clean, clear, cool, welloxygenated streams; needs
relatively deep pools in
migration and gravelly
substrate to spawn

Amphibians
FE/SSC
Semi-arid areas near
washes, sandy riverbanks,
riparian areas, palm oasis,
Joshua tree, mixed chaparral
and sagebrush; stream
channels for breeding
(typically third order);
adjacent stream terraces and
uplands for foraging and
wintering
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Potential to Occur
Focused surveys for the
species were negative in
2019. Not expected to occur
in the Study Area or
upstream and downstream
from the Study Area. Habitat
for the species is marginal in
the Study Area. The species
is considered to be
extirpated from the Arroyo
Seco.
Focused surveys for the
species were negative in
2019. Not expected to occur
in the Study Area or
downstream from the Study
Area. Population within
Arroyo Seco are from historic
stocking of hatchery-raised
rainbow trout by CDFW.
Access to the Study Area
from downstream waters is
blocked by Devil’s Gate
Dam.
Focused surveys for the
species were negative in
2019. Not expected to occur
in the Study Area or
upstream and downstream
from the Study Area. Habitat
for the species is marginal in
the Study Area. The species
historically occurred in the
Arroyo Seco but are
considered extirpated due to
the loss of habitat and the
introduction of predators and
competitors. Protocol
surveys for the species
conducted in 2013 for the
Study Area were negative.
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Table 3
Protocol/Focused Survey Special-Status Wildlife Species
Scientific Name
Rana draytonii

Common Name
California redlegged frog

Status
(Federal/State)
FT/SSC

Empidonax traillii
extimus (nesting)

southwestern
willow flycatcher

FE/SE

Vireo bellii pusillus
(nesting)

least Bell’s vireo

FE/SE

Habitat
Lowland streams, wetlands,
riparian woodlands, livestock
ponds; dense, shrubby or
emergent vegetation
associated with deep, still or
slow-moving water; uses
adjacent uplands

Birds
Nests in dense riparian
habitats along streams,
reservoirs, or wetlands; uses
variety of riparian and
shrubland habitats during
migration
Nests and forages in low,
dense riparian thickets along
water or along dry parts of
intermittent streams; forages
in riparian and adjacent
shrubland late in nesting
season

Potential to Occur
Focused surveys for the
species were negative in
2019. Not expected to occur
on the Study Area or
upstream and downstream
from the Study Area. Habitat
for the species is marginal in
the Study Area. The species
is considered extirpated from
the system due to the loss of
habitat and the introduction
of predators and
competitors. Protocol
surveys for the species
conducted in 2013 for the
Study Area were negative.
Low potential to occur.
Protocol surveys for the
species were negative in
2019. Marginal nesting
habitat for the species does
occur in the Study Area.
Low potential to occur.
Protocol surveys for the
species were negative in
2019. Suitable nesting
habitat for the species does
occur in the Study Area.

Notes:
Status:
Federal
FE = Federal Endangered
FT = Federal Threatened
State
SE = State Endangered
SSC = Species of Special Concern

Arroyo Chub
Arroyo chub is a CDFW SSC. It occurs in slow-moving or backwater sections of warm to cool
(10ºC to 24ºC) streams with mud or sand substrates; it thrives in low-gradient systems (Swift et al.
1993). This species may tolerate high temperatures and hypoxic conditions that occur in slow-
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flowing or stagnant streams and backwater pools in dry summers. The arroyo chub feeds primarily
on algae but also feeds on insects and small crustaceans.
Arroyo chub was not observed during the focused survey for fish conducted in 2019. Arroyo chub
is not expected to occur in the Study Area, upstream of the Study Area, or immediately downstream
from the Study Area. Suitable associated habitat is present, and the species was reintroduced to
the Arroyo Seco below Devil’s Gate Dam on August 25, 2008 (USACE and LACDPW 2011), but
this species was not observed during fish-focused surveys conducted in 2012 (Chambers Group
2013). It is believed that the heavy sediment flow produced by rains following the Station Fire in
2009, which burned most of the watershed of the Arroyo Seco in the San Gabriel Mountains, may
have removed the transplanted population (Scauzillo 2017).
Southern Steelhead
Southern steelhead (Oncorhynchus mykiss irideus pop. 10) is federally listed as endangered. In
streams, the species use habitat consisting of relatively cool, well-oxygenated water with adequate
depth and cover. Steelhead require relatively clean unconsolidated gravel and cobble for spawning.
Steelhead have an ecological or migratory life cycle called anadromy, in which adults mature in
the ocean and must return to freshwater to spawn. After their first year of life, steelhead may
undergo physiological and morphological changes to smolts enabling them to survive in a marine
environment. Downstream migration of juveniles usually occurs between March and June
(Shapovalov and Taft 1954). In southern California, steelhead typically migrates to the ocean as
one- or two-year olds (Moore 1980). Out-migrating steelhead in the Santa Clara River, for
example, have been observed from January through early June, but the majority of steelhead smolt
emigrate during the period from March through early May, and the timing of migration is strongly
dependent on streamflows (ENTRIX 2000).
Genetically the native rainbow trout are the same as steelhead and usually can be distinguished
genetically from various hatchery stocks. Thus genetic testing can determine if a population is
native or not. Genetically identified native landlocked inland populations can be considered
important for steelhead recovery if and when they regain access to the sea.
Historic stocking of Arroyo Seco with hatchery-raised rainbow trout by CDFW occurred; hence,
there is some debate as to whether some of the trout seen in these currently landlocked areas are
descendants of anadromous native O. mykiss (Friends of the Los Angeles River 2008). A recent
genetic study of O. mykiss in southern California found that most populations have substantial
genetic lineage from introduced hatchery rainbow trout, representing almost complete
introgression or replacement of native fish by introduced hatchery trout (Jacobsen et al. 2014).
Among the populations in tributaries of rivers that run through the highly urbanized areas of
Southern California, only three groups of populations contained significant evidence of native
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coastal steelhead ancestry: (1) populations from the San Gabriel River system, (2) Coldwater
Canyon in the Santa Ana River, and (3) the San Luis Rey River; however, tissue sample were not
collected from the Arroyo Seco, with only Santa Anita Stream (located 10 miles from the Study
Area) representing the Los Angeles River watershed. The individuals from Santa Anita Stream
had genetics that corresponded to rainbow trout raised at the Mount Whitney Fish Hatchery
(Jacobsen et al. 2014).
Southern steelhead was not observed during the focused survey for fish conducted in 2019.
Southern steelhead is not expected to occur in the Study Area or downstream from the Study Area.
Access to the Study Area from downstream waters is blocked by impassable barriers of various
types along the Los Angeles River and Arroyo Seco (e.g., Devil’s Gate Dam, built in 1920, and an
abandoned stream gage at Bridge 3). The species was not found during previous surveys conducted
downstream from Devil’s Gate Dam in the Arroyo Seco and Los Angeles River to the Pacific
Ocean (Chambers Group 2010b). The Brown Mountain Dam is located approximately 3.5 miles
upstream of the Study Area, which limits upstream movement. Additionally, the existing diversion
dam and headworks structure in Area 1 are barriers to upstream movement.
The Southern California Steelhead Recovery Plan (NOAA 2012) describes priority actions for
recovery of steelhead in the region, including the Los Angeles River basin. The Arroyo Seco
watershed has a low ranking in relative viability for recovery. The Recovery Plan lists removal of
barriers at dams, diversions, roads, and other structures as a priority action in the biogeographic
region (NOAA 2012). Southern steelhead recovery in Arroyo Seco would involve modification of
multiple flood control facilities and removal of multiple barriers between the project area and the
ocean.
Arroyo Toad
Arroyo toad is federally listed as endangered and a CDFW SSC. The species is found in semi-arid
areas near washes, sandy riverbanks, riparian areas, palm oasis, Joshua tree, mixed chaparral and
sagebrush; stream channels for breeding (typically third order); adjacent stream terraces and
uplands for foraging and wintering. Breeding habitat for the arroyo toad is created and maintained
by the fluctuating hydrological, geological, and ecological processes operating in riparian
ecosystems and the adjacent uplands. Periodic flooding that modifies stream channels,
redistributes channel sediments, and alters pool location and form, coupled with upper terrace
stabilization by vegetation, is required to keep a stream segment suitable for all life stages of the
arroyo toad (66 FR 9413–9474). Periodic flooding helps maintain areas of open, sparsely
vegetated, sandy stream channels and terraces (Sweet 1992; Griffin and Case 2001). During the
day and other periods of inactivity, arroyo toads seek shelter by burrowing into sand (Sweet 1992).
Thus, areas of sandy or friable (readily crumbled) soils are the most important habitat for the
species, and these soils can be interspersed with gravel or cobble deposits (70 FR 19562–19633).
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Arroyo toad was not observed during the focused survey for amphibians conducted in 2019 (see
Appendix B). The species is not expected to occur in the Study Area, or upstream or immediately
downstream from the Study Area. Marginal associated habitat is present and there is anecdotal
evidence of arroyo toads along a small tributary of Arroyo Seco above Devil’s Gate Reservoir in
1996 and in or near the settling ponds in the main channel above Devil’s Gate Dam in 1997 and
1998 (USFWS 1999). The USFWS included this portion of the Arroyo Seco in the 2001
designation of critical habitat but it was not included in the 2005-revised designation of critical
habitat, as there had been no sightings of the species since 1998. The population that historically
occurred at this location are considered extirpated due to the loss of habitat and the introduction of
predators and competitors (USFWS 2009). In addition, protocol surveys for the species conducted
in 2013 for the majority of the Study Area were negative (BonTerra Psomas 2014e).
California Red-Legged Frog
California red-legged frog is federally listed as threatened and a CDFW SSC. The species is found
in lowland streams, wetlands, riparian woodlands, livestock ponds; dense, shrubby, or emergent
vegetation associated with deep, still or slow-moving water. It also uses adjacent uplands.
Breeding must occur in aquatic habitats including streams, deep pools, backwaters within streams
and streams, ponds, marshes, sag ponds, dune ponds, lagoons, and stock ponds. Red-legged frogs
can occur in ephemeral ponds or permanent streams and ponds, but populations probably cannot
persist in ephemeral streams (Jennings and Hayes 1985). Habitats with the highest densities of
frogs are deep water ponds with dense stands of overhanging willows (Salix sp.) and a fringe of
cattails (Typha latifolia) between the willow roots and overhanging willow limbs (Jennings 1988;
Rathbun et al. 1993).
California red-legged frog was not observed during the focused survey for amphibians conducted
in 2019 (see Appendix B). The species is not expected to occur in the Study Area, or upstream or
immediately downstream from the Study Area. Marginal associated habitat is present, and the
species was historically abundant in the Los Angeles River watershed, including Arroyo Seco, but
it is considered extirpated from the system due to the loss of habitat and the introduction of
predators and competitors (USFWS 2002). Protocol surveys for the species conducted in 2013 for
the Study Area were negative (BonTerra Psomas 2014e).
Southwestern Willow Flycatcher
The willow flycatcher (Empidonax traillii), consisting of four or five subspecies, is the most
widely distributed of the Empidonax flycatchers. It also has a sporadic breeding distribution
throughout California, where three of the subspecies occur, including little willow flycatcher (E.
t. brewsteri), E. t. adastus (which has no common name other than "willow flycatcher"), and
southwestern willow flycatcher (E. t. extimus) (Craig and Williams 1998; Sedgwick 2000). The
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different subspecies of willow flycatcher each occupy distinct breeding ranges and have subtle
differences in color and morphology (Sogge et al. 1997), and possibly vocalizations.
Willow flycatchers are late spring migrants and have a breeding season of three months or less
(Sedgwick 2000). The earliest spring arrival of the willow flycatcher in Southern California is
typically between late April and early May. Along and near the California coast, migrations of E.
t. brewsteri and E. t. extimus overlap, with E. t. brewsteri by far the more common subspecies. The
numbers of E. t. brewsteri outweigh those of E. t. extimus so far that, unless detected at a known
breeding site, it is almost certain that a willow flycatcher observed at a low elevation location in
Southern California is E. t. brewsteri, although positive identification in the field to subspecies
level may not be possible. When a willow flycatcher is observed in Southern California after about
June 22, or if nesting activity is observed, it can be concluded that the individual is E. t. extimus
(southwestern willow flycatcher). By this date, most migrant willow flycatchers have passed
through Southern California; however, migrant willow flycatchers may again be observed—
virtually always away from the coast—in late July as they pass through the region heading south
to their wintering area (Sogge et al. 1997).
Southwestern willow flycatcher is a riparian-obligate species restricted to complex streamside
vegetation. Four general habitat types are used by the species at its breeding sites: monotypic high
elevation willow; exotic monotypes; native broadleaf-dominated riparian forest; and mixed
native/exotic forests (Sogge et al. 1997). Of these, native broadleaf-dominated and mixed
native/exotic are the primary habitats used by southwestern willow flycatcher in California. The
native broadleaf-dominated habitat is composed of a single species, such as Goodding's willow
(Salix gooddingii) or other willow (Salix spp.) species, or a mixture of broadleaf trees and shrubs,
including cottonwood (Populus spp.), willow, box elder (Acer negundo), ash (Fraxinus spp.), and
alder (Alnus spp.). Stands are usually three to 15 meters (10 to 50 feet) in height and are
characterized by trees of different size classes, yielding multiple layers of canopy (Sogge et al.
1997). The vegetation of occupied nest sites includes dense patches interspersed with frequent
small openings, open water, and a well-developed herbaceous layer, creating a habitat mosaic that
is not uniformly dense (Sogge et al. 1997). Southwestern willow flycatcher nests typically occur
in areas with multilayered vegetation and fairly closed (60% to 65%) tree canopy cover (Craig and
Williams 1998).
There is marginal habitat for southwestern willow flycatcher in the Study Area; however, the
species was not detected during the protocol surveys for the species conducted in 2019.
Southwestern willow flycatcher was also not detected during protocol surveys in 2013 (BonTerra
Consulting 2013) and 2016 (BonTerra Psomas 2016b). There are no CNDDB records for the
species from the Arroyo Seco and only two for the species from Los Angeles County (Santa Clara
River and Snow Spring) within the last 100 years (CDFW 2019a). Additionally, there are no eBird
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records of E. traillii from the Arroyo Seco between late June and late July (eBird 2009), when
southwestern willow flycatcher is known to nest in the region.
Least Bell's Vireo
Least Bell's vireo primarily occupies riverine riparian habitats along water, including dry portions
of intermittent streams that typically provide dense cover within one to two meters (3.3 to 6.6 feet)
of the ground, often adjacent to a complex, stratified canopy. Least Bell's vireo nesting habitats in
cismontane and coastal areas include southern willow scrub, mulefat scrub, arroyo willow riparian
forest edge, wild blackberry thickets, and, more rarely, cottonwood forest, sycamore alluvial
woodland, and southern coast live oak riparian forest. Nests are typically built within
approximately 1 meter (3.3 feet) of the ground in the forks of willows, wild rose (Rosa spp.),
mulefat, or other understory vegetation (Franzreb 1989). Cover surrounding nests is moderately
open mid-story with an overstory of willow, cottonwood (Populus spp.), western sycamore, or oak
(Quercus spp.). Crown cover is usually more than 50% and contains occasional small openings.
The most critical structural component to least Bell's vireo breeding habitat is a dense shrub layer
at 0.6 to 3 meters (2 to 10 feet) above the ground (Goldwasser 1981; Franzreb 1989).
There is suitable habitat for least Bell's vireo in the Study Area and the species has been detected
recently in the Hahamonga Wilderness Park to the south of the Study Area (eBird 2019). However,
Least Bell's vireo was not detected during the protocol surveys for the species conducted in 2019.
Least Bell's vireo flycatcher was also not detected during protocol surveys in 2013 (BonTerra
Consulting 2013) and 2016 (BonTerra Psomas 2016b). The species does not have records within
the Study Area or within the Arroyo Seco north of the Study Area (CDFW 2019a, eBird 2019).

5.5

Special-Status Species Habitat Assessment

The following describes the special-status plant and wildlife species that were observed or have
been recorded in the vicinity of the Study Area during the surveys for the Project.
5.5.1

Special-Status Plant Species

No special-status plant species were documented in previous surveys of the Study Area. No specialstatus plants species were observed during Dudek’s 2019 focused plant surveys, which were
conducted during the blooming period and under conditions that would have allowed identification
for species potentially present. Therefore, no special-status plant species were determined to have a
moderate or high potential to occur in the Study Area. Appendix G of this BRTR, Special-Status
Plant Species with Recorded Occurrences in the Project Vicinity, lists the special-status plants with
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potential to occur at the Project site. Species that are either not expected to occur or have a low
potential to occur are identified in Appendix G and are not analyzed further in this BRTR.
The dense canopy in Area 2 limits the understory development of herbaceous species. Area 3 has
seen disturbances since at least 1952 related to the construction and maintenance of the spreading
basins and parking lots for JPL (NETR 2019). This has removed much of the native habitats and
disturbed the native soils and allowed for the introduction of numerous non-native plant species.
5.5.2

Special-Status Wildlife Species

One special-status wildlife species, yellow warbler (Setophaga petechia), was observed during the
surveys in the Study Area. Four other species were recently observed during previous studies for
the Project or adjacent projects: California newt (Taricha torosa), two-striped gartersnake
(Thamnophis hammondii), southern California legless lizard (Anniella stebbinsi), and coastal
whiptail (Aspidoscelis tigris stejnegeri) (BonTerra Psomas 2014a). One species has a moderate
potential to occur in the Study Area: hoary bat (Lasiurus cinereus). Table 4, Special-Status
Wildlife Species Present or with Medium or High Potential to Occur within the Study Area,
summarizes the species that occur or have a moderate or high potential to occur. Species that are
either not expected to occur or have a low potential to occur are indicated in Appendix H and are not
analyzed further in this BRTR, with the exception of the subject fish, amphibians, and birds for
which protocol or focused surveys were conducted for the project.
Table 4
Special-Status Wildlife Species Present or with Medium or High Potential
to Occur within the Study Area
Scientific Name

Common Name

Taricha torosa

California newt

Status
(Federal-State)
Amphibians
None/SSC
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Habitat

Potential to Occur

Wet forests, oak forests,
chaparral, and rolling
grassland

Previously observed and
assumed to be present.
The species was
observed during surveys
for the Study Area in
2013 in the Arroyo Seco
but was not observed in
2019. Suitable habitat is
present within Area 2,
and the species could
be encountered on the
Gabrielino Trail/Access
Road to Area 2.
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Table 4
Special-Status Wildlife Species Present or with Medium or High Potential
to Occur within the Study Area
Scientific Name

Common Name

Anniella stebbinsi

Southern California
legless lizard

Aspidoscelis tigris
stejnegeri

Thamnophis hammondii

Status
(Federal-State)
Reptiles

Habitat

Potential to Occur

None/SSC

Coastal dunes,
stabilized dunes,
beaches, dry washes,
valley–foothill, chaparral,
and scrubs; pine, oak,
and riparian woodlands;
associated with sparse
vegetation and moist
sandy or loose, loamy
soils

coastal whiptail

None/SSC

Hot and dry areas with
sparse foliage, including
chaparral, woodland,
and riparian areas

two-striped
gartersnake

None/SSC

Streams, streams,
pools, streams with
rocky beds, ponds,
lakes, vernal pools

Previously observed and
assumed to be present.
There are five recent
(2017 and 2018) records
from Study Area and
adjacent areas of
Hahamonga Park.
Suitable habitat is
present within Area 2
and Area 3, and it could
be encountered on the
Gabrielino Trail/Access
Road to Area 2.
Previously observed and
assumed to be present.
The species was
observed during the
2013 surveys for the
Study Area and suitable
habitat for the species
occurs throughout the
Study Area and
surrounding area.
Previously observed and
assumed to be present.
The species was
observed during the
2013 surveys for the
Study Area and suitable
habitat for the species
occurs throughout the
Study Area and
surrounding area.

Birds
Setophaga petechia
(nesting)

yellow warbler

None/SSC
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Riparian plant
associations in close
proximity to water;
frequently found nesting
and foraging in willow
shrubs and thickets, and
in other riparian plants
including cottonwoods,
sycamores, ash, and
alders

Present. Observed
during the 2019 surveys
in the Study Area near
Area 2.
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Table 4
Special-Status Wildlife Species Present or with Medium or High Potential
to Occur within the Study Area
Scientific Name

Common Name

Lasiurus cinereus

hoary bat

Status
(Federal-State)
Mammals
None/None

Habitat

Potential to Occur

Forest, woodland
riparian, and wetland
habitats; also juniper
scrub, riparian forest,
and desert scrub in arid
areas; generally roosts
in dense foliage of
medium to large trees;
preferred sites are
hidden from above, with
few branches below,
and have ground cover
of low reflectivity;
females and young tend
to roost at higher sites in
trees

Medium potential to
occur. Suitable
associated day/night
roosting, maternity
roosts, and foraging
habitat for the
individuals of the
species occurs within
the Study Area, and
there are records of the
species from other
watersheds within the
San Gabriel Mountains
that have similar habitat
to Arroyo Seco.

Status:
State
SSC = Species of Special Concern

5.6

Potential Jurisdictional Waters

With respect to USACE-jurisdictional waters of the U.S., including wetlands, the USACE makes
the jurisdictional determination. The USACE issues two types of jurisdictional determinations:
preliminary and approved. 3 Both types of determinations require a submittal of a formal
jurisdictional delineation report. CDFW and RWQCB also may request a site visit to review the
jurisdictional delineation and may potentially change the limits of delineation. Therefore, the
jurisdiction determinations provided in this technical report are preliminary and only identify
the potential for jurisdictional areas to be affected by the Project in accordance with the CEQA
thresholds.

3

The USACE issues two types of JDs—preliminary and approved. A preliminary JD is an expedited process
typically initiated at the time that a 404 permit is requested for impacts to federal jurisdictional waters; the
preliminary JD is non-binding and does not involve USACE review. This process is used when the permittee does
not wish to request a determination that some or all of the potentially jurisdictional waters on the Project site are
isolated (under the Rapanos decision) or otherwise not subject to federal jurisdiction. An approved JD is requested
through submittal of a JD report and the accompanying form. It requires USACE review of the report and
application of the criteria used to request a non-federal JD.
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As shown in Figure 7, Potential Jurisdictional Waters (Sheets 1 and 2), no wetlands were identified
within the Study Area. Potential non-wetland jurisdictional waters identified in the Study Area
include the Arroyo Seco, Millard Canyon Stream (a tributary to Arroyo Seco), and the spreading
basins. The delineation of the Study Area identified a total of 0.79 acres of waters of the United
States; 4.66 acres under RWQCB jurisdiction; and 6.44 acres under the jurisdiction of the CDFW
present in the Study Area. Table 5, Potential Jurisdictional Waters Delineated within the Study
Area, summarizes the jurisdictional waters in each portion of the Study Area.
Table 5
Potential Jurisdictional Waters Delineated within the Study Area

Area
Area 2
Area 3
Gabrielino Trail/Access Road
Travelling Screen Building Staging
Area
Behner Treatment Plant Staging Area
Total

USACE Jurisdiction
Non- Wetland Waters of
the U.S. (acres)
0.25
0.42
0.11
—
—
0.79

RWQCB Jurisdiction
(acres)

CDFW Jurisdiction
(acres)

0.25
4.29
0.11
—

0.79
4.64
1.01

—
4.66

<0.01
—
6.44

Notes: Numbers may not sum due to rounding.

Non-wetland waters of the U.S. regulated by the USACE are drainage features that conduct water
at some point during the year, evidenced by the presence of an OHWM, but do not satisfy the
criteria to be considered a wetland (wetland soils and/or vegetation is absent). In the Study Area,
there were areas of waters of the U.S. that had open water during the surveys and delineations. The
limits of non-wetland waters of the U.S. are defined by the presence of the OHWM. Evidence of
the OHWM in the survey area includes surface relief, scour lines, flowing water, and breaks in
bank slopes.
The RWQCB jurisdictional boundaries are defined as those determined for the USACE under
waters of the U.S. However, the RWQCB takes jurisdiction over both connected and isolated
waters. Isolated features (those that do not have a direct connection to an already determined waters
of the U.S.) are under the jurisdiction of the RWQCB, but not the USACE. The spreading basins
in Area 3 are considered isolated waters since they have no downstream connection with the
Arroyo Seco; therefore, they are under the jurisdiction of the RWQCB, but not the USACE.
The CDFW jurisdiction extends from the top of the bank to the top of the bank, except where there
is adjacent riparian vegetation. CDFW jurisdictional areas include the Arroyo Seco and the
spreading basins in Area 3. Riparian habitats in the Study Area under CDFW jurisdiction include
white alder–California sycamore woodland Area 2 and along the norther portions of the Gabrielino
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Trail/Access Road and arroyo willow–mulefat scrub associated with the Arroyo Seco adjacent to
Area 3. Additionally, the portions of the coast live oak woodlands and California sycamore
woodlands in Area 2 and along the northern portions of the Gabrielino Trail/Access Road that
contain the top of banks of the Arroyo Seco are also included under CDFW jurisdiction. The
spreading basins in Area 3 are primarily devoid of native vegetation.

5.7

Wildlife Corridors and Habitat Linkages

Wildlife corridors are linear features that connect large patches of natural open space and provide
avenues for dispersal or migration of animals and dispersal of plants (e.g., through wildlife
vectors). Wildlife corridors contribute to population viability by assuring continual exchange of
genes between populations, which helps maintain genetic diversity; providing access to adjacent
habitat areas representing additional territory for foraging and mating; allowing for a greater
carrying capacity; and providing routes for colonization of habitat lands following local population
extinctions or habitat recovery from ecological catastrophes (i.e., the rescue effect).
Habitat linkages are small patches that join larger blocks of habitat and help reduce the adverse
effects of habitat fragmentation. They serve as connections between habitat patches and help
reduce the adverse effects of habitat fragmentation. Although individual animals may not move
through a habitat linkage, the linkage is a potential route for gene flow and long-term dispersal.
Habitat linkages may serve as both habitat and avenues of gene flow for small animals such as
reptiles, amphibians, and rodents. Habitat linkages may be represented by continuous patches of
habitat or by nearby habitat “islands” that function as steppingstones for dispersal and movement
(especially for birds and flying insects). Wildlife corridors and habitat linkages provide avenues
for dispersal or migration of animals that also contribute to population viability in several ways,
including (1) ensuring continual exchange of genes between populations to aid in maintaining
genetic diversity, (2) providing habitat for some species, (3) providing access to adjacent habitat
areas representing additional territory for foraging and mating, (4) allowing for a greater carrying
capacity, and (5) providing routes for colonization of habitat lands following local population
extinctions or habitat recovery from ecological catastrophes.
The Study Area does not reside within any designated wildlife corridors and/or habitat linkages
identified in the South Coast Missing Linkages analysis project (South Coast Wildlands 2008) or
California Essential Habitat Connectivity project (Spencer et al. 2010). On a regional level, the
Study Area and Hahamongna Watershed Park form an open space area that is located just south of
the ANF, which has large, continuous natural habitats. Urban development is located to the east,
west, and south of this area, which includes the artificial channelization of Arroyo Seco. Larger,
urban-adapted terrestrial wildlife (e.g., coyotes) are expected to pass through the Study Area and
Hahamongna Watershed Park to the urban environment, but the Study Area is not part of a regional
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corridor or habitat linkage between another large open space. On a local level, terrestrial wildlife
would be expected to move between the ANF and the Hahamongna Watershed Park using the
Study Area and the portions of the Arroyo Seco outside of the Study Area and downstream of the
JPL bridge.
For potential aquatic species, the Study Area is in between two impassable barriers: Devil’s Gate
Dam downstream and Brown Mountain Dam upstream, which prohibits regional movement of fish
in the Arroyo Seco. The majority of the Arroyo Seco Channel and Los Angeles River downstream
of the Devil’s Gate Dam consists of a concrete-lined channel and the majority of it does not provide
suitable habitat for fish or other sensitive species (Chambers Group 2013). On a local level, the
portion of the Arroyo Seco between the two dams, including Area 2, does provide habitat for fish,
and if occupied by fish (no fish were detected during the focused fish survey conducted in 2019),
it would be expected that there would be local movement between the two dams; however, the
current diversion structure in Area 2, an abandoned stream gage at Bridge 3, and several concrete
structures upstream of Area 2, including the headworks structure in the previous studied Area 1,
would inhibit upstream movement.
Semi-aquatic species (western toad, California treefrog, Baja California treefrog, and California
newts) can move overland, traveling in the uplands in upstream and downstream directions, as
juveniles and adults after an aquatic larval phase. Downstream drift due to the stream current is
the primary movement during the larval phase of amphibians. The existing artificial barriers within
the Study Area are not expected to impede movement for these amphibian species.

5.8

City of Pasadena Trees and Tree Protection Ordinance

A total of 93 trees were inventoried within the Area 2 and Area 3 Study Areas, of which 49 are in
Area 2, and 44 in Area 3. No tree in the project area meets the City definition of a “Landmark Tree.”
Figure 8, Protected Trees (Sheet 1 and 2), presents the location of the individual trees mapped and
assessed for the proposed project. Overall, the trees exhibit growth and structural conditions that are
typical of their location in a native riparian watershed setting prone to drought and wildfires. The trees
include various trunk and branch maladies and health and structural conditions. As presented in
Appendix I, Protected Tree Report, 34% of the individually mapped trees (32 trees) exhibit good
health; 64% (59 trees) are in fair health; 2% (2 trees) are in poor health. Structurally, 5% (5 trees) of
the individually mapped trees are considered to exhibit good structure, 88% (82 trees) exhibit fair
structure, 7% (6 trees) poor structure. The trees in good condition exhibit acceptable vigor, healthy
foliage, and adequate structure, and lack any major maladies. Trees in fair condition are typical, with
few maladies but declining vigor. Trees in poor condition exhibit declining vigor, unhealthy foliage,
poor branch structure, and excessive lean. No pests or pathogens were observed on site.
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6

PROJECT IMPACTS

This chapter addresses direct and indirect impacts to biological resources that would result from
implementation of the proposed Project. The significance determinations for proposed or potential
impacts are described in Chapter 7, Significant Impacts.

6.1

Definition of Impacts

6.1.1

Direct Permanent Impacts

Direct permanent impacts refer to the absolute and permanent physical loss of a biological resource
due to clearing, grading, and/or construction of structures, which can be determined in four ways:
(1) permanent loss of vegetation communities, land covers, and general wildlife and their habitat;
(2) permanent loss of or harm to individuals of special-status plant and wildlife species; (3)
permanent loss of suitable habitat for special-status species; and (4) permanent loss of wildlife
movement and habitat connectivity.
6.1.2

Direct Temporary Impacts

Direct temporary impacts refer to a temporal loss of vegetation communities and land covers
resulting from vegetation and land cover clearing. The main criterion for direct temporary impacts
is that impacts would occur for a short period of time and would be reversible. Areas currently
supporting native vegetation temporarily disturbed by construction activities would be restored
and revegetated with a native species mix similar to that which existed prior to disturbance
following completion of work in the area such that full biological function can be restored. Areas
not currently supporting native vegetation would be adequately restored to prevent adverse effects
such as erosion or establishment of invasive species following construction.
6.1.3

Indirect Impacts

Indirect impacts are reasonably foreseeable effects caused by Project implementation on remaining
or adjacent biological resources outside the direct construction disturbance zone that may occur
during construction (i.e., short-term construction related indirect impacts) or later in time as a
result of the development (i.e., long-term, or operational, indirect impacts). Indirect impacts may
affect areas within the defined Study Area, but outside the construction disturbance zone,
including open spaces adjacent to the Gabrielino Trail/Access Road and to vegetation/wildlife
habitats in downstream areas. Indirect impacts include short-term effects immediately related to
construction activities and long-term or chronic effects related to the human occupation of
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developed areas (i.e., development-related long-term effects) that are adjacent to naturalized
areas.
For the proposed Project, it is assumed that the potential indirect impacts resulting from
construction activities include fugitive dust from earthmoving activities, leaks or spills from
construction equipment, noise from construction activities, and general human presence that may
temporarily disrupt species and habitat vitality, as well construction-related soil erosion and
runoff that could affect downstream resources.
6.1.4

Explanation of Findings of Significance

Impacts to sensitive vegetation communities or riparian habitat, special-status plant species,
special-status wildlife species, wildlife corridors and habitat connectivity, and regional resource
planning must be analyzed to determine whether such impacts are significant. CEQA Guidelines
Section 15064(b) states that an ironclad definition of “significant” effect is not possible because
the significance of an activity may vary with the setting. However, CEQA Guidelines Section
15065(a) lists impacts that are helpful in defining whether a project may have a significant effect
on the environment. Mandatory findings of significance, which require preparation of an EIR,
occur when there is substantial evidence that a project could: (1) substantially degrade the quality
of the environment, (2) substantially reduce the habitat of a fish or wildlife species, (3) cause a
fish or wildlife population to drop below self-sustaining levels, (4) threaten to eliminate a plant or
animal community, or (5) reduce the number or restrict the range of a rare or endangered plant or
animal.
The following are the significance thresholds for biological resources provided in the CEQA
Appendix G environmental checklist, which states that a project would potentially have a
significant effect if it:
•

Impact BIO-1. Would the project have a substantial adverse effect, either directly or
through habitat modifications, on any species identified as being a candidate, sensitive, or
special-status species in local or regional plans, policies, or regulations, or by CDFW or
USFWS?

•

Impact BIO-2. Would the project have a substantial adverse effect on any riparian habitat
or other sensitive natural community identified in local or regional plans, policies, or
regulations, or by CDFW or USFWS?

•

Impact BIO-3. Would the project have a substantial adverse effect on federally protected
wetlands as defined by Section 404 of the Clean Water Act (including but not limited to
marsh, vernal pool, coastal, etc.) through direct removal, filling, hydrological interruption,
or other means?
56

11884
June 2020

Arroyo Seco Canyon Project Areas 2 and 3
DRAFT Biological Resources Technical Report

•

Impact BIO-4. Would the project interfere substantially with the movement of any native
resident or migratory fish or wildlife species or with established native resident or
migratory wildlife corridors, or impedes the use of native wildlife nursery sites?

•

Impact BIO-5. Would the project conflict with any local policies or ordinances protecting
biological resources, such as a tree preservation policy or ordinance?

•

Impact BIO-6. Would the project conflict with the provisions of an adopted habitat
conservation plan, natural community conservation plan, or other approved local, regional,
or state habitat conservation plan?

The evaluation of whether or not an impact to a particular biological resource is significant must
consider both the resource itself and the role of that resource in a regional context. Substantial
impacts are those that contribute to, or result in, permanent loss of an important resource, such as
a population of a rare plant or animal. Impacts may be important locally because they result in an
adverse alteration of existing site conditions but considered not significant because they do not
contribute substantially to the permanent loss of that resource regionally. The severity of an impact
and the offsetting benefits of mitigation are the primary determinants of whether or not that impact
can be mitigated to a less-than-significant level.

6.2

Impacts to Special-Status Species

No special-status plant species were observed during the focused surveys and none have a medium
or high potential to occur. Therefore, neither direct temporary or permanent impacts, nor indirect
impacts, are expected and impacts would be less than significant. No mitigation is required.
Appendix H indicates the special-status wildlife species that were detected or have high or
moderate potential to occur within the Study Area. Direct impacts to special-status wildlife species
were quantified by comparing the limits of the proposed Project footprint with suitable habitat for
these wildlife species and are further discussed below.
6.2.1

Direct Impacts

Special-Status Amphibians and Reptiles
One special-status amphibian (California newt) and three reptiles (two-striped gartersnake,
Southern California legless lizard, and coastal whiptail) have occurred in the Study Area. These
species are all designated as CDFW SSC. Due to the presence of suitable habitat, and/or
documented occurrences for these species within the vicinity of the Project site, there is potential
for these species to occur on site. If these species are determined to occur on the Project site prior
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to construction, Project-related impacts could be considered significant if the impact causes the
greater population of either species to drop below self-sustaining levels. These species are
vulnerable to mortality or injury if struck by moving vehicles or equipment if present on-site during
construction. These species are also vulnerable to mortality or injury during vegetation and
ground disturbing activities associated with construction because they tend to be cryptic, slow
moving, and below ground or under rocks or debris during cooler periods. It is highly unlikely
that short-term construction activities could cause the greater population of these special-status
species to drop below self-sustaining levels due to the relatively small area of construction activity
and the short-term nature of the construction schedule.
No direct temporary impacts would occur; however, because habitat loss and/or mortality or
injury to individual species is a reasonable possibility, direct permanent impacts would be
considered potentially significant.
Project implementation of MM-BIO-1 (Pre-Construction Survey and Relocation Plan) would reduce
potential direct impacts to special-status wildlife (California newt, two-striped gartersnake, Southern
California legless lizard, and coastal whiptail) to a less-than-significant level through preconstruction surveys, avoidance, and potential relocation.
Special-Status and Nesting Birds
One special-status bird species (yellow warbler) has a moderate potential to nest and forage within
the open shrublands throughout the Project site. This species is a CDFW SSC and there is a
potential for this species to nest and/or forage within or immediately adjacent to the proposed
development footprint. If this species is determined to occur on the Project site prior to
construction, Project-related direct impacts would occur particularly if construction would result
in direct impacts to nesting and foraging habitat for yellow warbler.
Additionally, the trees and shrubs within the Project site provide suitable nesting habitat for bird
species (i.e., yellow warbler and raptors) protected under the Migratory Bird Treaty Act (MBTA;
16 USC 703-712) and California Fish and Game Code Sections 3503.5, 3503, and 3513.
Trimming, pruning, and/or removal of trees and shrubs may occur as a result of construction of
the project, and could disrupt breeding activity. There would be no direct temporary impacts;
however, there may be a potential for a direct permanent impact to occur to nesting birds (i.e.,
direct impacts to individuals, active nests, eggs, or young), particularly during the general nesting
season of February 1 through August 31. Construction activities that could result in direct impacts
to nesting birds include vegetation and tree removal during grading activities. Project
implementation of MM-BIO-2 (i.e., seasonal recommendations, pre-construction survey,
avoidance buffers, and monitoring) would reduce potential direct impacts to a less-than-significant
level.
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Special-Status Mammals
One special-status bat species (hoary bat) has a moderate potential for day/night roosting,
maternity roosts, and foraging habitat within the Study Area. If this species is determined to occur
on the Project site prior to construction, it is highly unlikely that short-term construction
activities could cause the greater population of this special-status species to drop below selfsustaining levels due to the relatively small area of construction activity and the short-term nature
of the construction schedule. No direct temporary impacts would occur; however, because habitat
loss and/or mortality or injury to individual species is a reasonable possibility, direct permanent
impacts would be considered potentially significant.
Project implementation of MM-BIO-3 (i.e., seasonal recommendations, pre-construction survey,
avoidance buffers, and monitoring) would reduce potential direct impacts to a less-than-significant
level. Direct impacts to day roosts occupied by individual special-status bat species would be less
than significant as the impact would not be expected to reduce populations to below self-sustaining
levels.
6.2.2

Indirect Impacts

Potential short-term indirect impacts to special-status wildlife could result from fugitive dust and
increased human activity. Noise generated by construction activities, including vegetation removal
and grading, that would be conducted during the avian breeding season (February 1 through
August 31), could result in indirect impacts to nesting birds. Noise related to these activities has
the potential to disrupt reproductive and feeding activities. Nighttime construction is not expected
for the Project, so indirect impacts on potentially foraging special-status bats is not expected.
Potential temporary indirect impacts during construction may cause mortality due to the
abandonment of an active nest and would be considered significant, absent mitigation. Project
implementation of MM-BIO-3 (i.e., seasonal recommendations, pre-construction survey,
avoidance buffers, and monitoring) would reduce these potential indirect impacts to a less-thansignificant level. Long-term indirect impacts to special-status wildlife are not expected.

6.3

Impacts to Vegetation Communities and Land Covers

6.3.1

Direct Impacts

Direct permanent and temporary impacts to vegetation communities within the Study Area are
summarized in Table 6a-6f and illustrated on Figure 9, Impacts to Vegetation Types (Sheets 1 and
2). Direct impacts were quantified by calculating the Project impact area, which was delineated
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based on engineering plans that identified the limits of grading, within the boundaries of the
vegetation communities mapped in the Study Area. Direct impacts to vegetation communities
would occur as a result of earthwork and/or vegetation removal activities. There would be no direct
permanent or temporary impacts to the use of the Gabrielino Trail/Access Road or North Arroyo
Boulevard. There would only be temporary impacts to the Travelling Screen Building Staging
Area and the Behner Treatment Plant Staging Area.
Table 6a
Total Permanent and Temporary Direct Impacts to Vegetation
Communities and Land Covers within the Study Area
Direct
Direct
Permanent
Temporary
Impacts
Impacts
Vegetation Community/Land Cover Type
(acres)
(acres)
Native Vegetation Communities
California sagebrush–California buckwheat–laurel sumac
0.22
0.47
scrub association
Coast live oak woodland alliance
—
0.06
a
White alder–California sycamore woodland association
0.39
0.11
California sycamore woodlands alliancea
0.01
0.01
a
Arroyo willow–mulefat scrub association
—
—
Laurel sumac scrub alliance
0.11
0.06
California sagebrush–California buckwheat scrub
—
—
alliancea
Subtotal
0.72
0.59
Non-Natural Land Cover Types
Urban/developed
3.38
4.36
Disturbed habitat
3.10
1.78
Ornamental
—
—
Subtotal
6.48
6.14
Grand Total
7.21
6.83

Not
Impacted
(acres)

Total
(acres)

9.72

10.41

3.04
0.38
0.23
0.10
0
0.09

3.09
0.88
0.24
0.10
0.17
0.09

13.69

14.98

7.60
1.94
0.22
9.77
23.34

15.35
6.83
0.22
22.40
37.38

Note: Numbers may not sum due to rounding.
a
NatureServe Global and State rarity ranks per Faber-Langendoen et al. (2012). Natural communities with global or state ranks of 1–3 are
considered Sensitive Natural Communities by CDFW and are to be addressed in the environmental review processes of CEQA (CDFW).
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Table 6b
Area 2 Permanent and Temporary Direct Impacts
to Vegetation Communities and Land Covers
Permanent Impacts
(acres)

Temp. Impacts
(acres)

—

—

—

—

0.39

0.11

0.01

0.01

—

—

Laurel sumac scrub alliance

—

—

California sagebrush–California buckwheat scrub alliancea

—

—

0.40

0.12

0.02
—

0.04
—

—

—

Subtotal

0.02

0.04

Area 2 Total

0.41

0.16

Vegetation Community/Land Cover Type
Native Vegetation Communities
California sagebrush–California buckwheat–laurel sumac scrub association
Coast live oak woodland alliance
White alder–California sycamore woodland associationa
California sycamore woodlands
Arroyo willow–mulefat scrub

alliancea

associationa

Subtotal
Non-Natural Land Cover Types
Urban/Developed
Disturbed Habitat
Parks and Ornamental Plantings

Note: Numbers may not sum due to rounding.
a
NatureServe Global and State rarity ranks per Faber-Langendoen et al. (2012). Natural communities with global or state ranks of 1–3 are
considered Sensitive Natural Communities by CDFW and are to be addressed in the environmental review processes of CEQA (CDFW).

Table 6c
Area 3 Permanent and Temporary Direct Impacts
to Vegetation Communities and Land Covers
Perm. Impacts
(acres)

Temp. Impacts
(acres)

0.22

0.45

Coast live oak woodland alliance

—

—

White alder–California sycamore woodland associationa

—

—

California sycamore woodlands alliancea

—

—

Arroyo willow–mulefat scrub associationa

—

—

0.11

0.06

—

—

0.33

0.50

Vegetation Community/Land Cover Type
Native Vegetation Communities
California sagebrush–California buckwheat–laurel sumac scrub association

Laurel sumac scrub alliance
California sagebrush–California buckwheat scrub alliancea
Subtotal
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Perm. Impacts
(acres)

Temp. Impacts
(acres)

Urban/Developed

3.36

3.51

Disturbed Habitat

3.10
—

1.78
—

Subtotal

6.46

5.29

Area 3 Total

6.80

5.79

Vegetation Community/Land Cover Type
Non-Natural Land Cover Types

Parks and Ornamental Plantings

Note: Numbers may not sum due to rounding.
a
NatureServe Global and State rarity ranks per Faber-Langendoen et al. (2012). Natural communities with global or state ranks of 1–3 are
considered Sensitive Natural Communities by CDFW and are to be addressed in the environmental review processes of CEQA (CDFW).

Table 6d
Gabrielino Trail/Access Road Permanent and Temporary
Direct Impacts to Vegetation Communities and Land Covers
Perm. Impacts
(acres)

Temp. Impacts
(acres)

California sagebrush–California buckwheat–laurel sumac scrub association

—

—

Coast live oak woodland alliance

—

—

White alder–California sycamore woodland associationa

—

—

California sycamore woodlands alliancea

—

—

Arroyo willow–mulefat scrub associationa

—

—

Laurel sumac scrub alliance

—

—

California sagebrush–California buckwheat scrub alliancea

—

—

—

—

Urban/Developed

—

—

Disturbed Habitat

—

—

Parks and Ornamental Plantings

—

—

Subtotal

—

—

Gabrielino Trail/Access Road Total

—

—

Vegetation Community/Land Cover Type
Native Vegetation Communities

Subtotal
Non-Natural Land Cover Types

Notes: Numbers may not sum due to rounding.
a
NatureServe Global and State rarity ranks per Faber-Langendoen et al. (2012). Natural communities with global or state ranks of 1–3 are
considered Sensitive Natural Communities by CDFW and are to be addressed in the environmental review processes of CEQA (CDFW).
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Table 6e
Travelling Screen Building Staging Area Permanent and Temporary Direct
Impacts to Vegetation Communities and Land Covers
Perm. Impacts
(acres)

Temp. Impacts
(acres)

California sagebrush–California buckwheat–laurel sumac scrub association

—

—

Coast live oak woodland alliance

—

0.06

Vegetation Community/Land Cover Type
Native Vegetation Communities

—

—

alliancea

—

—

Arroyo willow–mulefat scrub associationa

—

—

Laurel sumac scrub alliance

—

—

California sagebrush–California buckwheat scrub alliancea

—

—

—

0.06

Urban/Developed

—

0.04

Disturbed Habitat

—
—

—
—

Subtotal

—

0.04

Travelling Screen Staging Area Total

—

0.09

White alder–California sycamore woodland
California sycamore woodlands

associationa

Subtotal
Non-Natural Land Cover Types

Parks and Ornamental Plantings

Note: Numbers may not sum due to rounding.
a
NatureServe Global and State rarity ranks per Faber-Langendoen et al. (2012). Natural communities with global or state ranks of 1–3 are
considered Sensitive Natural Communities by CDFW and are to be addressed in the environmental review processes of CEQA (CDFW).

Table 6f
Behner Treatment Plant Staging Area Permanent and Temporary
Direct Impacts to Vegetation Communities and Land Covers
Perm. Impacts
(acres)

Temp. Impacts
(acres)

California sagebrush–California buckwheat–laurel sumac scrub association

—

0.02

Coast live oak woodland alliance

—

—

White alder–California sycamore woodland associationa

—

—

California sycamore woodlands alliancea

—

—

Arroyo willow–mulefat scrub associationa

—

—

—

—

Vegetation Community/Land Cover Type
Native Vegetation Communities

Laurel sumac scrub alliance
California sagebrush–California buckwheat scrub

alliancea
Subtotal
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Perm. Impacts
(acres)

Temp. Impacts
(acres)

Urban/Developed

—

0.82

Disturbed Habitat

—
—

—
—

Subtotal

—

0.82

Behner Treatment Plant Staging Area Total

—

0.84

Vegetation Community/Land Cover Type
Non-Natural Land Cover Types

Parks and Ornamental Plantings

Note: Numbers may not sum due to rounding.
a
NatureServe Global and State rarity ranks per Faber-Langendoen et al. (2012). Natural communities with global or state ranks of 1–3 are
considered Sensitive Natural Communities by CDFW and are to be addressed in the environmental review processes of CEQA (CDFW).

The proposed Project would have direct permanent impacts to two CDFW sensitive vegetation
communities—white alder-California sycamore woodland association (0.39 acres) and California
sycamore woodlands alliance (0.01 acres)—due to the construction of the diversion and intake
replacement in Area 2. The Project would have direct temporary impacts to two CDFW sensitive
vegetation communities—white alder-California sycamore woodland association (0.11 acres) and
California sycamore woodlands alliance (0.01 acres)—due to the construction of the diversion and
intake replacement in Area 2. This is due to potential encroachment into the dripline of the
woodland without removal of the trees.
The white alder–California sycamore woodland and California sycamore woodlands alliance
vegetation communities are considered sensitive by CDFW due to their relative rarity and
therefore, the loss of these vegetation communities (both permanent and temporary) would be
considered significant, absent mitigation. Project implementation of MM-BIO-4 (i.e., preparation
and implementation of a Habitat Restoration Plan; see Section 7 for the mitigation measures)
would reduce potential direct impacts to a less-than-significant level.
Other vegetation communities and land cover types (California sagebrush–California buckwheat–
laurel sumac scrub association, laurel sumac scrub alliance, urban/developed, and disturbed
habitat) are not considered sensitive by CDFW because they are relatively common; therefore, the
loss of these additional vegetation communities (both permanent and temporary) would be less
than significant.
6.3.2

Indirect Impacts

Short-Term Indirect Impacts
Potential short-term or temporary indirect impacts to sensitive vegetation communities in the
Study Area would primarily result from construction activities and include impacts related to or
resulting from the generation of fugitive dust, increased human activity, and the introduction of
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pollutants from construction equipment. Excessive dust can decrease the vigor and productivity of
vegetation through effects on light, penetration, photosynthesis, respiration, transpiration, increased
penetration of phytotoxic gaseous pollutants, and increased incidence of pests and diseases. Erosion
and chemical pollution (releases of fuel, oil, lubricants, paints, release agents, and other projectrelated materials) may affect sensitive vegetation communities. The use of chemical pollutants can
decrease the number of plant pollinators, increase the existence of non-native plants, and cause
damage to and destruction of native plants. These potential short-term, construction-related
indirect impacts could affect the sensitive vegetation communities in the Study Area.
Potential construction-related indirect impacts to sensitive vegetation communities would be less
than significant with the implementation of MM-BIO-5 (i.e., demarcation of disturbance limits
and biological monitoring during construction).
Long-Term Indirect Impacts
The current operation of the diversion weir and intake allows for moderate flows in the stream to
be diverted during the wet season; however, operations bypass the diversion of surface water
during storm events where flows are generally greater than approximately 25 cfs to prevent
excessive sediment from entering the spreading basins. During dry summer months, surface flows
in the upper Arroyo Seco are sufficiently low to allow the City to divert virtually all surface flows
in the stream.
Psomas conducted an analysis (Psomas 2018, provided as Appendix J, Arroyo Seco Canyon
Diversions Biological Impacts Memorandum [Memo], to this BRTR) of the indirect Project
impacts to downstream habitats due to the increase in the amount of water diverted to the spreading
basins. The study took the conservative approach of analyzing project impacts by comparing it to
a “without diversion” scenario, rather than the current diversion operations. This approach reflects
the maximum possible change from existing conditions. This Memo included a hydraulics,
sediment transport, and groundwater analysis, which provided the baseline for an analysis of
potential ecological effects of flow diversions on downstream willow habitat (potential habitat
occupied by least Bell’s vireo) conducted by the Southern California Coastal Water Research
Project (SCCWRP).
The study area for the analysis includes a portion of the upper Arroyo Seco from Devil’s Gate Dam
extending upstream to Area 2 (see Appendix J: Exhibit 1, Study Area). As the Arroyo Seco flows
in a southerly direction past the existing diversion weir and past the JPL Bridge, the channel
morphology changes from a narrow canyon to a wide alluvial plain. During high flow periods,
surface flows can reach the Devil’s Gate Reservoir, but during low flow periods in the drier months
of the year, water infiltrates into the sandy sediment at the uppermost portion of the Reservoir.
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Therefore, a lack of observed surface water doesn’t necessarily correlate to insufficient moisture
within the substrate for the riparian vegetation in the Reservoir (Psomas 2018).
During the wet periods or during episodic storms, surface water will flow from the upper Arroyo
Seco into the Reservoir. Ongoing surface flows from the Arroyo Seco will result in standing water
in the Reservoir. A review of historic aerial photos from Google Earth shows at least some surface
water in the lower portion of the Reservoir in May 2003, January 2005, November 2005, March
2006, October 2007, January 2008, November 2009, and March 2011. Surface water is not
observed in aerial photos subsequent to 2011, which corresponds to the severe drought conditions
experienced in California from 2011 through 2016 (Psomas 2018).
The dominant vegetation community in the Devil’s Gate Reservoir is Black Willow Series (Sawyer
et al. 2009), in which Goodding’s black willow (Salix gooddingii) is the dominant species
(Chambers Group 2010). This vegetation type occurs throughout the lower portion of Devil’s Gate
Reservoir, correlated with the wettest conditions observed in an aerial photo analysis conducted.
In general, the spatial distribution of vegetation in Psomas’ study area is correlated to the
hydrology of the area. Modest dry season surface flows occur immediately downstream of the
diversion weir, which encourages establishment of facultative wetland species such as California
sycamore and white alder. As less water is available further downstream in the dry season, the
vegetation is dominated by upland-riparian transitional species, such as mule fat and coast live
oak. The greatest density and extent of facultative wetland species such as Goodding’s black
willow occurs in the downstream portion of Devil’s Gate Reservoir, where Devil’s Gate Dam
blocks surface and subsurface flows, resulting in more available water to vegetation behind the
Dam (Psomas 2018).
Hydraulics, Sediment Transport, and Groundwater Analysis
A hydraulics, sediment transport, and groundwater analysis (Hydraulics Analysis) was prepared
for the study area and is included as Attachment A to the Memo (Appendix J). The purpose of the
Analysis was to evaluate the relative impact of the City’s proposed management of diversions from
the Arroyo Seco on riparian resources located downstream of the diversion structure. Hydraulic
modeling assumed 100 percent efficiency in diversions in order to reflect the maximum reduced
flow and thereby the maximum potential downstream habitat impacts (Psomas 2018).
The maximum depth of the pooled water within the Reservoir pool for the with-diversion scenario
is reduced by approximately 1.3 feet in a dry year in comparison to the without-diversion scenario
(Appendix J: Attachment A, Exhibit 7). A review of Exhibit 5 of Appendix J, Attachment A
indicates that the cause of the decrease in maximum depth is likely due to the fact that the total
runoff for the representative dry year without-diversions is approximately 2,480 acre-feet (af),
while the hydrograph with diversions for the representative dry year is approximately 550 af.
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Therefore, the difference in runoff volume accounts for the difference in maximum depths shown
in Exhibit 7 of the Hydraulics Analysis (Appendix J: Attachment A). It is important to note that
the area of inundation is approximately the same between the two scenarios owing largely to the
shape of the Reservoir upstream of the Dam (Psomas 2018).
The maximum Reservoir pool water surface elevation for the representative average year withoutdiversion and representative average year with-diversions are approximately equal, with the WSE
(water surface elevation) = 1,035 feet (Appendix J: Attachment A, Exhibit 9). In these scenarios,
the factor that controls the depth and WSE is the operation of Devil’s Gate Dam. Despite the same
maximum depths, the with-diversion scenario has greater inundation durations at the Reservoir
fringes because the depth reaches the operational curve elevation more slowly than does the
without-diversion scenario (Psomas 2018).
Like the representative average year scenarios, the representative wet year maximum depth is the
same in the with- and the without-diversion scenarios because the Dam operational curve is
controlling the maximum depth in the Reservoir, approximately WSE=1,035 feet (Appendix J:
Attachment A, Exhibit 11). Like the average year scenarios, the with-diversion scenario has greater
inundation durations at the Reservoir fringes because the with-diversion scenario Reservoir depth
reaches the operational curve elevation more slowly than does the without-diversion scenario
(Psomas 2018).
A review of regional groundwater data indicates that the distance to groundwater within the
Reservoir area is substantially greater than the depth of the tree root zones and consequently would
not be expected to have an effect on rootzones of the riparian habitat within the Reservoir. Studies
associated with the Devil’s Gate Sediment Removal Project support the reported groundwater
elevation with measured average depth to ground water of over 100 feet and depth to a subsection
of a perched aquifer greater than 20 feet (Psomas 2018).
Within the upstream section of Psomas’ study area, between the diversion point and the JPL bridge,
the model showed little or no measurable change in hydraulic conditions (such as depth, velocity,
inundation area, and shear) with project diversions. However, factors influencing the hydraulics
are markedly different in this high gradient mountainous section versus the low gradient
downstream areas. The stream is much narrower and does not expand with increasing flows due
to the constrictions of the hardened canyon walls and granite boulders in the mountainous section.
Increasing volume of water from storms have a greater effect on flow velocity as water exits the
mountains and less of an effect on increasing area of pooling or the duration of pooling. This is
consistent with the model findings showing little change with project diversions in the upstream
segment (Psomas 2018).
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The upstream area also behaves differently during low flows. The hydraulic model assumptions
limit the lowest modeled flow to 1 cfs. Therefore, flows below 1 cfs are not included in the
modeling analysis, but are considered here. During times of low flow, the role of groundwater is
substantially different between the low gradient downstream area and the high gradient upstream
area. Within the upstream section of the Arroyo Seco, subsurface water (i.e. groundwater) is very
shallow and often just below the streambed surface, even in areas that appear dry on the surface.
Due to the steep gradient, this groundwater moves downstream through the substrate as a
subsurface flow beneath the streambed. Furthermore, this section of the Arroyo Seco is considered
a “gaining” stream indicating that surface flows increase moving downstream due to upwelling of
subsurface flows. Upwelling occurs when subsurface flows move around less permeable sections
of substrate and reach the surface to become surface pools or flows for segments of the stream and
may penetrate more permeable substrate further downstream and return to subsurface flow or
continue downstream as surface flow for long distances. Evidence of the intermingling of surface
and subsurface flowing can often be seen from just below the diversion point downstream to an
A-frame bridge (Bridge 3) where subsurface upwelling occurs at low points in the stream (Psomas
2018).
Groundwater within the low gradient portion of the study area, downstream of the JPL bridge, is
very deep. The extensive alluvial deposits allow water to readily migrate through and downward
until reaching the water table approximately 100 feet below the surface. Low flows that make it
downstream and past the JPL bridge are only visible on the surface for short distances before
penetrating the sediment to become subsurface flow and quickly dropping vertically.
Consequently, low flow in the Psomas study area is not expected to be influenced by groundwater
to any measurable degree due to the distance between surface flows and the groundwater table
(Psomas 2018).
Ecological Modeling Study
An Ecological Modeling Study was prepared for Psomas’ study area and is included as Attachment
B to the Memo (Appendix J). The ecological effects of flow diversions were assessed based on
modeled relationships between hydraulic changes described in the Analysis and the probability
that the resultant physical conditions can support southern willow riparian habitat conditions
conducive to occupancy by least Bell’s vireo.
All hydraulic variables tested showed significant statistical differences (p value <0.001) in willow
occurrence between predicted future conditions and historic flow characteristics. However, given
the small sample size of vegetation polygons, inherent to the relatively small size of the Project
(see Appendix J: Exhibit 2, Excavation Limits of the LACDPW Devil’s Gate Sediment Removal
Project), and the high number of hydraulic observations (over 18,000), it is believed the
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significance estimates may be overestimated. The significant overlap in distributions of occurrence
and the large AIC4 value substantiate this suspicion (Psomas 2018).
As depicted in Figure 4 of the Ecological Modeling Study (Appendix J: Attachment B), the model
predicts a negative correlation between increasing velocity and willow habitat presence. Expected
changes in velocity are illustrated in Exhibits 3a-3f, Modeled Change in Maximum Velocity Due
to Proposed Project, of the Memo (Appendix J). This is because willow habitat favors areas where
water infiltrates the soil; higher velocities mean lower infiltration, and thus do not favor willow
presence. A similar result is predicted for shear stress, so that as shear stress increases, the model
predicts a decreased probability in willow occurrence. Depth shows an increase in willow
probability as water depth increases. Due to implementation of the Project, willows may increase
in the channel (narrow linear flow upstream of the Reservoir pool) and decrease in the Reservoir
pool as water recedes and depth decreases. This translates into an increase in the probability of
willow occurrence in areas where occurrence was high and a decrease in the probability of willow
occurrence where the occurrence was low. The most pronounced decrease predicted is a 13.8%
decline in probability of occurrence in the lower basin, near the spillway, associated with a slight
decrease in depth and duration of inundation. This is offset by a 6.6% increase in probability of
occurrence at the margins of the basin, also associated with change in depth and duration of
inundation. This gives a net change in the probability of willow occurrence of less than 10%.
(Psomas 2018).
Impact of Diversions on Vegetation/Habitat
Changes in the hydrological regime of stream systems have been shown to result in changes in
vegetation structure and composition. The shifts in vegetation related to changes in hydrology is
based upon: (1) the degree of fluctuations in groundwater levels; (2) the depth of root systems of
existing vegetation; and (3) the resulting potential of invasive species establishment to displace
native vegetation. The concept behind this relationship is that minor fluctuations in groundwater
levels will not affect the presence of phreatophytic vegetation if the root systems of those plants
are deep enough to access water in the phreatic zone (zone of saturation) or the capillary fringe
(zone above the saturation area where water fills soil pore spaces through capillary motion and is
available for plant uptake). However, if groundwater levels drop below the maximum depth of the
root zone for a sufficient amount of time, then those plants are susceptible to be displaced by other
species. Factors that affect the depth of roots include the genetic ability of each plant to produce
deep roots, the soil type and the depth to which gas exchange is possible, and available water and
nutrients. Additionally, root depth has been shown to be affected by fluctuations in the water table

4

The Akaike Information Criterion [AIC] is an estimator of the relative quality of statistical models and provides a
measure of the relative information not well represented by the model. It represents the balance between goodness of
fit and model complexity (Psomas 2018).

69

11884
June 2020

Arroyo Seco Canyon Project Areas 2 and 3
DRAFT Biological Resources Technical Report

as significant fluctuations encourage species to elongate deep roots to access waters (Psomas
2018).
Therefore, the principal question is whether the proposed Project’s diversions would cause an
increase in the depth to groundwater that is available for willows and cottonwoods. As shown in
Exhibit 4, Baseline Hydrology Example, of the Memo (Appendix J), changes to groundwater
levels should not extend beyond the maximum depths to groundwater within the root zone of
phreatophytic species to maintain their presence (Psomas 2018).
Willow habitat in the Reservoir is characterized by persistent coverage of mature willow trees,
though aerial photo analysis indicates that the extent of willow coverage varies over time, likely
in response to annual variability in precipitation and inflows from the upper Arroyo Seco. Little
change is observed in the lowest portions of the Reservoir (downstream end) while coverage
appears to vary slightly at the upper portions of the Reservoir. Because the accumulated sediment
in the Reservoir is mainly comprised of sandy material, the willow tree rhizosphere likely reaches
the maximum root depth of approximately seven feet below grade. The lack of a persistent
herbaceous understory suggests that the depth to groundwater for much of the year is at least two
feet, since herbaceous species roots generally extend less than two feet below grade. Therefore,
the depth to groundwater likely fluctuates in the range of two to seven feet in the lower end of the
Reservoir. It should be noted that the groundwater at these elevations does not represent the upper
limit of the groundwater aquifer, which occurs approximately 300 feet below the surface in the
Reservoir riparian areas as described previously. Based on topography, the shallower groundwater
is expected to result from subsurface flows from the San Gabriel Mountains, which flow south off
the mountains and on to the Montrose/La Canada valley floor then to the east flowing downhill,
towards the Arroyo Seco, until eventually reaching the deposited sediments within the Reservoir
(Psomas 2018).
Generally, surface flows will reach the Reservoir area during and after significant rain events
during the winter months. Vegetation in the Reservoir will utilize this water as it ponds and
saturates the uppermost soil layers. The presence of Devil’s Gate Dam is the dominant influence
to the hydrology of Psomas’ study area because it blocks surface and subsurface flows to
downstream areas thus increasing the time that subsurface water is available to trees in the
Reservoir. Additionally, the Reservoir is a collection area for subsurface water that flows from the
upper Arroyo Seco area, as well as from the Montrose/La Canada slope to the west. Some of these
inflows support the riparian tree species that occupy the Reservoir area (Psomas 2018).
Due to the highly variable precipitation in the region and the resulting variability in surface flows
in the upper Arroyo Seco, identifying the typical flow regime is difficult. As discussed above,
surface flow rates in the wet season can range from approximately 1 cfs to more than 200 cfs. The
Analysis (Appendix J: Attachment A) categorizes precipitation data for the Psomas’ study area as

70

11884
June 2020

Arroyo Seco Canyon Project Areas 2 and 3
DRAFT Biological Resources Technical Report

either wet, average, or dry years. The maximum inundation zone in the Reservoir was shown to
minimally fluctuate during wet, average, or dry years, (see Appendix J: Exhibits 5a-5c, Modeled
Change in Maximum Inundation Due to Proposed Project). The maximum flood zone for the
Reservoir is determined by the management of Devil’s Gate Dam, as any water that would exceed
the maximum surface elevation of 1,035 feet is released downstream. Areas that would not be
flooded during maximum inundation levels consist of a narrow band along the margins of the
inundation footprint that measures 2.1 acres. As discussed in the Hydraulics Analysis, while the
footprint of the inundated area during dry years is less than average or wet years, the duration of
inundation along these fringes is increased in the with-diversions scenario. Inundation duration in
dry years is increased by diversions because the amount of runoff required to initiate dam
operations is increased. Overall, the hydraulics model indicates that any reduction to the inundation
footprint is infrequent (occurring only during dry years) and duration period is slightly increased
on the fringes (Psomas 2018).
The Hydraulic Analysis also discusses the effect on water velocities. The Ecological Modeling
Study indicates that increasing water velocities result in lower water infiltration into the soil, and
this reduces the probability of willow establishment. However, the Hydraulic Analysis indicates
that the effects of water diversion on velocity are small overall and in some cases the change in
velocity from diversions is a decrease from existing conditions (see Appendix J: Exhibit 3a-3f).
Therefore, no changes to the extent of willow habitat is expected to occur from modelled velocity
changes (Psomas 2018).
The Hydraulic Analysis also indicates that proposed stream diversions are expected to be an
unimportant factor to overall sediment transport potential because the controlling elements of
sediment transport are geologic factors. Large runoff events typically drive sediment movement in
southern California streams; since no diversions are proposed during peak events, the Project is
not expected to affect stream sediment yield to the Reservoir. In fact, the design of the proposed
crest gate diversion weir is expected to enhance sediment transport because the gate will be placed
in the down position during peak flow events to prevent impediments to sediment transport, which
occur presently by the diversion weir (Psomas 2018).
As described above, the hydrology of the Arroyo Seco is highly variable. The Ecological Modeling
Study indicates that water depth and duration of inundation correlate most highly with changes in
the extent of willow riparian habitat in the Reservoir. Because the rainfall and resulting stream
flows can vary so dramatically in the Arroyo Seco and because willow riparian habitat is dependent
on available water, it stands to reason that the extent of willow habitat would mirror the dynamics
of the site hydrology. Therefore, changes in the willow habitat that may result from proposed
diversion changes during dry year conditions would likely be temporary (due to the high growth
rate of the species and the likelihood that dry year conditions would be followed by average or wet
year conditions) and within the normal range of variability of the system (Psomas 2018).
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Changing Existing Conditions
The Memorandum considered the change in existing conditions downstream due to the LACDPW
Devil’s Gate Dam Sediment Removal Project, which began after the completion of the study. A
large portion of the riparian vegetation within areas potentially affected by the Project is not
expected to exist when hydraulic changes resulting from Project diversions would occur.
Additionally, the surface elevation of a large portion of the Reservoir area will be lowered as the
LACDPW’s sediment removal project excavates accumulated sediments over the course of the
coming years. As a result, a much greater volume of water will be contained within a deeper pool
in a smaller area of the Devil’s Gate Dam Reservoir. It is expected that pool margins will recess
accordingly towards the center of the pool and away from riparian habitat occurring at and beyond
current maximum pool margins. Therefore, small changes in hydraulics at the margins of the
pooled areas of the Reservoir resulting from Project diversions are not likely to occur within or
adjacent to existing riparian woodland habitat at pool margins. In summary, the minimal potential
effects on riparian habitat resulting from future Project diversions, as described in previous
sections, are further reduced due to changing existing conditions that would occur due to the
Devil’s Gate Sediment Removal Project (Psomas 2018).
Conclusion
Downstream reduced flows associated with Project diversions are not expected to result in any
measurable effects on downstream riparian habitat. Project studies examining existing conditions
within Psomas’ study area and potential changes in hydraulics, sediment transport, and ground
water coupled with ecological modeling and habitat requirements all provide support of this
conclusion (Psomas 2018). Additionally, changing future conditions further reduce potential
Project effects. Mitigation would therefore not be required because there would be no impacts to
hydrology or biological resources in the context of the CEQA.

6.4

Impacts to Potential Jurisdictional Wetlands and Waters

6.4.1

Direct Impacts

There are no potential jurisdictional wetlands on the Project site. Arroyo Seco and the spreading
basins are potentially regulated by the USACE, RWQCB, and/or CDFW. The proposed Project
would result in direct temporary and/or permanent impacts to these potentially jurisdictional
waters, as summarized below. Direct impacts include discharge of fill (i.e., grading and
construction/reconstruction of structures) to potentially jurisdictional waters, which would alter
the size, scope, and character of these aquatic resources and therefore would be significant, absent
mitigation. Table 7, Permanent and Temporary Direct Impacts to Jurisdictional Waters, includes
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the acres of permanent and temporary impact, which are illustrated in Figure 10, Impacts to
Jurisdictional Resources (Sheets 1 and 2).
Table 7
Permanent and Temporary Direct Impacts to Potential Jurisdictional Waters
Direct Permanent Impacts
(acres)
Area 2
USACE waters of the United States
0.17
RWQCB waters of the state
0.17
CDFW streambed, bank, and riparian vegetation
0.38
Area 3
USACE waters of the United States
—
RWQCB waters of the state
1.79
CDFW streambed and bank
1.81
Gabrielino Trail/Access Road
USACE waters of the United States
—
RWQCB waters of the state
—
CDFW streambed, bank, and riparian vegetation
—
Travelling Screen Building Staging Area
USACE waters of the United States
—
RWQCB waters of the state
—
CDFW streambed, bank, and riparian vegetation
—
Behner Treatment Plant Staging Area
USACE waters of the United States
—
RWQCB waters of the state
—
CDFW streambed, bank, and riparian vegetation
—
Project Total
USACE waters of the United States
0.17
RWQCB waters of the state
1.96
CDFW streambed and banka
2.19
Jurisdictional Waters

Direct Temporary
Impacts (acres)
0.03
0.03
0.09
—
0.59
0.60
—
—
—
—
—
<0.01
—
—
—
0.03
0.62
0.69

Note: Numbers may not sum due to rounding.
a. white alder–California sycamore woodland (0.45 acres) and coast live oak woodland (<0.01 acres)

Direct impacts to Area 3 as tabulated above include the existing spreading basins. However, the
proposed Project design in Area 3 includes the reconfiguration and expansion of the spreading
basins in order to accommodate the increased diversion of stream flows for infiltration. The new
spreading basins are expected to have the same function as the basins being impacted. As such,
the Project would result in a net increase of 3.64 acres for in-kind waters of the State and a net
increase of 3.61 acres for in-kind CDFW jurisdictional areas in Area 3, as shown in Table 8,
Jurisdictional Waters Created by Project Design. Maintenance of the new spreading basins would
continue to be accomplished by mechanically removing the top layer of soil and disking or
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harrowing the exposed surface to loosen any soil compaction caused by cleaning, which is
reflective of current maintenance activities.
Table 8
Jurisdictional Waters Created by Project Design in Area 3

Jurisdictional Waters
USACE waters of the United
States
RWQCB waters of the State
CDFW streambed, bank

Direct
Permanent
Impacts
(acres)
—

Direct
Temporary
Impacts
(acres)
Area 3
—

1.79
1.81

0.59
0.60

Total Impacts
(acres)

Created
Jurisdictional
Waters
(acres)

Net
Difference
(acres)

—

—

—

2.38
2.41

6.02
6.02

+3.64
+3.61

Potential permanent and/or temporary direct impacts to potential jurisdictional waters in Area 2
would be reduced to less than significant with the implementation of MM-BIO-5 and MM-BIO6 (i.e., on-site restoration and/or land acquisition, mitigation program funding, and/or mitigation
bank credits). Consultation with, and permit issuance from, USACE, RWQCB, and CDFW may
result in higher mitigation ratios and specific criteria for restoration beyond the minimum standards
presented in this mitigation.
6.4.2

Indirect Impacts

Potential temporary indirect impacts to potential jurisdictional waters in the Study Area would
primarily result from construction activities and would include impacts from the generation of
fugitive dust and the introduction of chemical pollutants (including herbicides). Excessive dust can
decrease the vigor and productivity of vegetation through effects on light, penetration,
photosynthesis, respiration, transpiration, increased penetration of phytotoxic gaseous pollutants,
and increased incidence of pests and diseases. Erosion and chemical pollution (releases of fuel, oil,
lubricants, paints, release agents, and other construction materials) may affect
wetlands/jurisdictional waters. The release of chemical pollutants can reduce the water quality
downstream and degrade adjacent habitats. However, during construction, erosion-control
measures would be implemented as part of the Storm Water Pollution Prevention Plan (SWPPP)
for the Project. Prior to the start of construction activities, the Contractor is required to file a
Permit Registration Document (PRD) with the State Water Resources Control Board (SWRCB)
in order to obtain coverage under the National Pollutant Discharge Elimination System (NPDES)
General Permit for Storm Water Discharges Associated with the Construction and Land
Disturbance Activities (Order No 2009-009-DWQ, NPDES No. CAS000002) or the latest
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approved general permit. This permit is required for earthwork that results in the disturbance of
one acre or more of total land area. The required SWPPP will mandate the implementation of
best management practices (BMPs) to reduce or eliminate construction-related pollutants in the
runoff, including sediment. Therefore, temporary indirect impacts would be less than significant
due to compliance with regulations.
Please see the discussion in Section 6.2.2 regarding indirect long-term impacts to hydrology and
vegetation due to the increased water diversion by the Project.

6.5

Impacts to Wildlife Corridors and Habitat Connectivity

Short-Term Construction Impacts
The proposed Project could potentially cause temporary direct and indirect impacts to the use of
the Study Area by terrestrial wildlife moving from the ANF to the Hahamonga Watershed Park
due to construction within Area 2 and Area 3. However, the impact would be less than significant
since there are currently no fish within Arroyo Seco, as described in Section 5.3.1 of this BRTR,
and semi-aquatic (amphibians) and terrestrial wildlife (reptiles and mammals) would still be able
to use adjacent natural sloped areas along the Arroyo Seco and the Gabrielino Trail/Access Road
to avoid construction areas. The Arroyo Seco wash would not be obstructed from Area 2 to
Hahamonga Watershed Park, which would allow existing wildlife species to utilize the
streambed and avoid the spreading basin construction in Area 3.
Long-Term Operational Impacts
Potential long-term operational impacts to movement of native resident or migratory fish or
wildlife species or the use of native wildlife nursery sites may occur if the proposed Project
includes substantial adverse effects, compared to current conditions, in one of the following
areas:
1. Terrestrial species movement around the proposed diversion structure (in both upstream
and downstream directions)
2. Aquatic and semi-aquatic movement over the diversion structure (in both upstream and
downstream directions)
3. Aquatic and semi-aquatic movement through the diversion intake (in a downstream
direction)
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The proposed Project would not result in a substantial change to existing movement conditions
for terrestrial wildlife, given that the proposed structures and other improvements are
substantially similar in size and location to the existing condition.
Given that the current diversion structure does not include screens and the proposed Project
includes a drum screen or vertical screen with automatic brush cleaning system at the intake
structure, which would follow CDFW published design criteria to prevent aquatic and semiaquatic wildlife from entering into the conveyance system, the proposed Project would not have
an adverse effect on aquatic and semi-aquatic movement through the diversion intake.
Therefore, potential long-term operational impacts are related to aquatic and semi-aquatic
movement over the diversion structure. Factors that affect suitability for movement include
existing natural and proposed Project features such as, channel bank slope gradients, vegetative
cover, surface flow conditions, subsurface (i.e., groundwater) conditions, the height of the
diversion structure relative to stream elevations upstream and downstream of the diversion, and
presence/absence of fish screens in the diversion intake.
Based on the data gathered from the USGS gaging station from 1990 through 2019, the average
in-stream flows are 6,890 acre-feet/year (ft/yr). Using these years of data to represent the current
condition of diverting when stream flows are 25 cubic feet per second (cfs) or less, the City
diverts an average of 2,045 acre-ft/yr. Under the proposed Project, the City would be able to
divert approximately 3,080 acre-ft/yr, resulting in approximately 1,035 acre-ft/yr of additional
diverted flows into the spreading basins. These proposed increased diversions would result in a
measurable increase in diversion only during larger wet-weather flows. There would be little to
no difference in diversions between the current condition and the proposed Project during the
drier periods of the year. Aquatic and semi-aquatic movement within surface waters would
therefore only be affected during larger wet-weather flows. This impact is less than significant
because the decreased wet-weather flow would remain sufficient to allow upstream and
downstream movement by species currently occupying the Project Area (see additional
discussion below regarding existing and future fish and amphibian species).
With regards to subsurface flows (i.e., groundwater), as previously described in Section 6.3.2 of
this BRTR, within the upstream section of the Arroyo Seco, subsurface water is very shallow
and often just below the streambed surface, even in areas that appear dry on the surface. Due to
the steep gradient, this groundwater moves downstream through the substrate as a subsurface
flow beneath the streambed. As such, although surface flows are not always present, subsurface
flows can be assumed present. The present condition of subsurface flow below the diversion
weir would be maintained by constructing a modified structure at similar depth to the current
structure. Therefore, the proposed Project would not affect suitability of habitat for movement
due to the lack of change the project would have to groundwater.
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In addition, the current aged and ineffective diversion weir structure results in negligible seepage
(or “weeping”) of flows through the flashboards. During the drier periods of the year when low
stream flows are fully diverted, the seepage has been estimated to be 0.1 to 0.2 cfs. While the
current seepage is not sufficient to establish habitat for aquatic or semi-aquatic wildlife
movement, the Project will allow for a similar release of flows through a valved bypass pipe
from the intake structure. Therefore, there would be no change to this condition.
Fish Movement (Current Conditions)
As previously discussed in Section 5.3.1 of this BRTR, there are no fish present in the Arroyo
Seco Canyon in the current condition. No fish were observed during the 2019 surveys for the
Project, including the focused fish survey (see Appendix C) that included all waters from the
surface water terminus at the southern end in the Arroyo Seco wash adjacent to Area 3 to the
Brown Mountain Dam. There was an incidental sighting of rainbow trout during the focused
amphibian surveys conducted in 2013, but its provenance was not determined (BonTerra Psomas
2014e). Therefore, the proposed Project replacement of the existing diversion structure and
intake facility would not result in a substantial impediment to the movement of native resident
or migratory fish species, because of the absence of fish in the current condition, and impacts
would be less than significant.
If fish were present in the Study Area in the current condition, the current diversion operations
which lacks a fish screen, would result in fish being transported downstream to be potentially
stranded in isolated pools of water (the spreading basins or in the reach between the diversion and
the JPL Bridge), or lost when passed into Devil’s Gate Reservoir where flows spread out and
habitat is unsuitable. The loss of connectivity and isolation of pools occurs primarily during the
late summer/early fall months when there are periods of low to zero flows in the stream above the
diversion (stream flows are below 1 cfs 35% of the year, and drop to zero about 10% of the time).
This lack of water is the primary barrier for fish movement from about the JPL Bridge upstream
where substrate and cover is good, but water is lacking. Below the JPL Bridge the flatter sediment
load of the reservoir is open to solar heating, is dominated by finer substrates, and cover and pools
are rare or absent. Also, the stream is subject to frequent dry conditions due to loss of aboveground
flow as the channel emerges from the canyon into the alluvium, where water flow is primarily
subterranean. During moderate flows, partial temporal barriers may be present in the canyon
segment of the stream due to steep channel segments and step-pool or bedrock drops preventing
upstream fish passage. Therefore, if fish were to be present, their movement would be restricted
and they may perish due to isolation or stranding. The proposed Project will include fish screens
to prevent isolation in the spreading basins and can be operated in a manner that excludes fish from
the downstream reaches during diversion. The effects of the proposed Project related to
downstream drift/movement are beneficial (i.e., no significant impact) due to inclusion of fish
screens and proposed operations.
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CDFW Coordination
The CDFW submitted a comment letter on the scope and content of the Draft EIR during the
Notice of Preparation (NOP) public review period for this proposed Project and requested an
evaluation to determine whether the Project would prevent or impede fish passage during low
flow conditions. The cited Fish and Game Code section 5901 makes it unlawful to construct or
maintain in any streams any device that prevents, impedes, or tends to prevent or impede the
passing of fish up and downstream. In addition Fish and Game Code section 5937 is cited and
requires the owner of any dam to allow sufficient water at all times to pass through a fishway or
in the absence of a fishway, allow sufficient water to pass over, around or through the dam, to
keep in good condition any fish that may be planted or existing below the dam.
While no fish are currently present, the City’s general approach to the proposed Project is to plan
for future conditions with the ability to operate the Project based on present conditions for fish.
Under present conditions, an in-stream flow of about 0.5 cfs would be released to match the
estimated leakage from the existing weir, and flows above this, up to the full 25 cfs water right,
would be diverted when possible. The operation will exclude fish from the downstream reach
under most conditions and from the diversion using fish screens designed to meet CDFW criteria
for salmonid fry. Because, flows will pass over the crest gates when streamflow is greater than
about 25 cfs and when the gates are lowered at higher flows, the City proposes that a monitoring
program be developed to confirm that fish are not present in the reach downstream of the diversion
after these conditions occur.
For a future condition where fish return or are reintroduced to the Arroyo Seco under present
channel conditions, there are still several barriers to fish migration and survival that influence
proposed operations. As such, operations would not be altered from those proposed under the
present condition, i.e. fish would continue to be excluded from passing downstream the diversion
and no minimum in-stream flows would be proposed. Under these conditions, the monitoring
program would continue and would include a program to rescue fish between the diversion and
JPL Bridge. During high flows when the gate is lowered, a roughened channel section downstream
will allow upstream passage of future fish. Roughened channels are an accepted method of
providing passage for steelhead trout in CDFW’s Salmonid Stream Restoration Manual (CDFG
2010), requiring site specific design and review. The roughened channel configuration proposed
is a channel approximately the width of the active channel in adjacent stream segments (upstream
and downstream), with an asymmetric v-shaped cross section to concentrate lower flows and
provide adequate depth. Compared to other potential types of upstream passage features, the
roughened channel type has the advantage of providing a range of velocities and depths at a given
flow rate. Thus, smaller or weaker swimming native fish and other aquatic organisms could pass
along the margins of the channel or near the bottom, using spaces in the bed material for hydraulic
cover. Additionally, revegetation for the Project would include biotechnical stabilization and
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riparian planting on the west and east banks along the roughened channel providing coverage for
wildlife. The combination of screening and monitoring/rescue would significantly reduce risk for
any resident populations compared to existing diversion operations and would assist in maintaining
populations upstream of the diversion
Under a future condition with restored anadromy, the City proposes to significantly alter diversion
operations to allow for upstream and downstream fish passage (see Future Conditions for Fish
section below).
Until such time, however, the proposed Project would result in an improvement to the existing
condition and impacts related to potential aquatic and semi-aquatic species movement are less than
significant.
Amphibian Movement (Current Conditions)
As discussed, in Section 5.3.2 of this BRTR, there are several amphibian species present in the
Arroyo Seco, including western toad (Anaxyrus boreas), California treefrog (Pseudacris
cadaverina), and Baja California treefrog (Pseudacris hypochondriaca). These amphibian species
are primarily terrestrial and would not be hindered beyond the current condition with the
implementation of the proposed Project. Importantly, amphibian populations would potentially
benefit from the proposed Project due to the inclusion of the drum screen or a vertical screen with
automatic brush cleaning system at the intake structure, which would follow CDFW published
design criteria to prevent aquatic and semi-aquatic wildlife from entering into the conveyance
system and becoming stranded in the spreading basins.
When the diversion is in operation during periods of low flow, downstream drift for larval
amphibians would be prohibited and would prevent larva from being stranded downstream. When
high flows spill over the raised gate, adult, juvenile, and larval amphibians would pass
downstream, and adults and juveniles would be expected to move upstream along the western
slope. The limits of the roughened channel would extend to the edge of the diversion structure to
allow amphibians to pass along the side without leaving the stream corridor. When the weir is
completely lowered its sill elevation will follow the stream’s general profile, creating a smooth
transition to the roughened channel section downstream and allowing for upstream passage. The
maximum elevation of the weir when raised would not be higher in elevation than the existing
diversion structure, and the elevation of the pool of water at the intake would not exceed existing
levels. Therefore, the Project would not affect existing overland routes for semi-aquatic species in
either upstream or downstream directions. Amphibians would continue to have the same routes for
passage as in the existing condition.
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Therefore, replacement of the existing diversion structure and intake facility with an enhanced
facility in the same location would not result in a substantial change from existing conditions and
would not substantially impede the movement of amphibians beyond the current pre-Project
condition and impacts would be less than significant.
Future Conditions for Fish
The proposed Project has been designed in consideration of a future condition where fish are reestablished in the Arroyo Seco. However, it is the City’s position that under present conditions
that includes periods of low to zero flows, the unsuitability of Devil’s Gate Dam habitat and lack
of passage, and barriers to upstream passage, downstream fish passage is undesirable. With the
goal of excluding fish from the downstream reaches during diversions under present conditions,
the proposed new diversion structure would be designed for the possibility that some future fish
may pass downstream when the diversion is not operating (i.e., during periods of higher flows
when the gate is lowered to allow flows to continue downstream without diversion) or when the
diversion is operating and flows are high enough to spill over the crest gate. The roughened channel
would allow for upstream passage when the weir crest gate is lowered.
A further condition for the future will occur when connectivity is re-established for passage
through Devil’s Gate Dam (i.e. removal of the dam or construction of a fish-ladder), connecting
the upper and lower Arroyo Seco to the Los Angeles River and ultimately, the Pacific Ocean. This
circumstance would potentially allow for the reintroduction of the southern steelhead
(Oncorhynchus mykiss irideus), which is federally listed as endangered. In streams, the species
uses habitat consisting of relatively cool, well-oxygenated water with adequate depth and cover.
Steelhead require relatively clean unconsolidated gravel and cobble for spawning. Steelhead have
an ecological or migratory life cycle called anadromy, in which adults mature in the ocean and
must return to freshwater to spawn. However, until such time as safe connection to suitable
downstream habitat or to the ocean can be provided, a bypass fishway is not proposed as part of
the Project. If access for steelhead is re-established, however, the Project can accommodate a
future bypass fishway and maintenance of minimum flow conditions to allow for upstream passage
while the diversion is in operation.
As previously discussed, the Southern California Steelhead Recovery Plan (NOAA 2012)
describes priority actions for recovery of steelhead in the region, including the Los Angeles River
basin. The Arroyo Seco watershed has a low ranking in relative viability for recovery. The
Recovery Plan lists removal of barriers at dams, diversions, roads, and other structures as a priority
action in the biogeographic region (NOAA 2012). Southern steelhead recovery in Arroyo Seco
would involve modification of multiple flood control facilities and removal of multiple barriers
between the Project area and the ocean. Importantly, the removal of Devil’s Gate Dam or
modifications to allow fish passage both up and downstream would be a major undertaking.
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Nevertheless, in this potential future scenario, the proposed Project design may not comply with
Fish and Game Codes 5901 and/or 5937. Therefore, MM-BIO-7 (Native Resident and Migratory
Fish Monitoring Plan preparation and implementation) is recommended to be responsive to the
CDFW comment letter received during the NOP review period for this Project to allow for the
future use of the Study Area as a movement corridor for native resident or migratory fish species.

6.6

Impacts to City of Pasadena Protected Trees

6.6.1

Direct Impacts

Direct impacts to trees can be classified as a removal or encroachment. Trees are identified for
removal when they are located within the permanent impact boundary. Trees are identified as
encroachment if the tree canopy is within 5 feet of the permanent impact boundary, or if the tree
trunk is within 15 feet of the permanent impact boundary. Direct impacts to encroachment trees
include root damage, soil excavation and compaction, grade changes, loss of canopy, and trunk
wounds, among others.
Direct tree impacts would result in the removal of 19 protected trees in total, of which all are
located in Area 2. A total of 15 protected trees are expected to be encroached upon (11 trees in
Area 2 and 4 trees in Area 3). No trees are anticipated to be removed in Area 3. See Table 9, Area
2 - Protected Trees Direct Permanent Impacts, Table 10, Area 3 - Protected Trees Direct Permanent
Impacts, and Figure 11, Impacts to Protected Trees (Sheets 1 and 2) for direct permanent impacted
protected tree locations.
Table 9
Area 2 - Protected Trees Direct Permanent Impacts
Native Tree Species
Scientific Name
Alnus rhombifolia
Platanus racemosa
Populus trichocarpa
Quercus agrifolia
Quercus chrysolepis
Salix nigra

Common Name
white alder
California sycamore
black cottonwood
coast live oak
canyon live oak
black willow
Total
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Removal
15
0
0
3
0
1
19

Number of Trees
Encroachment
5
2
1
2
1
0
11
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Table 10
Area 3 - Protected Trees Direct Permanent Impacts
Native Tree Species
Scientific Name
Platanus racemosa
Quercus agrifolia

Common Name
California sycamore
coast live oak
Total

Number of Trees
Removal
Encroachment
0
1
0
3
0
4

Impacts to these trees would be significant, absent mitigation, in accordance with the City’s Tree
Ordinance (Chapter 8.52 of the Pasadena Municipal Code). Project implementation of MM-BIO8 (i.e., i.e., tree replacement and protection) would reduce potential direct impacts to a less-thansignificant level. Additionally, the City will follow the City’s Tree Protection Guidelines
established for projects subject to Chapter 8.52 and prepared by the City Manager (City of
Pasadena 2019b). Applicable mandatory measures from the Guidelines that would be applied to
construction of the proposed Project are generally summarized below to include, but not be limited
to:
P-313-1.5 Protection of Trees on City Property
(1) A tree protection zone (TPZ) shall be defined as the drip line of the tree plus four (4)
radial feet;
(2) Protective (6-foot high minimum) chain-link fencing with an access gate of minimal
width should be installed around the TPZ to the extent practicable subject to approval by
staff prior to the commencement of any grading, construction, or demolition. Fencing must
also include 8 ½” x 11” (minimum) signage that includes the following information: Tree
Protection Zone; name and contact information of project owner or authorized
representative; and “Please contact the Pasadena Citizen Service Center to report any
concerns (626) 744-7311;
(3) All work conducted in the ground within the TPZ of any protected tree should be
accomplished with hand tools, unless an air spade is utilized. Trenches in the TPZ should
be tunneled or completed with an air spade to avoid damage to roots within the TPZ.
(4) Any required trenching should be routed in such a manner as to minimize root damage.
Radial trenching (radial to the tree trunk) is preferred as it is less harmful than tangential
trenching. Construction activity should be diverted from the TPZ. Cutting of roots should
be avoided (i.e. place pipes and cables below uncut roots). Wherever possible and in
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accordance with applicable code requirements, the same trench should be used for multiple
utilities.
(5) No construction staging or disposal of construction materials or byproducts including
but not limited to paint, plaster, or chemical solutions is allowed in the TPZ.
6.7.2

Indirect Impacts

Indirect impacts to trees are the result of changes to the site that may cause tree decline, even when
the tree is not directly injured. Site-wide changes affecting trees include diverting runoff and
stormwater, creating retention and detention ponds, relocating streams or making improvements
to streams, lowering or raising water tables, altering the capacity for soil moisture recharge,
removing vegetation, or damming underground water flow (Matheny and Clark 1998). Indirect
tree impacts may potentially occur to 13 additional protected trees.
Indirect impacts could potentially result in tree mortality adjacent to the Project work areas, which
would be significant, absent mitigation, under the City’s Tree Ordinance. Project implementation
of MM-BIO-7 would reduce potential indirect impacts to a less-than-significant level.

6.7

Impacts to Regional Resource Planning

6.7.1

Direct Impacts

The Study Area does not occur within any proposed or approved HCPs or NCCPs, and outside the
ANF boundaries. Therefore, the proposed Project would not result in a significant direct temporary
or permanent impacts to any HCPs/NCCPs or other biological resources protected by regional
resource planning. No impacts would occur and no mitigation is required.
6.7.2

Indirect Impacts

Due to the lack of mapped HCPs/NCCPs, within and immediately adjacent to the Study area, there
would be no significant indirect temporary or permanent impacts to any HCPs/NCCPs. The Study
Area is located near the ANF, which is managed by the Angeles National Forest Land Management
Plan (ANF 2005), but since the Study Area is downstream, no indirect impacts to the ANF are
expected and no mitigation is required.
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7

MITIGATION

The following mitigation measures shall be implemented during the proposed Project to reduce
the significant impacts identified in Chapter 6 to a less-than-significant level.

7.1

Impact BIO-1: Special-Status Species

Significant direct and indirect impacts to special-status species can be mitigated to less than
significant with implementation of the following measures:
MM-BIO-1

Direct Impacts to Terrestrial Special-Status Wildlife.
Special-Status Wildlife Relocation Plan. Prior to commencement of any
earthmoving activities or the pre-construction staging of equipment on the
Project site, the City shall develop a Preconstruction Survey and Relocation
Plan for terrestrial reptiles, including the California newt, two-striped
gartersnake, Southern California legless lizard, and coastal whiptail. The
Preconstruction Survey and Relocation Plan shall be submitted to the California
Department of Fish and Wildlife (CDFW) for review prior to any grounddisturbing activities within potentially occupied habitat.
The Plan shall include at a minimum, the following: (1) protocols for preconstruction surveys to flush out and/or move identified special status wildlife
within the study area, as feasible; (2) the timing, frequency, and locations where
surveys should be conducted; (3) the habitat and conditions in the proposed
relocation site(s); (4) the methods that would be used for trapping and relocating
identified species; (5) protocols for documentation/recordation of the species
and number of animals relocated; and (6) protocols for notifying CDFW in the
event that identified species cannot be relocated.
The Plan shall require that a Biological Monitor be present during initial
vegetation clearance activities within Areas 2 and 3, as well as twice weekly
until ground disturbing activities are completed. The Biological Monitor shall
also be familiar with least Bell’s vireo and shall conduct pre-clearing nonprotocol surveys for this species while onsite. If a least Bell’s vireo or other
State of federally listed species is detected, work activity within 200 feet of the
detected occupied habitat will be temporarily halted and the City will consult
with the appropriate wildlife agencies. With authorization from these agencies,
which may include a ‘take’ permit, the project will proceed in accordance with
conditions developed in the consultation. Conditions will include avoidance and
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minimization measures to prevent or minimize impacts on the listed species(s)
occurring on or adjacent to the site.
The Plan shall require that any individual special-status terrestrial wildlife
species observed within the study area during the pre-construction survey(s)
shall be flushed out and/or moved out of harm’s way to avoid direct impacts to
these species, and if special-status species are detected, the Biological Monitor
shall capture and relocate individuals to nearby undisturbed areas with suitable
habitat outside of the construction area, but as close to their origin as possible.
The final recordation/documentation of any wildlife relocated during Project
activities shall be made available to CDFW for confirmation that construction
activities were executed in compliance with the approved Preconstruction
Survey and Relocation Plan.
MM-BIO-2

Direct and Indirect Impacts to Special-Status and Nesting Birds.
Nesting Bird Avoidance. Project construction shall be conducted in
compliance with the conditions set forth in the Migratory Bird Treaty Act
(MBTA) and California Fish and Game Code with methods approved by
California Department of Fish and Wildlife (CDFW) to protect active
bird/raptor nests. To the maximum extent feasible, vegetation removal shall
occur during the non-breeding season for nesting birds (generally late
September to early March) and nesting raptors (generally early July to late
January) to avoid impacts to nesting birds and raptors. If the Project requires
that work be initiated during the breeding season for nesting birds (March 1–
September 30) and nesting raptors (February 1–June 30), in order to avoid direct
impacts on active nests, a pre-construction survey shall be conducted by a
qualified Biologist for nesting birds and/or raptors within 3 days prior to
clearing of any vegetation and/or any work near existing structures (i.e., within
300 feet for nesting birds and within 500 feet for nesting raptors). If the
Biologist does not find any active nests within or immediately adjacent to the
impact areas, the vegetation clearing/construction work shall be allowed to
proceed.
If the Biologist finds an active nest within or immediately adjacent to the
construction area and determines that the nest may be impacted or breeding
activities substantially disrupted, the Biologist shall delineate an appropriate
buffer zone around the nest depending on the sensitivity of the species and the
nature of the construction activity. Any nest found during survey efforts shall
be mapped on the construction plans. The active nest shall be protected until
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nesting activity has ended. To protect any nest site, the following restrictions to
construction activities shall be required until nests are no longer active, as
determined by a qualified Biologist: (1) clearing limits shall be established
within a buffer around any occupied nest (the buffer shall be 100–300 feet for
nesting birds and 300–500 feet for nesting raptors), unless otherwise
determined by a qualified Biologist and (2) access and surveying shall be
restricted within the buffer of any occupied nest, unless otherwise determined
by a qualified Biologist. Encroachment into the buffer area around a known nest
shall only be allowed if the Biologist determines that the proposed activity
would not disturb the nest occupants. Construction can proceed when the
qualified Biologist has determined that fledglings have left the nest or the nest
has failed.
MM-BIO-3

Direct and Indirect Impacts to Special-Status Bats
Bat Roost Avoidance. A Biological Monitor shall conduct a pre-construction
bat habitat assessment of buildings and trees marked for potential removal.
Potential for roosting shall be categorized by 1) potential for solitary roost sites,
2) potential for colonial roost sites (10 bats or more). If the potential for colonial
roosting is determined, those trees shall not be removed during the bat maternity
roost season (March 1 – July 31). Trees potentially supporting colonial roosts
outside of maternity roost season, and trees potentially supporting solitary
roosts may be removed via a two-step removal process, whereby some level of
disturbance (such as trimming of lower branches) (at the direction of Biological
Monitor) is applied to the tree on day one to allow bats to escape during the
darker hours, and the roost tree shall be removed two days later (i.e., there shall
be no less or more than two nights between initial disturbance and the grading
or tree removal). When feasible, trees will be dropped slowly and a Biological
Monitor will monitor the activity. If buildings are determined to be occupied,
one-way exclusionary devices will be placed over bat access points and left in
place for two nights prior to building removal.

7.2

Impact BIO-2: Sensitive Vegetation Communities

Significant direct and indirect impacts to sensitive vegetation communities can be mitigated to less
than significant with implementation of the following measures:
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MM BIO-4

Direct Impacts to Sensitive Vegetation Communities.
Direct impacts to sensitive communities (white alder–California sycamore
woodland association and California sycamore woodlands alliance) shall be
mitigated through a combination of on-site and/or off-site measures. Mitigation
for impacts to sensitive vegetation communities shall consider and overlap with
compensation for jurisdictional waters (MM-BIO-6) since the sensitive
vegetation is associated with the jurisdictional limits of Arroyo Seco.
Mitigation for direct impacts to sensitive vegetation communities shall be
implemented through on-site creation/enhancement, program funding,
mitigation bank credits, and/or creation/enhancement of native vegetation
communities on City lands. Mitigation acreages shall be implemented as shown
in Table 11, Mitigation for Direct Impacts to Sensitive Vegetation
Communities.
Table 11
Mitigation for Direct Impacts to Sensitive Vegetation Communities
Sensitive Vegetation Community
white alder–California sycamore
woodland association
California sycamore woodlands alliance
Totals:

Direct Impacts
(acres)
0.47

Mitigation
Ratio
3:1

Mitigation
(acres)
1.41

0.04
0.51

3:1
—

0.12
1.53

On-site Mitigation. Prior to the issuance of a grading permit or any earthwork
on the Project site, PWP shall prepare a Habitat Mitigation and Monitoring Plan
(HMMP) for habitat enhancement and creation activities. The HMMP shall at
a minimum include a feasible implementation structure, salvage/seeding
details, invasive species eradication methods, irrigation system and schedule, a
monitoring schedule, performance standard of success, estimated costs, and
identification of responsible entities. The HMMP shall include restoration of
the following habitats:
Riparian Woodlands. Impacted areas of white alder–California sycamore
woodland association and California sycamore woodlands alliance shall be
created/restored within and adjacent to the same on-site areas that the woodland
currently existed prior to Project implementation, as well as other areas deemed
to have appropriate soils and topography for successful establishment.
Understory areas shall be revegetated with a diversity of locally collected seeds.
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Temporary irrigation shall be established and maintained, with irrigation
suspensions in times of rainfall. Successful establishment of the woodland shall
be determined only after removal of irrigation system and confirmed ability of
the woodland to survive in the absence of irrigation.
It is anticipated that a one-time restoration effort followed by monitoring and
invasive weed removal for a minimum of five (5) years would be required. The
HMMP shall be submitted to the City, CDFW, USACE, and RWQCB for
review and comment, and revised to the satisfaction of the City and the three
agencies.
Off-site Mitigation. If mitigation is implemented through mitigation program
funding and/or mitigation bank credits, the Project Applicant shall work with
the City, CDFW, USACE, and RWQCB to ensure the mitigation program
funding and/or mitigation bank credits are appropriate to offset permanent
impacts. Mitigation lands shall be comprised of similar or higher quality
riparian woodland and preferably located in the vicinity of the site or watershed.
If mitigation is implemented through offsite enhancement of City-owned lands,
PWP shall prepare a HMMP that details the location and existing conditions of
the offsite lands. The HMMP shall at a minimum include a feasible
implementation structure, salvage/seeding details, invasive species eradication
methods, irrigation system and schedule, a monitoring schedule, performance
standard of success, estimated costs, and identification of responsible entities.
It is anticipated that a one-time restoration effort followed by monitoring and
invasive weed removal for a minimum of five (5) years would be required. The
HMMP shall be submitted to the City, CDFW, USACE, and RWQCB for
review and comment, and revised to the satisfaction of the City and the three
agencies.
MM-BIO-5

Indirect Impacts to Sensitive Vegetation Communities.
Demarcation of Disturbance Limits. To prevent inadvertent disturbance to
sensitive vegetation communities outside the limits of work, the construction
limits shall be clearly demarcated (e.g., installation of flagging or temporary
high visibility construction fence) prior to ground disturbance activities. All
construction activities including equipment staging and maintenance shall be
conducted within the marked disturbance limits.
Monitoring. A qualified biologist shall be present during initial grounddisturbing activities within the Project Site to ensure that Project activities stay
within the demarcated limits.
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7.3

Impact BIO-3: Jurisdictional Wetlands and Waters

Significant direct and indirect impacts to jurisdictional waters can be mitigated to less than
significant with implementation of the following measures and MM-BIO-5:
MM-BIO-6

Direct and Indirect Impacts to Jurisdictional Waters
Mitigation for direct impacts to jurisdictional waters shall be implemented
through on-site enhancement of remaining jurisdictional waters and/or off-site
acquisition, program funding, and/or mitigation bank credits. Mitigation ratios
for each type of jurisdictional waters is shown in Table 12, Mitigation for Direct
Impacts to Potential Jurisdictional Waters. Mitigation for temporary and
permanent impacts to jurisdictional wetlands and waters shall consider and
overlap with compensation for sensitive vegetation communities (MM-BIO-4).

Table 12
Mitigation for Direct Impacts to Potential Jurisdictional Waters
Jurisdictional Waters Type
USACE waters of the United States
RWQCB waters of the state
CDFW streambed and bank, with
riparian vegetationb
CDFW streambed and bank, with nonriparian habitatc

Direct Impacts
(acres)
0.18
2.57
0.48

Mitigation
Ratio
1:1
1:1
3:1

Mitigation
(acres)a
0.18
2.57
1.35

2.41

1:1

2.41

Notes:
a
Mitigation areas for each jurisdictional type may overlap
b white alder–California sycamore woodland (0.48 acres) and coast live oak woodland (<0.01 acres)
c
California sagebrush–California buckwheat–laurel sumac scrub (<0.001 acres); urban/developed
(0.03 acres); disturbed habitat (2.38 acres); laurel sumac scrub (<0.01 acres)

On-site Mitigation. Prior to the issuance of a grading permit or any earthwork
on the Project site, PWP shall prepare a HMMP for habitat enhancement and
creation activities. The HMMP shall at a minimum include a feasible
implementation structure, salvage/seeding details, invasive species eradication
methods, irrigation system and schedule, a monitoring schedule, performance
standard of success, estimated costs, and identification of responsible entities.
The HMMP shall include restoration of the following habitats:
Riparian Woodlands. Impacted areas of white alder–California sycamore
woodland association and coast live oak woodland shall be created/restored
within and adjacent to the same on-site areas that the woodland currently
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existed prior to Project implementation, as well as other areas deemed to have
appropriate soils and topography for successful establishment. Understory areas
shall be revegetated with a diversity of locally collected seeds. Temporary
irrigation shall be established and maintained, with irrigation suspensions in
times of rainfall. Successful establishment of the woodland shall be determined
only after removal of irrigation system and confirmed ability of the woodland
to survive in the absence of irrigation.
It is anticipated that a one-time restoration effort followed by monitoring and
invasive weed removal for a minimum of five (5) years would be required. The
HMMP shall be submitted to the CDFW, USACE, and RWQCB for review and
comment, and revised to the satisfaction of the three agencies.
Off-site Mitigation. If mitigation is implemented through mitigation program
funding and/or mitigation bank credits, PWP shall work with the CDFW,
USACE, and RWQCB to ensure the mitigation program funding and/or
mitigation bank credits are appropriate to offset permanent impacts. Mitigation
lands shall be comprised of similar or higher quality riparian woodland and
preferably located in the vicinity of the site or watershed.
If mitigation is implemented through offsite enhancement of City-owned lands,
PWP shall prepare a HMMP that details the location and existing conditions of
the offsite lands. The HMMP shall at a minimum include a feasible
implementation structure, salvage/seeding details, invasive species eradication
methods, irrigation system and schedule, a monitoring schedule, performance
standard of success, estimated costs, and identification of responsible entities.
It is anticipated that a one-time restoration effort followed by monitoring and
invasive weed removal for a minimum of five (5) years would be required. The
HMMP shall be submitted to the CDFW, USACE, and RWQCB for review and
comment, and revised to the satisfaction of the three agencies.

7.4

Impact BIO-4: Habitat Linkages and Wildlife Corridors

Project design features in Area 2 would improve the ability of existing aquatic and semi-aquatic
species to move up and downstream at the location from the current conditions. To determine if
there are changes to future use of the Study Area as a movement corridor for native resident or
migratory fish species, the following measure would be implemented:
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MM-BIO-7

Direct and Indirect Impacts to Habitat Linkages and Wildlife Corridors
Native Resident and Migratory Fish Monitoring Plan. Prior to the
commencement of earthmoving within Area 2 for the demolition of the existing
diversion/weir structure, the City shall develop a Native Resident and Migratory
Fish Monitoring Plan (Monitoring Plan), in consultation with CDFW. This
Monitoring Plan shall set forth annual monitoring requirements to determine if
native fish species or migratory fish populations are present within an approximate
3,500-foot section of the stream (about 1,500 feet upstream of the diversion/weir
structure to the abandoned headworks (Area 1) and 2,000 feet downstream to the
JPL Bridge at the mouth of the canyon). Annual survey protocols shall be
established to the satisfaction of CDFW and set forth in the Monitoring Plan. If the
results of the annual surveys reveal a positive presence of native fish, the
Monitoring Plan shall set forth thresholds for determining the permanency of the
population, and whether or not connectivity both upstream and downstream of the
diversion structure is appropriate and in the best interest of the long-term survival
of an established native or migratory fish population, given hazards associated with
stranding downstream. Until passage for steelhead is restored to the Arroyo Seco,
the City shall implement a program to rescue fish between the diversion structure
and the JPL Bridge. If rescue is determined to be ineffective or impractical, then
the City shall modify its operations to accommodate passage. At such time as
steelhead passage is restored, the City shall alter either the design of the
diversion/weir structure, the operational methods of the diversion/weir structure, or
both to satisfy Fish and Game Code Sections 5901 and 5937.

7.5

Impact BIO-5: Local Policies or Ordinances

Significant direct and indirect impacts to City protected trees can be mitigated to less than
significant with implementation of the following measures:
MM-BIO-8

Direct and Indirect to City of Pasadena Protected Trees
Tree Replacement and Protection. A qualified biologist shall be present during
initial ground-disturbing activities within the Project site to ensure that Project
activities stay within the demarcated limits, as required in MM-BIO-5. This
qualified biologist shall identify the number of City-protected trees that are
removed as a result of Project construction activities, as well as trees that would be
encroached upon. This inventory of trees shall be used to determine an appropriate
tree replacement program that shall be, at a minimum, consistent with the City’s
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Tree Ordinance (Chapter 8.52 of the Pasadena Municipal Code) and the
Ordinance’s administrative guideline replacement matrix, as it relates to tree
replacement of protected trees. as it relates to tree replacement of protected trees.
Trees within approximately 15 feet of proposed construction activity shall be
temporarily fenced with chain-link fencing in accordance with the City’s Tree
Ordinance and Tree Protection Guidelines. The fencing shall be installed to the
extent of the tree’s dripline plus four (4) radial feet and be minimum six (6) feet
high with an access gate of minimal width. The fenced area shall be considered the
TPZ unless proximate construction required temporary removal.
All trees that have been substantially root pruned (30% or more of their root zone)
during construction within the TPZ shall be monitored by an International Society
of Arboriculture Certified arborist for the first five years after construction
completion. The arborist shall submit an annual report, photograph each tree and
compare tree health and condition to the original, pre-construction baseline. For
trees that do not survive the five-year monitoring period, such trees shall be
replaced in accordance with the requirements of this measure.

7.6

Impact BIO-6: Habitat Conservation Plan

Because no significant impacts would occur as a result of the proposed project (see Section 6.7),
no mitigation is required.

7.7

Level of Significance After Mitigation

Implementation of these mitigation measures will reduce potential impacts to biological resources
to below a level of significance.
One special-status amphibian (California newt) and three special-status reptiles (two-striped
gartersnake, Southern California legless lizard, and coastal whiptail) have occurred in the Study
Area. Construction activities associated with the proposed Project could cause direct mortality of
these species. MM-BIO-1 requires the development of a special-status wildlife relocation plan,
pre-construction focused special-status wildlife surveys, and monitoring during initial grounddisturbing activities. Potential direct impacts to California newt, two-striped gartersnake, Southern
California legless lizard, and coastal whiptail would be less than significant with implementation
of MM-BIO-1.
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Construction activities associated with the proposed project could result in a loss of suitable habitat
or direct take of birds, and are considered less than significant. MM-BIO-2 requires nesting bird
surveys within 300 feet (500 feet for raptors) of the proposed impact areas and if active nests are
found, the biologist shall establish buffers and/or implement monitoring to avoid impacting avian
nesting success. Potential direct impacts to protected nesting birds would be less than significant
with implementation of MM-BIO-2.
One special-status bat (hoary bat) has a moderate potential to occur in the Study Area. Construction
activities associated with the proposed Project could cause direct mortality of these species. MMBIO-3 requires seasonal avoidance, pre-construction roost survey, and roost monitoring. Potential
direct impacts to hoary bat would be less than significant with implementation of MM-BIO-3.
Significant direct and indirect temporary and permanent impacts to sensitive vegetation
communities (coast live oak woodland alliance and white alder–California sycamore woodland
association) would occur due to implementation of the Project. MM-BIO-4 requires that temporary
impacts to sensitive vegetation communities be completed through on-site rehabilitation. MMBIO-4 requires that permanent impacts sensitive vegetation communities be completed by the
purchase of credits from a mitigation bank, the purchase of in lieu credits from an in-lieu fee
program, and/or through the enhancement of native vegetation communities on City lands. MMBIO-5 avoids indirect impacts to sensitive vegetation communities by requiring the demarcation
of the disturbance limits. Impacts to sensitive vegetation communities and jurisdictional waters
would be less than significant with implementation of MM-BIO-4 and MM-BIO-5.
Significant direct and indirect temporary and permanent impacts to potential jurisdictional waters
would occur due to implementation of the Project. MM-BIO-6 requires that temporary impacted
jurisdictional waters be restored and permanent impact compensation be completed by the
purchase of credits from an agency-approved mitigation bank or purchase of in lieu credits from
an in-lieu fee program and/or through the preparation and implementation of habitat restoration
plan. MM-BIO-5 avoids indirect impacts to jurisdictional waters by requiring the demarcation of
the disturbance limits. Impacts to jurisdictional waters would be less than significant with
implementation of MM-BIO-5 and MM-BIO-6.
Significant direct and permanent impacts to potential wildlife corridors for fish if fish are ever
reestablished within the Arroyo Seco. MM-BIO-7 would require the preparation and
implementation of a Native Resident and Migratory Fish Monitoring Plan. Impacts to fish
movement would be less than significant with implementation of MM-BIO-7.
Direct impacts would occur, and indirect impacts may occur, to trees protected by the City of
Pasadena Trees and Tree Protection Ordinance. MM-BIO-8 requires the replacement of the
removed trees per a City-defined ratio and the fencing to shield protected trees located in close
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proximity to construction activities and requires monitoring of trees that have sustained substantial
root zone pruning. Impacts to protected trees would be less than significant with implementation
of MM-BIO-8.
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U.S. Fish and Wildlife Service
Attn: Recovery Permit Coordinator
Carlsbad Fish and Wildlife Office
2177 Salk Avenue, Suite 250
Carlsbad, California 92008
Subject: 2019 Southwestern Willow Flycatcher and Least Bell’s Vireo Survey Results for

Arroyo Seco Canyon Project, Pasadena, California
Dear Recovery Permit Coordinator,
This report documents the results of five protocol-level presence/absence surveys for the state- and
federally-listed endangered southwestern willow flycatcher (Empidonax traillii extimus; flycatcher)
and eight protocol-level presence/absence surveys for the state- and federally-listed endangered
least Bell’s Vireo (Vireo bellii pusillus; vireo). The surveys were conducted in all areas of suitable
flycatcher and vireo habitat within and surrounding the proposed Arroyo Seco Canyon Project
(proposed project), located in the City of Pasadena, California (Figure 1).
The flycatcher and vireo are closely associated with riparian habitats, especially densely
vegetated willow scrub and riparian forest vegetation. These species are threatened primarily by
loss, degradation, and fragmentation of riparian habitats. Brown-headed cowbird (Molothrus
ater) nest parasitism also poses an important threat. As per U.S. Fish and Wildlife Service
(USFWS) permit requirements, a notification to conduct surveys for the southwestern willow
flycatcher was submitted electronically to the Carlsbad USFWS Office on May 2, 2019 and
flycatcher surveys commenced on May 22, 2019.
PROJECT BACKGROUND
On October 9, 2014, Pasadena Water and Power (PWP) circulated the Arroyo Seco Canyon
Project (ASCP) Initial Study/Mitigated Negative Declaration (IS/MND) and associated technical
studies, State Clearinghouse Number 2014101022, for a 30-day public review period from
October 9, 2014, to November 8, 2014. The PWP was seeking approval of a Conditional Use
Permit (CUP) No. 6222 for the ASCP, which involved improvements to three areas, including
Area 1, Arroyo Seco Headworks; Area 2, Arroyo Seco Intake; and Area 3, JPL East Parking Lot.
The 2014 IS/MND included the following biological studies to support the analysis of the ASCP:

USFWS Recovery Permit Coordinator
Subject: 2019 Southwestern Willow Flycatcher and Least Bell’s Vireo Survey Results for the
Arroyo Seco Canyon Project, Pasadena, California


Biological Technical Report, Arroyo Seco Canyon Project, dated September 2014
(BonTerra Psomas 2014)



Results of the 2013 Least Bell’s Vireo/Southwestern Willow Flycatcher Survey for the
Arroyo Seco Canyon Project Dated September 2013 (BonTerra Consulting 2013)

Figure 1 shows a comparison of the areas studied in 2013 and 2014, and the areas surveyed for
the 2019 flycatcher and vireo surveys. As described below, the study areas are different to reflect
the direction given through a Court judgement and associated Settlement Agreement related to
the environmental review requirements of the proposed project.
On January 12, 2015, the City’s Hearing Officer made findings to approve the ASCP IS/MND
for CUP No. 6222. On January 20, 2015, Spirit of the Sage Council, Project Soliton, and Hugh
Bowles submitted an appeal of the Hearing Officer’s decision to the Board of Zoning Appeals.
The Board of Zoning Appeals hearing took place on March 4, 2015, and upheld the Hearing
Officer’s decision by a unanimous vote. The approval was again appealed to the City Council,
and on June 1, 2015, the City Council voted to uphold the Board of Zoning Appeals decision by
unanimous vote.
On July 2, 2015, a lawsuit (Court Case No. BS156207) was filed against the City by petitioners
Spirit of the Sage Council and Project Soliton challenging the approval of the ASCP. On March
20, 2017, the Los Angeles Superior Court issued its decision and on June 26, 2017, entered a
judgment that partially favored the petitioners. The Court found that the elements of the ASCP
that related to increased diversions of surface water (i.e., greater taking of stream water from the
Arroyo Seco beyond its current withdrawal) were inadequately analyzed under CEQA and
required the preparation of an Environmental Impact Report (EIR).
The Court also ruled that the elements of the ASCP that did not relate to increased diversions
were severable from the remainder of the ASCP and complied with CEQA. As such, the Court
determined that CUP #6222 and its related findings and conditions of approval, and the ASCP
IS/MND shall remain intact for these components, and would be allowed to move forward
without any additional environmental review pursuant to CEQA. These components include the
following:


Area 1, Arroyo Seco Headworks: All ASCP elements



Area 2, Arroyo Seco Intake: Access road improvements and related slope reconstruction
and protective riprap elements, except the diversion dam and intake replacement
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Area 3, JPL East Parking Lot: All ASCP elements, except the expansion of four existing
spreading basins and the construction of two new spreading basins

As stated above, for Area 2, the demolition and replacement of the diversion dam and intake
structure were required to be analyzed in an EIR. For Area 3, components of the ASCP IS/MND
that would be allowed to proceed include the parking lot, access road, sedimentation basin,
demolition of existing structures and pipelines, new pipelines, new public restroom, new security
booth, and associated utility services (water, sewer, power, and communication lines), while the
expansion of four existing spreading basins and the construction of two new spreading basins
were required to be analyzed in an EIR.
In addition, a Settlement Agreement was negotiated, which stated that the City shall have the
right to perform maintenance activities, including tilling and grading of the existing spreading
basins to reestablish historical percolation rates and maintenance activities that involve
negligible or no expansion of use as described in CEQA Guidelines Section 15301 for a Class 1
Categorical Exemption. The Settlement Agreement further clarified that the City may perform
excavation and grading necessary for the temporary bridges as described in the ASCP IS/MND.
In accordance with the terms and provisions of the Writ of Mandate and Judgment, as modified
by the Settlement Agreement, the City is preparing an EIR for the proposed Project in
accordance with CEQA and the CEQA Guidelines. Because several components of the ASCP
were allowed to proceed without any additional environmental review pursuant to CEQA, the
proposed project boundaries of Area 2 and Area 3 have been refined from those shown in the
ASCP IS/MND to reflect the activities subject to review under the EIR.
LOCATION AND EXISTING CONDITIONS
The proposed project is located in Pasadena, California beginning at the spreading basins
adjacent to the Devil’s Gate Reservoir and continues intermittently upstream along the Arroyo
Seco within the San Gabriel Mountains. The proposed project consists of three areas: Area 1
(Headworks), Area 2 (Diversion and Intake Replacement) and Area 3 (Spreading Basin
Improvements). These areas are connected by the Gabrielino Trail/Access Road, which serves as
a recreational trail and the access road for City of Pasadena and United States Forest Service
vehicles heading into the Arroyo Seco Canyon. The proposed project would involve construction
activity and facility improvements in both areas, as well as construction truck traffic along
portions of the Gabrielino Trail/Access Road. The proposed project will increase the utilization
of surface water rights held by the City of Pasadena Water and Power Department by restoring
and improving the intake facilities (Area 2), modifying the existing sediment removal
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mechanism (Area 1 and Area 3), naturalizing the Arroyo Seco streambed (Area 1), and
expanding recharge operations by creating additional spreading basins (Area 3). In addition, the
project is planned to include a new public restroom facility, recreational and educational
amenities near the Headworks structure (Area 1), and a new reduced-size parking lot at the
former Jet Propulsion Laboratory parking site for those using the Arroyo Seco Canyon and
Hahamongna Watershed Park area (Area 3).
Elevation of the Survey Area ranges from approximately 1,095 feet above mean sea level (amsl) in
the southern portion of Survey Area 3 to approximately 1,250 feet amsl at the top of the Survey
Area. Human disturbance in the Survey Area is moderate in the southern portion and light in the
north. Human disturbance includes foot traffic and light recreation with most recreational
activities (e.g., equestrian, hiking, vehicle access) occurring on the Gabrielino Trail/Access
Road. Four soil types occur in the Survey Area: Hanford gravelly sandy loam, Ramona loam,
Ramona sandy loam, and upper Los Angeles River.
VEGETATION COMMUNITIES
Vegetation communities and land uses within the Survey Area were mapped in the field directly
onto a 200-scale (1 inch = 200 feet) color digital orthographic map of the property (Bing 2018).
Following completion of the fieldwork, all vegetation polygons were digitized using ArcGIS
software and GIS coverage was created. Vegetation communities within the Survey Area were
mapped using A Manual of California Vegetation, Second Edition (MCV2; Sawyer et al. 2009).
A total of 12 vegetation communities and land covers were mapped by Dudek in the Survey Area
(Figure 2) including California sagebrush-California buckwheat-laurel sumac scrub association,
California sagebrush-ashy buckwheat scrub association, coast live oak woodland alliance, white
alder-California sycamore woodland association, California sycamore woodlands alliance,
arroyo willow-mulefat scrub association, arroyo willow thicket alliance, laurel sumac scrub
alliance, California sagebrush-California buckwheat scrub alliance, urban/developed, disturbed
habitat, and parks and ornamental plantings.
The following five vegetation communities in the Survey Area potentially provide suitable
habitat for flycatcher and vireo: arroyo willow-mulefat scrub association, arroyo willow thicket
alliance, white alder-California sycamore woodland association, California sycamore woodlands
alliance, and coast live oak woodland alliance (where associated with the Arroyo Seco). The
acreage for these vegetation communities are listed in Table 1, mapped on Figure 2, and
described below.
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Table 1
Summary of Suitable Riparian Vegetation Communities in the Survey Area
Vegetation Community or Land Cover
Arroyo Willow Thicket Alliance
Arroyo Willow-Mulefat Scrub Association
White Alder-California Sycamore Woodland Association
California Sycamore Woodlands Alliance
Coast Live Oak Woodland Alliance (where associated with Arroyo Seco)
Total

Acres
5.44
0.17
4.32
0.69
7.03
17.65

Suitable Riparian Vegetation
Arroyo willow thicket alliance (61.201.01) is dominated by arroyo willow (Salix lasiolepis)
Arroyo willow is a riparian tall shrub or tree that grows up to 26 feet in height. Arroyo willow
thickets occur along stream banks and on stream benches throughout much of California except
the desert regions. This alliance is also associated with slope seeps and stringers along drainages
(Sawyer et al. 2009). Arroyo willow thicket alliance is considered a sensitive vegetation
community by CDFW (CDFW 2018).
In the Survey Area, this alliance is located in the northern portion of the survey (Figure 2). Some
species associated with arroyo willow thickets include coyotebrush (Baccharis pilularis), mulefat (B. salicifolia), redosier dogwood (Cornus sericea), California sycamore (Platanus
racemosa), and cottonwoods (Populus spp.) (Sawyer et al. 2009).
Arroyo willow-mulefat scrub association is dominated by arroyo willow and mulefat. The
association is part of the arroyo willow thickets alliance (61.201.00). Arroyo willow is a riparian
tall shrub or tree that grows up to 26 feet in height. Mulefat is an evergreen shrub with willowlike leaves that have widely spaced, fine teeth and shiny upper surfaces. The canopy is open to
continuous and the herbaceous layer is variable. The community is typically found on stream
banks and benches, slope seeps, and stringers along drainages.
In the Survey Area, this association is located within the wash of the Arroyo Seco, adjacent to
Survey Area 3. Additional common shrubs found in the community in the Study Area include
blue elderberry (Sambucus nigra), lemonade berry (Rhus integrifolia), deerweed (Acmispon
glaber), white sage (Salvia apiana), black sage (Salvia mellifera), bush monkeyflower (Diplacus
aurantiacus), hoary leaf ceanothus (Ceanothus crassifolius), California coffee berry (Frangula
californica).
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White alder-California sycamore woodland association is dominated by white alder (Alnus
rhombifolia) and California sycamore. The association is part of the white alder groves alliance
(61.420.00). White alder is a deciduous hardwood that attains 115 feet in height. California
sycamore is a fast-growing, deciduous tree that attains 80 feet in height and is well adapted to
intermittent flooding conditions. The community typically occurs in inland foothills and lower
montane zones, usually as narrow strips along perennial stream courses throughout cismontane
California. It is well adapted to many flood regimes. White alder-California sycamore woodland
is considered a sensitive vegetation community by CDFW (2018).
In the Survey Area, white alder-California sycamore woodland is found in Area 2. The
understory was very sparse and native herbaceous species include California blackberry (Rubus
ursinus), and scarlet monkeyflower (Erythranthe cardinalis).
California sycamore woodlands alliance (61.310.00) is dominated by California sycamore, but
it may include other tree species with less frequency. California sycamore is a fast-growing,
deciduous tree that attains 80 feet in height and is well adapted to intermittent flooding
conditions. The canopy structure can be open to continuous, the shrub layer is sparse to
continuous, and the herbaceous layers is variable. California sycamore woodlands are found in
gullies, intermittent streams, springs, seeps, stream banks, and terraces adjacent to floodplains
that are subject to high-intensity flooding. Soils are typically rocky or cobbly alluvium with
permanent moisture at depth (CNPS 2019). California sycamore woodlands is considered a
sensitive vegetation community by CDFW (CDFW 2018)
In the Survey Area, California sycamore woodlands are found within the Area 2 portion of the
Survey Area, on the west side of the Gabrielino Trail/Access Road and at the base of a steep
slope. The understory consisted of poison oak and the non-native English ivy (Hedera helix).
Coast live oak woodland alliance (71.060.02) is dominated by coast live oak (Quercus
agrifolia), but it may include other tree species with less frequency. Coast live oak is a droughtresistant evergreen tree that grows to 80 feet in height. The canopy structure can be open to
continuous and the shrub and herbaceous layers are sparse to intermittent. Coast live oak
woodland are found on alluvial terraces, canyon bottoms, stream banks, slopes, flats. Soils are
typically deep, sandy, or loamy with high organic matter (CNPS 2019). In the Survey Area, coast
live oak woodland is found along Gabrielino Trail/Access Road and Arroyo Boulevard.
Although the understory of this vegetation community would provide little to no opportunities
for vireo nesting, flycatchers have been known to nest in oak woodlands associated with the
upper San Luis Rey River in San Diego County. As a conservative approach, the oak woodlands
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associated with the Arroyo Seco were included in the surveys for flycatcher for this proposed
project.
Additional tree species found in the community include canyon live oak (Quercus chrysolepis),
California sycamore, and bigleaf maple (Acer macrophyllum). The shrub component is sparse
and consists of species also found in California sagebrush-California buckwheat-laurel sumac
scrub. The understory was also sparse and common native herbaceous species include poison oak
(Toxicodendron diversilobum), American black nightshade (Solanum americanum), golden
currant (Ribes aureum), miner's lettuce (Claytonia perfoliata), and California polypody
(Polypodium californicum).
METHODS
Approximately 17.65 acres of suitable habitat within the approximately 50.67 acre Survey Area
were surveyed for the flycatcher and vireo (Figures 2). The areas within the Survey Area were
surveyed five times by Dudek biologist Melissa Blundell (#TE-97717A) and three times by
Dudek senior biologist Michael Cady (Table 2). Focused surveys for these species was initiated
on May 3, 2019 and completed on July 29, 2019. Weather conditions, time of day, and season
were appropriate for the detection of flycatcher and vireo (see Table 2).
Table 2
Survey Conditions
Date

Hours

Personnel1

Focused
Species2

5/03/2019

0700–1000

MC

LBVI

5/22/2019
6/04/2019
6/14/2019
6/26/2019
7/08/2019
7/18/2019
7/29/2019

0558–0825
0825–1004
0630–0840
0840–1018
0614–0815
0815–0934
0649–0853
0853–1003
0642–0840
0840–0935
0630–0900
0630–0900

MB
MB
MB
MB
MB
MC
MC

Conditions
59–68 degrees Fahrenheit (°F), 100% cc (cloud cover), 1
mile per hour (mph) winds, hazy/overcast
52–54.5°F, 0% cc, 0–4 mph wind
54.5–64°F, 0–45% cc, 0–4 mph wind
58–60°F, 100% cc, 0–2 mph wind
60–63°F, 100% cc, 0–1 mph wind
63–64°F, 100% cc, 0–2 mph wind
64–65°F, 100% cc, 0–3 mph wind
61°F, 100% cc, 0–3 mph wind, light drizzle
61–62°F, 100% cc, 0–1 mph wind
62°F, 100% cc, 0 mph wind
62–66.5°F, 100% cc, 0–1 mph wind
65–72°F, 0–100% cc, 1 mph wind
64–70°F, 5–50% cc, 1 mph wind

SWFL
LBVI
SWFL
LBVI
SWFL
LBVI
SWFL
LBVI
SWFL
LBVI
LBVI
LBVI

Notes:
1Biologists’ Initials: MAB = Melissa Blundell; MC = Michael Cady
2LBVI = least Bell’s vireo; SWFL = southwestern willow flycatcher
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On days when surveys were conducted for both flycatcher and vireo, these surveys were
conducted separately, with the initial pass through the habitat surveying for flycatcher and the
return pass surveying for vireo. All surveys consisted of slowly walking a methodical transect
within and adjacent to all suitable riparian habitat (Figure 2). An electronically based project
map projected on an iPhone of the Survey Area was available to record the locations of any
special-status species detected. Binoculars (8×40) were used to aid in detecting and identifying
wildlife species. Biologists did not survey more than 3 linear kilometers of habitat on any
given survey day.
A Section 10(a)(1)(A) permit is not required to conduct presence/absence surveys for vireo.
The eight surveys for vireo followed the currently accepted Least Bell’s Vireo Survey
Guidelines (USFWS 2001), which states that a minimum of eight survey visits should be made
to all riparian areas and any other potential vireo habitats during the period from April 10 to
July 31. The site visits are required to be conducted at least 10 days apart to maximize the
detection of early and late arrivals, females, non-vocal birds, and nesting pairs. Tape playback
of vireo vocalizations were not used during the surveys. Surveys were conducted between
dawn and 11:00 a.m. and were not conducted during periods of excessive or abnormal cold,
heat, wind, rain, or other inclement weather.
The five surveys conducted for flycatcher followed survey methods described in accordance
with A Natural History Summary and Survey Protocol for the Southwestern Willow Flycatcher
(Sogge et al. 2010). Surveys within a site with a potential or foreseeable impact to the habitat
due to a potential project or change in site management require five surveys. Since there is a
project planned at this site, a total of five surveys were conducted, with one visit between May
15 and May 31, two visits between June 1 and June 24, and two visits between June 25 and
July 17. The surveys during the final period were separated by more than 5 days, per protocol
requirements. Recorded flycatcher vocalizations were played every 50–100 feet within suitable
habitat, to induce flycatcher responses. If a flycatcher had been detected, playing of the tape
would have ceased to avoid harassment.
RESULTS
No southwestern willow flycatchers or least Bell’s vireos were observed during the focused
surveys. One male brown-headed cowbird was detected near retention ponds in Survey Area 3 on
June 4, 2019 (Figure 2 and 3). Five special-status species were observed during the surveys:
Cooper’s hawk (Accipiter cooperii, California Department of Fish and Wildlife [CDFW] Watch
List [WL] for nesting), oak titmouse (Baeolophus inornatus, USFWS Bird of Conservation
Concern [BCC] for nesting), yellow warbler (Setophaga petechia, CDFW Species of Special
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Concern, USFWS BCC for nesting), and Lawrence’s goldfinch (Spinus lawrencei, USFWS BCC
for nesting). No evidence of reproduction (CDFW 2019) was documented for these species.
Therefore, no California Natural Diversity Database (CNDDB) forms were submitted for these
occurrences.
Overall, 59 bird species were observed during the focused surveys (Attachment A). Data forms
(Sogge et al. 2010) for willow flycatcher surveys are included as Attachment B. Photo
documentation of the Survey Area is provided in Attachment C.
I certify that the information in this survey report and attached exhibits fully and accurately
represent my work. Please feel free to contact me at mblundell@dudek.com or (760) 214-1878
(cell) with questions or if you require additional information regarding this survey.
Sincerely,

__________________
Melissa Blundell
Biologist/#TE-97717A
Att:

Figures 1-3
Attachments A–C

cc:

Elisa Ventura, P.E., Pasadena Water & Power
Mike Cady, Dudek
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ATTACHMENT A
Cumulative List of Bird Species Observed
BIRDS
ACCIPITRIDAE—HAWKS, KITES, EAGLES, & ALLIES
Accipiter cooperii—Cooper's hawk
Buteo jamaicensis—red-tailed hawk
Buteo lineatus—red-shouldered hawk
AEGITHALIDAE—LONG-TAILED TITS & BUSHTITS
Psaltriparus minimus—bushtit
ANATIDAE—DUCKS, GEESE, & SWANS
Anas platyrhynchos—mallard
APODIDAE—SWIFTS
Aeronautes saxatalis—white-throated swift
CARDINALIDAE—CARDINALS & ALLIES
Pheucticus melanocephalus—black-headed grosbeak
Piranga ludoviciana—western tanager
CATHARTIDAE—NEW WORLD VULTURES
Cathartes aura—turkey vulture
CHARADRIIDAE—LAPWINGS & PLOVERS
Charadrius vociferus—killdeer
COLUMBIDAE—PIGEONS & DOVES
Patagioenas fasciata—band-tailed pigeon
Zenaida macroura—mourning dove
Streptopelia decaocto—Eurasian collared-dove*
CORVIDAE—CROWS & JAYS
Aphelocoma californica—California scrub-jay
Corvus brachyrhynchos—American crow
Corvus corax—common raven
FRINGILLIDAE—FRINGILLINE & CARDUELINE FINCHES & ALLIES
Haemorhous mexicanus—house finch
Spinus lawrencei—Lawrence's goldfinch
Spinus psaltria—lesser goldfinch
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ATTACHMENT A
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Spinus tristis—American goldfinch
HIRUNDINIDAE—SWALLOWS
Hirundo rustica—barn swallow
Petrochelidon pyrrhonota—cliff swallow
Stelgidopteryx serripennis—northern rough-winged swallow
Tachycineta thalassina—violet-green swallow
ICTERIDAE—BLACKBIRDS
Icterus bullockii—Bullock's oriole
Icterus cucullatus—hooded oriole
*
Molothrus ater—brown-headed cowbird
MIMIDAE—MOCKINGBIRDS & THRASHERS
Mimus polyglottos—northern mockingbird
Toxostoma redivivum—California thrasher
ODONTOPHORIDAE—NEW WORLD QUAIL
Callipepla californica—California quail
PARIDAE—CHICKADEES & TITMICE
Baeolophus inornatus—oak titmouse
PARULIDAE—WOOD-WARBLERS
Cardellina pusilla—Wilson's warbler
Oreothlypis celata—orange-crowned warbler
Setophaga petechia—yellow warbler
PASSERELLIDAE—NEW WORLD SPARROWS
Junco hyemalis—dark-eyed junco
Melospiza melodia—song sparrow
Melozone crissalis—California towhee
Pipilo maculatus—spotted towhee
PICIDAE—WOODPECKERS & ALLIES
Colaptes auratus—northern flicker
Melanerpes formicivorus—acorn woodpecker
Dryobates nuttallii—Nuttall's woodpecker
Dryobates pubescens—downy woodpecker
Dryobates villosus—hairy woodpecker
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ATTACHMENT A
Cumulative List of Bird Species Observed
PSITTACIDAE—AFRICAN AND NEW WORLD PARROTS
*
Amazona viridigenalis—red-crowned parrot
PTILOGONATIDAE—SILKY-FLYCATCHERS
Phainopepla nitens—phainopepla
STURNIDAE—STARLINGS
Sturnus vulgaris—European starling*
SYLVIIDAE—SYLVIID WARBLERS
Polioptila caerulea—blue-gray gnatcatcher
TIMALIIDAE—BABBLERS
Chamaea fasciata—wrentit
TROCHILIDAE—HUMMINGBIRDS
Calypte anna—Anna's hummingbird
Selasphorus sasin—Allen's hummingbird
TROGLODYTIDAE—WRENS
Catherpes mexicanus—canyon wren
Thryomanes bewickii—Bewick’s wren
Troglodytes aedon—house wren
TYRANNIDAE—TYRANT FLYCATCHERS
Contopus sordidulus—western wood-pewee
Empidonax difficilis—Pacific-slope flycatcher
Myiarchus cinerascens—ash-throated flycatcher
Sayornis nigricans—black phoebe
Tyrannus vociferans—Cassin's kingbird
VIREONIDAE—VIREOS
Vireo gilvus—warbling vireo

* signifies introduced (non-native) species
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Willow Flycatcher (WIFL) Survey and Detection Form (revised April, 2010)
Site Name: Arroyo Seco Canyon Project, Pasadena
State: CA
County: Los Angeles
USGS Quad Name:
Pasadena
Elevation: 381
(meters)
Creek, River, or Lake Name:
Arroyo Seco
Is copy of USGS map marked with survey area and WIFL sightings attached (as required)?
Yes
X
No
Survey Coordinates:
Start: E
392,402
N
3,784,768
UTM
Datum: WGS84 (See instructions)
Stop: E
392,073
N
3,786,298
UTM
Zone:
11
If survey coordinates changed between visits, enter coordinates for each survey in comments section on back of this page.

**Fill in additional site information on back of this page**
Survey #
Observer(s)
(Full Name)

Survey # 1

Date (m/d/y)
Survey Time

Estimated
Number of
Pairs

Comments (e.g., bird behavior; evidence of pairs or
breeding; potential threats [livestock, cowbirds,
Diorhabda spp.]). If Diorhabda found, contact
If Yes,
number of USFWS and State WIFL coordinator.
nests

Estimated
Number of
Territories

GPS Coordinates for WIFL Detections
(this is an optional column for documenting individuals,
pairs, or groups of birds found on
each survey). Include additional sheets if necessary.

Date:

Observer(s):

Melissa Blundell

Number of
Adult
WIFLs

Nest(s)
Found?
Y or N

# Birds

Sex

UTM E

UTM N

# Birds

Sex

UTM E

UTM N

# Birds

Sex

UTM E

UTM N

# Birds

Sex

UTM E

UTM N

# Birds

Sex

UTM E

UTM N

5/22/2019

Start:
5:58

Stop:

0

-

Potenital threats include brown-headed cowbirds.
No WIFL detected.

-

8:25
Total hrs:
2.5

Survey # 2

Date:

Observer(s):

Melissa Blundell

6/4/2019

Start:
6:30

Stop:

0

-

Potenital threats include brown-headed cowbirds.
No WIFL detected.

-

8:40
Total hrs:
2.2

Survey # 3

Date:

Observer(s):

Melissa Blundell

6/14/2019

Start:
6:14

Stop:

0

-

Potenital threats include brown-headed cowbirds.
No WIFL detected.

-

8:15
Total hrs:
2.0

Survey # 4

Date:

Observer(s):

Melissa Blundell

6/26/2019

Start:
6:49

Stop:

0

-

Potenital threats include brown-headed cowbirds.
No WIFL detected.

-

8:53
Total hrs:
2.0

Survey # 5

Date:

Observer(s):

Melissa Blundell

7/8/2019

Start:
6:42

Stop:

Potenital threats include brown-headed cowbirds.
No WIFL detected.

0

-

-

Total Adult
Residents

Total Pairs

Total
Territories

Total Nests

0

0

0

0

8:40
Total hrs:
2.0

Overall Site Summary
Totals do not equal the sum of each
column. Include only resident adults.
Do not include migrants, nestlings, and
fledglings.
Be careful not to double count
individuals.

Total survey hrs:

10.6

Reporting Individual:

Melissa Blundell

US Fish & Wildlife Service Permit #:

TE-97717A

Were any WIFLs color-banded?

Yes

No

X

If yes, report color combination(s) in the comments
section on back of form and report to USFWS.
Date Report Completed:

8/12/2019

State Wildlife Agency Permit #:

SC-10212

Submit form to USFWS and State Wildlife Agency by September 1st. Retain a copy for your records.

Fill in the following information completely. Submit form by September 1 st . Retain a copy for your records.
Reporting Individual
Affiliation
Site Name

Melissa Blundell
Dudek
Arroyo Seco Canyon Project, Pasadena

Phone #
E-mail
Date report Completed

Was this site surveyed in a previous year? Yes_X_ No____ Unknown____
Did you verify that this site name is consistent with that used in previous yrs?

Yes

X

If name is different, what name(s) was used in the past?
Yes

Did you survey the same general area during each visit to this site this year?

Yes

Federal

Municipal/County

X
X

Name of Management Entity or Owner (e.g., Tonto National Forest)
Length of area surveyed:

No

Not Applicable

N/A

If site was surveyed last year, did you survey the same general area this year?

Management Authority for Survey Area:

805-308-8539
mblundell@dudek.com
8/12/2019

No

If no, summarize below.

No

If no, summarize below.

State

Tribal

Private

City of Pasadena

1.9

(km)

Vegetation Characteristics: Check (only one) category that best describes the predominant tree/shrub foliar layer at this site:
Native broadleaf plants (entirely or almost entirely, > 90% native)
X

Mixed native and exotic plants (mostly native, 50 - 90% native)
Mixed native and exotic plants (mostly exotic, 50 - 90% exotic)
Exotic/introduced plants (entirely or almost entirely, > 90% exotic)

Identify the 2-3 predominant tree/shrub species in order of dominance. Use scientific name.
Salix sp., Alnus rhombifolia
Average height of canopy (Do not include a range):

10

(meters)

Attach the following: 1) copy of USGS quad/topographical map (REQUIRED) of survey area, outlining survey site and location of WIFL detections;
2) sketch or aerial photo showing site location, patch shape, survey route, location of any detected WIFLs or their nests;
3) photos of the interior of the patch, exterior of the patch, and overall site. Describe any unique habitat features in Comments.
Comments (such as start and end coordinates of survey area if changed among surveys, supplemental visits to sites, unique habitat features.
Attach additional sheets if necessary.
The Arroy Seco Canyon Project was last surveyed for southwestern willow flycatchers in 2013 and for least Bell's vireos in 2016. Surveys in 2019 included the
same survey area boundaries (i.e., Survey Areas 1, 2, and 3; as in 2013 and 2016) plus additional study areas along access roads between these sites. The
Arroyo Seco Canyon Project was last surveyed for southwestern willow flycatchers in 2013 and for least Bell's vireos in 2016. Surveys in 2019 included the
same survey area boundaries (i.e., Survey Areas 1, 2, and 3) as in 2013 and 2016 plus additional study areas along access roads between these sites. The
riparian habitat is dominated by willow species, including Salix lasiolepis and Alnus rhombifolia . Additional species included, but was not limited to,
Artemisia california , Artemisia douglasiana , Baccharis salicifolia, Eriogonum sp., Juglans californica, Malosma laurina, Platanus racemosa, Populus
trichocarpa,Quercus agrifolia, Rubus sp., Salix gooddingii, Salix laevigata, Sambucus nigra , and Toxicodendron diversilobum . Non-native species
included, but was not limited to, Delairea odorata, Hirschfeldia incana, Nicotiana glauca, Ricinus communis , Ulmus parvifolia and non-native grasses.

Territory Summary Table. Provide the following information for each verified territory at your site.

Territory Number

All Dates Detected

Attach additional sheets if necessary

UTM E

UTM N

Pair
Nest Found?
Confirmed?
Y or N
Y or N

Description of How You Confirmed
Territory and Breeding Status
(e.g., vocalization type, pair interactions,
nesting attempts, behavior)

ATTACHMENT C
Photo Documentation
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ATTACHMENT C
Photo Documentation

Photo 1. Example of riparian habitat in the northern portion of the Survey Area.
Photo facing north. May 22, 2019.

Photo 2. Example of riparian habitat in Survey Area 2. Photo facing west. May 22, 2019.

C-1

11884
September 2019
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Photo Documentation

Photo 3. Example of riparian habitat in Survey Area 2. Photo facing west. May 22, 2019.

Photo 4. Example of riparian in Survey Area 3. Photo facing northwest. May 22, 2019.
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California Red-Legged Frog/Arroyo Toad
Survey Memorandum
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MEMORANDUM

To:
From:
Subject:
Date:
Attachment(s):

Elisa Ventura
Michael Cady
Arroyo Seco Canyon – Non-Protocol California Red-Legged Frog and Arroyo Toad Survey
12/10/2019
A) Project and Survey Area Location; B) California Red-Legged Frog and Arroyo Toad Species
Accounts

Dudek conducted a non-protocol survey for arroyo toad (Anaxyrus californicus) and California red-legged frog (Rana
draytonii) for Pasadena Water and Power (PWP) in support of the proposed Arroyo Seco Canyon Project (proposed
Project or Project). The Project is located in the in the northwest corner of the City of Pasadena in Los Angeles
County, California, as shown in Attachment A, Project and Survey Area Location. For the proposed Project’s
Environmental Impact Report analysis, the proposed Project consists of two primary action areas: a diversion dam
and intake replacement in Area 2, and the spreading basin expansion in Area 3. An additional area (Area 1; Arroyo
Seco Headworks) was previously allowed under an Initial Study/Mitigated Negative Declaration for the project. This
area was included in the non-protocol amphibian survey in support of the permits needed for impacts to
jurisdictional waters for the project that will be for all three areas. These areas are connected by the Gabrielino
Trail/Access Road, which serves as a recreational trail and the access road for City of Pasadena and U.S. Forest
Service vehicles heading into and out of the Angeles National Forest.
Species accounts for arroyo toad and California red-legged frog are included in Attachment B, California Red-Legged
Frog and Arroyo Toad Species Accounts.

Methods
Desktop Analysis
Prior to conducting the field investigation, a literature review was conducted to evaluate the environmental setting
of the Project site and identify potential special-status biological resources that may be found on the site. The
following reports that encompass the Project site were reviewed:


Biological Technical Report, Arroyo Seco Canyon Project, dated September 2014 (BonTerra Psomas 2014a)



Results of the 2013 Amphibian Surveys for the Arroyo Seco Canyon Project, dated February 4, 2014
(BonTerra Psomas 2014b)

The following online databases and reports were reviewed:


California Department of Fish and Wildlife’s (CDFW) California Natural Diversity Database (CNDDB) (CDFW
2019)
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U.S. Fish and Wildlife Service’s (USFWS) Critical Habitat and Species Occurrence Data (USFWS 2019)



Arroyo southwestern toad (Bufo microscaphus californicus) Recovery Plan (USFWS 1999)



Arroyo Toad (Bufo californicus (=microscaphus)) 5-Year Review (USFWS 2009)



Recovery Plan for the California Red-Legged Frog (Rana aurora draytonii) (USFWS 2002)

The CNDDB was queried based on the U.S. Geological Survey 7.5-minute quadrangle on which the Project site is
located (Pasadena, California) and the eight surrounding quadrangles (Sunland, Condor Peak, Chilao Flat, Burbank,
Mount Wilson, Hollywood, Los Angeles, and El Monte). The USFWS occurrence data and critical habitat databases
were queried using geographic information system (GIS) software based on a 5-mile buffer around the Project site.

Field Survey
The purpose of the survey was to look for individuals of the two species and identify potential habitat. The survey
was conducted on May 3, 2019 by Dudek Senior Biologist Michael Cady, as shown in Table 1, Survey Conditions.
The survey was focused on the spreading basins with water and the Arroyo Seco from adjacent to Area 3 and
upstream to Area 2, as shown in Attachment A. The focused survey passes were conducted by walking along the
stream. Any pools, if present, where California red-legged frog could be present would be examined from a distance
using binoculars before being approached.

Table 1
Survey Conditions
Date
5/3/2019

Hours
1000–1200

Personnel
Michael Cady

Conditions
68°F–71°F, 0% cc, 1–2 mph

Notes: cc = cloud cover; mph = miles per hour.

Results
No arroyo toad or California red-legged frog were observed during the survey of the survey area. No breeding habitat,
overflow pools, old flood channels, and pools with shallow margins on streams with relatively open canopies (USFWS
1999), for the species was observed. No pools with substantial depth or with refugia (undercuts in banks or masses
of tree roots were observed) that could support California red-legged frog were observed. Three common amphibian
species were observed in the survey area: western toad (Anaxyrus boreas), California treefrog (Pseudacris
cadaverina), and Baja California treefrog (Pseudacris hypochondriaca). Numerous immature western toads were
observed associated with the northern spreading basins in Area 3. Treefrog tadpoles were observed in the Arroyo
Seco between Area 2 and the JPL Bridge.
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Attachment B
Arroyo Toad and California Red-legged Frog Species Accounts

Arroyo Toad (Anaxyrus (=Bufo) californicus)
State: California Department of Fish and Game Species of Special Concern
Federal: Endangered

Status and Taxonomy
The arroyo toad was federally listed as endangered on December 16, 1994 (59 FR 64589–64867). Critical habitat
for arroyo toad was designated on February 7, 2001 (66 FR 9414–9474). On October 30, 2002, the federal court
of the District of Columbia set aside the 2001 critical habitat designation on the basis of a lawsuit challenging the
designation of arroyo toad critical habitat, citing errors by the U.S. Fish and Wildlife Service (USFWS) in promulgating
the rule (69 FR 23254–23328). On April 28, 2004, the USFWS proposed a new rule designating critical habitat
that differed from the previous designation in regard to mapping grid size and new survey information for the arroyo
toad. On April 13, 2005, the USFWS issued the final critical habitat designation for the arroyo toad (70 FR 19562–
19633). The USFWS reduced the critical habitat area from the 95,655 acres proposed in February 2004 to 11,695
acres in the 2005 final designation (70 FR 19562–19633). Due to concerns about the scientific integrity of the
2005 designation the USFWS published a revised final critical habitat designation on February 9, 2011 that would
include 98,366 acres of critical habitat for the arroyo toad (76 FR 7245–7467). This revised proposed designation
incorporates new information for the arroyo toad collected since 2004 and uses a revised and more detailed
mapping method. A 5-year review completed by the USFWS in 2009 recommended that the arroyo toad be
reclassified to threatened (75 FR 28636–28642). Although not state-listed as threatened or endangered, arroyo
toad is considered a California Department of Fish and Game Species of Special Concern.
At the time the arroyo toad was federally listed in 1994, it was classified as a subspecies (Bufo microscaphus
californicus) of the southwestern toad (B. microscaphus). Based on the results of genetic studies, Gergus (1998)
reclassified the arroyo toad as a separate species, Bufo californicus (66 FR 9414–9474). In addition, the longstanding genus Bufo in North America was replaced with Anaxyrus (Crother 2008), and therefore, the arroyo toad
Bufo californicus was renamed Anaxyrus californicus.
The arroyo toad is a small (4.6 to 8.6 centimeters (1.8 to 3.4 inches)), stocky, dark-spotted toad, usually with a “V”shaped, light-colored stripe across its head between the eyes (Stebbins 2003; USFWS 2009) and lacking a lightcolored mid-dorsal stripe down its back. A detailed description of the species’ physical characteristics can be found
in USFWS (1999).

Habitat Description
The arroyo toad is found along low-gradient streams in coastal and desert drainages as well as high-elevation valleys
in Southern California and northern Baja California, Mexico. It uses aquatic, riparian, and upland habitats to
different degrees, depending on an individual’s stage of development, the time of year, and the weather. Breeding
and larval development occur within aquatic habitats; foraging may occur within drying stream beds, terraces
adjacent to breeding sites, and nearby uplands, where aestivation and overwintering also occur. Breeding habitat
for the arroyo toad is created and maintained by the fluctuating hydrological, geological, and ecological processes
operating in riparian ecosystems and the adjacent uplands. Periodic flooding that modifies stream channels,
redistributes channel sediments, and alters pool location and form, coupled with upper terrace stabilization by
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vegetation, is required to keep a stream segment suitable for all life stages of the arroyo toad (66 FR 9414–9474).
Periodic flooding helps maintain areas of open, sparsely vegetated, sandy stream channels and terraces (Sweet
1992; Griffin and Case 2001). During the day and other periods of inactivity, arroyo toads seek shelter by burrowing
into sand (Sweet 1992). Thus, areas of sandy or friable (readily crumbled) soils are the most important habitat for
the species, and these soils can be interspersed with gravel or cobble deposits (70 FR 19562–19633).
Radiotelemetry studies at near-coastal locations (Griffin 1999) and montane sites (Ramirez 2002) documented
extensive instream movements of adult and juvenile toads during their extended activity season. Arroyo toads may
also seek temporary shelter under rocks or debris and have occasionally been found in mammal burrows (Griffin
1999). However, the use of burrows is not well understood and is believed to be an uncommon event (Haas 2005a).
Outside of the breeding season, juvenile and adult arroyo toads are terrestrial and spend most of their lives on open
terraces and in riparian habitats, typically adjacent to breeding locations and, less commonly, moving into upland
habitats. Riparian areas used by juveniles and adults for foraging and burrowing include sand bars, alluvial terraces,
and streamside benches that lack vegetation or are sparsely to moderately vegetated (Sweet 1992; Holland and
Sisk 2001). Upland habitats occupied by the arroyo toad include alluvial scrubs, sage scrubs, open chaparral,
grassland, and oak woodland (Griffin and Case 2001). Friable sandy soils used for burrowing are the common factor
in these occupied habitats. Arroyo toads also have been found in agricultural fields (Griffin 1999), but these lands
may be habitat sinks (areas where mortality rates are higher than reproduction rates, and thus lead to population
declines over the long term) due to soil type, tilling, pesticide and fertilizer applications, and heavy equipment use
(Griffin and Case 2001).

Life History
Breeding generally occurs from late March until mid-June (Sweet 1989); however, depending on climatological and
hydrologic conditions, breeding may commence as early as mid-February (Haas 2004) and extend into July. Arroyo
toads move within streams and rivers to find suitable breeding and foraging habitats, as well as potential mates. In
years when breeding conditions are poor, male advertisement may persist for extremely short periods, and the
species’ presence may be difficult to detect in the absence of frequent, early season surveys (Haas 2005a).
Females rarely choose breeding sites under closed canopies; heavily shaded pools are generally unsuitable for eggs
and larval arroyo toads because of lower water and soil temperatures and poor algal mat development (66 FR
9413–9474). Eggs are deposited in shallow aquatic habitats characterized by sandy and/or gravelly substrates
and where silt deposition is minimal. These hatch in 4 to 5 days, and the immobile larvae sit for another 5 to 6 days
before dispersing through the water (USFWS 2009). The filter-feeding arroyo toad tadpoles require algal mats for
development. Breeding sites are typically located adjacent to sandy terraces (59 FR 64589–64866); at or near the
edge of shallow pools, low-flow stream channels, and ox-bows; and along in-stream sand bars with minimal current
(0 to 2 kilometers (1.24 miles) per hour) and little or no emergent vegetation. After metamorphosis, which typically
occurs after 10 weeks (USFWS 2009) in the period from May to July, neonate toads remain along or very near
breeding sites, in order to take advantage of available forage and ambient moisture—especially the moist, sandy
substrate of drying pools. Over a period of 8 to 12 weeks, the neonates mature in size, and they leave wet or moist
stream areas and river edges once they are physically capable of burying themselves in local substrates (Sweet
1992).
In many drainages, the arroyo toad does not breed annually, and metapopulations may persist for 7 years or
more between breeding events (Haas 2005b). Moreover, early season breeding attempts may be unsuccessful
if surface flows do not persist for the approximately 60 to 75 days necessary to support larvae to metamorphosis.
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Thus, early season surveys are necessary to determine presence/absence status of the arroyo toad, especially
in years of below-average rainfall (Haas 2004). In years when heavy rains (or planned water releases) affect
breeding sites, arroyo toad larvae may swim or be flushed downstream due to heavy currents (Griffin 1999).
Survivorship of these individuals has never been documented; thus, the effects of such events are unknown.
Subadults and adults may range widely into the surrounding uplands; however, most individuals remain on sandy
terraces adjacent to breeding habitat. Smaller numbers of juveniles and adults range widely into surrounding upland
habitats, and may move up to 1 kilometer (0.6 mile) or more from breeding sites (Holland and Sisk 2001). In some
cases, adults have been found at distances greater than 1 kilometer from riparian areas, such as in upper Cristianitos
Canyon in southern Orange County, where at least one individual was detected 3.4 kilometers (2.1 miles) from the
nearest breeding population (Bloom Biological 2007). The distance traveled from a breeding site depends on
topography (e.g., mild slopes are more easily traversed than steeper slopes) and presence of navigable pathways (e.g.,
roads, game trails, open habitats). Movements into uplands may facilitate foraging and dispersal; however, areas with
extremely compact soils may act as habitat sinks, the use of which may result in desiccation and increased predator
pressure.

Range and Distribution
The arroyo toad is endemic to the coastal plains, coastal slopes, mountains, and desert slopes of California and
northern Baja California in habitats ranging in elevation from near sea level to 8,000 feet. Historically, the species
was known to occur in coastal drainages in Southern California, from San Luis Obispo County to San Diego County,
and in Baja California. According to the USFWS (2009), populations of arroyo toad are now reported in Monterey,
San Luis Obispo, Santa Barbara, Ventura, Los Angeles, Orange, San Bernardino, Riverside, and San Diego Counties.
Arroyo toads may also occur in Imperial County; however, this singular population needs verification (USFWS 2009).
Within the Plan Area, arroyo toads were historically found in the upper Salinas River basin near Santa Margarita,
San Luis Obispo County. However, surveys during the 1980s and 1990s did not detect arroyo toads at this site. The
habitat was potentially negatively affected by the construction of Santa Margarita Dam, approximately 16
kilometers (10 miles) upstream from the site (USFWS 1999). A Recovery Plan for the arroyo toad was published by
the USFWS in 1999, establishing three recovery units for the species, with the Plan Area being included in the
Northern Recovery Unit (USFWS 1999). The Northern Recovery Unit identifies seven populations or
metapopulations on federal lands including one population at Fort Hunter Liggett Army Reserve Training Center,
four populations within the Los Padres Nationals Forest and two populations within Angeles National Forest (USFWS
2009). However, none of these seven populations fall within the Plan Area. There are no historic or recent California
Natural Diversity Database (CNDDB) records for arroyo toad within the Plan Area (Figure A-2) (CDFG 2012).

Population Status and Trends
Arroyo toads have disappeared from approximately 75% of the species’ historically occupied habitat in California
(USFWS 2009). Arroyo toads now survive primarily in the headwaters of coastal streams as small, isolated
populations, having been extirpated from much of their historic habitat (USFWS 2009). At the time the arroyo toad
was federally listed in 1994, only 22 populations of the species in the coastal and desert areas of nine counties
were thought to remain in California. Since the listing of the arroyo toad, new locations in areas that were not
previously known to be occupied by arroyo toads have been discovered as a result of site-specific surveys including
a new population at Fort Hunter Liggett Army Reserve Training Center in Monterey County. Presently, there are 23
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known populations of arroyo toad in California, and the area known to be occupied by the original 22 populations
has expanded as a result of new arroyo toad localities (USFWS 2009).

Threats
In addition to the direct loss of aquatic, riparian, and upland habitat, other factors associated with urban
development that contribute to declining arroyo toad populations were identified in the 2001 final designation of
critical habitat (66 FR 9414–9474). The natural flow of streams can be altered by surface runoff from urban
development and agricultural uses. Water pollution, in the form of fertilizers, biocides, chlorine, and other
pollutants, adversely affects amphibian development, survival, and habitat. Further, the introduction of exotic
predators (e.g., bullfrog (Lithobates catesbeiana), African clawed frog (Xenopus laevis), and green sunfish (Lepomis
cyanellus)) and increases in mesopredators (e.g., raccoons (Procyon lotor) and skunks (Mephitis mephitis)) often
associated with urban development can threaten or eliminate toad populations (69 FR 23254–23328). Exotic plant
species (e.g., tamarisk, giant reed (Arundo donax), iceplant (Hottentot fig) (Carpobrotus edulis), and pampas grass
(Cortaderia selloana)) may also degrade arroyo toad habitat by contributing to altered hydrology, eliminating
sandbars and breeding pools, and restricting access to and quality of upland habitats (69 FR 23254–23328). Other
factors that may adversely affect the species include livestock grazing and recreational activities in riparian areas
and human-related increases in fire frequency and light and noise levels that may affect the species’ nocturnal
foraging and breeding behavior (Barrass and Cohn 1984). Increased water flow rates have been shown to negatively
affect arroyo toad larvae swimming ability when compared to more common toad species (Wilson 2012). Feral pigs
have been shown to negatively affect arroyo toads (76 FR 7245–7467). Additional threats include water
management activities (including dams), road construction, maintenance and use, and mining.
Within the Northern Recovery Unit, the main threats to arroyo toad are non-native species, feral pigs, recreation,
water management activities and diversions. The nearest known populations of arroyo toad to the Plan Area are on
Fort Hunter Liggett Military Reservation on the Sisquoc River, Santa Maria River Basin, Santa Barbara. On Fort
Hunter Liggett Military Reservation, the habitat in which the population exists is in a relatively natural state, but
there are bullfrogs present. In addition, non-native beavers (Castor canadensis) are present, which are also
considered a threat to arroyo toads because they build dams that alter the natural stream flow, which can impact
breeding habitat for arroyo toad (USFWS 2009). Additionally, the resulting ponds are more likely to be occupied by
bullfrogs. On the Sisquoc River, there is inadequate survey information available to determine the main threats
(USFWS 2009).

Conservation and Management
The Arroyo Southwestern Toad Recovery Plan was published by the USFWS on July 24, 1999 (USFWS 1999). The
recovery strategy for the arroyo toad consists of five parts: (1) stabilize and maintain populations through the
range of the arroyo toad in California by protecting sufficient breeding and nonbreeding habitat; (2) monitor the
status of existing populations to ensure recovery actions are successful; (3) identify and secure, by appropriate
management and monitoring, additional suitable arroyo toad habitat and populations; (4) conduct research to
determine the population dynamics and ecology of the species to guide management efforts and determine the
best methods for reducing threats; and (5) develop and implement an outreach program.
A number of integrated natural resource management plans (INRMPs) on military lands, developed as part of
compliance under the Sikes Act Improvement Act of 1977, have provided additional arroyo toad conservation
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and protection measures, including the 2007 INRMP for Fort Hunter Liggett Military Reservation, which includes
conservation measures for arroyo toad such as reducing bullfrog populations and identifying and reducing areas
of noxious weeds (USFWS 2009).
The U.S. Forest Service has developed land management plans that provide additional guidance and protection for
arroyo toad (USFWS 2009). Specific guidelines from the land management plans include the following: (1)
standards and guidelines with measures to protect arroyo toad habitat that are incorporated into projects for
managing vegetation, soil, water, and riparian areas; (2) identification of the arroyo toad as a Management Indicator
Species to be used to track the health of aquatic habitat; (3) specific requirements for monitoring and monitoring
activities that may affect arroyo toad habitat; (4) a five-step project screening process to minimize impacts to
riparian arroyo toad habitat; and (5) guidelines for use of retardant and foams in aquatic environments to minimize
the impacts of these chemicals to the arroyo toad and its habitat during fire suppression activities (USFWS 2009).
Multiple Habitat Conservation Plans (HCPs) provide additional protection for arroyo toad and suitable habitat on
private lands. The Western Riverside Multiple Habitat Conservation Plan (MSHCP) identified a large Conservation
Area where lands will be conserved. It also requires that areas outside of the Conservation Area will be surveyed for
arroyo toad prior to development. The MSHCP also recognizes the importance of habitat connectivity and provides
measures to ensure habitat conserved for arroyo toad will be connected to other areas of suitable habitat. The
MSHCP also provides for the management and monitoring of populations of arroyo toad (USFWS 2009).
Additionally, a study by Miller et al (2012) indicates that periodic disturbance to water flows within stream segments
are beneficial to arroyo toads and detrimental to non-native predators. Arroyo toads are able to persist in the
adjacent upland areas while drought occurs, and are able to quickly reoccupy water once they return. Their nonnative predators are unable to do so; therefore, recolonization of these resources takes longer for them.
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California Red-Legged Frog (Rana draytonii)
State: California Department of Fish and Game Species of Special Concern
Federal: Threatened

Status and Taxonomy
California red-legged frog was originally described in 1852 as two distinct species R. aurora (northern red-legged
frog) and R. draytonii (California red-legged frog), but was later reclassified as a single, polytypic species with two
geographically contiguous subspecies, R. a. aurora and R. a. draytoni, whose ranges overlap over a broad zone
spanning several hundred kilometers from Marin to Humboldt Counties (Schaffer et al. 2004). The results of genetic
studies by Conlon et al. (2006) concluded that the two subspecies are actually separate species. The classification
of the California red-legged frog as a distinct species has now been accepted by the scientific community (Crother
2008). The final critical habitat designation for California red-legged frog published in 2010 recognizes the
California red-legged frog as a distinct species (75 FR 12816–12959).
The California red-legged frog was federally listed as threatened in 1996 (61 FR 25813–25833). On April 13, 2006,
final critical habitat was designated for the California red-legged frog (71 FR 19244–19346). As a result of concern
about scientific integrity and litigation (Center for Biological Diversity v. Kempthorne et al.) regarding the 2006
designation of critical habitat, the U.S. Fish and Wildlife Service (USFWS) published final revised critical habitat for
the California red-legged frog on March 17, 2010 (75 FR 12816–12959). Although California red-legged frog is not
state-listed as threatened or endangered, it is a California Department of Fish and Game Species of Special
Concern.
The California red-legged frog is the largest native frog in the western United States (116 to 138 millimeters (4.6 to
5.4 inches)). The posterior abdomen and hind legs of adults are often red or salmon pink; the back is characterized
by small black flecks and larger irregular dark blotches with indistinct outlines on a brown, gray, olive, or reddishbrown background color. A full description of the physical characteristics of the California red-legged frog can be
found in the Recovery Plan for the California Red-legged Frog (Rana aurora draytonii) (USFWS 2002).

Habitat Description
California red-legged frogs use a variety of different habitats including riparian, aquatic, and upland habitats during
their life cycle. The species may complete its cycle in one particular habitat or it may utilize a number of habitat
types depending on climatic conditions or distance between, and the availability of, wetland and other moist
environments (75 FR 12816–12959). Although the California red-legged frog can utilize multiple habitat types,
breeding must occur in aquatic habitats including streams, deep pools, backwaters within streams and creeks,
ponds, marshes, sag ponds, dune ponds, lagoons, and stock ponds. Red-legged frogs can occur in ephemeral ponds
or permanent streams and ponds, but populations probably cannot persist in ephemeral streams (Jennings and
Hayes 1985). Red-legged frogs generally avoid large river channels with widely fluctuating flows because such
habitat does not permit successful reproductive activity (Hayes and Jennings 1988). Breeding adults often use
deep, still, or slow-moving water and dense, shrubby riparian or emergent vegetation (Hayes and Jennings 1988),
but frogs have been observed in shallow sections of streams and ponds that are devoid of vegetative cover. Habitats
with the highest densities of frogs are deep water ponds with dense stands of overhanging willows (Salix sp.) and
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a fringe of cattails (Typha latifolia) between the willow roots and overhanging willow limbs (Jennings 1988; Rathbun
et al. 1993). The California red-legged frog uses riparian and upland habitats for shelter, foraging, cover, and nondispersal movement (75 FR 12816–12959).

Life History
California red-legged frogs breed during the winter and early spring from as early as late November through April
and May. Larvae remain in breeding ponds until metamorphosis in the summer months (Storer 1925; Wright and
Wright 1949; 75 FR 12816–12959). There is no evidence to suggest that they lay more than one clutch per year
like some eastern ranids (Emlen 1977). Males appear at breeding sites approximately 2 to 4 weeks before females.
Males call in groups of two to seven individuals with females attracted to the calling males (Jennings and Hayes
1994; USFWS 2002). Egg masses containing approximately 2,000 to 6,000 dark reddish eggs are attached to
emergent vegetation such as bulrushes (Scirpus spp.) and cattails. Eggs require 20 to 22 days to develop into
tadpoles, and tadpoles require 4 to 5 months to attain metamorphosis, which usually occurs between July and
September. However, not all tadpoles develop into frogs the first year since overwintering tadpoles have been
observed by a number of studies (USFWS 2002). Sexual maturity can be attained at 2 years of age by males and 3
years of age by females (USFWS 2002).
Red-legged frogs also use non-aquatic terrestrial habitats for refuge and dispersal. They rest and feed in riparian
vegetation, and the moisture and cover of the riparian zone may facilitate dispersal. During periods when water is
absent, red-legged frogs may take refuge in moist areas within riparian habitats and small mammal burrows in
surrounding upland areas. California red-legged frogs may aestivate in small mammal burrows and moist leaf litter
up to 98 feet from water in adjacent dense riparian vegetation for up to 77 days (Rathbun et al. 1993).
California red-legged frog dispersal patterns appear to depend on habitat availability and environmental conditions
(75 FR 12816–12959). In non-aquatic habitats, dispersal may be limited, although California red-legged frogs have
been documented to disperse over 2 miles under certain conditions (Bugler et al. 2003). Fellers and Kleeman
(2007) found that the average dispersal distance of California red-legged frogs in their survey was 492 feet away
from breeding habitat, and they concluded that although most frogs move from their breeding habitat, most only
disperse as far as the nearest non-breeding habitat.
Hayes and Tennant (1985) found that most frequent prey groups for adult red-legged frogs were carabid and
tenebrionid beetles, water striders (Gerridae), lycosid spiders, and larval neuropterans. Tadpoles probably feed on
algae (Jennings et al. 1992). Small vertebrates such as Northern Pacific treefrog (Pseudacris regilla) and California
mouse (Peromyscus californicus) comprised more than 50% of the prey mass taken by larger frogs and were the
largest prey items in the Hayes and Tennant (1985) study.

Range and Distribution
The California red-legged frog formerly occurred from Shasta County, California, to Baja California, Mexico, west of
the mountains, in habitats ranging in elevation from sea level to approximately 1,500 meters (4,921feet). The
current geographic range extends from southern Mendocino County south to Baja California (Shaffer et al. 2004).
It is now known from isolated localities in the Sierra Nevada Mountains, northern Coast, and northern Transverse
Ranges while it is believed to be extirpated from the southern Transverse and Peninsular Ranges (USFWS 2002).
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There is one historic (pre-1990) occurrence record of California red-legged frog within the Plan Area at Grant’s Lake,
west of Bitterwater Valley Road. There are six recent occurrence records for the species within the Plan Area. These
include three records from a small drainage and ponds located between 2 and 4 miles east of the intersection of
Highway 41 and Antelope Grade, east of Cholame Valley. One record is from the Cuyama River, downstream from
Miranda Canyon to an unnamed road crossing, and one record from 1 mile south of Ortega Spring, in the Temblor
Ranges (CDFG 2012) (Figure A-3).

Population Status and Trends
According to the USFWS (61 FR 25813–25833), the species has been extirpated from 70% of its former range and
is now found primarily in wetlands and streams in coastal drainages of central California from Marin County to
Ventura County. Historically, the species was known from 46 counties, but it has been extirpated from 24 of these
(USFWS 2002). It has nearly been extirpated from California's inland regions, including the foothills of the Sierra
Nevada and coastal areas south of Ventura County (Jennings and Hayes 1994). In 2002, the USFWS listed the
species as common in the San Francisco Bay area and along the central coast (USFWS 2002). Within the Plan Area,
California red-legged frogs were once widespread in the inner Coast Ranges between the Salinas River system and
the San Joaquin Valley but have been extirpated from more than 90% of historic localities.

Threats
Habitat loss and degradation have been primary factors in the decline of the California red-legged frog. Other factors
contributing to declining red-legged frog populations, directly related to urban development, include the introduction
and spread of exotic predators (e.g., bullfrog (Lithobates catesbeianus), African clawed-frog (Xenopus laevis), green
sunfish (Lepomis cyanellus), and crayfish) and increases in mesopredators (e.g., raccoons (Procyon lotor), skunks
(Mephitis mephitis), and opossums (Didelphis marsupialis)) (Jennings 1988; Jennings and Hayes 1985; Moyle et
al. 1986; Hayes and Jennings 1986). Additionally, water pollution, in the form of fertilizers, biocides, chlorine, and
other pollutants, adversely affect amphibian development, survival, and habitat. Further, exotic plant species
(e.g., tamarisk, giant reed (Arundo donax), iceplant (Hottentot fig) (Carpobrotus edulis), and pampas grass
(Cortaderia selloana)) may also degrade red-legged frog habitat by contributing to altered hydrology, eliminating
breeding pools, and restricting access to and quality of upland habitat. Other factors that may adversely affect the
species include livestock grazing and recreational activities in riparian areas, and human-related increases in fire
frequency (Jennings 1988).
In 2010, the USFWS designated critical habitat for the California red-legged frog, including one critical habitat area
(SLO-1) that overlaps with the northeast corner of the Plan Area. This area of critical habitat includes locations in
the Cholame Creek drainage and portions of the following watersheds: the southern portion of Blue Point, the
western portion of Jack Canyon, and the eastern portion of Palo Prieto Canyon. The USFWS (75 FR 12816–12959)
lists the following threats within this area of critical habitat: highway construction, overgrazing, and water diversions
and recommends that the following issues across all suitable habitat for California red-legged frog may require
special management considerations: disease; impacts from recreational activities, water diversions, mining, and
flood-control maintenance activities; dredging; sedimentation; water chemistry; sedimentation; water chemistry or
temperature alterations; pesticide application; overgrazing; competition and predation by non-native animal
species; and habitat removal and alteration by urbanization, timber activities, and nonnative plant introduction.
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Conservation and Management
The Recovery Plan for the Red-legged Frog (Rana aurora draytonii) was published by the USFWS on May 28, 2002
(USFWS 2002). The Plan Area overlaps with the Diablo Range and Salinas Valley Recovery Unit and the Northern
Transverse Ranges and Tehachapi Mountains Recovery Unit. The recovery strategy for the California red-legged frog
consists of four parts: (1) protect existing populations by reducing threats, (2) restore and create habitat that will
be protected and managed in perpetuity, (3) survey and monitor populations and conduct research on the biology
of and threats to the subspecies, and (4) reestablish populations of the subspecies within its historical range.
Jennings and Hayes (1994) recommend that riparian habitats need greater protection, especially areas of dense
vegetation associated with deep water habitats. They also recommend that water quality standards and water flow
regimes need to be maintained.
The 2010 final revised critical habitat rule designates 1,636,609 acres of critical habitat in 48 critical habitat units
within 27 California counties (75 FR 12816–12959). The USFWS states that the proposed fourfold expansion of
critical habitat over the 2006 designation better reflects areas that contain the primary constituent elements of
red-legged frog habitat, including aquatic habitat for breeding activities; aquatic habitat for non-breeding activities;
and upland habitat for shelter, foraging, predator avoidance, and dispersal (75 FR 12816–12959). In addition, 34
core areas that were described in the Recovery Plan for the Red-legged Frog (Rana aurora draytonii) (USFWS 2002)
were used to focus on critical habitat areas, and areas within the 2006 designation were expanded to include
habitat that is adjacent to areas with documented occurrences of red-legged frogs.
The California red-legged frog is covered under 22 habitat conservation plans (USFWS 2012).
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MEMORANDUM

To:
From:
Subject:
Date:
Attachment(s):

Elisa Ventura
Michael Cady
Arroyo Seco Canyon – Focused Fish Survey
December 15, 2019
A) Project and Survey Area Location; B) Southern Steelhead/Rainbow Trout and Arroyo Chub
Species Accounts

Dudek conducted a focused fish survey for the City of Pasadena (City) Pasadena Water and Power (PWP) in support
of Arroyo Seco Canyon Project Areas 2 and 3 (proposed Project or Project). The focus of the survey were southern
steelhead/rainbow trout Oncorhynchus mykiss) and arroyo chub (Gila orcuttii). The Project is located in the in the
northwest corner of the City of Pasadena in Los Angeles County, California, as shown in Attachment A, Project and
Survey Area Location. For the proposed Project’s Environmental Impact Report analysis, the proposed Project
consists of two primary action areas: a diversion dam and intake replacement in Area 2, and the spreading basin
expansion in Area 3. An additional area (Area 1; Arroyo Seco Headworks) was previously allowed under an Initial
Study/Mitigated Negative Declaration for the project. This area was included in the focused fish survey in support
of the permits needed for impacts to jurisdictional waters for the project that will be for all three areas. These areas
are connected by the Gabrielino Trail/Access Road, which serves as a recreational trail and the access road for City
of Pasadena and U.S. Forest Service vehicles heading into and out of the Angeles National Forest.
Species accounts for southern steelhead/rainbow trout and arroyo chub are included in Attachment B, Southern
Steelhead/Rainbow Trout and Arroyo Chub Species Accounts.

Methods
Desktop Analysis
Prior to conducting the field investigation, a literature review was conducted to evaluate the environmental setting
of the Project site and identify potential special-status biological resources that may be found on the site. The
following reports that encompass the Project site were reviewed:


Biological Technical Report, Arroyo Seco Canyon Project, dated September 2014 (BonTerra Psomas 2014a)

The following online databases and reports were reviewed:


California Department of Fish and Wildlife’s (CDFW) California Natural Diversity Database (CNDDB) (CDFW
2019)



U.S. Fish and Wildlife Service’s (USFWS) Critical Habitat and Species Occurrence Data (USFWS 2019)
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National Oceanic and Atmospheric Administration’s (NOAA). Southern California Steelhead Recovery Plan
(NOAA 2012)



Inland Fishes of California (Moyle 2002)



The Status and Distribution of the Freshwater Fishes of Southern California (Swift et al. 1993)



Fish Species of Special Concern Of California (Moyle et al. 2015)

The CNDDB was queried based on the U.S. Geological Survey 7.5-minute quadrangle on which the Project site is
located (Pasadena, California) and the eight surrounding quadrangles (Sunland, Condor Peak, Chilao Flat, Burbank,
Mount Wilson, Hollywood, Los Angeles, and El Monte). The USFWS occurrence data and critical habitat databases
were queried using geographic information system (GIS) software based on a 5-mile buffer around the Project site.

Field Survey
The focused survey area was within the Arroyo Seco from where the waters go sub-grade to the west of Area 3 and
upstream to the Brown Mountain Dam; approximately 4.5 river miles, as shown in Attachment A. The purpose of
the survey was to look for individuals of the two species and identify potential habitat. The survey was conducted
on May 3, 2019 by Dudek Senior Biologist Michael Cady, as shown in Table 1, Survey Conditions. The focused
survey passes were conducted by walking along and within the stream. Any pools, if present, where southern
steelhead/rainbow trout could be present would be examined from a distance using binoculars before being
approached.

Table 1
Survey Conditions
Date
10/14/2019

Hours
0900-1500

Personnel
Michael Cady

Conditions
61°F–73°F, 0% cc, 1–2 mph

Notes: cc = cloud cover; mph = miles per hour.

Results
No fish were observed during the survey. No suitable habitat, characterized by slow-moving water, mud or sand
substrate, and depths greater than 40 centimeters (Moyle et al. 2015), for arroyo chub was observed in the survey
area. No large, deep pools were observed that are preferred by the species during the summer and early fall (NOAA
2012), prior to the onset of the wet season.
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Southern Steelhead (Oncorhynchus mykiss)
State: None
Federal: Endangered

Life History
The southern steelhead (Oncorhynchus mykiss) and the rainbow trout are the same species, but the steelhead is
anadromous (migrating from salt to freshwater) and the rainbow trout is confined to freshwater habitats. It is
common to find populations exhibiting both life history strategies within the same river system, and individuals that
exhibit one life history strategy can produce offspring that exhibit the other strategy (62 FR 43937–43954).
Southern steelhead are lightly to heavily spotted with small black spots on a lighter background; the dorsal, caudal,
and adipose fins have these spots as well. Juvenile and larger freshwater resident trout have a red to pink stripe
down the mid-sides, hence the name ‘rainbow” for the freshwater populations. Anadromous fish are larger, lack the
pink stripe of the rainbow trout, and exhibit an overall silvery appearance with a "steely" blue-grey color dorsally.
The inside of the mouth is entirely white in contrast to the other Pacific salmonid species, and they have a stronger
tail stock and smaller anal fin than the other native Pacific salmon. The adipose fin separates them from all other
native freshwater fish in anadromous streams in coastal southern California (Moyle 2002).
The range of the southern steelhead is from the Santa Maria River along the San Luis Obispo–Santa Barbara County
line in the north to the Tijuana River just north of the United States–Mexico border in the south. The southern
steelhead’s historic range within many of these coastal streams was limited by natural barriers, above which no
known southern California populations of native rainbow trout or steelhead previously existed. Definitive records of
southern steelhead are not available for many of the small coastal streams within the Southern California
Evolutionarily Significant Unit (ESU); however, it is believed that most of the streams were inhabited by southern
steelhead. The distribution of southern steelhead within the ocean is not well known, but some evidence indicates
that they stay relatively close to the coast and even near the mouths of their natal streams, in contrast to other
Pacific salmonid species that range widely in the ocean (NMFS 2007).
Since the late 1990s southern steelhead have been recorded in the following watersheds:


Santa Barbara County – the Santa Maria River, Santa Ynez River, Gaviota Creek, Arroyo Honda, Mission
Creek, and Carpinteria Creek;



Ventura County – the Ventura River and Santa Clara River;



Los Angeles County – Malibu Creek and Topanga Creek;



Orange County – San Juan Creek; and



San Diego County – San Mateo Creek.

Migration and life history patterns of southern steelhead depend on rainfall and streamflow. In the highly variable
conditions of the watersheds along the south central California coast, populations may commonly decline to
extremely low numbers in some years. In most southern California streams sandbars at the mouth of the estuaries
during periods of low river flow may block migration from the ocean. Adult steelhead congregate in the Pacific Ocean
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off the mouth of the River and migrate upstream after the sandbar is breached from seasonal tidal influences
and/or when triggered by rising streamflows from storm events (Moyle 2002; Shapovalov and Taft 1954).
In some river systems such as the Santa Clara River, steelhead appear to use winter freshets (a rise or overflowing
of a stream resulting from heavy rain or snow melt) as a means to move from the sea to the upper areas of the
watershed. These winter freshets may provide enough surface flow to break through the sandbar that builds up at
the River–estuary interface during the low flow summer months.
Downstream migration of juveniles usually occurs between March and June (Shapovalov and Taft 1954). In
southern California, steelhead typically migrates to the ocean as one- or two-year olds (Moore 1980). Outmigrating
steelhead in the Santa Clara River, for example, have been observed from January through early June, but the
majority of steelhead smolt emigrate during the period from March through early May, and the timing of migration
is strongly dependent on streamflows (ENTRIX 2000).
Steelhead in the ocean feed on a variety of pelagic organisms, primarily anchovies and crustaceans. In streams,
they overwhelmingly feed on aquatic insects in both the benthos and stream drift. They also consume available
non-insects, including amphipods, isopods, oligochaete worms, and terrestrial insects that fall into streams. Larger
steelhead in freshwater streams also take fish, such as sculpin, tidewater gobies, and small minnows and suckers.
Larger juveniles in lagoons may feed on mysid shrimp, amphipods, and isopods, as well as a smaller variety of
insects available in lagoons (Moyle 2002).
In streams, steelhead use habitat consisting of relatively cool, well-oxygenated water with adequate depth and
cover. Temperature tolerances and preferences of steelhead vary among life stages. Eggs mortality may occur at
water temperatures in excess of 55 F (13.3 C) (McEwan and Jackson 1996). At water temperatures greater than
70 F (21.1 C), steelhead appear to have difficulty obtaining sufficient oxygen from the water (McEwan and Jackson
1996). However, Carpanzano (1996) found trout living in Sespe Creek with a water temperature of 82.4º F (28º C).
Cover provided by gravel, cobble, boulder, undercut banks, large and small woody debris, and overhanging
vegetation is important for survival.
Steelhead require relatively clean unconsolidated gravel and cobble for spawning. Females excavate oval nests and
lay their eggs while one or more attending males fertilize the eggs as they fall among the gravel. Unlike other Pacific
salmonid species, steelhead can survive spawning and return to reproduce multiple times. Eggs hatch within three
to four weeks, but the alevins (yolk-sac fry) cannot swim because they still have a large yolk attached. The alevins
remain in the gravel for two additional weeks and then emerge when their yolk is used up. At this point, the alevins
become free swimming juveniles. The juveniles spend one to two years in freshwater, reaching five to 10 inches in
length before attempting to migrate to the ocean (Moyle 2002). Fish that descend to larger river habitats or coastal
lagoons often attain larger sizes than stream-reared fish. It has been shown in the Santa Cruz, for example, that
larger fish survive much better in the ocean than smaller fish. After their first year of life, steelhead may undergo
physiological and morphological changes to smolts enabling them to survive in a marine environment. These smolts
then migrate to the ocean, typically from March to May (Moyle 2002). Steelhead spend two to three years in the
ocean and can grow to approximately 35 inches in length and weigh up to 22 pounds, although most are smaller
(Moyle 2002). Studies of central California steelhead indicate that most individuals return to their natal stream, but
some individuals do stray to other streams. This aspect of southern California populations is little studied and is an
area of active current research.
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Regulatory History
The southern steelhead was federally-listed as endangered in 1997 in the Southern California ESU that extends
from the Santa Maria River in the north southward to Malibu Creek without critical habitat (62 FR 43937–43954).
In 2002 the range of the Southern California ESU was extended south to the United States–Mexico Border (67 FR
21586–21598). On January 5, 2006, the federal endangered status of the southern steelhead was re-affirmed for
10 Distinct Population Segments (DPS) of West Coast Steelhead (71 FR 834).

Critical Habitat
The NMFS designated final critical habitat for five steelhead ESUs on September 2, 2005, (70 FR 52488–52586).
The NMFS identified the following primary constituent elements (PCEs) in designating steelhead critical habitat (70
FR 52521):

1. Freshwater spawning sites with water quantity and quality conditions and substrate supporting spawning,
incubation and larval development.

2. Freshwater rearing sites with water quantity and floodplain connectivity to form and maintain physical
habitat conditions and support juvenile growth and mobility; water quality and forage supporting juvenile
development; and natural cover such as shade, submerged and overhanging large wood, log jams and
beaver dams, aquatic vegetation, large rocks and boulders, side channels, and undercut banks.

3. Freshwater migration corridors free of obstruction with water quantity and quality conditions and natural
cover such as submerged and overhanging large wood, aquatic vegetation, large rocks and boulders, side
channels, and undercut banks supporting juvenile and adult mobility and survival.

4. Estuarine areas free of obstruction with water quality, water quantity, and salinity conditions supporting
juvenile and adult physiological transitions between fresh- and saltwater; natural cover such as submerged
and overhanging large wood, aquatic vegetation, large rocks and boulders, and side channels; and juvenile
and adult forage, including aquatic invertebrates and fishes, supporting growth and maturation.

5. Nearshore marine areas free of obstruction with water quality and quantity conditions and forage, including
aquatic invertebrates and fishes, supporting growth and maturation; and natural cover such as submerged
and overhanging large wood, aquatic vegetation, large rocks and boulders, and side channels.

6. Offshore marine areas with water quality conditions and forage, including aquatic invertebrates and fishes,
supporting growth and maturation.

Recovery Plan
Presently, a Recovery Plan required by the federal ESA has not been published. However, a Southern California ESU
recovery team has been formed and is currently working on a draft Recovery Plan for southern steelhead within the
Santa Clara River and the Southern California ESU. In September 2007, a Federal Recovery Outline for the DPS of
southern steelhead was released (NMFS 2007).
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Threats
The primary threats to southern steelhead include loss of important portions of habitat range and deterioration of
habitats due to artificial barriers that limit upstream migration, diversion of water from natural channels, and
introduction of non-native species. The following provides a brief summary of the threats to southern steelhead
based on the five listing factors that are used to assess species for listing as threatened or endangered under the
federal ESA: (1) alteration of flow regimes from construction of dams and diversions; (2) decreased water quality
(particularly higher water temperatures); (3) recreational fishing; (4) predation from birds and other fishes; and (5)
competition and introduction of disease from trout and exotic species such as channel catfish, black bullhead,
green sunfish, and largemouth bass.
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ARROYO CHUB
State: California Department of Fish and Wildlife Species of Special Concern
Federal: None

Life History
The arroyo chub (Gila orcutti) is native to the Los Angeles, San Gabriel, San Luis Rey, Santa Ana, and Santa
Margarita rivers and San Juan and Malibu creeks (CDFG 1995B). Arroyo chub are now rare within their native range
and are only common in the upper Santa Margarita River and its tributary De Luz Creek in northern San Diego
County; Trabuco Creek below O'Neill Regional Park and San Juan Creek (San Juan Creek drainage) in southern
Orange County; and Malibu Creek (Swift et al. 1993) and West Fork San Gabriel River below Cogswell Reservoir in
Los Angeles County (CDFG 1995). The arroyo chub's range was artificially expanded as bait with trout or
mosquitofish in the 1930s and 1940s (Swift et al. 1993). The arroyo chub was successfully introduced into the
Santa Ynez, Santa Maria, Cuyama, and Mojave rivers, and is considered to be introduced within the Santa Clara
River watershed (Swift et al. 1993; CDFG 1995). If not for the introduced populations, the arroyo chub would likely
be considered a threatened or endangered species (NatureServe 2007).
The arroyo chub is a small fish, typically about 70 to 100 millimeters in size. It occurs in slow-moving or backwater
sections of warm to cool (10ºC to 24ºC) streams with mud or sand substrates; it thrives in low-gradient systems
(Swift et al. 1993). This species may tolerate high temperatures and hypoxic conditions that occur in slow-flowing
or stagnant streams and backwater pools in dry summers. The arroyo chub feeds primarily on algae but also feeds
on insects and small crustaceans.
The arroyo chub can successfully reproduce after one year (CDFG 1995). Arroyo chubs are fractional spawners that
will breed from May to August, with the majority of breeding events taking place in June and July (CDFG 1995),
although others report spawning in March to April or May (NatureServe 2007). The arroyo chub breeding habitat
requires slow-moving areas of water or pools. After hatching, the young spend the next three to four months in areas
of quiet water, usually among vegetation or areas with cover (CDFG 1995).

Threats
The arroyo chub is subject to various threats, including urbanization and associated habitat fragmentation,
degradation, and reduction of suitable habitat for necessary for survival and breeding (CDFG 1995). The red shiner
(Cyprinella lutrensis), an introduced minnow, can competitively exclude the arroyo chub from many areas it would
be expected to occur. The arroyo chub can also be the victim of predation by various species, including green sunfish
(Lepomis cyanellus) and salmonids. Other threats include lowering of the water level by dewatering, diversions, and
water quality effects of waste and storm waters. The genetic integrity of introduced arroyo chub populations is at
risk because as the species may hybridize in areas where other species of the Cyprinidae family occur (NatureServe
2007).
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APPENDIX D
Representative Site Photographs

Photo 1. Area 2, existing diversion dam.

Photo 2. Area 2, existing diversion dam.

Photo 3. Area 2, existing diversion dam from Gabrielino
Trail/Access Road.

Photo 4. Staging area south of Area 2 and adjacent
to the Gabrielino Trail/Access Road.
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Photo 5. Area 3, existing basin.

Photo 6. Area 3, graded area is where proposed
basins will be constructed.

Photo 7. Area 3, existing basin.

Photo 8. The Arroyo Seco wash adjacent to Area 3
with JPL in the background.
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Photo 9. Gabrielino Trail/Access Road south of Area 2.

Photo 10. North Arroyo Boulevard.

Photo 12. Coast live oak woodland on the right and
Photo 11. California sagebrush-California buckwheat-

white alder-California sycamore woodland bordering

laurel sumac scrub in Area 3.

Gabrielino Trail/Access Road.
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Photo 13. Arroyo willow-mulefat scrub in the Arroyo Seco
to the west of Area 3.

Photo 14. Disturbed habitat in Area 3.

Photo 16. Urban/developed lands adjacent to

Photo 15. Urban/developed lands in Area 3.

California sagebrush-California buckwheat-laurel sumac
scrub in Area 3.
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*

Denotes non-native species.
EUDICOTS
VASCULAR SPECIES

ADOXACEAE—MUSKROOT FAMILY
Sambucus nigra—blue elderberry
AMARANTHACEAE—AMARANTH FAMILY
*
Amaranthus albus—prostrate pigweed
ANACARDIACEAE—SUMAC OR CASHEW FAMILY
Malosma laurina—laurel sumac
Rhus integrifolia—lemonade berry
Rhus ovata—sugarbush
*
Schinus molle—Peruvian peppertree
Toxicodendron diversilobum—poison oak
APIACEAE—CARROT FAMILY
*
Anthriscus caucalis—bur chervil
*
Conium maculatum—poison hemlock
APOCYNACEAE—DOGBANE FAMILY
*
Nerium oleander—oleander
*
Vinca major—bigleaf periwinkle
ARALIACEAE—GINSENG FAMILY
*
Hedera helix—English ivy
ASTERACEAE—SUNFLOWER FAMILY
Achillea millefolium—common yarrow
Ambrosia acanthicarpa—flatspine bur ragweed
Ambrosia psilostachya—western ragweed
*
Anthemis cotula—stinking chamomile
Artemisia californica—California sagebrush
Artemisia douglasiana—Douglas’ sagewort
Artemisia dracunculus—wild tarragon
Baccharis pilularis—coyote brush
Baccharis salicifolia—mulefat
Bidens frondosa—devil’s beggartick
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*
*

*
*
*
*
*
*

Bidens pilosa—hairy beggarticks
Carduus pycnocephalus—Italian plumeless thistle
Centaurea melitensis—Maltese star-thistle
Chaenactis glabriuscula—yellow pincushion
Delairea odorata—Cape-ivy
Encelia californica—California brittle bush
Erigeron canadensis—Canadian horseweed
Erigeron foliosus—leafy fleabane
Eriophyllum confertiflorum—golden-yarrow
Helianthus annuus—common sunflower
Helminthotheca echioides—bristly oxtongue
Heterotheca grandiflora—telegraphweed
Lactuca serriola—prickly lettuce
Lepidospartum squamatum—scale broom
Logfia gallica—narrowleaf cottonrose
Malacothrix saxatilis—cliff desertdandelion
Pseudognaphalium luteoalbum—Jersey cudweed
Rafinesquia californica—California plumeseed
Sonchus asper—spiny sowthistle
Sonchus oleraceus—common sowthistle
Stephanomeria exigua—small wirelettuce
Stephanomeria virgata—rod wirelettuce

BETULACEAE—BIRCH FAMILY
Alnus rhombifolia—white alder
BORAGINACEAE—BORAGE FAMILY
Cryptantha intermedia—Clearwater cryptantha
Cryptantha micromeres—pygmyflower cryptantha
Eriodictyon crassifolium—thick leaf yerba santa
Eucrypta chrysanthemifolia—spotted hideseed
Pectocarya penicillata—sleeping combseed
Phacelia cicutaria—caterpillar phacelia
Phacelia tanacetifolia—lacy phacelia
BRASSICACEAE—MUSTARD FAMILY
*
Brassica nigra—black mustard
*
Brassica rapa—field mustard
*
Capsella bursa-pastoris—shepherd’s purse
Cardamine oligosperma—little western bittercress
Descurainia pinnata—western tansymustard
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*
*
*
*

Hirschfeldia incana—shortpod mustard
Lepidium virginicum—Virginia pepperweed
Nasturtium officinale—watercress
Raphanus sativus—cultivated radish
Sisymbrium irio—London rocket
Sisymbrium officinale—hedgemustard
Sisymbrium orientale—Indian hedgemustard

CACTACEAE—CACTUS FAMILY
*
Opuntia ficus-indica—Barbary fig
Opuntia oricola—chaparral pricklypear
CARYOPHYLLACEAE—PINK FAMILY
Silene laciniata—cardinal catchfly
CHENOPODIACEAE—GOOSEFOOT FAMILY
*
Chenopodium album—lambsquarters
*
Salsola tragus—prickly Russian thistle
CONVOLVULACEAE—MORNING-GLORY FAMILY
Calystegia macrostegia—island false bindweed
Cuscuta californica—chaparral dodder
CRASSULACEAE—STONECROP FAMILY
Dudleya cymosa—canyon liveforever
CUCURBITACEAE—GOURD FAMILY
Marah fabacea—California man-root
Marah macrocarpa—Cucamonga manroot
EUPHORBIACEAE—SPURGE FAMILY
Euphorbia albomarginata—whitemargin sandmat
*
Ricinus communis—castorbean
FABACEAE—LEGUME FAMILY
Acmispon americanus—Spanish clover
Acmispon glaber—deer weed
Acmispon maritimus—coastal bird’s-foot trefoil
*
Colutea arborescens—bladder senna
Lathyrus vestitus—Pacific pea
Lupinus bicolor—miniature lupine
Lupinus hirsutissimus—stinging annual lupine
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*

Medicago polymorpha—burclover
Melilotus indicus—annual yellow sweetclover
Pickeringia montana—chaparral pea
Spartium junceum—Spanish broom

FAGACEAE—OAK FAMILY
Quercus agrifolia—coast live oak
Quercus berberidifolia—scrub oak
Quercus chrysolepis—canyon live oak
GERANIACEAE—GERANIUM FAMILY
*
Erodium botrys—longbeak stork’s bill
*
Erodium cicutarium—redstem stork’s bill
*
Geranium molle—dovefoot geranium
GROSSULARIACEAE—GOOSEBERRY FAMILY
Ribes amarum—bitter gooseberry
Ribes aureum—golden currant
Ribes malvaceum—chaparral currant
JUGLANDACEAE—WALNUT FAMILY
Juglans californica—Southern California black walnut
LAMIACEAE—MINT FAMILY
*
Marrubium vulgare—horehound
Salvia apiana—white sage
Salvia mellifera—black sage
LAURACEAE—LAUREL FAMILY
Umbellularia californica—California bay
MALVACEAE—MALLOW FAMILY
*
Malva parviflora—cheeseweed mallow
MONTIACEAE—MONTIA FAMILY
Claytonia perfoliata—miner’s lettuce
MORACEAE—MULBERRY FAMILY
*
Ficus carica—edible fig
MYRTACEAE—MYRTLE FAMILY
*
Eucalyptus camaldulensis—river redgum
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OLEACEAE—OLIVE FAMILY
Fraxinus velutina—velvet ash
ONAGRACEAE—EVENING PRIMROSE FAMILY
Camissoniopsis bistorta—southern suncup
Camissoniopsis confusa—San Bernardino suncup
Camissoniopsis micrantha—miniature suncup
Clarkia purpurea—winecup clarkia
Epilobium canum—hummingbird trumpet
*
Oenothera laciniata—cutleaf evening primrose
OROBANCHACEAE—BROOM-RAPE FAMILY
Castilleja affinis—coast Indian paintbrush
PAPAVERACEAE—POPPY FAMILY
Eschscholzia californica—California poppy
PHRYMACEAE—LOPSEED FAMILY
Diplacus aurantiacus—bush monkeyflower
Erythranthe cardinalis—scarlet monkeyflower
PLANTAGINACEAE—PLANTAIN FAMILY
Keckiella cordifolia—heartleaf keckiella
*
Plantago arenaria—sand plantain
*
Plantago lanceolata—narrowleaf plantain
*
Plantago major—common plantain
*
Veronica anagallis-aquatica—water speedwell
PLATANACEAE—PLANE TREE, SYCAMORE FAMILY
Platanus racemosa—California sycamore
POLEMONIACEAE—PHLOX FAMILY
Allophyllum glutinosum—sticky false gilyflower
POLYGONACEAE—BUCKWHEAT FAMILY
Eriogonum fasciculatum—California buckwheat
*
Rumex crispus—curly dock
RANUNCULACEAE—BUTTERCUP FAMILY
Clematis lasiantha—pipestem clematis
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RHAMNACEAE—BUCKTHORN FAMILY
Ceanothus crassifolius—hoary leaf ceanothus
Ceanothus leucodermis—chaparral whitethorn
Ceanothus oliganthus—hairy leaf ceanothus
Frangula californica—California coffee berry
Rhamnus crocea—redberry buckthorn
Rhamnus ilicifolia—hollyleaf redberry
ROSACEAE—ROSE FAMILY
Cercocarpus betuloides—birch leaf mountain mahogany
Heteromeles arbutifolia—toyon
Prunus ilicifolia—holly leaf cherry
Rosa californica—California rose
Rubus ursinus—California blackberry
RUBIACEAE—MADDER FAMILY
Galium angustifolium—narrowleaf bedstraw
Galium aparine—stickywilly
SALICACEAE—WILLOW FAMILY
Populus fremontii—Fremont cottonwood
Salix exigua—sandbar willow
Salix gooddingii—black willow
Salix laevigata—red willow
Salix lasiolepis—arroyo willow
SAPINDACEAE—SOAPBERRY FAMILY
Acer macrophyllum—bigleaf maple
*
Acer saccharinum—silver maple
SCROPHULARIACEAE—FIGWORT FAMILY
*
Verbascum blattaria—moth mullein
*
Verbascum virgatum—wand mullein
SIMAROUBACEAE—QUASSIA OR SIMAROUBA FAMILY
*
Ailanthus altissima—tree of heaven
SOLANACEAE—NIGHTSHADE FAMILY
Datura wrightii—sacred thorn-apple
*
Nicotiana glauca—tree tobacco
Solanum americanum—American black nightshade
Solanum douglasii—greenspot nightshade
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Solanum xanti—chaparral nightshade
URTICACEAE—NETTLE FAMILY
*
Urtica dioica—stinging nettle
ZYGOPHYLLACEAE—CALTROP FAMILY
*
Tribulus terrestris—puncturevine
FERNS AND FERN ALLIES
VASCULAR SPECIES
DRYOPTERIDACEAE—WOOD FERN FAMILY
*
Dryopteris arguta—coastal woodfern
POLYPODIACEAE—POLYPODY FAMILY
Polypodium californicum—California polypody
PTERIDACEAE—BRAKE FAMILY
Pellaea andromedifolia—coffee cliffbrake
GYMNOSPERMS AND GNETOPHYTES
VASCULAR SPECIES
CUPRESSACEAE—CYPRESS FAMILY
Calocedrus decurrens—incense cedar
PINACEAE—PINE FAMILY
Pinus coulteri—Coulter pine
*
Pinus halepensis—Aleppo pine
MONOCOTS
VASCULAR SPECIES
AGAVACEAE—AGAVE FAMILY
*
Agave americana—American century plant
Hesperoyucca whipplei—chaparral yucca
ARECACEAE—PALM FAMILY
*
Washingtonia robusta—Washington fan palm
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POACEAE—GRASS FAMILY
*
Avena barbata—slender oat
*
Avena fatua—wild oat
*
Bromus diandrus—ripgut brome
*
Bromus hordeaceus—soft brome
*
Bromus madritensis ssp. rubens—red brome
Elymus condensatus—giant wild rye
*
Festuca myuros—rat-tail fescue
*
Festuca perennis—perennial rye grass
*
Hordeum murinum—mouse barley
*
Lamarckia aurea—goldentop grass
*
Pennisetum setaceum—fountain grass
*
Phalaris minor—littleseed canarygrass
*
Polypogon monspeliensis—annual rabbitsfoot grass
*
Polypogon viridis—beardless rabbitsfoot grass
*
Schismus barbatus—common Mediterranean grass
*
Stipa miliacea—no common name
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*

Denotes non-native species.
AMPHIBIAN
FROGS

HYLIDAE—TREEFROGS
Pseudacris cadaverina—California treefrog
Pseudacris hypochondriaca—Baja California treefrog
TOADS
BUFONIDAE—TRUE TOADS
Anaxyrus boreas—western toad
BIRD
BLACKBIRDS, ORIOLES, AND ALLIES
ICTERIDAE—BLACKBIRDS
Icterus bullockii—Bullock’s oriole
Icterus cucullatus—hooded oriole
*
Molothrus ater—brown-headed cowbird
BUSHTITS
AEGITHALIDAE—LONG-TAILED TITS AND BUSHTITS
Psaltriparus minimus—bushtit
CARDINALS, GROSBEAKS, AND ALLIES
CARDINALIDAE—CARDINALS AND ALLIES
Pheucticus melanocephalus—black-headed grosbeak
Piranga ludoviciana—western tanager
FINCHES
FRINGILLIDAE—FRINGILLINE AND CARDUELINE FINCHES AND ALLIES
Haemorhous mexicanus—house finch
Spinus lawrencei—Lawrence’s goldfinch
Spinus psaltria—lesser goldfinch
Spinus tristis—American goldfinch
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FLYCATCHERS
TYRANNIDAE—TYRANT FLYCATCHERS
Contopus sordidulus—western wood-pewee
Empidonax difficilis—Pacific-slope flycatcher
Myiarchus cinerascens—ash-throated flycatcher
Sayornis nigricans—black phoebe
Tyrannus vociferans—Cassin’s kingbird
HAWKS
ACCIPITRIDAE—HAWKS, KITES, EAGLES, AND ALLIES
Accipiter cooperii—Cooper’s hawk
Buteo jamaicensis—red-tailed hawk
Buteo lineatus—red-shouldered hawk
HUMMINGBIRDS
TROCHILIDAE—HUMMINGBIRDS
Calypte anna—Anna’s hummingbird
Selasphorus sasin—Allen’s hummingbird
JAYS, MAGPIES, AND CROWS
CORVIDAE—CROWS AND JAYS
Aphelocoma californica—California scrub-jay
Corvus brachyrhynchos—American crow
Corvus corax—common raven
MOCKINGBIRDS AND THRASHERS
MIMIDAE—MOCKINGBIRDS AND THRASHERS
Mimus polyglottos—northern mockingbird
Toxostoma redivivum—California thrasher
NEW WORLD QUAIL
ODONTOPHORIDAE—NEW WORLD QUAIL
Callipepla californica—California quail
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NEW WORLD VULTURES
CATHARTIDAE—NEW WORLD VULTURES
Cathartes aura—turkey vulture
OLD WORLD WARBLERS AND GNATCATCHERS
SYLVIIDAE—SYLVIID WARBLERS
Polioptila caerulea—blue-gray gnatcatcher
PIGEONS AND DOVES
COLUMBIDAE—PIGEONS AND DOVES
Patagioenas fasciata—band-tailed pigeon
Zenaida macroura—mourning dove
*
Streptopelia decaocto—Eurasian collared-dove
SHOREBIRDS
CHARADRIIDAE—LAPWINGS AND PLOVERS
Charadrius vociferus—killdeer
SILKY FLYCATCHERS
PTILOGONATIDAE—SILKY-FLYCATCHERS
Phainopepla nitens—phainopepla
STARLINGS AND ALLIES
STURNIDAE—STARLINGS
*
Sturnus vulgaris—European starling
SWALLOWS
HIRUNDINIDAE—SWALLOWS
Hirundo rustica—barn swallow
Petrochelidon pyrrhonota—cliff swallow
Stelgidopteryx serripennis—northern rough-winged swallow
Tachycineta thalassina—violet-green swallow
SWIFTS
APODIDAE—SWIFTS
Aeronautes saxatalis—white-throated swift
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TITMICE
PARIDAE—CHICKADEES & TITMICE
Baeolophus inornatus—oak titmouse
VIREOS
VIREONIDAE—VIREOS
Vireo gilvus—warbling vireo
WATERFOWL
ANATIDAE—DUCKS, GEESE, AND SWANS
Anas platyrhynchos—mallard
WOOD WARBLERS AND ALLIES
PARULIDAE—WOOD-WARBLERS
Cardellina pusilla—Wilson’s warbler
Oreothlypis celata—orange-crowned warbler
Setophaga petechia—yellow warbler
WOODPECKERS
PICIDAE—WOODPECKERS AND ALLIES
Colaptes auratus—northern flicker
Melanerpes formicivorus—acorn woodpecker
Dryobates nuttallii—Nuttall’s woodpecker
Dryobates pubescens—downy woodpecker
Dryobates villosus—hairy woodpecker
WRENS
TROGLODYTIDAE—WRENS
Catherpes mexicanus—canyon wren
Thryomanes bewickii—Bewick’s wren
Troglodytes aedon—house wren
WRENTITS
TIMALIIDAE—BABBLERS
Chamaea fasciata—wrentit
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PARROTS
PSITTACIDAE—AFRICAN AND NEW WORLD PARROTS
*
Amazona viridigenalis—red-crowned parrot
NEW WORLD SPARROWS
PASSERELLIDAE—NEW WORLD SPARROWS
Junco hyemalis—dark-eyed junco
Melospiza melodia—song sparrow
Melozone crissalis—California towhee
Pipilo maculatus—spotted towhee
MAMMAL
CANIDS
CANIDAE—WOLVES AND FOXES
Canis latrans—coyote
SQUIRRELS
SCIURIDAE—SQUIRRELS
Sciurus griseus—western gray squirrel
Spermophilus (Otospermophilus) beecheyi—California ground squirrel
UNGULATES
CERVIDAE—DEERS
Odocoileus hemionus—mule deer
REPTILE
LIZARDS
PHRYNOSOMATIDAE—IGUANID LIZARDS
Sceloporus occidentalis—western fence lizard
Uta stansburiana—common side-blotched lizard
ANGUIDAE—ALLIGATOR LIZARDS
Elgaria multicarinata—southern alligator lizard
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APPENDIX G
Special-Status Plant Species with Recorded Occurrences in the Project Vicinity
Scientific Name

Common
Name

Status1
(Federal/State/CRPR)

Primary Habitat Associations/ Life Form/ Blooming
Period/ Elevation Range (feet)

Potential to Occur

Arctostaphylos
glandulosa ssp.
gabrielensis

San Gabriel
manzanita

None/None/1B.2

Chaparral (rocky)/perennial evergreen
shrub/Mar/1950–4920

Not expected to occur. The Study Area is outside
the range of the species.

Arenaria paludicola

marsh
sandwort

FE/SE/1B.1

Marshes and swamps (freshwater or brackish); sandy,
openings/perennial stoloniferous herb/May–Aug/5–560

Not expected to occur. Suitable associated habitat
is not present in the Study Area.

FE/None/1B.1

Chaparral, Coastal scrub, Valley and foothill grassland;
recent burns or disturbed areas, usually sandstone with
carbonate layers/perennial herb/Jan–Aug/10–2100

Low potential to occur. Marginal habitat (coastal
scrub) is present, but the species distribution is
very limited in the San Gabriel Mountains
(Monrovia Canyon). The species was not
observed during the focused special-status plant
species surveys in the Study Area.
Not expected to occur. Marginal habitat is present
(coastal sage scrub), but the species typically
occurs closer to the coast and is currently only
known from Ventura County. Los Angeles County
occurrences believed to be extirpated.

Astragalus
brauntonii

Braunton's
milk-vetch

Astragalus
pycnostachyus var.
lanosissimus

Ventura marsh
milk-vetch

FE/SE/1B.1

Coastal dunes, Coastal scrub, Marshes and swamps
(edges, coastal salt or brackish)/perennial
herb/(June)Aug–Oct/0–115

Atriplex parishii

Parish's
brittlescale

None/None/1B.1

Chenopod scrub, Playas, Vernal pools; alkaline/annual
herb/June–Oct/80–6235

Not expected to occur. Suitable associated habitat
is not present in the Study Area.

None/None/1B.2

Coastal bluff scrub, Coastal scrub; alkaline/annual
herb/Apr–Oct/30–655

Not expected to occur. Marginal habitat (coastal
scrub) is present, but Los Angeles County
occurrences believed to be extirpated. Recent
records (<50 years) are primarily closer to the
coast or located in areas with alkaline soils.

FE/SE/1B.1

Chaparral, Cismontane woodland, Coastal scrub,
Riparian scrub; sandy or gravelly/perennial evergreen
shrub/(Feb)Mar–June/225–2705

Low potential to occur. Suitable associated habitat
present and recent local records occur, but the
conspicuous shrub was not observed during the
focused special-status plant species survey in the
Study Area.

None/None/1B.2

Chaparral, Coastal scrub, Valley and foothill
grassland/perennial bulbiferous herb/Mar–
June(Nov)/1045–3280

Low potential to occur. Suitable associated habitat
is present, but no records from within the Arroyo
Seco watershed. The species was not observed
during the focused special-status plant species
surveys in the Study Area.

Atriplex serenana
var. davidsonii

Berberis nevinii

Calochortus
clavatus var.
gracilis

Davidson's
saltscale

Nevin's
barberry

slender
mariposa lily
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Scientific Name

Common
Name

Status1
(Federal/State/CRPR)

Primary Habitat Associations/ Life Form/ Blooming
Period/ Elevation Range (feet)

Potential to Occur

Calochortus
palmeri var. palmeri

Palmer's
mariposa lily

None/None/1B.2

Chaparral, Lower montane coniferous forest, Meadows
and seeps; mesic/perennial bulbiferous herb/Apr–
July/2325–7840

Not expected to occur. Suitable associated habitat
is not present and the Study Area is outside the
elevation range of the species.

Calochortus
striatus

alkali mariposa
lily

None/None/1B.2

Chaparral, Chenopod scrub, Mojavean desert scrub,
Meadows and seeps; alkaline, mesic/perennial
bulbiferous herb/Apr–June/225–5235

Not expected to occur. Suitable associated habitat
is not present and the Study Area is outside the
range of the species (western Mojave Desert).

None/None/1B.2

Chaparral, Coastal scrub, Valley and foothill grassland;
rocky, calcareous/perennial bulbiferous herb/May–
July/340–2805

Low potential to occur. Marginal habitat (coastal
scrub) is present, but the species has a single
record from the San Gabriel Mountains. Records
for the species are primarily associated with the
Puente Hills, the Santa Ana Mountains, and the
Perris Basin. The species was not observed
during the focused special-status plant species
surveys in the Study Area.

Calystegia felix

lucky morningglory

None/None/1B.1

Meadows and seeps (sometimes alkaline), Riparian
scrub (alluvial); historically associated with wetland and
marshy places, but possibly in drier situations as well;
possibly silty loam and alkaline/annual rhizomatous
herb/Mar–Sep/95–705

Not expected to occur. Only one record within the
last 100 years in Los Angeles County, with the
remaining recent occurrences from Chino in San
Bernardino County.

Castilleja gleasoni

Mt. Gleason
paintbrush

None/SR/1B.2

Chaparral, Lower montane coniferous forest, Pinyon
and juniper woodland; granitic/perennial herb
(hemiparasitic)/May–June(Sep)/2180–7120

Not expected to occur. Suitable associated habitat
is not present and the Study Area is outside the
elevation range of the species.

Centromadia parryi
ssp. australis

southern
tarplant

None/None/1B.1

Marshes and swamps (margins), Valley and foothill
grassland (vernally mesic), Vernal pools/annual
herb/May–Nov/0–1575

Not expected to occur. Suitable associated habitat
is not present in the Study Area.

Chenopod scrub, Meadows and seeps, Playas,
Riparian woodland, Valley and foothill grassland;
alkaline/annual herb/Apr–Sep/0–2100

Low potential to occur. Marginal habitat is present
(riparian woodland), but the species has only one
historic record (>100 years) within the Los
Angeles River watershed. The species was not
observed during the focused special-status plant
species surveys in the Study Area.

Calochortus weedii
var. intermedius

Centromadia
pungens ssp. laevis

intermediate
mariposa lily

smooth tarplant

None/None/1B.1
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Scientific Name

Common
Name

Chorizanthe parryi
var. fernandina

San Fernando
Valley
spineflower

Status1
(Federal/State/CRPR)

FC/SE/1B.1

Primary Habitat Associations/ Life Form/ Blooming
Period/ Elevation Range (feet)

Potential to Occur

Coastal scrub (sandy), Valley and foothill
grassland/annual herb/Apr–July/490–4005

Low potential to occur. Marginal habitat is
present, but the species has no local records
within the last 100 years. The species was not
observed during the focused special-status plant
species surveys in the Study Area.

Chorizanthe parryi
var. parryi

Parry's
spineflower

None/None/1B.1

Chaparral, Cismontane woodland, Coastal scrub,
Valley and foothill grassland; sandy or rocky,
openings/annual herb/Apr–June/900–4005

Low potential to occur. Suitable habitat (coastal
scrub) is present and the species has a historical
record (1919) upstream of the Study Area;
however, the species was not observed during the
focused special-status plant species surveys in
the Study Area.

Cladium
californicum

California
sawgrass

None/None/2B.2

Meadows and seeps, Marshes and swamps Alkaline or
Freshwater/perennial rhizomatous herb/June–
Sep/195–5250

Not expected to occur. Suitable associated habitat
is not present in the Study Area.

Cuscuta obtusiflora
var. glandulosa

Peruvian
dodder

None/None/2B.2

Marshes and swamps (freshwater)/annual vine
(parasitic)/July–Oct/45–920

Not expected to occur. Suitable associated habitat
is not present in the Study Area.

FE/SE/1B.1

Chaparral, Cismontane woodland, Coastal scrub
(alluvial fan); sandy/annual herb/Apr–June/655–2495

Low potential to occur. Suitable associated habitat
(coastal scrub) is present and the species has a
historical record (1920) upstream of the Study
Area; however, the focused special-status plant
surveys were negative for the species in the
Study Area.
Not expected to occur. Suitable associated habitat
(coastal scrub) is present, but the species has no
records west of the San Gabriel River in the San
Gabriel Mountains.

Dodecahema
leptoceras

slender-horned
spineflower

Dudleya multicaulis

many-stemmed
dudleya

None/None/1B.2

Chaparral, Coastal scrub, Valley and foothill grassland;
often clay/perennial herb/Apr–July/45–2590

Galium grande

San Gabriel
bedstraw

None/None/1B.2

Broadleafed upland forest, Chaparral, Cismontane
woodland, Lower montane coniferous forest/perennial
deciduous shrub/Jan–July/1390–4920

Not expected to occur. Suitable associated habitat
is not present in the Study Area.

Helianthus nuttallii
ssp. parishii

Los Angeles
sunflower

None/None/1A

Marshes and swamps (coastal salt and
freshwater)/perennial rhizomatous herb/Aug–Oct/30–
5005

Not expected to occur. Suitable associated habitat
is not present and the species is presumed
extinct.
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Scientific Name

Horkelia cuneata
var. puberula

Common
Name

mesa horkelia

Status1
(Federal/State/CRPR)

None/None/1B.1

Primary Habitat Associations/ Life Form/ Blooming
Period/ Elevation Range (feet)

Potential to Occur

Chaparral (maritime), Cismontane woodland, Coastal
scrub; sandy or gravelly/perennial herb/Feb–
July(Sep)/225–2655

Low potential to occur. Suitable associated habitat
(coastal scrub) is present and the species has
been previously found in the Study Area area, but
the record is greater than 100 years old. The
species was not observed during the focused
special-status plant species surveys in the Study
Area.

Imperata brevifolia

California
satintail

None/None/2B.1

Chaparral, Coastal scrub, Mojavean desert scrub,
Meadows and seeps (often alkali), Riparian scrub;
mesic/perennial rhizomatous herb/Sep–May/0–3985

Low potential to occur. Suitable associated habitat
(coastal) is present, but the species has only been
found within the Big Tujunga Creek portion of the
Los Angeles River watershed. The species was
not observed during the focused special-status
plant species surveys in the Study Area.

Lasthenia glabrata
ssp. coulteri

Coulter's
goldfields

None/None/1B.1

Marshes and swamps (coastal salt), Playas, Vernal
pools/annual herb/Feb–June/0–4005

Not expected to occur. Suitable associated habitat
is not present in the Study Area.

Linanthus
concinnus

San Gabriel
linanthus

None/None/1B.2

Chaparral, Lower montane coniferous forest, Upper
montane coniferous forest; rocky, openings/annual
herb/Apr–July/4985–9185

Not expected to occur. Suitable associated habitat
is not present and the Study Area is outside the
elevation range of the species.

Linanthus orcuttii

Orcutt's
linanthus

None/None/1B.3

Chaparral, Lower montane coniferous forest, Pinyon
and juniper woodland; openings/annual herb/May–
June/3000–7035

Not expected to occur. Suitable associated habitat
is not present and the Study Area is outside the
elevation range of the species.

Lupinus peirsonii

Peirson's
lupine

None/None/1B.3

Joshua tree woodland, Lower montane coniferous
forest, Pinyon and juniper woodland, Upper montane
coniferous forest; gravelly or rocky/perennial herb/Apr–
June/3280–8200

Not expected to occur. Suitable associated habitat
is not present and the Study Area is outside the
elevation range of the species.

Malacothamnus
davidsonii

Davidson's
bush-mallow

None/None/1B.2

Chaparral, Cismontane woodland, Coastal scrub,
Riparian woodland/perennial deciduous shrub/June–
Jan/605–3740

Low potential to occur. Suitable habitat is present
(coastal scrub), but the conspicuous shrub was
not observed during the focused special-status
plant species surveys in the Study Area.

Nasturtium
gambelii

Gambel's water
cress

FE/ST/1B.1

Marshes and swamps (freshwater or
brackish)/perennial rhizomatous herb/Apr–Oct/15–1085

Not expected to occur. Suitable associated habitat
is not present in the Study Area.

Navarretia
prostrata

prostrate vernal
pool navarretia

None/None/1B.1

Coastal scrub, Meadows and seeps, Valley and foothill
grassland (alkaline), Vernal pools; Mesic/annual
herb/Apr–July/5–3970

Not expected to occur. The species is almost
exclusively associated with vernal pools in
southern California, which are not found onsite.
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Scientific Name

Common
Name

Opuntia basilaris
var. brachyclada
Orobanche valida
ssp. valida

Phacelia stellaris

Status1
(Federal/State/CRPR)

Primary Habitat Associations/ Life Form/ Blooming
Period/ Elevation Range (feet)

Potential to Occur

short-joint
beavertail

None/None/1B.2

Chaparral, Joshua tree woodland, Mojavean desert
scrub, Pinyon and juniper woodland/perennial stem
succulent/Apr–June(Aug)/1390–5905

Not expected to occur. Suitable associated habitat
is not present and the Study Area is outside the
range of the species (northern slopes of the San
Gabriel and San Bernardino mountains.

Rock Creek
broomrape

None/None/1B.2

Chaparral, Pinyon and juniper woodland;
granitic/perennial herb (parasitic)/May–Sep/4100–6560

Not expected to occur. Suitable associated habitat
is not present and the Study Area is outside the
elevation range of the species.

Coastal dunes, Coastal scrub/annual herb/Mar–
June/0–1310

Not expected to occur. Suitable associated habitat
(coastal scrub) is present, but the species is only
known from one record in the Los Angeles River
watershed (Downey) and no records less than 75
years old in Los Angeles County.

None/None/2B.2

Chaparral, Cismontane woodland, Coastal scrub,
Riparian woodland; sandy, gravelly/perennial
herb/(July)Aug–Nov(Dec)/0–6890

Low potential to occur. Suitable habitat (coastal
scrub and riparian woodland) is present, but the
species has only one record within the last 75
year within the Los Angeles River watershed (Big
Tujunga Creek). The species was not observed
during the focused special-status plant species
surveys in the Study Area.
Low potential to occur. Suitable habitat (coastal
scrub) is present, but the conspicuous shrub was
not observed during the focused special-status
plant species surveys in the Study Area.

Brand's star
phacelia

None/None/1B.1

Pseudognaphalium
leucocephalum

white rabbittobacco

Quercus dumosa

Nuttall's scrub
oak

None/None/1B.1

Closed-cone coniferous forest, Chaparral, Coastal
scrub; sandy, clay loam/perennial evergreen
shrub/Feb–Apr(May–Aug)/45–1310

Ribes divaricatum
var. parishii

Parish's
gooseberry

None/None/1A

Riparian woodland/perennial deciduous shrub/Feb–
Apr/210–985

Not expected to occur. Suitable habitat (riparian
woodland) is present, but the species is presumed
extinct.

Scutellaria
bolanderi ssp.
austromontana

southern
mountains
skullcap

None/None/1B.2

Chaparral, Cismontane woodland, Lower montane
coniferous forest; mesic/perennial rhizomatous
herb/June–Aug/1390–6560

Not expected to occur. Suitable associated habitat
is not present in the Study Area.

Sidalcea
neomexicana

salt spring
checkerbloom

None/None/2B.2

Chaparral, Coastal scrub, Lower montane coniferous
forest, Mojavean desert scrub, Playas; alkaline,
mesic/perennial herb/Mar–June/45–5020

Not expected to occur. Suitable soil conditions are
not present in the Study Area.

Spermolepis
lateriflora

western bristly
scaleseed

None/None/2A

Sonoran desert scrub; Rocky or sandy/annual
herb/Mar–Apr/1195–2200

Not expected to occur. Suitable associated habitat
is not present in the Study Area.
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Scientific Name

Symphyotrichum
defoliatum

Symphyotrichum
greatae

Thelypteris
puberula var.
sonorensis

Common
Name

San Bernardino
aster

Greata's aster

Sonoran
maiden fern

Status1
(Federal/State/CRPR)

Primary Habitat Associations/ Life Form/ Blooming
Period/ Elevation Range (feet)

Potential to Occur

None/None/1B.2

Cismontane woodland, Coastal scrub, Lower montane
coniferous forest, Meadows and seeps, Marshes and
swamps, Valley and foothill grassland (vernally mesic);
near ditches, streams, springs/perennial rhizomatous
herb/July–Nov(Dec)/5–6695

Low potential to occur. Suitable habitat (coastal
scrub and streams) is present, but the species
has no records within the last 100 year within the
Los Angeles River watershed. The species was
not observed during the focused special-status
plant species surveys in the Study Area.

None/None/1B.3

Broadleafed upland forest, Chaparral, Cismontane
woodland, Lower montane coniferous forest, Riparian
woodland; mesic/perennial rhizomatous herb/June–
Oct/980–6595

Low potential to occur. Suitable habitat (riparian
woodland) is present in Area 2 and there a recent
(1991) local records upstream of the Study Area;
however, the species was not observed during the
focused special-status plant species surveys in
the Study Area.

Meadows and seeps (seeps and streams)/perennial
rhizomatous herb/Jan–Sep/160–2000

Low potential to occur. Suitable habitat is present
(streams) and there is a local record from 1967;
however, the species was not observed during the
focused special-status plant species surveys in
the Study Area.

None/None/2B.2

Notes:
1

Status abbreviations:
FE: Federally Endangered
FT: Federally Threatened
SE: State Endangered
SR: State Rare
ST: State Threatened
CRPR: California Rare Plant Rank
1A: Plants presumed extirpated in California and either rare or extinct elsewhere
1B: Plants rare, threatened, or endangered in California and elsewhere
2A: Plants presumed extirpated in California but common elsewhere
2B: Plants rare, threatened, or endangered in California but more common elsewhere
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APPENDIX H
Special-Status Wildlife Species with Recorded Occurrences in the Project Vicinity

Scientific Name

Common Name

Status1
(Federal/State)

Habitat1

Potential to Occur
Fish

Catostomus
santaanae

Santa Ana sucker

Gila orcuttii

arroyo chub

FT/None

Small, shallow, cool, clear streams less than 7 meters
(23 feet) in width and a few centimeters to more than a
meter (1.5 inches to more than 3 feet) in depth;
substrates are generally coarse gravel, rubble, and
boulder

Not expected to occur on the Study Area or upstream
and downstream from the Study Area. Suitable
associated habitat is present and the Santa Ana sucker
was historically documented throughout the upper and
lower areas of the Los Angeles River watershed
including the main stem Los Angeles River near
Universal City and Los Feliz Boulevard and the
tributaries Big Tujunga Creek and Arroyo Seco Creek.
However, the species has been extirpated throughout
most of this watershed.2 The species was not found
during previous surveys conducted downstream from
Devil’s Gate Dam in the Arroyo Seco and Los Angeles
River to the Pacific Ocean.3

None/SSC

Warm, fluctuating streams with slow-moving or
backwater sections of warm to cool streams at depths
>40 centimeters (16 inches); substrates of sand or
mud

Not expected to occur on the Study Area or upstream
and downstream from the Study Area. Marginal habitat is
present and the species was reintroduced to the Arroyo
Seco below Devil’s Gate Dam on August 25, 20084, but
this species was not observed during fish-focused
surveys conducted in 2012.3 It is believed that the heavy
sediment flow produced by rains following the Station
Fire in 2009, which burned most of the watershed of the
Arroyo Seco in the San Gabriel Mountains, may have
removed the transplanted population5. Focused surveys
for the species were negative in 2019.
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Scientific Name

Common Name

Oncorhynchus
mykiss irideus
pop. 10

steelhead southern
California DPS

Status1
(Federal/State)
FE/None

Habitat1

Potential to Occur

Clean, clear, cool, well-oxygenated streams; needs
relatively deep pools in migration and gravelly
substrate to spawn

Not expected to occur on the Study Area or downstream
from the Study Area. Suitable associated habitat is
present and the Arroyo Seco supports rainbow trout (O.
mykiss) within the upper portions of the watershed, but
historic stocking of Arroyo Seco with hatchery-raised
rainbow trout by CDFW occurred; hence, there is some
debate as to whether some of the trout seen in these
currently landlocked areas are descendants of
anadromous native O. mykiss.6. A recent genetic study
of O. mykiss in southern California found that most
populations have substantial genetic lineage from
introduced hatchery rainbow trout, representing almost
complete introgression or replacement of native fish by
introduced hatchery trout.7 Among the populations in
tributaries of rivers that run through the highly urbanized
areas of Southern California, only three groups of
populations contained significant evidence of native
coastal steelhead ancestry: (1) populations from the San
Gabriel River system, (2) Coldwater Canyon in the Santa
Ana River, and (3) the San Luis Rey River; however,
tissue sample were not collected from the Arroyo Seco,
with only Santa Anita Creek (located 10 miles from the
Study Area) representing the Los Angeles River
watershed. The individuals from Santa Anita Creek had
genetics that corresponded to rainbow trout raised at the
Mount Whitney Fish Hatchery.
Access to the Study Area from downstream waters is
blocked by impassable barriers (e.g., Devil’s Gate Dam,
built in 1920) of various types along the Los Angeles
River and Arroyo Seco. The species was not found
during previous surveys conducted downstream from
Devil’s Gate Dam in the Arroyo Seco and Los Angeles
River to the Pacific Ocean.3 Focused surveys for the
species were negative in 2019.
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Scientific Name

Common Name

Rhinichthys
osculus ssp. 3

Santa Ana
speckled dace

Status1
(Federal/State)
None/SSC

Habitat1

Potential to Occur

Headwaters of the Santa Ana and San Gabriel Rivers;
may be extirpated from the Los Angeles River system

Not expected to occur on the Study Area or upstream
and downstream from the Study Area. Suitable
associated habitat is present and the species historically
inhabited streams in the upland areas of the Santa Ana,
San Gabriel and Los Angeles rivers systems, but have
since been extirpated from many parts of their range,
including the middle reaches of the Santa Ana River,
Strawberry Creek (Santa Ana River), Mill Creek (Santa
Ana River), and most of the Los Angeles River (except
Big Tujunga Creek) and San Jacinto River basins.8 The
species was not found during previous surveys
conducted downstream from Devil’s Gate Dam in the
Arroyo Seco and Los Angeles River to the Pacific
Ocean.3

Amphibians
Anaxyrus
californicus

arroyo toad

FE/SSC

Semi-arid areas near washes, sandy riverbanks,
riparian areas, palm oasis, Joshua tree, mixed
chaparral and sagebrush; stream channels for
breeding (typically third order); adjacent stream
terraces and uplands for foraging and wintering

H-3

Not expected to occur on the Study Area or upstream
and downstream from the Study Area. Marginal habitat is
present and there is anecdotal evidence of arroyo toads
along a small tributary of Arroyo Seco above Devil’s
Gate Reservoir in 1996 and in or near the settling ponds
in the main channel above Devil’s Gate Dam in 1997 and
19989. The USFWS included this portion of the Arroyo
Seco in the 2001 designation of critical habitat but it was
not included in the 2005 revised designation of critical
habitat, as there had been no sightings of the species
since 1998. The population that historically occurred at
this location are considered extirpated due to the loss of
habitat and the introduction of predators and competitors
10. Protocol surveys for the species conducted in 2013
for the Study Area were negative.11 Focused surveys for
the species were negative in 2019.
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Scientific Name

Common Name

Rana draytonii

California redlegged frog

Rana muscosa

mountain yellowlegged frog

Taricha torosa

California newt

Status1
(Federal/State)

Habitat1

Potential to Occur

Lowland streams, wetlands, riparian woodlands,
livestock ponds; dense, shrubby or emergent
vegetation associated with deep, still or slow-moving
water; uses adjacent uplands

Not expected to occur on the Study Area or upstream
and downstream from the Study Area. Marginal habitat is
present and the species was historically abundant in the
Los Angeles River watershed, including Arroyo Seco, but
it is considered extirpated from the system due to the
loss of habitat and the introduction of predators and
competitors.12 Protocol surveys for the species
conducted in 2013 for the Study Area were negative.11
Focused surveys for the species were negative in 2019.

FE/SE, WL

Lakes, ponds, meadow streams, isolated pools, and
open riverbanks; rocky canyons in narrow canyons and
in chaparral

Not expected to occur on the Study Area or upstream
and downstream from the Study Area. Marginal habitat is
present and the species was historically known from the
Arroyo Seco watershed, but those populations are
considered extirpated.13 Additionally, the Arroyo Seco
watershed was not included in the San Gabriel
Mountains Management Unit as described in the
USFWS prepared recovery plan for the species.14
Protocol surveys for the species conducted in 2013 for
the Study Area were negative.11

None/SSC

Wet forests, oak forests, chaparral, and rolling
grassland

Present. The species was observed during surveys for
the Study Area in 2013 in the Arroyo Seco, suitable
habitat is present within Area 2, and the species could
be encountered on the access road to Area 2.

FT/SSC

Reptiles
Emys marmorata

western pond
turtle

None/SSC

Slow-moving permanent or intermittent streams,
ponds, small lakes, and reservoirs with emergent
basking sites; adjacent uplands used for nesting and
during winter

Low potential to occur on the Study Area and upstream.
Not expected to occur downstream from the Study Area.
There is marginal habitat present and the species was
historically known from the Arroyo Seco, but the last
available record of the species is from 1971 and the
species may be extirpated from the watershed.1

Anniella stebbinsi

southern
California legless
lizard

None/SSC

Coastal dunes, stabilized dunes, beaches, dry washes,
valley–foothill, chaparral, and scrubs; pine, oak, and
riparian woodlands; associated with sparse vegetation
and moist sandy or loose, loamy soils

Previously observed and assumed to be present. There
are five recent (2017 and 2018) records1 in the Study
Area and adjacent areas of Hahamonga Park. Suitable
habitat is present within Area 2 and Area 3, and it could
be encountered on the access road to Area 2.
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Scientific Name

Common Name

Arizona elegans
occidentalis

California glossy
snake

Aspidoscelis tigris
stejnegeri

Status1
(Federal/State)

Habitat1

Potential to Occur

None/SSC

Arid scrub, rocky washes, grasslands, chaparral.
Appears to prefer microhabitats of open areas and
areas with soil loose enough for easy burrowing.

Low potential to occur. Marginal associated habitat is
present in Area 3, but there are few recent records of the
species in Los Angeles County.1

coastal whiptail

None/SSC

Hot and dry areas with sparse foliage, including
chaparral, woodland, and riparian areas.

Previously observed and assumed to be present. The
species was observed during the 2013 surveys for the
Study Area and suitable habitat for the species occurs
throughout the Study Area and surrounding area.

Phrynosoma
blainvillii

Blainville's horned
lizard

None/SSC

Open areas of sandy soil in valleys, foothills, and semiarid mountains including coastal scrub, chaparral,
valley–foothill hardwood, conifer, riparian, pine–
cypress, juniper, and annual grassland habitats

Thamnophis
hammondii

two-striped
gartersnake

None/SSC

Streams, creeks, pools, streams with rocky beds,
ponds, lakes, vernal pools

Low potential to occur. While suitable habitat for the
species occurs in Area 3 and along the access road to
Area 1 and Area 2, the high level of human activity and
vehicle traffic has likely negatively affected the presence
of the species in the area due to direct impacts or the
introduction of non-native ants
Previously observed and assumed to be present. The
species was observed during the 2013 surveys for the
Study Area and suitable habitat for the species occurs
throughout the Study Area and surrounding area.

Birds
Athene cunicularia
(burrow sites &
some wintering
sites)

burrowing owl

Buteo swainsoni
(nesting)

Swainson's hawk

Coccyzus
americanus
occidentalis
(nesting)

western yellowbilled cuckoo

Nests and forages in grassland, open scrub, and
agriculture, particularly with ground squirrel burrows

Low potential to occur. There is marginal associated
habitat species and there is only one wintering record for
the species within Hahamonga Watershed Park15.

BCC/ST

Nests in open woodland and savanna, riparian, and in
isolated large trees; forages in nearby grasslands and
agricultural areas such as wheat and alfalfa fields and
pasture

Not expected to occur (nesting). Suitable associated
nesting habitat for the species does not occur in the
Study Area or within the immediate vicinity. Species may
be transient in the Study Area vicinity during migration.

FT, BCC/SE

Inhabits extensive deciduous riparian thickets or
forests, with dense, low-level understory foliage, and
abuts slow-moving watercourses, backwaters, or
seeps; willow usually a dominant component of the
vegetation; densely foliaged, deciduous trees and
shrubs, especially willows, required for roosting/nesting
sites

Not expected to occur. Suitable associated nesting
habitat for the species does not occur in the Study Area
or within the immediate vicinity. The species is a rare
visitor to Los Angeles County

BCC/SSC
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Scientific Name

Common Name

Coturnicops
noveboracensis

yellow rail

Cypseloides niger
(nesting)

black swift

Empidonax traillii
extimus (nesting)

southwestern
willow flycatcher

Falco peregrinus
anatum (nesting)

Status1
(Federal/State)

Habitat1

Potential to Occur

BCC/SSC

Nesting requires wet marsh/sedge meadows or coastal
marshes with wet soil and shallow, standing water

Not expected to occur. Suitable associated nesting and
foraging habitat for the species does not occur in the
Study Area or within the immediate vicinity.

BCC/SSC

Nests in moist crevices, caves, and cliffs behind or
adjacent to waterfalls in deep canyons; forages over a
wide range of habitats

Not expected to occur. Suitable associated nesting
habitat for the species does not occur in the Study Area
or within the immediate vicinity.

FE/SE

Nests in dense riparian habitats along streams,
reservoirs, or wetlands; uses variety of riparian and
shrubland habitats during migration

Not expected to occur. Marginal nesting habitat for the
species does occur in the Study Area; however, the
protocol survey for the species was negative for the
Study Area.

American
peregrine falcon

FDL, BCC/FP,
SDL

Nests on cliffs, buildings, and bridges; forages in
wetlands, riparian, meadows, croplands, especially
where waterfowl are present

Not expected to occur. Suitable associated nesting
habitat for the species does not occur in the Study Area
or within the immediate vicinity.

Polioptila
californica
californica

coastal California
gnatcatcher

FT/SSC

Nests and forages in various sage scrub communities,
often dominated by California sagebrush and
buckwheat; generally avoids nesting in areas with a
slope of greater than 40%; majority of nesting at less
than 1,000 feet above mean sea level

Not expected to occur. Marginal associated habitat for
the species is present in Area 3, but the species does
not have any records in the Study Area or at
Hahamonga Watershed Park and it has few records from
the southern slopes of the San Gabriel Mountains.1, 15
Protocol surveys for the species were conducted for the
Devil’s Gate Reservoir Sediment Removal Project
located just to the south of the Study Area and the
surveys were negative for the species.16

Riparia riparia
(nesting)

bank swallow

None/ST

Nests in riparian, lacustrine, and coastal areas with
vertical banks, bluffs, and cliffs with sandy soils; open
country and water during migration

Not expected to occur. Suitable nesting habitat for the
species does not occur in the Study Area or within the
immediate vicinity.

Setophaga
petechia
(nesting)

yellow warbler

None/SSC

Riparian plant associations in close proximity to water.
Also nests in montane shrubbery in open conifer
forests in Cascades and Sierra Nevada. Frequently
found nesting and foraging in willow shrubs and
thickets, and in other riparian plants including
cottonwoods, sycamores, ash, and alders.

Present. Observed during the surveys in the Study Area
near Area 2.
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Scientific Name

Common Name

Status1
(Federal/State)

Vireo bellii pusillus
(nesting)

least Bell's vireo

FE/SE

Habitat1

Potential to Occur

Nests and forages in low, dense riparian thickets along
water or along dry parts of intermittent streams;
forages in riparian and adjacent shrubland late in
nesting season

Not expected to occur. Suitable nesting habitat for the
species does occur in the Study Area; however, the
focused survey for the species was negative for the
Study Area.

Mammals
Antrozous pallidus

pallid bat

None/SSC

Grasslands, shrublands, woodlands, forests; day
roosts are in caves, crevices, mines, and occasionally
in hollow trees and buildings; night roosts may be in
more open sites, such as porches and open buildings;
few hibernation and maternity sites are known, but
probably uses rock crevices

Low potential to occur. Suitable associated day/night
roosts and foraging habitat for the individuals of the
species occurs within the Study Area, but hibernation
and maternity sites are not expected to occur.

Corynorhinus
townsendii

Townsend's bigeared bat

None/SSC

Mesic habitats characterized by coniferous and
deciduous forests and riparian habitat, but also xeric
areas; requires caves, mines, tunnels, buildings, or
other human-made structures for day and night
roosting; hibernation sites are cold, but not below
freezing; maternity roosts are found in caves, tunnels,
mines, and buildings

Low potential to occur. Suitable associated day/night
roosts and foraging habitat for the individuals of the
species occurs within the Study Area, but hibernation
and maternity sites are not expected to occur.

Eumops perotis
californicus

western mastiff
bat

None/SSC

Chaparral, coastal and desert scrub, coniferous and
deciduous forest and woodland; day and night roosts in
crevices in rocky canyons and cliffs where the canyon
or cliff is vertical or nearly vertical, trees, and tunnels;
nursery roosts described as tight rock crevices

Low potential to occur. Suitable associated day/night
roosts and foraging habitat for the individuals of the
species occurs within the Study Area, but hibernation
and maternity sites are not expected to occur.

Lasionycteris
noctivagans

silver-haired bat

None/None

Primarily a coastal and montane forest dweller;
hibernates in hollow trees, rock crevices, buildings,
mines, caves, and under sloughing bark; forages in or
near coniferous or mixed deciduous forest, stream or
river drainages; females may form nursery colonies or
occur as solitary individuals in dense foliage or hollow
trees

Low potential to occur. Suitable associated day/night
roosting, hibernation roosting, and foraging habitat for
the individuals of the species occurs within the Study
Area; however, there are few records of the species from
southern California, with most occurring in the Sierra
Nevada and Cascade ranges.1
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Scientific Name

Common Name

Status1
(Federal/State)

Lasiurus
blossevillii

western red bat

Lasiurus cinereus

Habitat1

Potential to Occur

None/SSC

Roosting habitat includes forests and woodlands from
sea level up through mixed conifer forests; feeds over
a wide variety of habitats including grasslands,
shrublands, open woodlands and forests, and
croplands; day/night/maternal roosts primarily in trees,
less often in shrubs and are often in edge habitats
adjacent to streams, fields, or urban areas; usually
solitary, although nursery colonies occasionally are
found

Low potential to occur. Suitable associated day/night
roosts, maternity roosts, and foraging habitat for the
individuals of the species occurs within the Study Area;
however, there are few records of the species from the
San Gabriel Mountains.1

hoary bat

None/None

Forest, woodland riparian, and wetland habitats; also
juniper scrub, riparian forest, and desert scrub in arid
areas; generally roosts in dense foliage of medium to
large trees; preferred sites are hidden from above, with
few branches below, and have ground cover of low
reflectivity; females and young tend to roost at higher
sites in trees

Medium potential to occur. Suitable associated day/night
roosting, maternity roosts, and foraging habitat for the
individuals of the species occurs within the Study Area,
and there are records of the species from other
watersheds within the San Gabriel Mountains that have
similar habitat as the Arroyo Seco.1

Lasiurus xanthinus

western yellow bat

None/SSC

Valley–foothill riparian, desert riparian, desert wash,
and palm oasis habitats; below 2,000 feet above mean
sea level; day/night roosts in riparian trees and palms;
may form small maternity groups in trees and palms

Low potential to occur. Suitable associated day/night
roosts, maternity roosts, and foraging habitat for the
individuals of the species occurs within the Study Area;
however, there are few records of the species from the
San Gabriel Mountains.1

Lepus californicus
bennettii

San Diego blacktailed jackrabbit

None/SSC

Arid habitats with open ground; grasslands, coastal
scrub, agriculture, disturbed areas, and rangelands

Low potential to occur. Area 3 has suitable, open habitat
for the species, but the species few records from the
vicinity.1

Macrotus
californicus

Californian leafnosed bat

None/SSC

Riparian woodlands, desert wash, desert scrub;
day/night roosts in mines and caves, occasionally
buildings and bridges; maternity colonies found in
tunnels and caves

Low potential to occur. Suitable associated day/night
roosts and foraging habitat for the individuals of the
species occurs within the Study Area, but maternity
roosts habitat is not present. Former populations have
disappeared from coastal basins, from Los Angeles to
San Diego.17

Microtus
californicus
stephensi

south coast marsh
vole

None/SSC

Tidal marshes along the coast

Not expected to occur on the Study Area or upstream
and downstream from the Study Area. Suitable
associated habitat is not present in the Study Area,
upstream, or downstream of the Study Area.
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Scientific Name

Common Name

Neotoma lepida
intermedia

San Diego desert
woodrat

Nyctinomops
macrotis

Onychomys
torridus ramona

Status1
(Federal/State)

Habitat1

Potential to Occur

None/SSC

Coastal scrub, desert scrub, chaparral, cacti, rocky
areas

Low potential to occur. Marginal habitat is located within
the Study Area, but the species is expected to occur in
the uplands areas of the Arroyo Seco Canyon slopes
within rocky areas or densely vegetated areas.

big free-tailed bat

None/SSC

Rocky areas; roosts in caves, holes in trees, buildings,
and crevices on cliffs and rocky outcrops; forages over
water; probably does not breed in California. In other
areas, small nursery colonies are formed in rocky
crevices in high cliffs.

Low potential to occur. Suitable associated day/night
roosts and foraging habitat for the individuals of the
species occurs within the Study Area, but maternity
roosts habitat is not present.

southern
grasshopper
mouse

None/SSC

Common in arid desert habitats of the Mojave Desert
and southern Central Valley of California. Alkali desert
scrub and desert scrub habitats are preferred, with
somewhat lower densities expected in other desert
habitats, including succulent shrub, wash, and riparian
areas. Also occurs in coastal scrub, mixed chaparral,
sagebrush, low sage, and bitterbrush habitats.
Uncommon in valley foothill and montane riparian, and
in a variety of other habitats.

Low potential to occur. Marginal habitat is located within
the Study Area within Area 3; however there are few
records of this species the Los Angeles Basin.1

Notes:
1

Status abbreviations:
FE: Federally Endangered
FT: Federally Threatened
FDL: Federally Delisted
BCC: U.S. Fish and Wildlife Service Bird of Conservation Concern
SSC: California Species of Special Concern
FP: California Fully Protected Species
WL: California Watch List Species
SE: State Endangered
ST: State Threatened
SDL: State Delisted

References:
1

California Department of Fish and Wildlife. 2019. California Natural Diversity Database (CNDDB). RareFind 5.0 (Commercial Subscription). Sacramento,
California: CDFW, Biogeographic Data Branch. Accessed May 2019. https://nrmsecure.dfg.ca.gov/cnddb/Default.aspx.
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1

INTRODUCTION

This protected tree report provides an inventory and evaluation of the protected trees located on
the Arroyo Seco Canyon Project Areas 2 and 3 (project). The project site is located in the City of
Pasadena, California (Figure 1). As such, this protected tree report covers the regulations and
requirements for the protection and removal of protected trees within the jurisdiction of the City
of Pasadena (City).
The City retained Dudek to conduct a tree inventory and assessment for the project site. The project
site includes Area 2, Diversion and Intake Replacement and Area 3, Spreading Basin
Improvements, which are connected by the North Arroyo Boulevard (i.e. Gabrielino Trail/Access
Road). A Dudek International Society of Arboriculture (ISA)-Certified Arborist performed various
functions associated with surveying, inventorying, and evaluating the condition of all protected
trees located within the project site to meet the requirements of the municipal code Chapter 8.52 –
City Trees and Tree Protection. This protected tree report addresses protected and non-protected
trees.
The purpose of this protected tree report is to present the physical characteristics and mapped
locations of the site’s protected trees that are to be removed or protected in place during the
proposed grading and construction-related activities, which are limited to Areas 2 and 3 of the
project site. No earthmoving is anticipated to occur within the Gabrielino Trail/Access Road or
the staging areas.

1.1

Project Location

The project site is located in the City within the Arroyo Seco Canyon at 3420 and 3500 Arroyo Seco
Road, City of Pasadena. The project site is located in within Township 1 and 2 North, Range 12
West, of the Pasadena, California 7.5-minute USGS quadrangle. As shown on Figure 1, Explorer
Road provides vehicular access to the southernmost boundary of Area 3 (approximately 0.3-mile
from the intersection of Windsor Avenue and Ventura Street) and continues northward along the
eastern boundary of Area 3. Area 2 is located approximately 0.34-mile north of Area 3, and just
south of the boundary of the Angeles National Forest. The project site lies within Los Angeles
County, just east of the City of La Canada Flintridge and west of the City of Altadena.

1.2

Site Characteristics

The project site has one paved access road on the south end of the property that extends into the
spreading basin. The site continues further along the Gabrielino Trail on the north end of the
property. The remaining land within the project site is best characterized as undeveloped native
riparian land consisting of native tree species.
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1.3

Project Description

The project site consists of two primary areas, as shown on Figure 1, Local Vicinity and Regional
Location, including Area 2, Diversion and Intake Replacement and Area 3, Spreading Basin
Improvements, which are connected by the North Arroyo Boulevard (i.e., Gabrielino Trail/Access
Road). The proposed project involves construction activity and facility improvements in Areas 2
and 3, as well as construction truck traffic along portions of the Gabrielino Trail/Access Road. The
former Travelling Screen and Chlorine Building (Screen Building) adjacent to Area 2 and the
Behner Water Treatment Plant adjacent to Area 3 would be used for temporary construction
materials and equipment staging only.
Improvements in Area 2 include the demolition and removal of the existing diversion weir and
intake structure, and construction of a new diversion weir/intake structure that would allow for the
diversion of up to 25 cubic feet per second (cfs) of flows from the Arroyo Seco for conveyance
into the spreading basins in Area 3. Improvements in Area 3 include the reconfiguration and
expansion of the spreading basins in order to accommodate the increased diversion of creek flows
for infiltration into the Raymond Basin.
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2

METHODS

2.1

Individual Tree Evaluation

Dudek mapped tree locations for all trees located on the project site. Tree mapping was conducted
using a Trimble Pathfinder Pro XH GPS receiver with H-Star Technology. Since tree canopies can
sometimes cause loss of satellite lock by blocking the line-of-sight to satellites, an electronic compass
and reflectorless, electronic distance-measuring device were also used in mapping tree locations. The
reflectorless, electronic distance-measuring device/compass combination operates in concert with the
Pathfinder system to position offsets, and offset information is automatically attached to the GPS
position data string. The electronic tree locations were then evaluated using ArcView 10.4 software to
determine the position of the trees related to the project development footprint.
All inventoried and assessed protected trees were tagged with an aluminum tag bearing a unique
identification number, which was placed on the trunk of each tree. These numbers correspond to
the tree attribute information presented in Appendix A, Tree Information Matrix. Tree trunk
diameters were measured using a diameter tape providing adjusted figures 1 for diameter
measurements when wrapping the tape around an object’s circumference. Diameter measurements
were taken using protocol provided by the Council of Tree and Landscape Appraisers in the Guide
for Plant Appraisal (ISA 2000). The trunk diameter measurement of each tree was taken at 4.5 feet
above the ground along the trunk axis, with common exceptions. For example, in cases where a
tree’s trunk was located on a slope, the 4.5-foot distance was approximated as the average of the
shortest and longest sides of the trunk (i.e., the uphill side and downhill side of a tree’s trunk,
respectively), and the measurement was made at this point. Tree height was visually estimated by
experienced tree surveyors. Tree canopy diameters were typically estimated by “pacing-off” the
measurement based on the investigator’s knowledge of their stride length or by visually estimating
the canopy width. The crown diameter measurements were made along an imaginary line
intersecting the tree trunk that best approximated the average canopy diameter. Additionally,
Dudek arborists calculated composite trunk diameters for multiple-stem trees according to ISA
standards. According to these standards, the sum of all stem diameters was calculated to ascertain
composite trunk diameter values for multiple-stem trees.
Pursuant to the Guide for Plant Appraisal (ISA 2000), tree health and structure were evaluated
with respect to five distinct tree components: roots, trunk, scaffold branches, small branches, and
foliage. Each component of the tree was assessed with regard to health factors such as insect and
pathogen damage, mechanical damage, presence of decay, presence of wilted or dead leaves, and
wound closure. Tree health and structure were graded as good, fair, poor, and dead, with “good”
representing no apparent problems, and “dead” representing a dying and/or dead tree. Good
1

Inches divided by 3.14 () provide diameter measurement in inches.
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condition trees exhibit acceptable vigor, healthy foliage, and adequate structure, and lack any
major maladies. Fair condition trees are typically those with few maladies but declining vigor.
This method of tree condition rating is comprehensive and results in ratings that are useful for
determining the status of trees based on common urban forestry standards.
Individual tree attribute data is presented in Appendix A, and protected tree locations are presented
in Appendix B, Protected Tree Locations and Proposed Impacts Exhibit. Representative protected
tree photographs are presented in Appendix C.

2.2

Tree Impact Analysis

Dudek’s ISA-certified arborists determined tree impacts by conducting a spatial analysis of
individual tree locations and canopy extents visible in project site aerial imagery in relation to the
proposed development plan. The tree dataset, digital aerial imagery, and site development planning
data were evaluated using geographic information system (GIS) software to determine where
individual trees were located in relation to proposed development areas. Trees are considered
impacted when anticipated disturbance to the tree is either 5 feet outside the dripline, or 15 feet
from the trunks of a tree, whichever distance is greater. Trees with project-related construction
activity occurring within their driplines are considered encroached upon for the purposes of this
report. The impact analysis results were used to determine overall tree impacts for the project site.

2.3

Scope of Work Limitations

No root crown excavations or investigations, internal probing, or aerial canopy inspections were
performed during the tree assessments. Therefore, the presence or absence of internal decay or
other hidden or inaccessible inferiorities in individual trees could not be confirmed. It is
recommended that any large tree proposed for preservation or relocation in an urban setting be
thoroughly inspected for internal or subterranean decay by a qualified arborist before finalizing
preservation or relocation plans.
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3

OBSERVATIONS

3.1

Individual Trees

A total of 93 City-protected trees were inventoried within biological study areas for Areas 2 and
3. No tree in the project area meets the City definition of a “Landmark tree”.


A total of 49 protected trees were identified within Area 2.



A total of 44 protected trees were identified within Area 3.

Appendix B presents the location of the individual trees mapped and assessed for the proposed
project. Overall, the trees exhibit growth and structural conditions that are typical of their location
in a native riparian watershed setting prone to drought and wildfires. The trees include various
trunk and branch maladies and health and structural conditions. As presented in Appendix A, 34%
of the individually mapped trees (32 trees) exhibit good health; 64% (59 trees) are in fair health;
2% (2 trees) are in poor health. Structurally, 5% (5 trees) of the individually mapped trees are
considered to exhibit good structure, 88% (82 trees) exhibit fair structure, 7% (6 trees) poor
structure. The trees in good condition exhibit acceptable vigor, healthy foliage, and adequate
structure, and lack any major maladies. Trees in fair condition are typical, with few maladies but
declining vigor. Trees in poor condition exhibit declining vigor, unhealthy foliage, poor branch
structure, and excessive lean. No pests or pathogens were observed on site.
Trees within biological study areas for Areas 2 and 3 vary in size and stature according to species and
available growing space. The site’s trees are composed of single- and multi-stemmed trees, with singlestemmed trunk diameters that range from 1 to 70 inches, and multi-stemmed trunk diameters that range
from 9 to 135 inches. Tree heights vary from 12 to 60 feet. Tree canopy extents range from 9 feet to
approximately 50 feet.
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REGULATORY DEFINITIONS AND REQUIREMENTS

A tree inventory and assessment of the project site was performed pursuant to City municipal code
Chapter 8.52 – City Trees and Tree Protection. The following is an outline of the key aspects of
the ordinance.

4.1

Definitions

Municipal Code Chapter 8.52.020 – City Trees and Tree Protection
For this project, trees subject to City permit requirements include those defined by municipal code
Chapter 8.52.020, as follows:


"Public tree" means a tree located in a place or area under ownership or control of the city
including but without limitation streets, parkways, open space, parkland and including city
owned property under the operational control of another entity by virtue of a lease, license,
operating or other agreement.



"Protected tree" means a native, specimen, landmark, landmark-eligible, mature (except
for the trees in RS or RM-12 zones), or public tree.

For the purposes of this report, all trees are located in a City owned property, and therefor meet
the definition of a “Public tree”, which are considered a “Protected tree” by the City Municipal
Code. Determining tree impacts, trees that have protected zones that have been encroached upon
would also be considered impacted. The tree protection zone is considered the area within the
dripline of a tree and extending from there to a point at least five feet outside the dripline, or 15
feet from the trunks of a tree, whichever distance is greater.

4.2

Regulations

City of Pasadena – City Trees and Tree Protection
The City’s, City Trees and Tree Protection municipal code was in part established to:


Preserve and grow Pasadena's canopy cover by protecting landmark, native and
specimen trees on specified areas of private property and expanding the protection of
street trees and trees on public property.



Safeguard the City's urban forest by providing for the regulation of the protection, planting,
maintenance and removal of trees in the city.



Protect the visual and aesthetic character of the city.
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Improve and enhance property values by conserving and adding to the distinctive and
unique aesthetic character of the many areas of Pasadena.



Improve the quality of life for residents, visitors and wildlife.



Create favorable conditions for the protection of designated landmark, native and specimen
trees, for the benefit of current and future residents of Pasadena.



Maintain and enhance the general health, safety and welfare of the city and its residents by
assisting in counteracting air pollution and in minimizing soil erosion and other related
environmental damage.



Protect and maintain healthy trees in the land use planning processes as set forth herein.



Establish procedures and practices for fulfilling the purposes of this city tree and tree
protection ordinance.

Under the City municipal code, “No permits will be issued to any person or entity for pruning or
removal of public trees, and all pruning and removal of public trees shall be undertaken by
employees or contractors of the city pursuant to Section 8.52.080.”
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IMPACTS

Tree impacts were determined using GIS software and spatial locations of trees relative to the
project’s impact areas (development footprint). Impacts were further determined based on Dudek’s
experience with native and non-native trees and their typical reactions to root disturbances from
construction activities, such as soil compaction, excavation, and grading. The impact analysis
results presented herein were used for developing appropriate mitigation measures for the
proposed project.
For the purposes of this report, direct impacts to trees can be classified as a removal or
encroachment. Trees are identified for removal when they are located within the permanent impact
boundary, as shown in Appendix B, which presents the location of the individual trees mapped
and assessed for the proposed project. Trees are identified as encroachment if the tree canopy is
within 5’ of the permanent impact boundary, or if the tree trunk is within 15’ of the permanent
impact boundary. Direct impacts to encroachment trees include root damage, soil excavation and
compaction, grade changes, loss of canopy, and trunk wounds, among others.
In general, there is a great deal of variation in tolerance to construction impacts among tree species,
ages, and conditions. It is important to know how a certain tree, based on its species, age, and
condition, would respond to different types of disturbance. The trees on the project site are of
varying ages and conditions. Mature specimens are typically more sensitive to root disturbance
and grade changes. In general, healthy trees will respond better to changes in their growing
environment. Trees of poor health or stressed conditions may not be vigorous enough to cope with
direct or indirect impacts from construction activities.
Impact totals presented are based on conceptual disturbance limits and development plans as of
the date of this report. As such, the actual number of trees subject to direct impacts may change as
the detailed site planning process proceeds. Actual tree impact numbers may be lower than
anticipated and as presented in this report once detailed plans are developed. Measures to reduce
impacts are encouraged and would be implemented in the field during grading operations.
Following completion of construction-related disturbances, actual protected tree impact totals
would be updated and provided, along with revised mitigation totals.

5.1

Direct Tree Impacts

For the purposes of this protected tree report, direct impacts are those associated with tree removal
or earth-moving encroachment activities within the tree-protected zone (canopy dripline plus 5
feet or 15 feet from trunk, whichever is greater). Tree removal is expected to be required when the
trunk is located inside the permanent impact boundary. Encroachment is expected when soil and
roots are disturbed within the tree protected zone. Table 1 summarizes the number of trees by
species that are expected to be directly impacted by construction.
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Direct tree impacts would result in the removal of 19 protected trees in total, of which all are
located in Area 2. A total of 15 protected trees are expected to be encroached upon (11 trees in
Area 2 and 4 trees in Area 3). No trees are anticipated to be removed in Area 3. The locations of
impacted trees are presented by impact type on the map in Appendix B. Measures to minimize the
extent of impacts to encroached trees are provided in Chapter 6, Tree Protection Measures.
Table 1
Summary of Direct Tree Impacts in Area 2
Species
Scientific Name
Common Name
Alnus rhombifolia
white alder
Platanus racemosa
Ca. sycamore
Populus trichocarpa black cottonwood
Quercus agrifolia
coast live oak
Quercus chrysolepis canyon live oak
Salix nigra
black willow
Total

Protected Trees
Removal
Encroachment
15
5
0
2
0
1
3
2
0
1
1
0
19
11

Table 2
Summary of Direct Tree Impacts in Area 3
Species
Scientific Name
Common Name
Platanus racemosa
Ca. sycamore
Quercus agrifolia
coast live oak
Total

Removal
0
0
0
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TREE PROTECTION MEASURES

A total of 15 protected trees located on the project site are anticipated to be encroached upon and
have direct impacts from construction-related activities. As such, tree protection is required for
those trees that would have encroachment, in accordance with section 8.52 of the Pasadena
Municipal Code, Tree Protection Ordinance. Construction related activities should be monitored
by a qualified certified arborist to ensure tree protection measures are followed, and assess tree
impacts.
Other trees on the project site are located within the temporary construction zone (see Appendix
B), and indirect impacts to trees may result from changes to the site that may cause tree decline,
even when the tree is not directly injured. Indirect impacts include potential damage due to
temporary staging of equipment. Any additional City-protected tree that is within the Project’s
study area and is not identified as a removal or encroachment should follow the tree protection
standards of the City’s Tree Protection Ordinance.
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CONCLUSION

The project site contains 93 protected trees, of which 49 are in Area 2, and 44 in Area 3. A total
of 19 protected trees will be removed due to project implementation, all of which are located within
Area 2. According to the City Tree Protection Ordinance, replacement totals for removed trees are
determined by the “tree replacement matrix”, which means the table of requirements for replanting
replacement trees on private property when removing protected trees. As the City’s Tree Protection
Ordinance does not dictate a replacement ratio for removed ‘public trees’, the tree replacement
requirement and the approved tree replacement ratio is at the discretion of the City and subject to
a final tree impact analysis. As such, the final tree numbers associated with tree replacement may
vary from that presented in this tree inventory and assessment.
15 trees will have encroachment (11 in Area 2, and 4 in Area 3). All protected trees not removed
should be subject to the tree protection standards of the City’s Tree Protection Ordinance.
Construction related activities around the 15 encroachment trees should be monitored by a
qualified certified arborist to ensure tree protection measures are followed, and to assess tree
impacts.
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ARBORIST’S DISCLOSURE STATEMENT

This oak tree report provides conclusions and recommendations based only on a visual
examination of the trees and surrounding site by an ISA-certified arborist and reasonable reliance
on the completeness and accuracy of the information provided to the arborist. The examination did
not include subterranean or internal examination of the trees.
Arborists are tree specialists who use their education, knowledge, training, and experience to examine
trees; recommend measures to enhance the beauty and health of trees; and attempt to reduce the risk
of living near them. Although trees provide many benefits to those who live near them, they also
include inherent risks from breakage or failure that can be minimized but not eliminated.
Arborists cannot detect every condition that could possibly lead to the failure of a tree. Trees are
living organisms subject to attack by disease, insects, fungi, weather, and other forces of nature, and
conditions that lead to failure are often hidden within trees and belowground. There are some
inherent risks with trees that cannot be predicted with any degree of certainty, even by a skilled and
experienced arborist. Arborists cannot predict acts of nature, including, without limitation, storms of
sufficient strength, which can cause an apparently healthy tree to fail. Additionally, arborists cannot
guarantee that a tree will be healthy or safe under all circumstances or for any specific period of time.
A tree’s condition could change over a short or long period of time due to climatic, cultural, and/or
environmental conditions. Further, there is no guaranty or certainty that recommendations or efforts
to correct unsafe conditions will prevent future breakage or failure of a tree.
To live or work near trees is to accept some degree of risk. Neither the author of this oak tree report
nor Dudek assume any responsibility for or will be liable for any claims, losses, or damages for damage
to any tree, death or injury to any person, or any loss of or damage to any personal or real property.
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Tree No.

Botanical Name

Common Name

Area

Tree Impacts

250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265

Quercus agrifolia
Platanus racemosa
Platanus racemosa
Platanus racemosa
Platanus racemosa
Quercus agrifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Quercus agrifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Quercus chrysolepis

coast ilve oak
California sycamore
California sycamore
California sycamore
California sycamore
coast ilve oak
white alder
white alder
white alder
coast ilve oak
white alder
white alder
white alder
white alder
white alder
Canyon live oak

Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2

No Impact
Encroachment
No Impact
No Impact
Encroachment
No Impact
Removal
Removal
Removal
Removal
Removal
Removal
Removal
Encroachment
No Impact
No Impact

Arroyo Seco Canyon Project - Appendix A - Tree Information Matrix
DBH
Number
Individual Stems
(inches)
of Stems
1
2
3
4
5
38
1
38
0
0
0
0
32
1
32
0
0
0
0
70
1
70
0
0
0
0
20
1
20
0
0
0
0
31
1
31
0
0
0
0
8
1
8
0
0
0
0
16
4
4
4
4
4
0
17
1
17
0
0
0
0
19
1
19
0
0
0
0
15
1
15
0
0
0
0
17
3
6
7
4
0
0
22
2
10
12
0
0
0
18
1
18
0
0
0
0
21
4
7
4
7
3
0
8
1
8
0
0
0
0
23
1
23
0
0
0
0

6
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Height
(ft.)
45
55
70
45
55
27
30
50
50
45
33
55
55
45
45
55

Crown
Spread(ft.)
35
40
55
35
40
15
15
17
25
18
15
18
20
25
18
30

Health

Structure

good
Fair
Fair
Fair
Fair
Fair
good
Fair
Fair
good
Fair
good
good
Fair
good
good

Fair
Fair
poor
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair

266

Quercus agrifolia

coast ilve oak

Area 2

Encroachment

51

5

12

16

13

6

4

0

45

50

Fair

poor

267
268
269
270
271
272
273

Quercus chrysolepis
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia

Canyon live oak
white alder
white alder
white alder
white alder
white alder
white alder

Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2

Encroachment
Removal
Removal
Removal
Removal
Removal
Encroachment

17
29
13
18
15
13
11

1
2
1
1
1
1
1

17
15
13
18
15
13
11

0
14
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

45
45
55
55
50
50
60

35
30
15
16
18
20
15

Fair
Fair
Fair
Fair
Fair
Fair
Fair

Fair
Fair
Fair
Fair
Fair
Fair
Fair

274
275
276
277
281
282
283
284
285
286
287
288
289
290

Quercus agrifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Platanus racemosa
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Populus trichocarpa
Salix nigra
Alnus rhombifolia
Alnus rhombifolia

coast ilve oak
white alder
white alder
white alder
white alder
white alder
California sycamore
white alder
white alder
white alder
black cottonwood
black willow
white alder
white alder

Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2

Removal
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
Encroachment
Encroachment
Encroachment
Removal
Removal
Removal

25
15
16
44
29
15
23
13
13
18
10
22
10
24

1
1
1
4
2
1
2
1
1
3
1
4
2
4

25
15
16
8
14
15
12
13
13
7
10
6
5
6

0
0
0
9
15
0
11
0
0
8
0
6
5
6

0
0
0
12
0
0
0
0
0
3
0
6
0
6

0
0
0
15
0
0
0
0
0
0
0
4
0
6

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

55
55
45
45
60
65
65
65
60
55
65
45
40
45

30
18
15
20
40
20
22
25
18
20
18
20
14
20

Fair
Fair
poor
Fair
Fair
Fair
good
Fair
Fair
Fair
good
Fair
Fair
Fair

Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair

291

Quercus agrifolia

coast ilve oak

Area 2

Removal

38

2

18

20

0

0

0

0

55

40

Fair

Fair

292
293
294
295
296
297
298
299

Quercus agrifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia

coast ilve oak
white alder
white alder
white alder
white alder
white alder
white alder
white alder

Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2
Area 2

Encroachment
No Impact
Removal
Removal
Encroachment
No Impact
No Impact
No Impact

27
14
9
9
9
8
10
10

2
1
2
2
1
1
1
1

27
14
5
6
9
8
10
10

0
0
4
3
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

55
45
50
55
55
45
45
55

40
15
20
15
15
15
15
15

Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair

Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair

301

Alnus rhombifolia

white alder

Area 2

No Impact

16

4

4

5

4

3

0

0

45

15

Fair

Fair

Area 2
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3

No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact

1
80
35
24
24
19
18
41
16
44

1
4
2
2
3
1
1
4
1
3

0
15
20
7
16
19
18
22
16
12

0
18
15
17
5
0
0
5
0
17

0
12
0
0
3
0
0
7
0
15

1
35
0
0
0
0
0
7
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

45
40
30
40
45
50
35
45
30
30

30
0
20
30
30
18
30
35
20
30

Good
good
good
good
good
Fair
good
Fair
good
Fair

Fair
poor
Fair
Fair
Fair
poor
Fair
Fair
Fair
Fair

306
58
59
62
63
64
65
67
68
70

Olea europaea
olive tree
Juglans californica Southern California black walnut
Sambucus canadensis
American elderberry
Quercus agrifolia
coast ilve oak
Fraxinus uhdei
evergreen ash
Eucalyptus leucoxylon
white ironbark
Quercus agrifolia
coast ilve oak
Sambucus canadensis
American elderberry
Quercus agrifolia
coast ilve oak
Sambucus canadensis
American elderberry

Notes

poor access - estimated diameter

old tag 25
old tag 24

old tag 36
poor field access - manually placed GPS point,
estimated DBH
No access, locked gate, did not tag, manually placed
GPS point, estimated DBH
old tag 34
old tag 33
old tag 32

poor access - manually placed GPS point, estimated
DBH, did not tag

poor access - manually placed GPS point, estimated
DBH, did not tag
poor access - manually placed GPS point, estimated
DBH, did not tag

No access, private tree in a backyard, manually
placed GPS point, estimated DBH, did not tag
No access, private tree in a backyard, manually
placed GPS point, estimated DBH, did not tag

71
72
73
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

Acer negundo
Quercus agrifolia
Acacia baileyana
Eucalyptus cladocalyx
Quercus agrifolia
Platanus racemosa
Platanus racemosa
Platanus racemosa
Quercus agrifolia
Platanus racemosa
Platanus racemosa
Platanus racemosa
Quercus agrifolia
Quercus agrifolia
Platanus racemosa
Quercus agrifolia
Platanus racemosa
Salix nigra
Salix nigra
Salix nigra

box elder
coast ilve oak
bailey acacia
sugar gum
coast ilve oak
California sycamore
California sycamore
California sycamore
coast ilve oak
California sycamore
California sycamore
California sycamore
coast ilve oak
coast ilve oak
California sycamore
coast ilve oak
California sycamore
black willow
black willow
black willow

Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3

No Impact
No Impact
No Impact
No Impact
Encroachment
No Impact
No Impact
No Impact
Encroachment
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
Encroachment
No Impact
No Impact
No Impact

33
27
56
41
75
26
34
45
103
14
20
24
8
135
49
4
23
7
5
6

3
4
5
1
2
1
3
3
8
1
1
1
1
6
3
1
1
1
1
1

10
8
12
41
38
26
21
21
17
14
20
24
8
20
20
4
23
7
5
6

12
5
22
0
37
0
7
14
19
0
0
0
0
24
17
0
0
0
0
0

11
6
17
0
0
0
6
10
17
0
0
0
0
21
12
0
0
0
0
0

0
8
5
0
0
0
0
0
19
0
0
0
0
20
0
0
0
0
0
0

0
0
0
0
0
0
0
0
14
0
0
0
0
24
0
0
0
0
0
0

0
0
0
0
0
0
0
0
17
0
0
0
0
26
0
0
0
0
0
0

40
30
35
55
45
45
50
40
30
45
40
50
20
45
50
17
55
40
30
35

30
20
30
45
40
35
40
40
35
27
30
35
12
45
40
10
30
13
10
12

Fair
Fair
poor
Fair
good
Fair
Fair
Fair
good
good
good
Fair
good
good
Fair
good
good
Fair
Fair
Fair

Fair
Fair
poor
Fair
Fair
Fair
Fair
Fair
poor
Fair
Fair
good
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair

93
94
95
96

Populus trichocarpa
Quercus agrifolia
Quercus agrifolia
Quercus agrifolia

black cottonwood
coast ilve oak
coast ilve oak
coast ilve oak

Area 3
Area 3
Area 3
Area 3

No Impact
No Impact
Encroachment
No Impact

8
9
31
27

1
2
4
2

8
4
12
13

0
5
5
14

0
0
5
0

0
0
9
0

0
0
0
0

0
0
0
0

45
25
30
30

18
12
30
30

good
Fair
Fair
good

Fair
Fair
Fair
Fair

97
98
99
100
101
102
103
105
107
113
114

Populus trichocarpa
Salix nigra
Alnus rhombifolia
Salix nigra
Alnus rhombifolia
Alnus rhombifolia
Alnus rhombifolia
Corymbia maculata
Quercus agrifolia
Platanus racemosa
Platanus racemosa

black cottonwood
black willow
white alder
black willow
white alder
white alder
white alder
spotted gum
coast ilve oak
California sycamore
California sycamore

Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3
Area 3

No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact
No Impact

8
9
10
6
34
6
4
35
5
35
12

1
1
1
1
11
1
1
4
1
2
1

8
9
10
6
8
6
4
9
5
21
12

0
0
0
0
6
0
0
7
0
14
0

0
0
0
0
7
0
0
11
0
0
0

0
0
0
0
7
0
0
8
0
0
0

0
0
0
0
3
0
0
0
0
0
0

0
0
0
0
3
0
0
0
0
0
0

45
45
50
35
50
45
45
60
12
60
30

18
18
18
15
25
15
12
30
9
35
20

good
Fair
good
Fair
good
good
good
Fair
Fair
good
Fair

Fair
Fair
good
fair
Fair
good
good
Fair
Fair
Fair
good

dormant, confirm species when it leafs out

DBH 4in, 6in

<Null>
Potential ISHB

poor access - manually placed GPS point, estimated
DBH, did not tag

poor access - manually placed GPS point, estimated
DBH, did not tag

DBH 3in,3in,3in,3in,3in
<Null>
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Arroyo Seco Canyon Project – Protected Tree Report
Site Photograph Log

Photo #1. Representative view of California
sycamore trees facing southwest.

Photographs were taken on April 2, 2020

Photo #2. Representative view of alder trees
facing southwest.

A-1

Arroyo Seco Canyon Project – Protected Tree Report
Site Photograph Log

Photo #3. Representative view of Area 3 facing
south.

Photographs were taken on April 2, 2020

Photo #4. Representative view of Area 3 facing
west.

A-2
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MEMORANDUM
November 8, 2018
To:
Elisa Ventura, PE, Principal Engineer
Pasadena Water and Power
Subject:

From:
Marc T. Blain
Senior Project Manager

Arroyo Seco Canyon Diversions Biological Impacts Memorandum

The purpose of this Memorandum is to describe methods and results of an analysis of the potential
impacts on biological resources in the Upper Arroyo Seco, including the Devil’s Gate Reservoir
(Reservoir) area that may result from proposed water diversions associated with the implementation of the
Pasadena Water and Power (PWP) proposed Arroyo Seco Canyon Project (ASCP). The ASCP would
repair, replace and/or rehabilitate the diversion and intake structures in the Arroyo Seco in order to
maximize the capture of PWP’s surface water rights. The improvements, including a new sedimentation
basin in the vicinity of the spreading basins, would facilitate management of sediment for diversion and
spreading operations that were in the past managed with a headworks structure and settling basins further
upstream. The ASCP also includes the expansion of PWP’s spreading basins. The facilities and
improvements that would be constructed as part of the ASCP would be located at three areas along the
Arroyo Seco: Area 1 – Arroyo Seco Headworks; Area 2 – Arroyo Seco Intake; and Area 3 – Former PL
Jet Propulsion Laboratory (JPL) East Parking Lot/Spreading Basins.
This Memorandum includes: (1) a summary of ASCP activities in the upper Arroyo Seco; (2) a
description of current biological conditions in the study area; (3) background information on the biology
and ecology of the dominant vegetation in the study area; (4) a summary of the findings of the recent
Hydraulic, Sediment Transport, and Groundwater Analysis of the study area prepared by Psomas and
included as Appendix A; (5) a summary of the methods and results of an ecological modeling study
prepared by Southern California Coastal Water Research Project and included as Appendix B; (6) an
analysis of the potential effect Project diversions may have on downstream vegetation communities and
habitat; and (7) potential mitigation options with associated cost estimates to reduce diversion impacts.
PROJECT DESCRIPTION
PWP currently operates several structures in the upper Arroyo Seco Canyon that capture and convey
water to a series of groundwater recharge (spreading) basins that are located along the eastern boundary
of Devil’s Gate Reservoir. The City of Pasadena (City) owns the right to divert up to 25 cubic feet per
second (cfs) of surface water into their spreading basins, but heavy rain events in 2010 and 2011 washed
down excessive amounts of sediment from the watershed that was destabilized due to the 2009 Station
Fire. These debris flows damaged the diversion structure and prevented the City from diverting their
allowed surface water rights into their spreading basins.
As a result, PWP proposes to repair and replace damaged facilities in the upper Arroyo Seco Canyon as a
part of the ASCP. The improvements will allow for increased utilization of the City’s surface water rights
from the Arroyo Seco and maximize the beneficial use of this historically important local water resource.
Specifically, modifications to the facilities in Area 2 will allow for increased diversion by capturing
stream flows during storm events that in the past have been bypassed.
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The proposed new diversion structure would capture all flows during small storm events and dry weather
flows in the Arroyo Seco and would also capture up to PWP’s surface water rights during large storm
events. During larger storms when the water is too turbid (i.e. flows generally above 100 cfs), the stream
with its associated sediment load would bypass the diversion structure and continue downstream to
Devil’s Gate Reservoir. Operations during high flows would be facilitated by the adjustable height weir or
crest gate. At low flows, the gate would start in the ‘up’ position and as flows increase, the gate would be
lowered to maintain a constant water surface level in the diversion pool (a pool created behind weir to
allow for elevation appropriate to flow into diversion intake). When the gate is fully lowered, flows would
entirely bypass the diversion structure and carry sediment downstream unabated.
PROJECT LOCATION
The survey area for this Memorandum includes a portion of the upper Arroyo Seco from Devil’s Gate
Dam extending upstream to the existing diversion weir and intake structure (to be replaced as part of the
ASCP). The survey area is located in the City of Pasadena, in Hahamongna Watershed Park, south and
east of the JPL (see Exhibit 1, Study Area).
EXISTING CONDITIONS
Climate and Hydrology
The Arroyo Seco upstream of the diversion weir is a perennial stream that contains surface water flow
throughout the year. Currently, the City captures most dry season (approximately May through October)
surface flows in the intake structure and transports this water to spreading basins that are located along
the eastern boundary of Devil’s Gate Reservoir. Wooden boards are placed in the diversion weir to direct
flowing water into the intake structure. A small amount of water (e.g. less than 0.1 cfs) passes around the
wooden boards and some limited pooling is often visible in the stream extending approximately 350
linear feet downstream of the diversion weir where a wooden A-frame bridge crosses over the stream.
The stream gradient is generally flat immediately upstream of the bridge. There is a concrete footing for
the bridge in the stream and downstream of that footing, there is an immediate four-foot drop in elevation
of the stream bottom. This footing impedes the flow of water during the dry season, so that any surface
flows do not generally extend past the bridge during the dry season.
The survey area is in a region that is subject to a Mediterranean climate, characterized by warm, dry
summers and mild winters with intermittent rain that falls from November through April, usually peaking
from December through March. Therefore, the region is subject to long periods without precipitation
followed by wet winter months. In addition to significant variability in rainfall within any given year,
rainfall amounts vary significantly from year to year. As shown in Table 1, total annual rainfall in recent
years has ranged from as little as 6.24 inches in the 2006-2007 water year to 56.47 inches in the 20042005 water year.
The extreme range in rainfall totals results in wide variations in the amount of surface flows in the Arroyo
Seco. For example, the monthly rainfall for Pasadena in January 2005 was 15.89 inches, which resulted in
a mean stream flow in the Arroyo Seco of 268 cfs (Psomas 2018). That January 2005 data in the context
of the mean monthly stream flow for Arroyo Seco in January (19.6 cfs), February (31.6 cfs), and March
(25.8 cfs) is illustrative of the wide range of stream flows in the wet season months. Notably, the mean
stream flow in the peak of the dry season (July through October) averaged less than 2.0 cfs.

Psomas

Elisa Ventura, PE
November 8, 2018
Page 3
TABLE 1
RAINFALL SUMMARY IN INCHES FOR PASADENA 1999-2018
Water
Year

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Annual
Total

1999-2000

0.00

0.43

0.35

1.08

9.70

3.42

2.71

0.17

0.00

0.00

0.04

0.38

18.28

2000-2001

1.29

0.00

0.00

5.06

8.43

1.31

2.13

0.00

0.00

0.08

0.00

0.00

18.30

2001-2002

0.06

2.60

1.26

1.88

0.41

0.43

0.15

0.25

0.12

0.00

0.03

0.63

7.82

2002-2003

0.00

2.50

2.92

0.00

7.04

4.03

1.26

1.04

0.53

0.04

0.00

0.00

19.36

2003-2004

0.60

1.14

2.15

0.26

8.21

1.27

0.52

0.00

0.01

0.00

0.00

0.00

14.16

2004-2005

8.77

1.60

9.54

15.89

15.62

3.21

1.43

0.04

0.00

0.00

0.02

0.35

56.47

2005-2006

0.77

0.17

0.75

3.67

4.01

2.22

4.45

0.98

0.04

0.00

0.01

0.00

17.07

2006-2007

0.03

0.10

0.74

0.55

2.40

0.12

0.59

0.05

0.00

0.05

0.03

1.58

6.24

2007-2008

0.57

0.82

3.03

13.79

1.66

0.11

0.03

0.73

0.00

0.00

0.00

0.03

20.77

2008-2009

0.07

3.55

3.77

0.82

6.91

0.73

0.09

0.00

0.15

0.00

0.00

0.00

16.09

2009-2010

1.32

0.00

5.50

8.19

6.40

1.24

2.42

0.04

0.00

0.00

0.00

0.00

25.11

2010-2011

1.85

0.86

15.10

0.99

4.35

4.49

0.00

0.53

0.18

0.00

0.01

0.00

28.36

2011-2012

1.68

2.55

1.17

1.27

0.74

2.64

3.14

0.18

0.00

0.01

0.02

0.00

13.40

2012-2013

0.47

1.11

3.38

1.86

0.71

1.36

0.00

0.08

0.01

0.00

0.00

0.03

9.01

2013-2014

0.17

1.08

0.94

0.01

3.65

1.75

0.39

0.00

0.01

0.00

0.03

0.54

8.57

2014-2015

0.00

0.10

7.66

1.51

1.53

1.67

0.03

1.19

0.06

0.64

0.00

1.90

16.29

2015-2016

1.03

0.19

1.09

3.35

1.66

3.65

0.61

0.61

0.01

0.00

0.00

0.01

12.21

2016-2017

0.36

1.22

4.38

9.24

4.63

0.23

0.05

1.01

0.00

0.00

0.05

0.08

21.25

2017-2018

0.03

0.04

0.00

2.84

0.25

4.24

0.01

0.50

0.00

0.00

0.00

0.00

7.91

Average

1.00

1.06

3.35

3.80

4.65

2.01

1.05

0.39

0.06

0.04

0.01

0.29

17.72

Source: WRCC 2018. Rainfall totals provided in inches

During the wet periods or during episodic storms, surface water will flow from the upper Arroyo Seco
into Devil’s Gate Reservoir. Ongoing surface flows from the Arroyo Seco will result in standing water in
the Reservoir. A review of historic aerial photos from Google Earth shows at least some surface water in
the lower portion of the Reservoir in May 2003, January 2005, November 2005, March 2006, October
2007, January 2008, November 2009, and March 2011. Surface water is not observed in aerial photos
subsequent to 2011, which corresponds to the severe drought conditions experienced in California from
2011 through 2016.
As the Arroyo Seco flows in a southerly direction past the existing diversion weir and past the JPL bridge,
the channel morphology changes from a narrow canyon to a wide alluvial plain. During high flow
periods, surface flows can reach the Devil’s Gate Reservoir area, but at other times, water quickly
infiltrates into the sandy sediment at the uppermost portion of the Reservoir. Therefore, a lack of observed
surface water doesn’t necessarily correlate to insufficient moisture within the substrate for the riparian
vegetation in the Reservoir.
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Existing Vegetation
The dominant vegetation community in the survey area is Black Willow Series, in which Goodding’s
black willow (Salix gooddingii) is the dominant species (Chambers Group 2010). Other native species
associated with this vegetation community in the survey area include mule fat (Baccharis salicifolia),
Fremont cottonwood (Populus fremontii), black cottonwood (Populus trichocarpa), and red willow (Salix
laevigata). Non-native species such as gum trees (Eucalyptus sp.) and tree tobacco (Nicotiana glauca)
were also observed. This vegetation type occurs throughout the lower portion of Devil’s Gate Reservoir,
correlated with the wettest conditions observed in the aerial photo analysis described above.
In somewhat drier areas in the upper Reservoir, a patchy distribution of mule fat scrub occurs intermixed
with areas of unvegetated wash (Chambers 2010). These patches consist of dense stands of mule fat with
occasional willow trees. Other species observed in these patches are various herbaceous non-native
species such as Italian thistle (Carduus pycnocephalus), poison hemlock (Conium maculatum), and shortpod mustard (Hirschfeldia incana).
Further upstream, at the transition area from the narrow Arroyo Seco Creek to the wide alluvial system of
Devil’s Gate Reservoir (near the JPL bridge), the habitat consists of California sycamore woodland
(BonTerra Psomas 2017). This vegetation community consists of California sycamore (Platanus
racemosa) with occasional white alder (Alnus rhombifolia) and mule fat.
Continuing upstream, the vegetation is generally dominated by coast live oak (Quercus agrifolia) with
patches of mule fat and occasional California sycamores. Immediately downstream of the diversion weir,
vegetation is dominated by a mix of California sycamores and white alders with occasional Goodding’s
black willows and arroyo willows (Salix lasiolepis) (BonTerra Psomas 2014). Understory vegetation
downstream of the diversion weir consists of riparian species such as tall umbrella sedge (Cyperus
eragrostis), crofton weed (Ageratina adenophora), and water cress (Nasturtium officinale). As stream
conditions become drier downstream of the existing diversion weir, understory vegetation is dominated
by upland species such as smilo grass (Stipa miliacea) and poison oak (Toxicodendron diversilobum).
In general, the spatial distribution of vegetation in the study area is correlated to the hydrology of the area.
Modest dry season surface flows occur immediately downstream of the diversion weir, which encourages
establishment of facultative wetland species such as California sycamore and white alder (Lichvar and
Kartesz 2009). As less water is available further downstream in the dry season, the vegetation is
dominated by upland-riparian transitional species, such as mule fat and coast live oak. The greatest
density and extent of facultative wetland species such as Goodding’s black willow occurs in the
downstream portion of Devil’s Gate Reservoir, where Devil’s Gate Dam blocks surface and subsurface
flows, resulting in more available water to vegetation behind the Dam. No obligate wetland vegetation
species (species that require wetlands) were described in the Chambers (2010) report, which is consistent
with the highly variable surface flows that occur in the study area.
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SPECIES BACKGROUND INFORMATION
Plant Species
Vegetation in the study area generally varies from facultative wetland plant species that can occur in
perennially wet to intermittently wet areas, to drier species that are adapted to intermittent or ephemerally
flowing water and/or to upland conditions. This section summarizes the general characteristics of the
dominant facultative wetland species in the study area, as these are assumed to be the most sensitive to
changes in the hydrological regime.
Goodding’s Black Willow
Goodding’s black willow is a phreatophyte, in other words, a deep-rooted species that is adapted to
absorbing available groundwater for survival (Bush et al 1992). It is a deciduous tree species that is
common to riparian areas throughout the southwestern United States (Hatch 2007). Goodding’s black
willow is a fast-growing species with a life span of approximately 50 years (Karrenberg et al 2002). They
produce small wind-dispersed seeds that are short-lived (Stella et al 2006) and germinate within hours of
landing (Karrenberg et al 2002). Peak seed production for this species occurs from April to July (Boland
2014). Seed germination requires moist sand that has some sun exposure, though long-term inundation of
an area will greatly reduce seed germination (Tallent-Halsell and Walker 2002). Goodding’s black willow
is a potentially deep-rooted species with a maximum rooting depth of approximately seven feet
(Stromberg 2013).
Fremont Cottonwood
Fremont cottonwood is a deep-rooted phreatophyte tree that is one of the most common trees in riparian
areas of central and southern California (Hatch 2007). It is a fast-growing, deciduous tree that can grow
up to 60 feet in height and has a life span of up to 130 years. Reproduction is similar to willows in that
Fremont cottonwoods produce large amounts of small wind-dispersed seeds that are short-lived and
typically germinate within 24 to 48 hours of landing on suitable sites (Fenner et al 1984). Seeds are
covered with tiny hairs that aid in wind dispersal and allow them to float on water. Peak seed production
for this species occurs in the later winter and early spring from February to April (Fenner et al 1984).
Fremont cottonwood root depth is similar to Goodding’s black willow potentially reaching seven feet
below grade (Stromberg 2013).
Wildlife Species
Riparian habitats in southern California provide essential refuge, food, and water for a wide variety of
wildlife. Certain species, such as the song sparrow (Melospiza melodia), are obligate riparian species and
require riparian zones for their life cycle. Riparian zones are characterized by a unique set of physical
ecological factors in comparison to the surrounding regional landscape (Gregory et al. 1991). Ecological
factors inherent to riparian zones include flooding, rich soils, a water table within reach of plant roots
(discussed further in the Impact of Diversions on Vegetation/Habitat section below); and fluvial events
such as sediment transport, scouring, and channel movement (Griggs 2009). Species that require riparian
zones for any portion of their life cycle are adapted to the associated fluvial events. The dynamic nature
of riparian zones due to fluvial events disrupts habitat structure; therefore, various structural forms such
as forest, woodland, shrubland, meadow and grassland, evolve over time. The heterogeneity of riparian
zones creates many habitat features, and in turn, they support a greater diversity of wildlife than any other
habitat type (Smith 1980). Riparian zones also function as important migration routes for many species.
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Special status bird species that may potentially breed in riparian habitats in the Project’s zone of influence
include the State and federally-listed Endangered southwestern willow flycatcher (Empidonax traillii
extimus) and least Bell’s vireo (Vireo bellii pusillus); the yellow-breasted chat (Icteria virens), a
California Species of Special Concern; and the yellow warbler (Setophaga petechia) a California Species
of Special Concern. Non-special status bird species that may occur for breeding in the riparian habitats
include the red-shouldered hawk (Buteo lineatus), red-tailed hawk (Buteo jamaicensis), cooper’s hawk
(Accipiter cooperii), warbling vireo (Vireo gilvus), common yellowthroat (Geothlypis trichas), and song
sparrow among others. Preserving habitat for Endangered species has an indirect effect of preserving
habitat for a host of other species that utilize the same habitat. In the study area, the least Bell’s vireo, a
State and federally-listed Endangered species, has been documented. Due to its regulatory status and its
use as the key species for the ecological modeling (discussed in the Ecological Modeling Study section
below), a detailed description of the vireo’s life history, habitat requirements, and the study area’s
potential for supporting the vireo are discussed below.
Least Bell’s Vireo
Bell’s vireo is a Neotropical migrant that breeds in central and southwestern North America from
northern Mexico to Southern California, Nevada, and Utah; east to Louisiana; and north to North Dakota,
Wisconsin, and Indiana in the central United States (AOU 1998). There are four recognized subspecies of
Bell’s vireo (Vireo bellii) including V. b. belli; V. b. medius; V. b. arizonae; and V. b. pusillus, the least
Bell’s vireo (AOU 1998). Of the four Bell’s vireo subspecies, only two breed in California: the least
Bell’s vireo and the Arizona Bell’s vireo which breeds in the Colorado River Valley (Garrett and Dunn
1981; Rosenberg et al. 1991). The least Bell’s vireo breeds in cismontane southern California and on the
western edge of the deserts (Garrett and Dunn 1981). This subspecies winters in southern Baja California,
and on the Pacific slope of mainland Mexico from Sonora south through northern Nicaragua (Brown
1993), and on the Atlantic slope from Veracruz Mexico south to Honduras (AOU 1998). The least Bell’s
vireo is a federally and State-listed Endangered Species. On February 2, 1994, the USFWS issued their
final determination of critical habitat for the least Bell’s vireo (USFWS 1994), identifying approximately
37,560 acres as critical habitat in Santa Barbara, Ventura, Los Angeles, San Bernardino, Riverside, and
San Diego counties. These areas account for nearly 49 percent of the least Bell’s vireo population in the
United States (USFWS 1994). The Project area is not located in the designated critical habitat area for this
species.
The least Bell’s vireo population has increased tenfold from 291 territories in the early 1980s to an
estimated 2,968 territories 35 years later (USFWS 2006). After a decade or more of absence in Los
Angeles County, the least Bell’s vireo returned by the mid-1980s with a pair reported from Whittier
Narrows in 1985 and 1986 (Long 1993). Numbers of least Bell’s vireo have continued to increase since
that time, and it is now known to occur at several other locations in Los Angeles County such as the San
Fernando (Van Norman) Dam; the San Gabriel River at Fish Canyon and Van Tassel Canyon; the
Sepulveda Basin Wildlife Area; and the Castaic Lagoon Recreation Area (CDFW 2018). The two largest
populations in the county are at Hansen Dam in the northeastern corner of the San Fernando Valley where
44 least Bell’s vireo territories were present in 2009 (Griffith Wildlife Biology 2009) and on the Santa
Clara River from I-5 downstream to the Las Brisas Bridge where 56 least Bell’s vireo territories were
present in 2007 (Bloom Biological, Inc. 2007).
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This small olive-gray passerine occurs in riparian habitats. Breeding habitat consists of willow riparian
woodland dominated by willows (Salix spp.), with western sycamore (Platanus racemosa), and
cottonwoods (Populus spp.), with dense understory vegetation. Understory shrubs such as mule fat
(Baccharis salisifolia) and California rose (Rosa californica) are often a component of the understory
(Goldwasser 1981). The least Bell’s vireo generally nests in early successional stages of riparian habitats,
with nest sites predominantly located in willows, and more specifically willows that are between four and
ten feet high (Franzreb 1989). The most critical factor in breeding habitat structure is the presence of a
dense understory shrub layer from approximately two to ten feet above ground (Goldwasser 1981; Salata
1983; Franzreb 1989). The least Bell’s vireo arrives on its breeding grounds mid-March with males
arriving slightly before females (Barlow 1962; Brown 1993; Nolan 1960). Most individuals depart
breeding grounds by September (Brown 1993). The vireo shows a high degree of site fidelity1 (Greaves
1987). This species has two broods per season and its territory size is approximately 0.5-4.2 acres
(Franzreb 1989). Nests are constructed from grass, plant fibers, leaves, paper, and strips of park fashioned
with spider silk and lined with fine grass, down, and hair and are shaped like an open bag or basket
(Barlow 1962; Nolan 1960). Nests are suspended from a fork in a low branch of a tree or shrub (Barlow
1962; Nolan 1960). Insects and spiders comprise 99 percent of the Bell’s vireo diet, but some fruit may be
taken after July (Barlow 1962; Brown 1993; Nolan 1960).
Conditions suitable for this species are present in riparian vegetation in the study area within the Devil’s
Gate Reservoir. Least Bell’s vireo has been detected in the Reservoir during 2013 focused surveys for the
Devil’s Gate Sediment Removal Project, and by civilian birders in 2017 and 2018 (Chambers Group
2013; eBird 2018). During the 2013 focused surveys, one un-pared male was detected singing frequently,
apparently defending a territory, on April 29, May 23, June 5, and 17. In 2017, one observation was
reported to eBird on April 1 (no details given in the observation). Two least Bell’s vireo, thought to be the
same bird, were reported from the Reservoir in 2018 by the same individual (eBird 2018). On July 1,
2018 a singing male was recorded and uploaded to eBird; and on August 12, 2018 recordings of a singing
male and multiple photographs showing the vireo clearly were uploaded (eBird 2018). No nesting in the
Arroyo Seco has been documented to date.
The least Bell’s vireo observations that include location data (2013 and August 2018 observations) place
them in the black willow woodland within the Devil’s Gate Reservoir within 0.5 miles of the Devil’s Gate
Dam, south of the Project area (see Exhibit 2, Modeled Change in Maximum Inundation Due to Proposed
Project). The description of the black willow woodland from 2013 describes this area as containing large
and small patches of black willow dominant habitat with mule fat, Fremont cottonwood (Populus
fremontii), black cottonwood (Populus trichocarpa), white alder (Alnus rhombifolia), red alder (Alnus
rubra), red willow (Salix laevigata) gum (Eucalyptus sp.), and tree tobacco (Nicotiana glouca)
(Chambers Group 2013). It is also noted that portions of this community are lacking secondary structure
(dense understory) due to unstable sediment accumulation and subsequent scouring from storm events
(Chambers Group 2013). The July 2018 observer noted that the vireo was observed in a fairly open
willow forest containing cottonwoods and eucalyptus, with a thick weedy understory about 3-6 feet high.
This description is consistent with the breeding habitat requirements for the vireo as described above.
Upstream of the diversion point, potentially suitable habitat for the southwestern willow flycatcher and
least Bell’s vireo occurs in the arroyo willow thickets, arroyo willow thickets/mule fat thickets, and mule
fat thickets habitat types. Focused surveys for the flycatcher and vireo have been negative to date in this
area (BonTerra Consulting 2013, BonTerra Psomas 2016).

1

Site fidelity refers to the tendency to return each season to the same nest site or breeding colony.
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A drastic change in the Arroyo Seco habitat occurred as storms washed down large volumes of sediment
from the canyon after the 2009 Station Fire, as is evidenced from historical aerial imagery. Sediment was
deposited in the stream and washed down and settled in the Reservoir just above the Dam (refer to the
2014 Biological Technical Report for the Arroyo Seco Canyon Project for Area locations). Riparian
habitat in these areas was knocked down or covered by sediment effectively removing the habitat over
large areas. Habitat is slowly recovering, although, in the Reservoir large patches of low stature
vegetation, free of mature willows are still visible.
The least Bell’s vireo observations in the Reservoir occurred after this sediment inundation and associated
habitat degradation. Although no pairing of vireo has been detected, it is not conclusive that breeding has
not occurred. The least Bell’s vireo is notoriously cryptic when breeding, and a female may have gone
undetected. Additionally, multiple vireo were detected recently (2017 and 2018) in nearby Eaton Canyon
approximately 4.75 miles south east of the study area, indicating that there is regional potential for a
female to pair with a male defending a territory in the Reservoir (eBird 2018).
The vireo will nest in in the openings in between thickets, within thickets, and within closed canopied
woodlands (Greaves 1989), and because of this, the dynamic nature of the habitat in the Reservoir
remains potentially suitable for this species so long as a portion of the habitat remains unaffected long
enough to generate a thick understory. A thick, tangled understory of mule fat, California rose, or other
shrub species could potentially provide suitable habitat within 2-3 years if conditions were appropriate for
growth.
HYDRAULIC, SEDIMENT TRANSPORT, AND GROUNDWATER STUDIES
A Hydraulics, Sediment Transport, and Groundwater Analysis was prepared for the study area and is
included in Attachment A to this Memorandum (Psomas 2018). The purpose of the Analysis was to
evaluate the relative impact of the City’s proposed management of diversions from the Arroyo Seco on
riparian resources located downstream of the diversion structure. Hydraulic modeling assumed 100
percent efficiency in diversions in order to reflect the maximum reduced flow and thereby the maximum
potential downstream habitat impacts. A summary of the results of the Analysis is presented below.
The maximum depth of the Reservoir pool “with-diversion” is reduced by approximately 1.3 feet in a dry
year in comparison to the “without-diversion” scenario (Exhibit 7, Attachment A). A review of Exhibit 5
of Attachment A indicates that the cause of the decrease in maximum depth is likely due to the fact that
the total runoff for the representative dry year without-diversions is approximately 2,480 acre-feet (af),
while the hydrograph with diversions for the representative dry year is approximately 550 af. Therefore,
the difference in runoff volume accounts for the difference in maximum depths shown in Exhibit 7,
Attachment A. It is important to note that the area of inundation is approximately the same between the
two scenarios owing largely to the shape of the Reservoir upstream of the Dam.
The maximum Reservoir pool water surface elevation for the representative average year withoutdiversion and representative average year with-diversions are approximately equal, with the WSE (water
surface elevation) = 1,035 feet (Exhibit 9, Attachment A). In these scenarios, the factor that controls the
depth and WSE is the operation of Devil’s Gate Dam. Despite the same maximum depths, the withdiversion scenario has greater inundation durations at the Reservoir fringes because the depth reaches the
operational curve elevation more slowly than does the without-diversion scenario.
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Like the representative average year scenarios, the representative wet year maximum depth is the same in
the with- and the without-diversion scenarios because the Dam operational curve is controlling the
maximum depth in the Reservoir, approximately WSE=1,035 feet (Exhibit 11, Attachment A). Like the
average year scenarios, the with-diversion scenario has greater inundation durations at the Reservoir
fringes because the with-diversion scenario Reservoir depth reaches the operational curve elevation more
slowly than does the without-diversion scenario.
A review of regional groundwater data indicates that the distance to groundwater within the Reservoir
area is substantially greater than the depth of the tree root zones and consequently would not be expected
to have an effect on rootzones of the riparian habitat within the Reservoir. Studies associated with
the Devil’s Gate Sediment Removal Project support the reported groundwater elevation with measured
average depth to ground water of over 100 feet and depth to a subsection of a perched aquifer greater than
20 feet (LACDPW 2018).
Within the upstream section of the study area, between the diversion point and the JPL Bridge, the model
showed little or no measurable change in hydraulic conditions (such as depth, velocity, inundation area,
and shear) with project diversions. However, factors influencing the hydraulics are markedly different in
this high gradient mountainous section versus the low gradient downstream areas. The stream is much
narrower and does not expand with increasing flows due to the constrictions of the hardened canyon walls
and granite boulders in the mountainous section. Increasing volume of water from storms have a greater
effect on flow velocity as water exits the mountains and less of an effect on increasing area of pooling or
the duration of pooling. This is consistent with the model findings showing little change with project
diversions in the upstream segment.
The upstream area also behaves differently during low flows. Thethe hydraulic model assumptions limit
the lowest modeled flow to 1 cfs; therefore. Therefore, flows below 1 cfs are not included in the modeling
analysis but are considered here. During times of low flow, the role of groundwater is substantially
different between the low gradient downstream area and the high gradient upstream area. Within the
upstream section of the Arroyo Seco, subsurface water (i.e. groundwater) is very shallow and often just
below the creekbed surface, even in areas that appear dry on the surface. Due to the steep gradient, this
groundwater moves downstream through the substrate as a subsurface flow beneath the stream bed.
Furthermore, this section of the Arroyo Seco is considered a “gaining” stream indicating that surface
flows increase moving downstream due to upwelling of subsurface flows. Upwelling occurs when
subsurface flows move around less permeable sections of substrate and reach the surface to become
surface pools or flows for segments of the stream and may penetrate more permeable substrate further
downstream and return to subsurface flow or continue downstream as surface flow for long distances.
Evidence of the intermingling of surface and subsurface flowing can often be seen from just below the
diversion point downstream to the A-frame bridge where subsurface upwelling occurs at low points in the
stream.
As mentioned previously, groundwater within the low gradient portion of the study area, downstream of
the JPL Bridge, is very deep. The extensive alluvial deposits allow water to readily migrate through and
downward until reaching the water table approximately 100 feet below the surface. Low flows that make
it downstream and past the JPL bridge are only visible on the surface for short distances before
penetrating the sediment to become subsurface flow and quickly dropping vertically. Consequently, low
flow in the lower study area is not expected to be influenced by groundwater to any measurable degree
due to the distance between surface flows and the groundwater table.
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ECOLOGICAL MODELING STUDY
An Ecological Modeling Study was prepared for the study area and is included as Attachment B. The
ecological effects of flow diversions were assessed based on modeled relationships between hydraulic
changes described in the Hydraulics, Sediment Transport, and Groundwater Analysis and the probability
that the resultant physical conditions can support southern willow riparian habitat conditions conducive to
occupancy by least Bell’s vireo.
For this Study, the statistical approach, rather than a mechanistic approach, was used to estimate the
probability of occurrence of vireo under physical conditions associated with flow diversion scenarios.
This statistical approach was used because: (1) it is a more efficient approach for evaluating ecological
effects in a relatively small area over relatively short periods of time; (2) it can be more directly related to
available species observation data; (3) it produces a probability estimate that provides flexibility in setting
management thresholds (i.e. managers can select a probability of effect that triggers a management
decision); and (4) the hydraulic modeling does not provide a long-enough time series of output (due to the
computational complexity of the model) to support a mechanistic approach.
All hydraulic variables tested showed significant statistical differences (p value <0.001) in willow
occurrence between predicted future conditions and historic flow characteristics. However, given the
small sample size of vegetation polygons, inherent to the relatively small size of the Project (see Exhibit
2, Excavation Limits of the LACDPW Devil’s Gate Sediment Removal Project), and the high number of
hydraulic observations (over 18,000), it is believed the significance estimates may be overestimated. The
significant overlap in distributions of occurrence and the large AIC2 value substantiate this suspicion.
As depicted in Figure 4 of the Ecological Modeling Study (Attachment B), the model predicts a negative
correlation between increasing velocity and willow habitat presence. Expected changes in velocity are
illustrated in Exhibits 3a-3f, Modeled Change in Maximum Velocity Due to Proposed Project, of this
Memorandum. This is because willow habitat favors areas where water infiltrates the soil; higher
velocities mean lower infiltration, and thus do not favor willow presence. A similar result is predicted for
shear stress, so that as shear stress increases, the model predicts a decreased probability in willow
occurrence. Depth shows an increase in willow probability as water depth increases. Due to
implementation of the ASCP, willows may increase in the channel (narrow linear flow upstream of the
Reservoir pool) and decrease in the Reservoir pool as water recedes and depth decreases.
Upstream areas showed little to no change consistent with the hydraulic model which forms its basis.
IMPACT OF DIVERSIONS ON VEGETATION/HABITAT
Changes in the hydrological regime of stream systems have been shown to result in changes in vegetation
structure and composition (Stromberg et al 1996). Though much of the research on this topic has occurred
in the desert southwest (Stromberg 2013; Tallent-Halsell and Walker 2002) and the Sierra Nevada (Smith
et al 1991), these studies have generally documented the responses of species that occur in the study area
for this Memorandum, namely Goodding’s black willow and Fremont cottonwood. The shifts in
vegetation related to changes in hydrology is based upon: (1) the degree of fluctuations in groundwater
levels; (2) the depth of root systems of existing vegetation; and (3) the resulting potential of invasive
2

The Akaike Information Criterion [AIC] is an estimator of the relative quality of statistical models and provides a
measure of the relative information not well represented by the model. It represents the balance between goodness
of fit and model complexity.
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species establishment to displace native vegetation (Leenhouts et al 2006; Horton and Clark 2001). The
concept behind this relationship is that minor fluctuations in groundwater levels will not affect the
presence of phreatophytic vegetation if the root systems of those plants are deep enough to access water
in the phreatic zone (zone of saturation) or the capillary fringe (zone above the saturation area where
water fills soil pore spaces through capillary motion and is available for plant uptake). However, if
groundwater levels drop below the maximum depth of the root zone for a sufficient amount of time, then
those plants are susceptible to be displaced by other species. Factors that affect the depth of roots include
the genetic ability of each plant to produce deep roots, the soil type and the depth to which gas exchange
is possible, and available water and nutrients (Foxx et al 1982). Additionally, root depth has been shown
to be affected by fluctuations in the water table as significant fluctuations encourage species to elongate
deep roots to access waters (Horton and Clark 2001).
Therefore, the principal question is whether the proposed ASCP diversions would cause an increase in the
depth to groundwater that is available for willows and cottonwoods. As shown in Exhibit 4, Baseline
Hydrology Example, changes to groundwater levels should not extend beyond the maximum depths to
groundwater within the root zone of phreatophytic species to maintain their presence.
Leenhouts et al (2006) studied Goodding’s black willow-Fremont cottonwood woodlands and their
relation to groundwater depth. They categorized the riparian corridor in three classes: (1) intermittent-dry
flow regimes with average groundwater depth in excess of 3.5 meters; (2) intermittent-wet flow regimes
with average groundwater depth between 2.5 and 3.5 meters; and (3) perennially flowing areas with
average groundwater depth of less than 2.5 meters. Willow-cottonwood forests were dense and multiaged in Class 3 areas; drought-tolerant species such as salt cedar (Tamarix ramosissima) were
subdominant and a dense and diverse herbaceous layer was present. Willows and cottonwoods were still
dominant at Class 2 sites, but salt cedar presence increased, the herbaceous layer was diminished, and the
productivity of willows and cottonwoods was decreased. Class 1 sites became dominated by salt cedar as
native species were presumably unable to access sufficient groundwater for survival.
Willow habitat in Devil’s Gate Reservoir is characterized by persistent coverage of mature willow trees,
though aerial photo analysis indicates that the extent of willow coverage varies over time, likely in
response to annual variability in precipitation and inflows from the upper Arroyo Seco. Little change is
observed in the lowest portions of the Reservoir (downstream end) while coverage appears to vary
slightly at the upper portions of the Reservoir. Because the accumulated sediment in Devil’s Gate
Reservoir is mainly comprised of sandy material, the willow tree rhizosphere likely reaches the maximum
root depth of approximately seven feet below grade. The lack of a persistent herbaceous understory
suggests that the depth to groundwater for much of the year is at least two feet, since herbaceous species
roots generally extend less than two feet below grade. Therefore, the depth to groundwater likely
fluctuates in the range of two to seven feet in the lower end of the Reservoir. It should be noted that the
groundwater at these elevations does not represent the upper limit of the groundwater aquifer (the
MHSA), which occurs approximately 300 feet below the surface in the Reservoir riparian areas as
described previously. Based on topography, the shallower groundwater is expected to result from
subsurface flows from the from San Gabriel Mountains, which flow south off the mountains and on to the
Montrose/La Canada valley floor then to the east flowing downhill, towards the Arroyo Seco, until
eventually reaching the deposited sediments within the Reservoir.
The current operation of the diversion weir and intake structure allows surface water during large storm
events to flow downstream unimpeded as the intake structure is closed during peak flows (greater than
approximately 100 cfs) to prevent damage to the pipe that delivers water to the spreading basins.
Therefore, no changes to the hydrology will occur during times when the highest surface flows are
Psomas

Elisa Ventura, PE
November 8, 2018
Page 12
present. When moderate flows are present in the stream during the wet season, some water is diverted and
a portion of the stream water bypasses the intake and continues downstream. During dry summer months,
surface flows in the upper Arroyo Seco are sufficiently low to allow PWP to divert virtually all surface
flows in the stream.
The impact of the ASCP is assessed based on changes to the current operation of the intake structure. The
ASCP will continue to allow peak flows during the wet season to bypass the intake structure and will
continue to capture most or all dry season flows. Therefore, the ASCP’s potential to affect downstream
vegetation communities is assessed based on the maximum allowed diversion of 25 cfs, which would
presumably result in diversion of flows for a longer time due to extended periods of surface flow in the
wet season, as well as diversion beyond those captured in the existing condition.
Generally, surface flows will reach the Reservoir area during and after significant rain events during the
winter months. Vegetation in the Reservoir will utilize this water as it ponds and saturates the uppermost
soil layers. The presence of Devil’s Gate Dam is the dominant influence to the hydrology of the study
area because it blocks surface and subsurface flows to downstream areas thus increasing the time that
subsurface water is available to trees in the Reservoir. Additionally, the Reservoir is a collection area for
subsurface water that flows from the upper Arroyo Seco area, as well as from the Montrose/La Canada
slope to the west. Some of these inflows support the riparian tree species that occupy the Reservoir area.
Due to the highly variable precipitation in the region and the resulting variability in surface flows in the
upper Arroyo Seco, identifying the typical flow regime is difficult. As discussed above, surface flow rates
in the wet season can range from approximately 1 cfs to more than 200 cfs. The Hydraulics, Sediment
Transport, and Groundwater Analysis (Attachment A) categorizes precipitation data for the study area as
either wet, average, or dry years. The maximum inundation zone in the Reservoir was shown to
minimally fluctuate during wet, average, or dry years (see Exhibits 5a-5c, Modeled Change in Maximum
Inundation Due to Proposed Project). The maximum flood zone for the Reservoir is determined by the
management of Devil’s Gate Dam, as any water that would exceed the maximum surface elevation of
1,035 feet is released downstream. Areas that would not be flooded during maximum inundation levels
consist of a narrow band along the margins of the inundation footprint that measures 2.1 acres. As
discussed in the Hydraulic Analysis, while the footprint of the inundated area during dry years is less than
average or wet years, the duration of inundation along these fringes is increased in the with-diversions
scenario. Inundation duration in dry years is increased by diversions because the amount of runoff
required to initiate Dam operations is increased. Overall, the hydraulics model indicates that any
reduction to the inundation footprint is infrequent (occurring only during dry years) and duration period is
slightly increased on the fringes. Furthermore, the model’s conservative assumption of 100 percent
efficiency in diversions is highly unlikely to be achieved. Diversions would therefore be less than
modeled and impacts less than depicted in modeling results.
The Hydraulic Analysis also discusses the effect on water velocities. The Ecological Modeling Study
indicates that increasing water velocities result in lower water infiltration into the soil, and this reduces
the probability of willow establishment. However, the Hydraulic Analysis indicates that the effects of
water diversion on velocity are small overall and in some cases the change in velocity from diversions is a
decrease from existing conditions (see Exhibit 3a–3f, Modeled Change in Maximum Velocity Due to
Proposed Project). Therefore, no changes to the extent of willow habitat is expected to occur from
modelled velocity changes.
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The Hydraulic Analysis also indicates that proposed stream diversions are expected to be an unimportant
factor to overall sediment transport potential because the controlling elements of sediment transport are
geologic factors. Large runoff events typically drive sediment movement in southern California streams;
since no diversions are proposed during peak events, the ASCP is not expected to affect stream sediment
yield to Devil’s Gate Reservoir. In fact, the design of the proposed crest gate diversion weir is expected to
enhance sediment transport because the gate will be placed in the down position during peak flow events
to prevent impediments to sediment transport, which occur presently by the diversion weir.
As described above, the hydrology of the Arroyo Seco is highly variable. The ecological modelling study
indicates that water depth and duration of inundation correlate most highly with changes in the extent of
willow riparian habitat in the Reservoir. Because the rainfall and resulting stream flows can vary so
dramatically in the Arroyo Seco and because willow riparian habitat is dependent on available water, it
stands to reason that the extent of willow habitat would mirror the dynamics of the site hydrology.
Therefore, changes in the willow habitat that may result from proposed diversion changes during dry year
conditions would likely be temporary (due to the high growth rate of the species and the likelihood that
dry year conditions would be followed by average or wet year conditions) and within the normal range of
variability of the system.
To further illustrate the Reservoir vegetation’s lack of dependency on dry season flows from the upper
Arroyo Seco, the drought conditions that persisted earlier this decade provided an excellent test to the
resiliency of the willow habitat. From April 2011 through April 2016, only eight of those months had
rainfall totals in excess of two inches. Therefore, for a five-year period, surface water likely flowed past
the diversion weir for only brief and infrequent periods. Though inflows to the Reservoir were
exceptionally small, the depth to groundwater appeared to remain within the rhizosphere of the willow
trees in the Reservoir since the extent of those trees remained largely the same. This also provides support
of the concept of subsurface flow contribution coming largely from the La Canada/Montrose valley slope
and into upper limits of the sediments in the Reservoir allowing willow riparian persistence.
An additional factor considered in assessing the potential impacts is the relative contribution of the
Arroyo Seco from the diversion point to the total inflow to the Devil’s Gate Reservoir. The watershed
area of the Reservoir, above the dam, is 18,070 acres while the area of the watershed from the diversion
point is 12,010 acres. The watershed and approximate flow contribution from the diversion point is 66
percent of the total watershed and approximate inflow of the Devil’s Gate Reservoir. The model results
reflect the change in flows from the relative contribution at the diversion point. The additional flows from
other tributaries within the remaining 33 percent of the watershed contribute to the total inflow.
Consequently, the actual effect of the downstream diversions is likely to be less impactful than model
results would indicate.
With respect to the vegetation that is immediately downstream of the diversion weir and upstream of the
JPL bridge, water regularly flows through this area in the wet season and, as described above, a small
amount of water passes through the wooden boards of the diversion weir in the dry season. The upper
Arroyo Seco, above the JPL bridge and within granite-based mountains, has a high water table
(Attachment A) so that the riparian vegetation downstream of the diversion weir is likely supported by
subsurface flows that pass under the diversion weir and often resurface at various points. Construction of
the new crest gate diversion weir may be a slightly deeper than the current diversion weir, depending on
the ultimate design of the structure. Minor changes in the depth of the structure are not anticipated to
substantially block subsurface flows from passing through the area and continuing downstream as
subsurface and resurfacing flow based on the typical depth of groundwater in the area and the steepness
of the stream gradient which provides additional force or ‘head.’
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Further evidence of the upstream area’s lack of dependency on surface flows is indicated by the maturity
of the vegetation. Riparian vegetation in this area is dominated by sycamore and alder riparian trees
which have persisted in the area even when surface flows are minimal. The maturity of this habitat
suggests a stable amount of water in the root zone of these trees even in the dry season. As such, impacts
to riparian or other vegetation communities in the upper study area are unlikely to result from the
increased proposed water diversions.
Project studies examining existing conditions within the study area and potential changes in hydraulics,
sediment transport, and ground water coupled with ecological modeling and habitat requirements indicate
that downstream reduced flows associated with ASCP diversions are not expected to result in any
measurable effects on downstream riparian vegetation/habitat.
CHANGING EXISTING CONDITIONS
Existing conditions within the study area are expected to change significantly within the near future.
Beginning in fall of 2018, a large portion of riparian vegetation within the Devil’s Gate Reservoir section
of the study area, as shown in Exhibit 2, Excavation Limits of the LACDPW Devil’s Gate Sediment
Removal Project, will be removed as part of Los Angeles County Department of Public Work’s sediment
removal project (LACDPW 2018). Consequently, a large portion of the riparian vegetation within areas
potentially affected by the ASCP is not expected to exist when hydraulic changes resulting from Project
diversions would occur. Additionally, the surface elevation of a large portion of the Reservoir area will be
lowered as the County’s sediment removal project excavates accumulated sediments over the course of the
coming years. As a result, a much greater volume of water will be contained within a deeper pool in a
smaller area of the Reservoir. It is expected that pool margins will recess accordingly towards the center of
the pool and away from riparian habitat occurring at and beyond current maximum pool margins. Therefore,
small changes in hydraulics at the margins of the pooled areas of the Reservoir resulting from ASCP
diversions are not likely to occur within or adjacent to existing riparian woodland habitat at pool margins.
In summary, the minimal potential effects on riparian habitat resulting from future ASCP diversions, as
described in previous sections above, are further reduced due to changing existing conditions.
CONCLUSIONS
Downstream reduced flows associated with ASCP diversions are not expected to result in any measurable
effects on downstream riparian habitat. Project studies examining existing conditions within the study
area and potential changes in hydraulics, sediment transport, and ground water coupled with ecological
modeling and habitat requirements all provide support of this conclusion. Additionally, changing future
conditions further reduce potential ASCP effects. Mitigation would therefore not be required because
there would be no significant impacts to hydrology or biological resources in the context of the California
Environmental Quality Act (CEQA). Also, to ensure the diversions are implemented as proposed and
modeled in the aforementioned studies, a series of design features and monitoring measures are
recommended. Recommendations include:
1. All flows exceeding approximately 100 cfs will be allowed to pass through the weir structure
without diversions. A monitoring protocol shall be developed to accurately measure the stream
flows at the point of diversion in a timely manner during and immediately following significant
rain fall events (1 or more inches within a 24-hour period). Monitoring data shall be logged on an
annual basis. If modeling data determines that flows exceeding 100 cfs are being partially
diverted, immediate evaluation of operational and/or structural changes shall be conducted and
implemented.
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2. Accurate records of weir operations shall be kept and made available upon request to regulatory
agencies. Records shall include diversion methods implemented and diversion quantities over a
given period of time.
3. If the proposed weir structure design exceeds the subsurface depth of the existing weir structure,
the City shall evaluate the design to confirm that no measurable interference of subsurface
groundwater flows would result when compared to the existing conditions.
Enclosures:
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Exhibit 2 – Excavation Limits of the LACDPW Devil’s Gate Sediment Removal Project
Exhibit 3a–3f – Modeled Change in Maximum Velocity Due to Proposed Project
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Exhibit 5a–5c – Modeled Change in Maximum Inundation Due to Proposed Project
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Arroyo Seco Canyon Project Diversion

1.0

INTRODUCTION

Pasadena Water and Power (PWP) operates a diversion structure located approximately 0.25mile north of Millard Creek on the Arroyo Seco. PWP has surface water rights of 25 cfs and and
diverts streamflows into an intake structure. Upon entering the intake, the water is piped
downstream approximately 3,000 feet to the PWP’s spreading basins for groundwater recharge.
The diversion structure and intake structure were damaged due to the debris flows following the
2009 Station Fire. Since then, the structures have operated at a reduced capacity.
The proposed Arroyo Seco Canyon Project (ASCP) would repair, replace and/or rehabilitate the
diversion and intake structures in the Arroyo Seco in order to maximize the capture of PWP’s
surface water rights. The improvements, including a new sedimentation basin in the vicinity of the
spreading basins, would facilitate management of sediment for diversion and spreading
operations that were in the past managed with a headworks structure and settling basins further
upstream. The ASCP also includes the expansion of PWP’s spreading basins. The facilities and
improvements that would be constructed as part of the Arroyo Seco Canyon Project would be
located at three areas along the Arroyo Seco: Area 1 – Arroyo Seco Headworks; Area 2 – Arroyo
Seco Intake; and Area 3 – Former JPL East Parking Lot/Spreading Basins (refer to Exhibit 2).
This Hydraulics, Sediment Transport, and Groundwater Analysis (Report) analyzes one
component of the larger Arroyo Seco Canyon Project: water diversions from the Arroyo Seco
Intake structure in Area 2 (proposed Project).
Changes to riparian habitats in the Project area can result from several potential sources,
including changes in discharge patterns into the Devil’s Gate Reservoir associated with water use
practices (i.e. urban runoff) and diversions; infiltration of water in the existing spreading basins;
alterations in sediment deposition and ponding patterns associated with the operation of Devil’s
Gate Dam; variation in sediment yield associated with fires in the upper watershed, such as the
2009 Station Fire; and long-term climate changes (including changes in drought cycles).
The purpose of this analysis is to evaluate the relative impact of the City’s proposed management
of diversions from the Arroyo Seco on riparian resources located downstream of the diversion
structure. The goal of this Report is to identify the changes specifically concerning sediment
transport, hydraulics, and groundwater that may affect down-stream riparian habitats. The results
shall provide the baseline for further ecological modeling to assess biological impacts of the
project on riparian resources.
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2.0

PROJECT SETTING

2.1

PROJECT LOCATION

The Project site is located within the Arroyo Seco Watershed, which is a subwatershed of the
larger Los Angeles River Watershed. The Arroyo Seco is a perennial creek, which means there
is generally flowing water year-round, but the flow is below the surface (underground) in some
locations. Creek flows that originate in the San Gabriel Mountains continue to flow south through
the cities of Pasadena, South Pasadena and Los Angeles, before joining the Los Angeles River
just east of Elysian Park and west of the Interstate (I) 5/I-110 Interchange. Within the City of
Pasadena, the Arroyo Seco passes through three distinct recreational areas: (1) Upper Arroyo
Seco, containing Hahamongna Watershed Park and Devil’s Gate Dam; (2) Central Arroyo Seco,
containing the Brookside Golf Course and Rose Bowl; and (3) Lower Arroyo Seco, containing an
archery range, casting pond, and Memorial Grove. The proposed Project involves the construction
of a new diversion structure in the Upper Arroyo Seco (in the City of Pasadena on land owned by
the City). Exhibit 1, Regional Location and Local Vicinity, shows the location of the Arroyo Seco
in the City of Pasadena, as well as the boundaries of the Project Study Area.
The locations of the Areas 1, 2, and 3, as identified in the larger Arroyo Seco Canyon Project, are
shown in Exhibit 2, Location of Areas 1, 2, and 3. These areas are connected by the Gabrielino
Trail, which serves as a recreational trail and the access road for City of Pasadena and United
States Forest Service (USFS) vehicles heading into the Arroyo Seco Canyon. This Hydraulics,
Sediment Transport, and Groundwater Analysis (Report) analyzes one component of the larger
Arroyo Seco Canyon Project: water diversions from the Arroyo Seco Intake structure in Area 2 to
the spreading grounds in Area 3.
The Project site can be accessed via I-210 by exiting Windsor Avenue and traveling northward
for approximately 0.8 mile to its intersection with Ventura Street. From this intersection, the former
JPL East Parking Lot is located approximately 0.27 mile north along Explorer Road, which can be
accessed by walking, bicycling, driving, or by horse.
2.2

EXISTING CONDITIONS

The Arroyo Seco is an important source of water supply for the City of Pasadena. The City owns
the right to divert up to 25 cubic feet per second (cfs) of surface water from the Arroyo Seco into
the City’s spreading basins located along the east side of the Devil’s Gate Reservoir, upstream
of Devil’s Gate Dam.. PWP uses the surface water to recharge the underlying Monk Hill Subbasin
(a sub-aquifer of the Raymond Basin) for groundwater well extraction.
PWP currently operates several structures in the Arroyo Seco Canyon that capture and convey
stream water to a series of groundwater recharge (spreading) basins that are located adjacent to
the National Aeronautics and Space Administration’s (NASA’s) Jet Propulsion Laboratory (JPL)
campus. These facilities include the Arroyo Seco Headworks structure and adjacent
sedimentation basins, the Arroyo Seco Intake Dam, and the associated pipelines that convey
water to the existing spreading basins. A large number of these facilities were entirely or severely
damaged due to debris flows in 2010 and 2011, subsequent to the 2009 Station Fire.
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3.0

PROJECT DESCRIPTION

3.1

PROJECT PURPOSE AND NEED

PWP proposes the ASCP to repair and replace damaged facilities in Arroyo Seco Canyon. The
improvements will allow for increased utilization of the City’s surface water rights from the Arroyo
Seco and maximize the beneficial use of this historically important local water resource.
Specifically, modifications to the facilities in Area 2 will allow for increased diversion by capturing
stream flows during storm events that in the past have been bypassed. PWP typically does not
divert the stream water for recharge during large storm events (i.e. flows greater than
approximately 100 cfs) due to the high total suspended solids (TSS) in the water. If water with
high TSS levels is used for recharge, the ground surface in the spreading basins can be “blinded”
or plugged by fine material, such as clays and silts, which would then reduce percolation and
groundwater recharge rates. This reduced efficacy of the spreading basins is counterproductive
in terms of groundwater recharge, and requires more maintenance to remove the top layer of fine
materials at the spreading basins in order to recover the original recharge rates. Letting water
with high TSS levels bypass without recharge is not preferred from a water supply perspective,
but helps reduce maintenance issues associated with excessive cleanup of the basins. For the
purposes of the present analysis, a maximum discharge in the Arroyo Seco must be defined to
represent the upper limit at which water can be withdrawn. This flow rate is assumed to be 100
cfs.
3.2

PROJECT COMPONENTS

The proposed new diversion structure would capture all flows during small storm events and dry
weather flows in the Arroyo Seco, and up to PWP’s surface water rights during large storm events.
During larger storms when the water is too turbid, the stream (with its associated sediment load)
would bypass the structure and continue downstream in the creekbed. Operation during high
flows would be facilitated by the adjustable height weir or crest gate. At low flows, the gate would
start in the ‘up’ position and as flows increase, the gate would be lowered to maintain a constant
water surface level in the diversion pool. When the gate is fully lowered, flows will be bypassed
and carry sediment downstream.
City personnel would continue to provide maintenance of the diversion and intake structures as
occurs under existing conditions.
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4.0

PREVIOUS STUDIES

Two studies were reviewed to enhance the background understanding of the Project area
hydraulics. A summary of each relative to the analysis in this Report is provided below.
PHILLIP WILLIAMS & ASSOCIATES (2000) – The purpose of the Phillip Williams & Associates
(PWA) study was to provide supplemental analysis of hydrology and geomorphology to the
development of a master plan for the Hahamongna Watershed Park. The study specifically
examined hydrology, geomorphology, flood hazards, water resources history, sediment transport
and maintenance, and groundwater recharge. Pertinent to the proposed Project are the
hydrology, flood hazards and sediment transport analyses.
The hydrology element of the study examined precipitation gages near the Project site, including
USGS stream gage #11098000. A flood frequency analysis of the gage data was conducted.
Additional analysis of a Los Angeles County Department of Public Works stream gage (F277-R)
was also completed. A review of the stream gage data showed that several major floods have
occurred during the period of record for the stream gage and as recently as 1983. (It should be
noted that the 1998 peak discharge was greater than the 1983 peak discharge, however, a vetted
data set may not have been available at the time.) Interestingly, none of the major floods were
preceded by a wildfire within three years. The PWA study also followed Waanan & Crippen (1977)
in developing a relationship between the discharge at the gage and the discharge below the gage
based on tributary area. The base relationship takes the form:
𝑄 =𝑄

𝐴 /𝐴

where Qd and Qgage are the discharge rates at a location downstream of the gage and at the gage,
respectively, Ad and Agage are the watershed areas at a location downstream of the gage and at
the gage, respectively, and n is an exponent based on the return frequency of the discharge being
scaled. It is important to note that PWA assumed that all discharges are bulked, which appears
to be reasonable for the study area and the USGS gage data.
Hydraulic numerical modeling was completed for the study using the MIKE11 model for a
combination of the 2- 10- and 50-year annual return frequency events. The model was limited to
the stretch of Arroyo Seco between the Jet Propulsion Laboratory (JPL) Bridge and the Devil’s
Gate Dam. MIKE modeling focused on flood management.
The sediment transport analysis included geomorphology and hydraulics. The geomorphic
analysis noted the importance of floods, fires and debris flows within the watershed, and noted
that these types of events play an important role in the frequency and magnitude of watershed
and stream sediment yield in the study area. The study examines the many published rates of
watershed debris yield and notes the alluvial fan-like environment of the lower portion of the study
area. PWA also presents the record of sediment management within the Devil’s Gate Reservoir.
Historical aerial photograph analysis was performed to determine the historical extent of the active
bed and erosional patterns. The analysis found that the limits of erosion are topographically
controlled and that the upper portion of the reservoir has typically been braided where the lower
portion exhibits ponding.
A two-dimensional FLO-2D numerical model was run for the 2-, 10-, and 50-year hydrographs.
The purpose of the model was to determine the debris flow in the reservoir. The model extents
were the same as the MIKE model. Historical sectional and longitudinal analysis was also
completed within the reservoir. Additional empirical analysis was completed to estimate sediment
yield for discrete events. The study found what is commonly accepted as the basis for sediment
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yield in southern California watersheds: yield scales with volume of precipitation. Therefore, the
smallest, most frequent runoff events or the driest years will transport little or no sediment to the
reservoir, while high volume, infrequent events or wet years may potentially transport relatively
large volumes of sediment within the study area. The MIKE model was also updated to analyze
sediment transport within the study area using sediment data collected within the reservoir. The
model was calibrated against historical section data. The model results appear to over-predict
bed change during the 2-year event with up to 9.5 feet of aggradation in the model bed at the
most upstream cross section. The authors attribute this to the rapid expansion of channel width
immediately downstream of the entrance to the reservoir.
JET PROPULSION LABORATORY (2003) – The Jet Propulsion Laboratory (JPL) study
describes the development and calibration of the JPL groundwater model as part of the
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) site. Of
interest to the present work, the JPL study found no constant loss from Arroyo Seco to Raymond
Basin, the underlying groundwater basin, nor any regular and consistent contribution from
Raymond Basin to the Arroyo Seco. This indicates that water from the aquafer is not at a depth
shallow enough to provide water to sustain vegetation.
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5.0

HYDRAULIC MODEL

5.1

MODEL DESCRIPTION

Hydraulic modeling was completed using the U.S. Army Corps of Engineers’ (USACE) Hydraulic
Engineering Center River Analysis System (HEC-RAS). The HEC-RAS numerical model was
designed to calculate water surface profiles in channels assuming a steady flow and uniform
discharge based on site hydrology. The HEC-RAS model was run in two-dimensional mode. A
description of the model and the model set-up follows.
5.1.1

Equations of Motion

Multi-Dimensional shallow water models can be used to resolve depth and depth-averaged
velocities in the horizontal directions x and y. The shallow water equations appear in integral form
as (Chaudhry 1993):
𝜕
𝜕𝑡

(𝐹𝑑𝑦 − 𝐺𝑑𝑥) =

UdΩ +

𝑆𝑑𝛺

The dependent variables, U, fluxes F and G, and the source terms are defined as,

ℎ
𝑈 = 𝑢ℎ
𝑣ℎ

𝑣ℎ
𝑢𝑣ℎ
𝑔ℎ
𝑣 ℎ+
2

𝑢ℎ

𝐹=

𝑔ℎ
𝑢 ℎ+
2
𝑢𝑣ℎ

𝐺=

𝑆 = 𝑔ℎ(𝑠
𝑔ℎ(𝑠

0
−𝑠 )
−𝑠 )

where u and v are the depth averaged flow velocities in the x (easterly) and y (northerly) directions,
respectively. The terms in S account for the bed and friction slopes and are given as,
𝑠

=−

𝜕𝑧
𝑠
𝜕𝑥

=−

𝜕𝑧
𝜕𝑦

and
𝑠

=

𝑛 𝑢√𝑢 + 𝑣
𝑠
ℎ /

=

𝑛 𝑣√𝑢 + 𝑣
ℎ /

where z=z(x,y) is the bed elevation above an arbitrary datum. Finally, Ω represent the domain of
two-dimensional control, and 𝜕Ω is its boundary.
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5.2

TOPOGRAPHIC REPRESENTATION AND MODEL EXTENT

The HEC-RAS model domain for the study area (as identified on Exhibit 1) was developed in RAS
Mapper, a subroutine of HEC-RAS, using topographic 2015 information (tested at an accuracy of
1.25’ at 95% confidence level) provided by the City of Pasadena. The topographic data is found
in Attachment A. A Manning’s coefficient was applied to the study reach and hydrographs were
developed for analysis, both described below. As shown in Exhibit 3, HEC-RAS Model Extent,
the model extends from upstream of the proposed diversion point to Devil’s Gate Dam to upstream
of the diversion. The upstream extent was selected because it is the upstream limit of potential
impacts to the stream since diversions will not impact hydraulics or hydrology upstream of this
location. The downstream limit was chosen because it represents the downstream limits of
impacts to the stream because of the presence of Devil’s Gate Dam. Numerical hydraulic models
are made up of individual computational cells (units of area analyzed) which can vary in size. This
model includes approximately 22,250 computational cells with an 18-square foot cell size.
5.3

MANNING’S VALUES

HEC-RAS uses Manning’s Equation to represent friction loss in the model, as described above.
Manning’s values were selected based on aerial (Google Earth) and site photography. The
Manning’s values range from 0.065 to 0.085. In the present analysis, Manning’s value of 0.065 is
representative of sandy bottom, wide, braided channel sections with vegetation, while a
Manning’s value of 0.085 is representative of relatively narrow, steep canyon sections with trees,
brush and variable bed section. These values follow guidance for the selection of Manning’s
values as presented in Barnes (1967) and Chow (1959).
A sensitivity analysis was determined to be unnecessary. The majority of habitat of concern within
the study area is generally within the reservoir and the velocities that will be experienced by this
vegetation in the reservoir’s pool area is at or near zero feet per second. Changing the Manning’s
value will not change the velocity experienced by the vegetation. Moreover, changing the velocity
in the stream by modifying the Manning’s values will not alter the velocities experienced by the
vegetation in the reservoir. Finally, the largest discharges that occur in the study’s numerical
modeling are not altered by the proposed project so the roughness values that control the depth
and velocities that vegetation experiences during these large events is the same in both the
existing and proposed conditions. Alteration of roughness will not change the outcome during
these events.
5.4

BOUNDARY CONDITIONS

The down-stream model boundary condition is set to normal depth, while the inflowing boundary
condition is set to an inflowing hydrograph, described below. Model outflow is based on the
operational curve of Devil’s Gate Dam. Generally, there is no outflow from the model for water
surface elevations below 1,025 feet. Between 1,025 feet and 1,030 feet the outflow from the Dam
is 100 cfs; between 1,030 feet and 1,035 feet the outflow from the Dam is 300 cfs; above 1,035
feet the outflow is 800 cfs. The greatest observed elevation in the reservoir during the
representative wet year without diversion is 1,035 feet.
5.5

HYDROLOGY

All hydraulic modeling is based on USGS daily gage data at stream gage #11098000. Daily
average discharge data is utilized for the period 1989 to 2014, which is the vetted stream gage
data available at the time of writing and is not strongly influenced by drought. Individual water
year hydrographs representing dry, average and wet years are selected for modeling, as
described below. The hydrologic record at the gage for the period is shown in Exhibit 4, USGS
Stream Gage Data for the 1989/1990 to 2013/2014 Water Years.
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It is important to recognize that the area of the watershed contributing to the stream at the gage
location is smaller than the area of the watershed contributing to the stream at the proposed
diversion location. To account for the difference in watershed area the gage data has been scaled
as a function of the watershed area to account for the difference. The scaling follows the approach
of Waanan and Crippen (1977), which was also used by PWA (1990) in their flood frequency
analysis of Arroyo Seco. The scaling is computed as:
𝑄

=𝑄

(𝐴

/𝐴

)

where Q is the flow rate at a given location on the stream, A is the area of the watershed at a
location corresponding to the respective flow rate, and n is an empirical value that is a function of
the return period of the discharge being scaled. In the present study all daily discharges in the
wet, average and dry hydrographs fall within the range of the 2-year peak discharge, therefore
the exponent n is set to 0.72 after PWA (1990). The watershed areas were calculated using GISbased tools and topography provided by the City. The watershed areas at the gage and proposed
diversion are 16.0 square miles and 18.8 square miles, respectively.
To develop representations of wet, average and dry years the relative deviation percent was
calculated for each year (Gao et al. 2018). The relative deviation percent was calculated by
comparing the average annual runoff volume to the annual runoff volume for each year. Years
where annual runoff was less than the average are considered dry, while years where the annual
runoff was greater than the average are considered wet. Approximately 28% and 72% of annual
runoff volumes were determined to be wet and dry, respectively. The years selected to represent
wet and dry hydrographs were taken as the median wet and dry annual runoff volumes,
respectively. The average runoff year was taken to be the year where annual runoff was closest
to the average. The relative deviation percent data for all years is shown in Table 1.
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TABLE 1
WET AND DRY ANNUAL RUNOFF VOLUME BY RELATIVE
DEVIATION PERCENT AT USGS GAGE #11098000
WATER YEAR

ANNUAL RUNOFF
(AF)

RELATIVE
DEVIATION %

WET OR
DRY?

752

-90.2

DRY

1989

1990

1990

1991

3,499

-54.6

DRY

1991

1992

13,876

80.2

WET

1992

1993

31,231

305.5

WET

1993

1994

2,307

-70.0

DRY

1994

1995

17,957

133.1

WET

1995

1996

5,040

-34.6

DRY

1996

1997

3,867

-49.8

DRY

1997

1998

20,330

164.0

WET

1998

1999

2,094

-72.8

DRY

1999

2000

2,965

-61.5

DRY

2000

2001

3,224

-58.1

DRY

2001

2002

472

-93.9

DRY

2002

2003

2,314

-70.0

DRY

2003

2004

1,290

-83.3

DRY

2004

2005

37,888

391.9

WET

2005

2006

5,239

-32.0

DRY

2006

2007

616

-92.0

DRY

2007

2008

5,754

-25.3

DRY

2008

2009

1,857

-75.9

DRY

2009

2010

9,713

26.1

WET

2010

2011

14,804

92.2

WET

2011

2012

2,759

-64.2

DRY

2012

2013

1,305

-83.1

DRY

2014

1,398

-81.9

DRY

AVERAGE=
MEDIAN=

7702
3224

DRY % =
WET % =
WET MEDIAN=
DRY MEDIAN=

0.72
0.28
17,957
2,311

2013

For modeling purposes, the 1994-1995 water year is used to represent a wet year’s runoff volume,
the 2007-2008 water year is used to represent an average year’s runoff volume, and the 20022003 water year is used to represent a dry year’s runoff volume.
To develop hydrograph input for modeling, the hydrograph data was limited to daily average
discharges greater than 1 cfs. Therefore, no days without runoff are represented in the model.
This approach is undertaken because discharges lower than 1 cfs will not reach the Dam owing
largely to frictional attenuation within the model. Moreover, the model does not consider
infiltration, and is very conservative with respect to the volume of water (more than actual)
reaching the dam. It is likely that discharges less than 1 cfs not fully attenuated by friction will be
infiltrated before reaching the Dam. Finally, the diversion is being modeled as capable of
collecting all the water in the stream, which is unlikely since diversion structures are “leaky” by
their nature and at present we cannot account for the leaky loss. Like the modeling approach to
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infiltration, this approach is also very conservative with respect to the volume of water that reaches
the Dam.
The proposed operational curve of the diversions includes three elements : 1) the diversion will
remove all water from the stream up to 25 cfs; 2) diversions will cease for discharges above 100
cfs; and 3) all diverted water is assumed to infiltrate in the spreading basins regardless of the total
volume of diversion. Curve elements 1 and 3 are conservative statements. Curve element 1
simplifies modeling because it doesn’t consider the leaky nature of diversions, and it is
conservative in approach since the constructed system will not be able to capture 100 percent of
all discharges, which is typical for operations of diversion structures in natural systems, as noted
above (NRC 1939). Curve element 3 is conservative because it states that all of the water to
which the City has legal rights can be infiltrated, and that infiltration basins (will have sufficient
capacity for all of the diverted water as designed. Factor 2 is represented in modeling since the
turbidity of 100 cfs discharges typically represents the upper limit of turbidity that can be
successfully managed by the proposed diversion system (City of Pasadena pers comm).
Diversions are represented in the model by subtracting 25 cfs from the daily average discharge
values in the modeled hydrographs for discharge values less than 100 cfs. Durations of the
discharges remain unchanged (one day), and all days with no discharge are removed from the
hydrograph. The without diversion and proposed (with diversion) hydrographs for wet, average
and dry years are shown in Exhibit 5, Existing and Proposed Modeling Hydrographs for the Wet,
Average, and Dry Runoff Years.
Note that the “without diversion” scenario is used as the most conservative approach to reflect
the maximum possible change from existing conditions. Currently there are some diversions of
unspecified rates and durations, but they are well below PWP’s surface water rights.
5.6

HYDRAULIC ASSUMPTIONS

Modeling used in the present study is uncalibrated hydraulically because no data exists with which
to calibrate the model. That is, there does not exist any data that compares discharge to depth,
velocity or other hydraulic parameters. It is assumed that the present modeling is conservative,
as it doesn’t consider evaporation, infiltration, evapotranspiration or other forms of loss besides
friction. Attenuation in the model is only a function of friction, and both direct and anecdotal
evidence exist to indicate that stream flows in the Arroyo Seco reach the Dam and reservoir.
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6.0

HYDRAULIC MODEL OUTPUT.;

The HEC-RAS model was run for three representative water years as described above: wet,
average and dry total runoff volumes. The HEC-RAS model was also run for the three
representative years with proposed Project diversions, also described above. What follows is a
comparison of maximum depth and maximum velocity for each representative water year for both
the hydrology with and without diversions.
6.1

DRY YEAR VELOCITY

The representative dry year and representative dry year with diversions maximum velocity are
shown in Exhibit 6, Representative Dry Year Maximum Velocity. Comparing the two graphics
reveals that the maximum velocity in the with-diversion scenario is higher than in the withoutdiversion scenario in some locations immediately upstream of the Dam. In the primary stream
channel upstream of the Dam the maximum velocity doubles from approximately 2.5 feet per
second (fps) in the without-diversion condition to approximately 4.2 fps in the with-diversion
scenario. In addition, there is an approximate doubling of velocity in some portions of the
backwater area upstream and to the west of the Dam from approximately 0.3 fps in the withoutdiversion scenario to approximately 0.6 fps in the with-diversion scenario.
A review of Exhibit 5 indicates what the driver is for the increase in velocity. In the withoutdiversion scenario small discharge events (Q<25 cfs) begin to fill the reservoir prior to a significant
event (Q>>25 cfs). When the smaller events pond upstream of the Dam, the larger events
maximum velocity is lower because of backwatering from the Dam due to ponding. In contrast,
when water has not ponded upstream of the Dam, no backwatering will occur during a more
significant event and velocities will be higher in the main stream and in some of the backwatering
areas. It is important to note that these higher velocities can occur in a dry, average or wet year
regardless of whether diversions occur if an early runoff event in the season is relatively large and
little or no backwatering has occurred prior to the runoff event. It is also important to note that the
total change in velocity is relatively low and occurs well below (v=0.6 fps) or just below (v=4.0 fps)
a typical velocity (i.e. 4.5 fps) for initiation of sediment transport in sandy bed, vegetated streams.
6.2

DRY YEAR DEPTH

The representative dry year without-diversions and representative dry year with-diversions
maximum depth are shown in Exhibit 7, Representative Dry Year Maximum Depth. The graphics
show that the maximum depth between the without-diversion and with-diversion scenarios drops
by approximately 1.3 feet. A review of Exhibit 5 indicates the cause of the decrease in maximum
depth. In the without-diversion conditions, the total runoff for the representative dry year is
approximately 2,480 acre-feet (af), while the hydrograph with-diversions for the representative dry
year is approximately 550 af. Therefore, the difference in runoff volume accounts for the difference
in maximum depths shown in Exhibit 7. It is important to note that the area of inundation is
approximately the same between the two scenarios owing largely to the shape of the reservoir
upstream of the Dam.
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6.3

AVERAGE YEAR VELOCITY

The representative average year and representative average year with-diversions maximum
velocity are shown in Exhibit 8, Representative Average Year Maximum Velocity. Unlike the dry
scenarios, the maximum velocity in the without-diversion scenario is higher than in the withdiversion scenario in some locations immediately upstream of the Dam. In the primary stream
channel upstream of the Dam, the maximum velocity doubles from approximately 2.5 fps in the
with-diversion condition to approximately 5.5 fps in the without-diversion scenario. In addition, this
is an approximate doubling of velocity in some portions of the backwater area upstream of the
Dam from approximately 0.6 fps in the with-diversion scenario to approximately 1.0 fps in the
without-diversion scenario.
The reason for these differences is similar to that in the representative dry year scenarios, except
that the reservoir has relatively high ponding in the with-diversion scenario compared to the
without-diversion scenario before a significant (Q>>25 cfs) event occurs. In the representative
average year scenario, the resulting maximum velocities are relatively higher than in the
representative dry year scenario (5.5 fps vs. 4.2 cfs, respectively). It appears from Exhibit 5 that
the difference in modeled maximum velocity in this location is a function of hydrograph shape
(rate of flow versus time) as opposed to other hydraulic or hydrologic factors.
6.4

AVERAGE YEAR DEPTH

The representative average year without diversion and representative average year with
diversions maximum depth is shown in Exhibit 9, Representative Average Year Maximum Depth..
The images are indistinguishable from one another because the maximum water surface
elevation is the same, approximately WSE (water surface elevation) = 1,035 feet. In these
scenarios, the factor that controls the depth and WSE is the operation of Devil’s Gate Dam.
Despite the same maximum depths, the with-diversion scenario has greater inundation durations
at the reservoir fringes because the with-diversion scenario reservoir depth reaches the
operational curve elevation more slowly than does the without-diversion scenario.
6.5

WET YEAR VELOCITY

The representative wet year without diversion and representative wet year with diversions
maximum velocity is shown in Exhibit 10, Representative Wet Year Maximum Velocity.. Like the
other representative scenarios, there are differences in maximum velocity upstream of the
reservoir. The difference between the representative wet year without-diversion and withdiversion maximum velocity is lower in magnitude than in the similar representative dry and
average scenarios. This appears to be a function of the rate at which the reservoir fills in the
represented wet year scenarios. In the wet year scenarios, the difference in maximum velocity in
the channel upstream of the reservoir is approximately 3.0 cfs and 1.5 cfs for the with-diversion
and without-diversion scenarios, respectively. One interesting difference between the
representative wet year scenarios and other scenarios is how far upstream the differences are
observed. In the case of the wet year scenarios, the differences in velocity are observed in the
channel upstream of the ponded reservoir, while in the representative average scenarios the
differences are confined to downstream of the infiltration basins on the east bank. A review of the
model output indicates that the difference in extent of impacts is a function of the extent of ponding
and ponded elevation in the reservoir, which alters the backwatering further upstream than in the
average scenario conditions. The difference is not attributable to change in hydrology resulting
from diversions since the largest discharges (Q>100 cfs) are not impacted by the diversions.
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6.6

WET YEAR DEPTH

The representative wet year without-diversions and representative wet year with-diversions
maximum depth is shown in Exhibit 11, Representative Wet Year Maximum Depth. Like the
representative average year scenarios, the representative wet year maximum depth exhibits are
indistinguishable because the Dam operational curve is controlling the maximum depth in the
reservoir, approximately WSE=1,035 feet. Like the average year scenarios, the with-diversion
scenario has greater inundation durations at the reservoir fringes because the with-diversion
scenario reservoir depth reaches the operational curve elevation more slowly than does the
without diversion scenario.
All model input and output can be found in Attachment B.
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7.0

SEDIMENT TRANSPORT MODEL

7.1

MODEL DESCRIPTION

General adjustment was estimated in this study using the U.S. Army Corps of Engineers (USACE)
SAM steady-state numerical model. Here, SAM was employed to provide a first calculation of
sediment transport potential within Arroyo Seco. The SAM Sediment Hydraulic Package is an
integrated system of programs developed through the Flood Damage Reduction and Stream
Restoration Research Program to aid in the analyses associated with designing, operating, and
maintaining flood control channels and stream restoration projects. SAM combines the hydraulic
information and the bed material gradation information to compute the sediment transport
capacity for a given channel or floodplain hydraulic cross-section for a given discharge at a single
point in time. Several sediment transport functions are available for this analysis and SAM can
assist in selecting the most appropriate sediment transport equation.
The three primary fluvial components of SAM are SAM.HYD, SAM.SED and SAM.AID. SAM.HYD
provides a steady state, normal-depth, one-dimensional representation of channel hydraulics.
The SAM.SED module combines the hydraulic parameters with the bed material gradation curve
to compute bed material discharge rating curves by size classification. The SAM.AID module
provides the user with recommended sediment transport equations based on the best matches
between hydraulic parameters and grain size distribution of the study reach with parameters from
widely accepted and published research.
The SAM numerical model is built upon hydraulic and fluvial components. The hydraulic
components include representations of river bed characteristics that are input into an analytical
procedure. The fluvial component includes representation of bed gradation as percent finer
statistics and a selection of up to twenty sediment transport equations. SAM’s hydraulic
component will accept either average reach parameters or cross-section data imported from HEC2/HEC-RAS/HEC-6 models. Hydraulic modeling is based on a uniform flow equation where
discharge is the dependent variable such that,
Q = f(D, n, W, z, S)
where Q is discharge in cfs, D is flow depth in feet, n is the Manning’s number, W is bottom width
in feet, z is the channel side slope, and S is the energy slope. The bottom width is representative
of the total moveable bed width of the channel and Manning’s number is a composite value.
Normal depth is calculated using Manning’s equation, and effective values of width and depth are
calculated following normal depth calculations.
The fluvial component is based on sediment transport functions to calculate the bed portion of the
sediment discharge-rating curve. The sediment transport equations are of the form,
GSi=f(V, D, Se, Be, de, ρs, Gsf, ds, ib, ρf, T)
where GSi is the transport rate for sediment size class i; the hydraulic terms V, D, Se, and Be, are
the average velocity, effective flow depth, energy slope, and effective flow width, respectively; the
sediment particle parameters de, ρs, and Gsf are the effective particle size, particle density, and
grain size shape factor, respectively; the sediment mixture properties, ds and ib are the geometric
mean particle size of sediment class i and fraction of class i in the bed, respectively; and the fluid
properties ρf, and T, the water density and temperature, respectively. Twenty well known,
published, peer-reviewed transport equations are available including Ackers-White, Colby,
Laursen-Copeland, Laursen–Madden, MPM, Toffaleti, Yang, Van Rijn and others. Once the data
assembly is complete, the SAM.SED module can be used to create a sediment discharge-rating
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curve based on grain size distribution. The reader is referred to the SAM user’s documentation
for further reference.
It is important to note that the SAM model is a zero-dimensional computational package that is
only based on a single cross-section at a point in time. As such, SAM simulations can only
represent a reach average during a steady state discharge. Because SAM applies sediment
transport to a point, no variability in size distribution in either space or time is calculated. With
these limitations in mind, in this study SAM is intended to provide a first approximation to sediment
transport to which other more sensitive calculations can be compared.
7.2

MODEL INPUT

In this study, hydraulic representation of the streambed is accomplished in several distinct steps.
First, the HEC-RAS numerical model is used to develop a representative cross section for
analysis. Second, the HEC-RAS geometry is combined with hydraulic data for the representative
cross section. Next, the hydraulic data and cross section are entered into the SAM.HYD
subroutine and the model is run. The sediment data, described below, is entered into the model,
the SAM.AID subroutine is run, and a transport equation is selected. Once the equation is selected
the SAM.SED subroutine is run.
7.3

SEDIMENT DATA

To characterize the sediment of the streambed and by extension, the possible bed load of
sediment during discharge events, a sediment grain size analysis was conducted. The goal of the
analysis is to gain a statistical representation of the size distribution of soil components of the
streambed. Grain size distribution analysis is a powerful tool because the results can represent
both a qualitative description of soil make up as well as quantitative input for further predictive
measures, such as fluvial modeling.
Sediment sampling was conducted by R. T. Frankian & Associates (2018). Sampling was
conducted at a total of 6_locations, approximately every 2,000 feet within the stream bed from
200 feet upstream of the existing diversion structure to 200 feet upstream of the Dam face, which
is a distance of approximately two miles. A total of three samples were taken within the stream
bed at each of the proposed sample locations; each sample location was taken from a depth of
approximately 18 inches. Samples were only obtained in surface-dry areas of the stream bed.
Access to each of the sample locations was limited to foot traffic from various access points. The
excavation and sampling of sediments were limited to the use of hand-operated equipment.
Excavated sediments were stockpiled on heavy tarps during the process of excavation, sampling,
and classification. The remnant excavated sediments were used to backfill each of the sample
locations. Field samples obtained from each of the test pits were laboratory sieved for grain size
distribution testing in general accordance with ASTM Test Method D422. The portions of the
samples tested were limited to that portion of each sample greater than the No. 200 Sieve.
Since SAM is a single point model, two specific locations were chosen for modeling. The first
model location is approximately 200 feet upstream of the JPL Bridge, while the second model
location is approximately 1,100 feet downstream from the bridge. Both locations are relatively
distant from the influence of confluences and structures, and neither is located in the reservoir,
which is not appropriate for modeling with SAM. Sample Location No. 2 and No. 3 were taken at
these sites, respectively, and the average grainsize distribution at each location was used for
SAM modeling. The average grainsize distribution of Sample Location No. 2 and No. 3 is shown
in Exhibit 12. One benefit for selecting these sites is that the upstream location is within the more
confined channel reach, while the downstream location is below the grade break in the stream
where Arroyo Seco begins to widen and acquires characteristics of an alluvial surface. Therefore,
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these two locations are representative of the two primary stream morphologies found in the study
area. All Frankian sediment data is presented in Attachment C.
7.4

TRANSPORT EQUATION SELECTION

Sediment transport equations used in all SAM modeling were chosen with the assistance of the
U.S. Army Corps of Engineers’ (USACE’s) SAM.AID subroutine. The SAM.AID subroutine
determines the most representative transport function based on the hydraulic parameters and soil
gradation data for a section of Arroyo Seco by comparing model data with the results of 20 peerreviewed and widely acknowledged sediment transport studies. To accomplish the task of guiding
the user in selecting an appropriate transport function, SAM.AID assumes that the function that
best represents sediment transport in a gauged stream would also best represent transport in an
ungauged stream with similar sediment and hydraulic characteristics. SAM.AID begins by
comparing study parameters (V, D, Se, Be, D50) with parameters in the transport function database.
Comparison begins by determining if D50 falls within one of the ranges identified in the database.
Once the initial matches have been made in the database, the three best-matched sediment
transport functions for the study reach are listed along with the parameters that matched the data
set. Once the best transport equation matches have been determined by SAM.AID, the most
representative equations are run in SAM.SED.
The Yang and Ackers-White equations were found to be the representative transport equation for
a discharge of 25 cfs, the proposed diversion discharge. A discussion of sediment transport
applicability (Yang and Huang 2001) suggests that Ackers-White is more appropriate for sand
transport than is the Yang equation. Therefore, all analysis is based on Ackers-White, but the
Yang equation results are included for completeness. All SAM model input and output can be
found in Attachment C.
7.5

SAM MODEL RUNS

The SAM model was run at Sample Location No. 2 and No. 3 for 25 cfs, the proposed diversion
discharge. The SAM runs were intended to indicate the possible change in sediment transport
potential at the two model locations resulting from the proposed diversions. Representative
hydraulics from each location were taken from the HEC-RAS model and sediment data was taken
from Frankian sieve data, as described above.
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8.0

SEDIMENT TRANSPORT MODEL OUTPUT

The sediment transport potential at Sample Location No. 2 and No. 3 are, respectively, 37,680
and 169 tons per day for the Ackers-White equation and 3,788 and 148 tons per day for the
Yang equation. A large portion of the difference appears to be related to Location No. 2’s ability
to generate sufficient transport potential in the 2.828 mm size class for Ackers-White, which does
not occur at Location No. 3. Additionally, the transport potential for all size classes is
approximately one order of magnitude greater at Location No. 2 than Location No. 3 for
Ackers-White for almost all grain size classes. Similar results are observed for Yang’s equation,
although Yang predicts sediment transport potential up to 5.657 mm at Location No. 2, but only
up to 2.828 mm at Location No. 3.
A review of the hydraulics at each location identifies the cause of the disparity in transport potential
between the two locations. The steeper, narrower Location No. 2 has higher velocity, steeper
slope and narrower top width relative to Location No. 3, which is below the channel’s grade break.
This finding matches the finding of PWA (2000) that significant sediment deposition occurs in
what is referred to as the “upper reservoir.” The implication for this finding is that the lower portion
of the Arroyo Seco study area behaves in a similar way to an alluvial fan below the hydrographic
apex whereby sediment is deposited in patterns associated with flow path uncertainty, and
sediment transport below the grade break is strongly a function of local hydraulics (e.g. Leopold
et al. 1992).
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9.0

HYDRAULIC AND SEDIMENT MODELING CONCLUSIONS

In dry, average, and wet representative years, modeled diversions from Arroyo Seco have an
effect on velocity in select areas of the reservoir upstream of Devil’s Gate Dam. The effects on
velocity are small in absolute terms (Δvmaximum<3 fps), and in some cases the change in velocity
represents a decrease from the existing conditions. Numerical modeling indicates that the factors
that control change in velocity in the reservoir are the magnitude (peak discharge) and shape
(number of peaks and duration of individual runoff hydrographs) of the earliest storms in a given
season and the extent to which ponded water fills the lower reservoir. In cases where diversions
do not effect early-season large runoff events, differences in maximum velocity can be expected
to be negligible between the without and with diversion scenarios for any representative year. In
contrast, the extent which the reservoir is full in either the without or with diversion scenario may
affect the change in velocity by creating a backwater condition in the reservoir. Modeling suggests
that the direct effect on velocity from diversions is for events where the maximum discharge is
near or below 25 cfs. However, as was identified by Inman and Jenkins (1999), the dominant
driver of runoff in coastal southern California is large winter storms. Therefore, only in years where
the primary source of water to the Devil’s Gate Reservoir is runoff events near or below 25 cfs
are velocities expected to be affected by diversions. It should be noted that the representative dry
year is only minimally affected in this manner.
Effects on maximum depth in dry, average, and wet representative years in Arroyo Seco are
largely mediated by the amount of ponding in Devil’s Gate Reservoir. Ultimately, the ponding in
the reservoir is a function of the rate, frequency and volume of inflow, and the dam operation
outflow. In representative average and wet years, the modeled extent of ponding is a function
primarily of dam operations for both the without and with diversions. In represented dry years,
numerical modeling indicates that maximum depth is primarily driven by the volume of water
entering the reservoir in the absence of reaching the dam operational curve elevation. In
representative dry years, diversions may have an effect on maximum water depth in the reservoir,
and modeling indicates that maximum depth in these years is partially a function of when in the
season the largest runoff events occur. That is, representative dry years with diversions and a
few relatively large runoff events will have a similar maximum depth in the reservoir compared to
representative dry years without diversions. In contrast, in representative dry years without a few
relatively large events, modeling predicts that the difference in reservoir maximum depth will be
greater. Finally, in representative wet and average years the duration of inundation can be
impacted on the fringes of the reservoir by diversions. Diversions in these years appear to
increase the inundation duration somewhat by increasing the volume of runoff required to initiate
dam operations.
The numerical modeling presented here indicates that relatively small effects on maximum
velocity and maximum depth occur from proposed diversions upstream. These effects (change in
velocity) are limited generally to the stream channel within the lower reservoir and the backwater
area immediately upstream and to the west of the dam. Additional minor effects (change in
duration of inundation) are indicated at the reservoir edge and appear to be strongly a function of
dam operations as well as diversions.
SAM modeling of two locations within the study area indicates that there is greater sediment
transport potential at 25 cfs in upper portions of Arroyo Seco, which are steep and narrow,
compared to portions below the topographic break, which are wider and flatter. This finding
echoes that of PWA (2000) that found that significant sediment deposition occurs in the “upper
reservoir.” The implication for the present study is that for low discharges in Arroyo Seco,
the reduction in discharge of 25 cfs is expected to be unimportant to overall sediment
transport potential because the controlling elements of sediment transport are geologic
factors. Moreover, in large runoff events that are typically the dominant delivery mechanism of
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sediment in southern California (Inman and Jenkins 1999) no diversions are presently proposed
and are therefore not expected to be impactful to stream sediment yield to the reservoir.

10.0

GROUNDWATER ASSESSMENT

10.1

PHYSIOGRAPHY

The Arroyo Seco Watershed is bounded on the north by the San Gabriel Mountains, which consist
of steep, rocky ridges broken by numerous irregular canyons. The elevations of these mountains
vary from about 1,200 feet along their base to a maximum of more than 6,000 feet above sea
level at the headwaters of the Arroyo Seco.
The Arroyo Seco stream empties out into a broad piedmont plain that slopes downward from the
base of the San Gabriel Mountains to Devil’s Gate Reservoir, the lowest ground surface point of
the Raymond Groundwater Basin within the Project area (see Exhibit 13). The Arroyo Seco
continues south until it empties into the Los Angeles River near the intersection of the 5 and 110
freeways. The Raymond Basin (see Hydrogeology Section) forms along the southern flank of the
San Gabriel Mountains and extends into the project area beneath Devil’s Gate Reservoir.
10.2

GEOLOGY

10.2.1 General Geology
The Raymond Basin lies in the northwestern part of the San Gabriel Valley, bounded by the San
Gabriel Mountains to the north, the San Rafael Hills to the west, and ending to the south and east
at the Raymond Fault. The San Gabriel Mountains, along with the San Bernardino Mountains to
the east and the Santa Monica Mountains to the west, make up a major portion of the east-west
trending Transverse Range geologic province of California. The San Gabriel Mountains are
primarily composed of Cretaceous to Tertiary crystalline rocks, including diorites, granites,
monzonites, and granodiorites, with a complex history of intrusion and metamorphism. The Sierra
Madre fault system separates the San Gabriel Mountains to the north from the San Gabriel Valley
to the south. Within the valley lies Quaternary alluvium, made up of sand, gravel, clay, or some
mixture of each. Underlying the alluvium is the crystalline basement complex, comprised of the
same general rock types that are exposed in the San Gabriel Mountains to the north (Foster
Wheeler Environmental Corporation [FWEC], 1999).
Raymond Fault, the southern boundary of the triangle, crosses the San Gabriel Valley floor for a
distance of about nine miles, connecting a granitic spur from the San Gabriel Mountains at the
eastern end of the Raymond Basin with Tertiary sediments outcropping in its southwestern corner.
The Raymond Fault separates the Raymond Basin from the Main San Gabriel Basin in the vicinity
of the southeasterly boundary. The fault zone is not impervious and groundwater can flow across
this boundary into the Main Basin (NASA 2003). The general geology of the Raymond Basin is
shown in Exhibit 14.
The low water-bearing formations in the project area include the Basement Complex rocks and
Tertiary sediments of the Topanga, Modelo and Puente formations (Exhibit 14 and
Attachment D).
The Basement Complex is comprised of pre-Cretaceous series of crystalline rocks that comprise
the basal formation of the region. These are chiefly igneous plutonic rocks of granitic type,
together with their metamorphic phases, such as schists, gneisses, and also various intrusive
dikes. The Basement Complex comprises the majority of San Gabriel Range to the north and the
San Rafael Hills to the west. The Basement Complex protrudes above the alluvium at Monk Hill
R:\Projects\PAS_Pasaden\3PAS010700\Hydraulics\Arroyo Seco Diversion_Hydraulics Impacts Analisys-080618.docx
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and near the head of Eaton Wash demonstrating that it is continuous beneath the area. The
Topanga Formation, Tertiary age sedimentary rocks, is represented in the Raymond Basin by
fairly well bedded shales, sandstones, and conglomerates that are well consolidated. The
exposed Topanga beds are limited to the southwesterly corner of the area along a fault block
where the formation is exposed for a mile in the channel of Arroyo Seco just north of the Raymond
Fault and for about one and one-quarter miles easterly from the Arroyo Seco to Raymond Hill
(RBMB, 2016).
The CDWR (1966) characterized the water-bearing formations of the Raymond Basin as alluvial
fill having characteristics of the coarse deposits found in the small basins near the mountain
margins. The deposits are coarsest at the base of the mountains where they contain boulders
several feet in diameter, but even in the southerly part of the basin, cobbles, stones, and boulders
are not uncommon. There are practically no true sand beds in the northerly part of Raymond
Basin. The average sand content in the basin sediments as determined from well logs is only 2.8
percent. The deposits are characterized throughout by an abundance of weathered material.
Decomposed yellowish gravels, clayey yellow and red gravels, and red or brown residual soil
clays are the typical deposits.
The older alluvium found within the area is nearly continuous along the entire southerly flank of
San Gabriel Range with little change in composition or structure. Within the Raymond Basin, it
constitutes practically all of the water-bearing series and is not only dominant at the surface but
appears to continue with depth to bedrock, although at depth, it may be in contact with some of
the late Tertiary sediments. The older alluvial fill consists of a small portion of sand and almost
equal proportions of gravel and clay. Older alluvial fill is of great thickness and its deposition has
occurred through a long period. Weathering, disintegration, and cementation have been
continuous and the results have varied with local conditions and there is considerable spatial
variation in the water yielding characteristics of this formation (RBMB, 2016).
Recent alluvium occupies channels, washes, and flood plains of Arroyo Seco, Eaton Creek, and
Big and Little Santa Anita Creeks, and to a lesser extent, exists as veneers scattered along the
slope of the valley resulting from flood discharges of intermittent streams (Exhibits 13 and 14).
For the most part, the recent alluvium is believed to be shallow, but in the upper portions of Little
Santa Anita Wash, the indications are that the recent alluvium may extend to a depth of about
150 feet. These sediments are similar to those found in the older alluvium but contain a much
smaller proportion of clay and are unconsolidated.
10.2.2 Structural Features and Faults
According to the CDWR (1943), the geologic structure of Raymond Basin is complicated. The
rough surface topography of the Basement Complex outside the area indicates that the bedrock
floor beneath the alluvium undulates, although the present mountain block undoubtedly exhibits
a more rugged topography due to its recent rejuvenation with accompanying accentuation of
erosive forces, then the old erosion surface was buried and protected by alluvial deposits of the
area. However, within the area, except at the boundaries, and the granitic protrusions at Monk
Hill and near the north end of Eaton Wash, there is no surface expression of undulations of
bedrock which might indicate possible impediments to groundwater movement.
The San Gabriel Fault cuts through the central portion of San Gabriel Mountains and has an eastwest trend. It is one of the main faults in the mountain block but is so distant that its effect upon
the Raymond Basin area is only indirect (RBMB, 2016).
The Sierra Madre Fault system is a broad zone of faulting with an east-west trend roughly parallel
to the southern edge of the San Gabriel Mountains, swinging to the northwest in the vicinity of the
City of Sierra Madre. The main trace of this zone leaves the southern edge of the foothills at a
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point west of the mouth of Eaton Wash, penetrating the mountain block in a north-westerly
direction for some distance before it again swings to the west. The bedrock contours as a result
of the geophysical survey indicate a uniform northerly slope of the buried bedrock surface from
San Rafael Hills (RBMB, 2016).
Hydrogeologic investigations and groundwater modeling work at the Jet Propulsion Lab (JPL)
(NASA, 2003) identified a thrust fault crossing Arroyo Seco just as Arroyo Seco enters the
Raymond Basin. Preliminary work indicated that the fault was a partial barrier to groundwater
flow.
The Raymond fault forms the boundary between the Raymond Basin and the Main San Gabriel
Basin from the City of South Pasadena on the west to the City of Monrovia on the east. It is likely
a thin, impervious gouge formed in alluvium because it creates a several hundred-foot difference
in water level elevation in approximately 2,700 feet between Del Mar Well of California American
Water Company and Well No. 3 of San Gabriel County Water District (RBMB, 2016). In addition
to the difference in water level elevation, the barrier effect of the Raymond fault is indicated by
the presence of artesian conditions during periods of high water levels, and by the creation of
ponds and swampy areas north of the fault line. The Raymond fault appears to impede
groundwater movement southward from the Raymond Basin into the Main San Gabriel Basin
(RBMB, 2016).
10.3

WATER RESOURCES

10.3.1 Precipitation
The Raymond Basin is located within a region of both semiarid and Mediterranean climate, with
warm, dry summers and mild winters with intermittent rain. The majority of the annual rainfall
occurs between December and March. Precipitation in the Arroyo Seco area has been monitored
by a network of precipitation stations operated by Los Angeles County, Department of Public
Works (LACDPW). Annual precipitation within the Raymond Basin is more variable in the
mountain watershed than in the valley floor. The mountain watershed (28.40 inches) averages
about 7 inches more annual precipitation than the valley floor (21.33 inches) (RBMB, 2016).
As previously indicated, RBMB (2016) conducted an evaluation of precipitation in both the
mountain areas and the valley floor areas and noted about 7 inches of more precipitation in the
mountain region. No existing operational precipitation gages are located in the upper portion of
Arroyo Seco, however an historic gage was located at the Arroyo Seco Ranger Station (LA County
gage 508C) and operated from 1914 to 1974 (see Exhibit 13). A comparison was made with LA
County gage 175 (La Canada Irrigation District) to find an average year for precipitation during
the same period that LA County gage 508C was operational. The period selected was October
1961 to September 1962 where LA County gage 175 recorded 26.00 inches (20-year average
was 26.96 [as reported by RBMB, 2016]) and LA County gage 508C recorded 24.75 inches and
is presented in Exhibit 15.
10.3.2 Surface Water
The entire Raymond Basin area lies within the watershed of the Los Angeles River (CDWR, 1966),
and surface runoff from the San Gabriel Mountains enters the area through numerous streams,
principally the Arroyo Seco, Eaton Wash, and Santa Anita Wash. About one-third of the surface
runoff is conveyed by the Arroyo Seco, the largest of the streams, which flows across the Monk
Hill Subarea and the Pasadena Subarea, and joins the Los Angeles River by cutting through the
San Rafael Hills. Outflow from the western portion of the Monk Hill Subarea reaches the Los
Angeles River through the Verdugo Wash. The balance of the surface runoff primarily flows in
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Eaton Wash and the Santa Anita Wash to the Rio Hondo and ultimately drains to the Los Angeles
River.
The U.S. Geological Survey (USGS) maintains a surface water gaging station no. 11098000 and
referred to as Arroyo Seco near Pasadena, CA (see Exhibit 13). Table 2 provides the mean
monthly flow, measured by the USGS gage at the Arroyo Seco site.
TABLE 2
MONTHLY MEAN FLOW FOR ARROYO SECO NEAR PASADENA, CA
(USGS STATION NO. 11098000)
Mean Monthly Flow (cubic feet per second)
Year

Jan

Feb

Mar

1911
1912

Apr
27.7

1.9
7.66

1914

131.9

343.8

46.8

1915

22.5

64.1

16.6

1916

Jun

Jul

Aug

Sep

Oct

3.6

Nov

Dec

9.55

4.37

1.78

1.04

15

9.94

2.77

0.565

4.08

2.36

1.62

0.942

0.561

0.253

16.9

9.18

5.62

2.23

1.52

1.77

9.3

11.9

4.75

1.37

0.755

0.82

0.765

1.72

9.73

6.16

3.07

1.36

0.894

0.827

5.8

2.57

15.4
0.89

1.5

1913

May

2.38

1.86

1.7

0.694

0.66

0.642

0.51

5.12

4.82

1.58

0.667

12.9

1917

12.9

25.5

16

7.05

5.25

2.02

0.59

0.365

0.14

0.213

0.54

1918

1.02

11.6

62.7

9.08

3.97

1.71

0.561

0.284

0.403

0.552

1.89

4.2

1919

1.54

6.18

6.22

2.19

1.77

0.69

0.1

0.1

0.24

0.639

0.91

4.47

1920

1.52

6.93

29.2

10.3

3.66

1.73

0.4

0.074

0.127

0.271

0.8

1.12

1921

4.85

3.11

12.2

2.94

17.7

6.89

1.7

0.242

0.2

0.326

0.427

132.4

1922

74.3

111.5

49.8

28.4

15.2

7.45

3.34

1.69

0.877

1.11

3.21

15.6

1923

5.37

9.23

5.78

7.03

3.04

1.74

0.413

0.268

0.273

0.358

0.543

0.784

1924

1

0.934

4.54

3.91

1.19

0.36

0.2

0.129

0.16

0.197

0.387

0.871

1925

0.813

1.08

1.8

10.2

1.43

0.843

0.1

0

0

0.171

0.253

1.02

1926

0.79

15.6

1.77

76.3

5.96

1.76

0.745

0.077

0

0

1.69

2.73

1927

2.11

75.3

18.9

9.23

4.72

2.44

0.713

0.1

0.1

0.271

1.27

3.74

1928

2.71

7.13

2.35

1.99

1.14

0.36

0.1

0.048

0.05

0.048

0.2

1.86

1929

1.69

3.1

5.63

8.53

1.31

0.59

0.081

0

0

0.048

0.07

0.139

1930

3.03

0.964

11

1.97

7.5

1.39

0.165

0.019

0.02

0.071

0.427

0.665

1931

1.62

13

1.42

4.49

2.35

0.907

0.045

0.019

0.01

0.061

0.473

9.47

1932

5.3

56.2

9.94

4.27

2.57

1.45

0.145

0.019

0.04

0.071

0.087

0.255

1933

22.5

10.9

5.68

3.14

2.1

0.943

0.181

0.019

0.02

0.1

0.06

7.36

1934

24.6

9.61

4.27

1.55

0.574

0.707

0.145

0.052

0.02

4.48

2.5

43.7

1935

26

15.9

10.5

30.6

8.6

3.77

1.67

1.37

0.28

0.468

0.903

1.29

1936

1.19

40

7.77

5.99

2.43

1.2

0.213

0.1

0.1

1.31

1.01

15.5

1937

19

63.7

54.1

25.7

10.9

5.64

2.31

1.1

0.757

0.858

1.26

3.82

1938

4.43

51.9

234.5

29.3

17

8.73

5.56

2.9

1.92

2.26

2

30.1

1939

8.98

7.05

8.79

4.84

3

1.64

0.926

0.539

7.33

3.09

1.51

1.75

1940

12.5

25.8

8.87

7.15

3.01

1.52

0.6

0.432

0.317

0.626

0.997

9.09

1941

5.35

126.9

132.5

91.5

30

13.4

7.44

4.58

3.59

3.64

3.39

7.88

1942

5.03

4.54

4.28

5.39

2.8

1.82

0.839

0.839

0.687

0.7

0.973

1.35

1943

123.2

65.2

107.1

24.4

12.6

7.65

4.41

3.47

2.19

2.32

2.35

12.9

1944

7.34

77.9

79

21.1

10.5

7.32

3.67

2.58

2.37

2.06

21.9

4.76

1945

3.67

26

16.3

10.8

5.39

3.61

1.93

1.21

0.907

1

1.54

20.8

1946

4.16

5.5

19.7

18.5

6.02

2.28

1.35

0.777

0.513

1.82

26.6

28.7

1947

16.1

7.31

5.99

4.56

2.65

1.93

1.15

0.558

0.567

0.706

0.77

1.81
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TABLE 2
MONTHLY MEAN FLOW FOR ARROYO SECO NEAR PASADENA, CA
(USGS STATION NO. 11098000)
Mean Monthly Flow (cubic feet per second)
Year

Jan

Feb

Mar

Apr

May

Jul

Aug

1.32

0.552

0.345

Oct

Nov

Dec

0.19

0.284

0.327

0.987

2.29

1.25

0.465

1.72

0.927

0.394

0.245

0.18

0.226

1.53

3.41

0.219

0.203

0.187

0.307

0.535

1.55

1.12

0.613

0.194

0.148

0.137

0.245

1.4

9.58

52.8

26.9

11.3

5.73

2.83

2.12

1.96

1.45

1.12

0.59

1.83

1.02

0.861

2.63

5.44

0.248

0.317

0.265

0.31

0.506

9.98

11.7

8.46

3.33

1.73

0.771

0.213

2.99

3.46

2.09

4.38

1.12

0.368

0.029

0.1

0.11

0.107

0.906

0.023

0.087

0.183

0.897

18.5

3.92

2.04

4.86

3.62

1.19

0.255

0.048

3.65

4.23

4.03

1.93

4.1

0.81

0.077

0.019

0

0.1

0.113

0.4

0

0.155

0.627

8.64

1958

5.98

42.2

34.2

77.8

11.3

5.22

2.35

1959

3.38

14.7

2.89

1.96

1.21

0.413

0.081

1.25

0.693

0.758

1.07

1.14

0.023

0.053

0.097

0.277

0.777

1960

2.86

3.24

2.06

2.06

1.04

0.423

0.042

0.048

0.01

0.087

5.34

1.1

1961

2.12

1.4

1.16

0.69

0.503

0.35

1962

5.39

72.3

15.9

6.99

4.36

2.52

0.152

0.1

0.127

0.126

0.48

3.6

1.47

0.803

0.657

0.981

0.857

0.984

1963

1.18

11.2

3.81

4.59

3.25

1964

4.17

1.72

2.68

6.79

1.95

2.25

0.803

0.426

0.46

0.813

2.25

0.994

0.953

0.458

0.174

0.2

0.119

1.26

2.22

1965

1.7

1.44

1.27

21.8

3.59

1966

36.6

18.9

11.3

6.5

5.41

2.05

0.752

0.384

0.66

0.674

97.4

55.6

3.34

2.59

1.76

2.02

2.05

4.76

1967

29.6

19.3

43.5

51.2

62.8

31.9

15.8

9

6.25

4.57

3.56

25.2

10.2

1948

1.4

2.5

4.15

4.04

2.04

1949

3.35

3.49

5.89

2.16

1950

4.63

6.38

3.14

2.8

1951

1.3

1.5

1.47

1952

65.7

9.86

1953

5.76

2.03

1954

13.3

1955

5.57

1956
1957

Jun

Sep

1968

7.27

9.37

11.8

6.66

5.19

2.96

1.87

1.58

1.56

1.65

2.1

1.91

1969

251.1

249.4

115.6

33.2

16.2

13.4

10.7

6.18

4.74

5.28

5.74

5.06

1970

5.17

13.1

20.5

4.83

2.96

2.3

1.55

1.13

1.01

1.06

14.8

19.3

1971

9.67

7.44

6.86

5.22

4.15

2.86

1.56

1

0.834

1.17

1.7

10.5

1972

3.66

2.05

1.87

1.38

1.1

0.555

0.311

0.3

0.472

0.518

2.67

3.21

1973

7.14

59.6

36.1

13.1

7.28

4.73

2.29

1.5

1.33

1.51

3.56

2.49

1974

31.5

5.71

24

7.84

4.63

2.28

1.37

0.997

0.658

1.13

1.38

3.33

1975

1.83

3.91

18.2

8.16

4.19

1.9

0.849

0.491

0.304

0.481

0.754

0.865

1976

0.866

13.6

8.58

3.26

1.56

0.821

0.339

0.286

8.26

1.55

1.35

1.16

1977

8.72

2.24

2.02

1.32

9.72

1.65

0.475

0.351

0.22

0.25

0.347

11.7

1978

37.6

96.3

188.8

59

23.1

10.5

5.86

4.2

3.81

2.8

4.7

7.19

1979

19.7

20.3

15.2

21

7.71

4.24

2.34

1.22

1.4

2.26

2.01

1.95

1980

30.5

188.7

85.2

22.5

15.1

8.51

4.35

3.19

2.68

2.42

2.38

3.08

1981

7.65

4.14

12.3

4.48

2.87

1.47

0.529

0.388

0.374

0.662

2.28

1.91

1982

8.42

4.1

36.6

30.9

5.24

3.33

1.59

0.679

1.14

1.19

12.8

22

1983

28.5

61

210.7

59.5

48

19.2

10.4

7.7

7.03

8.54

8.56

14.8

1984

7.81

5.52

4.54

2.93

1.78

1.33

0.817

0.583

0.596

0.747

2.73

17.5

1985

5.67

4.92

4

2.48

1.73

0.905

0.341

0.227

0.304

0.384

5.08

3.33

1986

6.53

25.2

24.9

9.54

4.16

1.95

0.735

0.412

1.28

1.27

1.65

1.58

1987

2.8

2.49

3.22

1.49

0.744

0.429

0.247

0.122

0.136

3.01

7.68

5.23

1988

8.85

6.51

9.24

12.9

5.13

2

0.6

0.31

0.207

0.231

0.891

8.47

1989

3.45

10.8

3.41

1.47

1.02

0.686

0.238

0.165

0.197

0.191

0.288

0.405

1990

2.34

5.23

1.85

1.34

0.631

0.39

0.075

0.037

0.026

0.026

0.07

0.124
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TABLE 2
MONTHLY MEAN FLOW FOR ARROYO SECO NEAR PASADENA, CA
(USGS STATION NO. 11098000)
Mean Monthly Flow (cubic feet per second)
Year

Jan

1991

0.575

Feb

Mar

Apr

May

5.7

34.2

10.7

2.93

Jun

Jul

Aug

Sep

Oct

Nov

1.31

1.22

0.605

0.354

0.272

0.534

Dec
2.69
14.4

1992

7.5

88.8

76.4

32.6

12.2

5.1

4.16

1.42

0.988

2.93

2.06

1993

181.3

190.5

71.5

27.3

15

10.1

5.92

4.22

2.56

2.28

2.71

3.75

1994

3.93

9.34

6.58

4.21

3.25

1.45

0.523

0.387

0.278

0.674

1.54

1.58

1995

86.4

46.3

101

28.6

14.4

9.31

4.16

1.87

2.12

1.68

1.84

2.34

1996

3.08

38.5

23.8

7.45

3.36

1.49

0.561

0.42

0.279

0.406

2.6

14.7

1997

22.4

12.4

5.45

2.89

1.13

1.35

0.426

0.322

0.277

0.285

1.54

4.69

1998

5.32

141.1

34.6

40.3

77.1

22.9

9.32

5.06

4.15

3.29

3.54

3.43

1999

3.9

5.61

3.59

5.69

2.61

1.9

0.704

0.393

0.303

0.313

0.494

0.804

2000

1.12

19.7

14.3

7.77

3.18

1.16

0.463

0.227

0.191

0.326

0.433

0.75

2001

3.43

19.9

19.1

6.81

2.35

0.913

0.328

0.189

0.117

0.144

0.39

1.15

2002

1.94

1.51

1.02

0.631

0.449

0.276

0.146

0.124

0.091

0.123

1.04

2.16

2003

1.23

10.8

8.91

6.56

5.61

1.9

0.4

0.183

0.093

0.099

0.234

1.95

2004

1.26

10.4

5.31

1.45

0.501

0.314

0.126

0.042

0.032

19.1

4.09

32.4

2005

268.1

191.7

64

23.4

15.4

8.56

4.76

2.46

2.08

3.35

2.86

2.79

2006

14.2

9.29

15.2

26.8

7.74

2.91

1.01

0.676

0.426

0.502

0.637

1.35

2007

1.43

2.06

1.64

1.12

0.563

0.292

0.256

0.193

0.223

0.311

0.234

1.57

2008

60.6

17.6

7.04

3.48

2.14

1.11

0.583

0.214

0.097

0.108

0.395

2.39

2009

1.72

18.9

4.02

1.99

0.974

0.894

0.301

0.126

0.346

0.98

3.23

10.8

2010

34.9

48.8

19.3

22.7

7.2

6.37

4.11

2.69

2.82

3.8

3.51

63.5

2011

29.3

22.6

45.8

36.3

16.1

10.4

5.96

4.11

3.24

4.31

3.8

3.47

2012

3.36

2.93

9.76

9.79

3.37

1.96

1.19

0.82

0.876

0.998

1.56

4.19

2013

3.31

3.27

3.19

1.4

1.47

0.89

0.616

0.439

0.349

0.391

0.43

0.96

2014

0.9

7.3

9.13

1.76

0.822

0.485

0.331

0.319

0.278

0.148

0.237

3.64

2015

2.2

3.27

1.15

0.505

0.846

0.463

7.43

0.335

0.391

0.38

0.352

0.642

2016

5.7

2.66

3.68

1.91

1.31

0.526

0.516

0.228

0.211

0.288

0.217

2.34

2017

28.4

27.3

8.84

4.34

3.48

0.993

0.481

0.177

0.124

0.172

0.216

0.327

Mean

19.6

31.6

25.8

13.3

6.8

3.3

1.7

1.0

1.0

1.3

3.4

8.6

Blank spaces are missing data.
Source: Derived from USGS, 2018.

The majority of the runoff occurs between December and May with the remainder of the period
with average monthly flows generally less than 5 cubic feet per second (cfs). The maximum flow
measured with the USGS gage, for the period of record (1911 through 2017), was 8,620 cfs (on
March 2, 1938) (USGS, 2018). While the largest responses to flow generally occur from
precipitation events, the stream maintains flows during non-rainfall periods indicating that it
derives some of its flow from springs, groundwater inflow and other sources, such as storm drain
outlets.
A comparison was made for an average precipitation period (see Precipitation section) with the
daily mean streamflow for USGS station 11098000, Arroyo Seco near Pasadena, CA and
presented in Exhibit 15. The comparison indicates the Arroyo Seco quickly responds to
precipitation events in excess of 0.5 inches per day which occur between mid-October through
February. By mid-March, the stream goes into a baseflow condition declining from 10-20 cfs to
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approximately 1 cfs in late summer. This is probably related to the delayed discharge from the
fractured bedrock groundwater discharging to the shallow alluvium found in the mountainous
portion of Arroyo Seco.
10.3.3 Groundwater
The Raymond Basin is a structural basin filled with permeable alluvial deposits, which is underlain
and surrounded by relatively impermeable rock. The Basin aquifer is stratified in some areas by
confining or semi-confining layers consisting of impermeable or less-permeable materials such
as clay or silt. In these areas, the Basin aquifer is an aquifer system that may include an
unconfined or water-table aquifer overlying individual confined or artesian aquifers separated by
semi-confining or confining layers. In general, the Basin aquifer is classified as an unconfined to
semi-confined aquifer system because the semi-confining or confining layers are not continuous
across the Basin (RBMB, 2016).
The base of the water bearing zones is considered bedrock with elevations ranging from
approximately 500 feet below sea level to 2,000 feet above mean sea level. The Raymond Basin
is divided into three separate hydrologic sub-areas: the Pasadena Subarea, the Santa Anita
Subarea, and the Monk Hill Subarea (MHSA) (see Exhibit 16, Groundwater Subareas within the
Raymond Groundwater Basin). The diversion point lies just outside of the MHSA while the
spreading grounds lie just inside the eastern edge of the MHSA adjacent to the City of Pasadena
production wells. Downgradient of the MHSA, groundwater elevations range from 500 to 900 feet
above mean sea level (msl) and have a southern flow direction, which then curves to the
southeast in the southern part of the basin. The direction of groundwater flow within the basin
varies depending on the subarea. Estimates of regional hydraulic gradient range between 40 and
200 feet per mile (0.008- to 0.04-foot/foot) (RBMB, 1985). The total storage capacity of the
Raymond Basin is estimated to be approximately 1.37 million acre feet (maf). The amount of
water in storage in 2003 was approximately 800,000 af with an unused storage space of about
570,000 (RBMB, 2016).
The Raymond Groundwater Basin is an adjudicated groundwater basin managed by Raymond
Basin Management Board. The adjudication (originally completed in 1944 and amended over the
years) determined who had a right to extract water and the maximum annual amount of water
allowed to be pumped by each producer. This “safe yield” concept allows an annual fixed amount
of water to be used by the 16 water producers served by the Raymond Basin (RBMB, 2016 and
2018).
Groundwater Levels and Flow

Groundwater levels in the Raymond Basin range from about 350 feet above Mean Sea Level
(MSL) in Santa Anita Subarea to more than 1,050 feet above MSL in the MHSA. Groundwater
generally flows southeast from the MHSA in the northwest to the Raymond fault in the
southeast (RBMB, 2016).
Monk Hill Subarea

Groundwater levels in the MHSA have fluctuated, but remained relatively stable since 2000
(RBMB, 2016). In general, groundwater flows from the MHSA into the Pasadena subarea
(RBMB, 2016).
NASA (2003) reported that the water table elevation varies significantly over the JPL site, which
is located immediately west of Arroyo Seco, by as much as 130 feet. The groundwater elevation
high point was measured in MW-1, located at the mouth of the Arroyo Seco. The significant
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change in average hydraulic head between the monitoring wells located near the mouth of the
Arroyo Seco and the monitoring wells to the southwest and west of the mouth of the Arroyo Seco.
The change in flow regime across this area, significant difference in water levels over the relatively
short distance, and lack of response of water levels near the mouth of the Arroyo Seco to pumping
suggests the presence of either a very low conductivity area within the mouth of the Arroyo Seco
or a hydraulic barrier that affects groundwater flow from this area (NASA, 2003).
Subsurface Flow

CDWR (1966) addresses subsurface inflow from the Raymond Basin into the Main Basin and
states in part “…Underflow into San Gabriel Valley across the Raymond fault varied from
2,000 to 12,000 acre-feet per year during the base period [from 1943-44 to 1959-60]. This
subsurface flow did not occur at the same rate along the length of the fault, but varied from
west to east. The lowest rates occurred near the western edge of the basin where the
Raymond fault constitutes a nearly impervious barrier to groundwater movement, and the
highest rates occurred near Santa Anita where the barrier effect is negligible. Estimates of
underflow across the Raymond fault were based on values of groundwater gradients between
water levels north of the fault.”
Monk Hill Subarea

Subsurface inflow from the Verdugo Basin into the MHSA has ranged from 890 acre-feet to
3,990 acre-feet over the period from 1994-95 to 2011-12. The long-term (31-year) average
annual subsurface inflow has been 2,270 acre-feet. Subsurface outflow from the MHSA into
the Pasadena Subarea has ranged from 5,750 acre-feet to 7,270 acre-feet over the period
1994-95 through 2011-12. The mean subsurface outflow to the Pasadena Subarea was 6,700
acre-feet (RBMB, 2016).
Groundwater Recharge
Monk Hill Subarea
Artificial recharge of the MHSA historically has occurred as a result of infiltration of stormwater
runoff and, to a lesser degree, injection of treated imported water. Artificial recharge (through the
spreading grounds) has ranged from 450 acre-feet to 9,700 acre-feet during the period of 199495 through 2011-12. Injection of treated imported water has ranged from zero acre-feet to 1,480
acre-feet during the period of 1994-95 through 2011-12. Average combined annual recharge from
artificial recharge and injection has been 3,400 acre-feet (RBMB, 2016).
Accordingly, the diversion of water from Arroyo Seco north of the MHSA into the spreading
grounds that are located inside of the MHSA has caused a mounding effect in the groundwater
table in the MHSA (NASA, 2003).
10.4

GROUNDWATER CONCLUSIONS

Both surface water of Arroyo Seco and groundwater in the underlying alluvium of Arroyo Seco
drainage north of the MHSA eventually discharge into the Monk Hill Subarea. The diversion of
water upgradient of the MHSA from Arroyo Seco and placement into the Arroyo Seco spreading
grounds (in the MHSA) adjacent to the existing Pasadena production wells is essentially assisting
in the enhancement of groundwater replenishment and management of the Raymond Basin which
is consistent with the requirements of the adjudicated Raymond Groundwater Basin. As a result,
it is unlikely that groundwater levels within close proximity of riparian resources would
have any measurable effect on rootzones because of the relative depth of the groundwater.
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INTRODUCTION
2

The Los Angeles 30’ x 60’ quadrangle covers approximately 5,000 km including much of the
densely populated urban and suburban areas of the southern California megalopolis. The quadrangle is
about 90 km east-west and about 55 km north-south, extending from Fillmore and Thousand Oaks in the
west to Acton in the northeast and Montebello in the southeast. It covers the urban San Gabriel Valley
and San Gabriel Mountain foothill communities from Monrovia to Pasadena, as well as Glendale,
downtown Los Angeles, Hollywood, Santa Monica, Malibu, and all the communities in the San Fernando
Valley, Simi Valley, and the upper Santa Clara River Valley. Population of these urban and suburban
areas, as listed in the 2000 Census, totals approximately 5.6 million, and property value is estimated to
total hundreds of billions of dollars. The quadrangle also includes large areas of wilderness in the Angeles
and Los Padres National Forests, the Santa Monica Mountains National Recreation Area, and the Sespe
Condor Sanctuary. The relief in the quadrangle ranges from about a hundred meters subsea (in Santa
Monica Bay) to more than 2,000 meters above sea level at Pacifico Mountain in the high San Gabriel
Mountains. Residents and visitors are subject to potential hazards from earthquakes, debris flows and
other landslides, floods, wildfires, subsidence from ground water and petroleum withdrawal, and swelling
soils; and coastal areas are exposed to flooding and erosion by storm and tsunami waves. This geologic
map is intended to illustrate the distribution of the rocks and surficial deposits of the area and their
structural and stratigraphic relations to one another. It provides a regional geologic framework as an aid to
better evaluations of the potential for hazard from active earth processes. As a digital product it includes
some areas mapped in greater detail than others; however, it is not sufficiently detailed to serve as a basis
for site-specific evaluations.

SOURCES OF GEOLOGIC MAPPING
The map has been compiled from many scientific studies in different parts of the quadrangle, and
represents the work of many geologists. Compilation of the Los Angeles 30’ x 60’ quadrangle was
completed by Yerkes and Campbell (2005) and published by the U.S. Geological Survey. That map,
which can be considered version 1.0 of the digital geologic map of the Los Angeles 30’ x 60’ quadrangle,
involved digitization of original field mapping, and digitization and assembly of numerous published and
unpublished source geologic maps. This effort, led by Robert Yerkes between 1985 and completion of the
map in 2005, provides a foundation for the additions and further refinement presented here.
This map, version 2.0 of the digital geologic map of the Los Angeles 30’ x 60’ quadrangle,
represents an update of the map by Yerkes and Campbell with extensive revisions and additions. Many of
these revisions and additions resulted from studies by the California Geological Survey to define Seismic
Hazard Zones, where development must consider the potential hazards from liquefaction and earthquakeinduced landslides. The listing of sources of geologic mapping below includes geologic maps that were
used by Yerkes and Campbell (2005), additional geologic maps included in this compilation, and reports
describing the liquefaction zoning and earthquake-induced landslide zoning for each quadrangle.
Although the Seismic Hazard Zone Reports referenced below are focused on the details of delineation of
the hazard zones, virtually all reports resulted in revised mapping of some geologic units. Revised
mapping of younger Quaternary units, including the contact between late Quaternary alluvium and
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bedrock, was a focus of the seismic hazard zoning effort because these contacts can define the boundaries
of Liquefaction Hazard Zones. New mapping of Quaternary units was generally based on geomorphic
expression, supplemented by descriptions of the subsurface materials in numerous boreholes from
throughout the valley areas (Wills and Hitchcock, 1999, Hitchcock and others, 1999). Quaternary units
are designated using the terminology of Matti and Cossette (2007).
The process of creating earthquake-induced landslide zoning resulted in compilation of bedrock
units that in some cases differed from the compilation of Yerkes and Campbell (2005). This effort also
included re-mapping of landslides for the region, except for areas within National Forests. In preparing
this compilation, we have used the compilations from the Seismic Hazard Zonation Program, reconciled
those with the source maps used by Yerkes and Campbell (2005), added additional detail based on source
maps not used by either the Seismic Hazard Zonation Program or Yerkes and Campbell (2005) and added
selected landslides mapped by the Seismic Hazard Zonation Program. Due to the scale of this map, most
small landslides and all landslides considered “questionable” in the original landslide inventories are not
shown. CGS landslide inventory maps, and related 1:24,000-scale maps, show a more complete depiction
of landslides. Landslides that are too small to show on 1:24,000-scale maps can be hazardous and
damaging, so no regional map should be used to evaluate the landslide hazard to a particular location or
parcel.
In addition to revisions to geologic contacts based on the Seismic Hazard Zonation Program, this
map includes extensive revisions to the crystalline bedrock of the San Gabriel Mountains. Yerkes and
Campbell (2005) completed a generalized compilation of the San Gabriel Mountains. In their
compilation, they modified the nomenclature of the basement rock units to conform with the IUGA
Subcommission on Systematics of Igneous Rocks (Streckheisen, 1973), and to provide continuity with the
compilation in the San Bernardino 30’ x 60’ quadrangle (Morton and Miller, 2003), which adjoins the
Los Angeles 30’ x 60’ quadrangle on the east. They did not, however, attempt to reconcile the various
more detailed maps of this area. For this compilation, we have attempted to use as much detailed original
mapping as possible and describe the units in as much detail as possible. Where the detailed mapping and
unit descriptions are from a single source, such as within the anorthosite complex described by Carter
(1980, 1982), this map represents a complete, consistent interpretation. In other areas, detailed mapping
and description of map units are lacking or are provided by different authors who had differing
interpretations. In some cases, we have extended units described by one author based on contacts by
another. Although the resulting compilation is more detailed than that by Yerkes and Campbell (2005),
there are significant areas where map unit boundaries, descriptions, and correlations could be improved
by new mapping.
In addition to the major updates noted above, CGS has updated numerous other local areas based
on map sources not used in the map by Yerkes and Campbell (2005). These more local updates include
new mapping of parts of the active Hollywood, San Cayetano, and Simi Faults, updates to mapping and
stratigraphy of the Plio-Pleistocene sedimentary rocks of the Ventura basin (see Appendix A), and
updates to the Tertiary units in the Soledad basin.
The major sources of mapping are listed below by the 7.5-minute quadrangles shown in Figure 1.
Sources are underlined if they are a major source of geologic unit boundaries shown on this compilation,
and in italics if they were not used in the compilation by Yerkes and Campbell (2005). Seismic Hazard
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Zone (SHZ) Reports for each quadrangle are also listed, along with landslide inventory maps that resulted
from the Seismic Hazard Zonation Program, which are published as part of the CGS Landslide Inventory
Map Series (LSIM).

Figure 1. Index map of 7.5 minute quadrangles within the Los Angeles 30'x60' quadrangle.
Acton: Carter, 1980; Dibblee, 1996a; Ehlig, 1981; Jahns and Muehlberger, 1954; Morton and Streitz,
1969.
SHZ Reports: Mattison, and Hernandez, 2003a; Wilson, and Hernandez, 2003a, LSIM Series:
Hernandez, 2006a.
Agua Dulce: Carter, 1980; Dibblee, 1996b; Jahns and Muehlberger, 1954; Morton and Streitz, 1969;
Oakeshott, 1958.
SHZ Reports: Mattison and others 2003a; Wilson and others, 2003a; LSIM Series: Hernandez, 2006b.
Beverly Hills: Dibblee, 1991a; Hoots, 1931; Hsu and others, 1982; Poland, and others, 1959; Tinsley
and others, 1985.
SHZ Reports: DeLisle 1998; Silva and Irvine, 1998a.
Burbank: Dibblee, 1991b, 1991e; Hitchcock and Wills, 2000; Hoots, 1931; Jennings and Saul, 1969;
Lamar, 1970; Neuerburg, 1953; Weber, 1980.
SHZ Reports: Wills and Barrows, 1998a; Silva and others, 1998; LSIM Series: Treiman and Wills, 2013.
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Calabasas: Hitchcock and Wills, 2000; Squires, 1983a; Weber, 1984; Yerkes and Showalter, 1993.
SHZ Reports: Wills and Barrows, 1997a; McCrink and others, 1997c.
Canoga Park: Hitchcock and Wills, 2000; Hoots, 1931; Soper, 1938; Weber and Frasse, 1984; Weber,
1983; Yeats and Shields, 1977b; Yerkes and Campbell, 1995a.
SHZ Reports: Wills and Barrows, 1997b; Silva and Irvine, 1997.
Chilao Flat: Carter, 1980; Barth, unpublished; Dibblee, 2002a; Ehlig, 1981; Powell and others, 1983;
Morton and Streitz, 1969.
Condor Peak: Carter, 1980; Crook, and others, 1987; Dibblee, 2002b; Ehlig, 1981; Morton and Streitz,
1969; Powell and others, 1983; Weber, 1982.
SHZ Reports: Mattison and others, 2003b; Wilson and others, 2003b.
El Monte: Bullard and Lettis, 1993; Daviess and Woodford 1949; McCalpin 1988; Quarles, 1941; Tan,
1997; Treiman, 1991.
SHZ Reports: Loyd, 1998; Perez and others, 1998.
Fillmore: Bailey, 1951; Dibblee, 1990a; Cemen, 1977; Eschner, 1969; Kahle, 1986; Morton, 1972.
SHZ Reports: Loyd and Barrows, 2002a; Silva and others, 2002a.
Hollywood: Dibblee, 1991a; Hernandez and Treiman, 2014; Hoots, 1931; Hsu and others, 1982; Lamar,
1970; Neuerburg, 1953; Tinsley and others, 1985.
SHZ Reports: Mattison and Loyd, 1998a; Silva and Irvine, 1998b; LSIM Series: Irvine, 2013.
Los Angeles: Bullard and Lettis, 1993; Hsu and others, 1982; Lamar, 1970; Land and others, 2004;
Tinsley and others, 1985.
SHZ Reports: Mattison and Loyd, 1998b; Silva and others, 1998.
Malibu Beach: Yerkes, and others, 1971; Yerkes and Campbell, 1980.
SHZ Reports: Woods, 2001a; Silva and Irvine, 2001a.
Mint Canyon: Carter, 1980; Dibblee, 1996c; Jacobson, 1990; Jahns and Muehlberger, 1954; Saul and
Wootton, 1983; Saul, 1985; Weber, 1982.
SHZ Reports: Haydon, 1998; Wilson and Haydon, 1998.
Moorpark: DeVecchio and others, 2012b; Irvine, 1995; Weber, 1972; William Lettis and Associates,
1999.
SHZ Reports: Loyd, 2000a; Silva and Irvine, 2000a.
Mount Wilson: Bryant, 1978; Crook and others, 1987; Ehlig, 1981; McCalpin, 1988; Morton, 1973b;
Powell and others, 1983; Saul, 1976.
SHZ Reports: Loyd and Wills, 1998; Wilson and Wills, 1998a; LSIM Series: Treiman and Wills, 2007a.
Newbury Park: Dibblee and Ehrenspeck, 1990a; Sonneman, 1975; Weber, 1972; Weber, 1984; Yerkes
and Campbell, 1997b.
SHZ Reports: Loyd, 2002; Silva and Rosinski, 2002.
Newhall: Smith, 1984; Stitt, 1979; Allan E. Seward Engineering Geology Inc., 2008, Treiman, 1986;
Treiman 1987a; Weber, 1982; Winterer and Durham, 1962.
SHZ Reports: Haydon and Barrows, 1997; Wilson and others, 1997.
Oat Mountain: Dibblee 1992c; Evans and Miller, 1978; Hitchcock and Wills, 2000; Saul, 1979; Treiman,
1987b; Winterer and Durham, 1962.
SHZ Reports: Wills and others, 1997; Schlosser and others, 1997.
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Pacifico Mountain: Barrows and others, 1985; Barth, unpublished; Carter, 1980; Dibblee, 2001; Ehlig,
1981; Ehlig, unpublished; Jahns and Muehlberger, 1954; Morton and Streitz, 1969.
SHZ Reports: Mattison and Hernandez, 2003b; Wilson and Hernandez, 2003b.
Pasadena: Byer, 1968; Crook and others, 1987; Ehlig, P.L., 1981; Lamar, 1970; McCalpin, 1994(?);
Morton and Streitz, 1969; Powell and others, 1983; Smith, 1982; Winterer and Durham, 1962.
SHZ Reports: Wills, 1998b; Wilson and Wills, 1998b; LSIM Series: Treiman and Wills, 2007b.
Piru: Huftile and Yeats, 1995; Morton, 1972; Olson, 2012.
SHZ Reports: Loyd and Barrows, 2002b; Silva and others, 2002b.
Point Dume: Campbell, and others, 1996.
SHZ Reports: Woods, 2001b; Silva and Irvine, 2001b.
San Fernando: Barrows, and others, 1974; Hitchcock and Wills, 2000; Oakeshott, 1958; Oakeshott,
unpublished; Weber, 1982.
SHZ Reports: Wills, 1998c; Schlosser and Haydon, 1998a.
Simi Valley East: Butler, 1977; Dibblee 1992d; Hanson, 1981; Haydon and Loyd, 1997; Irvine, 1990;
Squires, 1983a; Treiman, 1998; Weber, 1972; Winterer and Durham, 1962.
SHZ Reports: Haydon and Loyd, 1997; McCrink and others, 1997a.
Simi Valley West: Dibblee 1992e; Ehrenspeck, 1972; Hanson, 1981; Haydon and Loyd, 1997; Irvine,
1990; Ricketts and Whaley, 1975; Squires, 1983a; Treiman, 1998.
SHZ Reports: Haydon and Loyd, 1997; McCrink and others, 1997a.
Sunland: Barrows and others, 1974; Carter, 1980; Hitchcock and Wills, 2000; Oakeshott, 1958;
Oakeshott, unpublished; Smith, 1978; Weber, 1982.
SHZ Reports: Wills, 1998d; Schlosser and Haydon, 1998b.
Thousand Oaks: Blackerby, 1965; Squires, 1983a; Weber, 1984; Yerkes and Campbell, 2005.
SHZ Reports: Loyd, 2000b; Silva and Irvine, 2000b.
Topanga: Hoots, 1931; McGill, 1989; Yerkes and Campbell, 1980; Yerkes and Campbell, 1995b.
SHZ Reports: Wills and McCrink, 1997; McCrink and others, 1997b.
Triunfo Pass: Guynes, 1959; Sonneman, 1975; Yerkes and Campbell, 2005.
SHZ Reports: Woods, 2002; Silva and Wiegers, 2002.
Val Verde: Barrows, 1986; Morton 1972; Allan E. Seward Engineering Geology Inc., 2008; Yeats and
others, 1985.
SHZ Reports: Loyd and Barrows, 2002c; Silva and Hernandez, 2002.
Van Nuys: Dibblee, 1991a, 1991d; Hitchcock and Wills, 2000; Hoots, 1931; Tan, 1995.
SHZ Reports: Wills and Barrows, 1997c; Irvine and Silva, 1997.
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THE TRANSVERSE RANGES AND THE SAN ANDREAS FAULT
Nearly all of the Los Angeles quadrangle lies within the south-central part of the Transverse
Ranges geomorphic province, a band of west-trending mountain ranges and valleys, varying from 50 km
to 130 km in width that extends about 400 km from Point Arguello on the west to the eastern San
Bernardino Mountains on the east (Fig. 2). The east-west grain of the Transverse Ranges Province
presents a stark and abrupt interruption of the general northwesterly trends of the Peninsular Ranges
Province (including the California Continental Borderland) to the south and the northwesterly to northerly
grain of the California Coast Ranges, the Great Valley, the Sierra Nevada, and the Mojave Provinces to
the north. The southeastern corner of the Los Angeles quadrangle includes the northern part of the Los
Angeles basin, which lies at the northern end of the Peninsular Ranges Province. The northwestern
quarter of the Los Angeles quadrangle includes the eastern part of the Ventura basin and its southeastern
extension, the San Fernando basin. These basins were the sites of very thick accumulations of marine
sediments in the late Miocene and Pliocene. The southern boundary of Transverse Range structures is
commonly placed at the Anacapa-Santa Monica-Hollywood-Raymond-Cucamonga zone of
interconnected north-dipping thrust faults. West of Santa Monica, the southern limit of Transverse Range
structures is the offshore Anacapa Fault, which lies a few kilometers south of the southern boundary of
the quadrangle. Northwesterly trending faults in the Peninsular Ranges Province, such as the NewportInglewood zone, the Elsinore-Whittier Fault, and several faults in the offshore Continental Borderland,
appear to be truncated by the east-west zone of interconnected faults, although the apparent step between
the Hollywood and Santa Monica Fault zones along the projection of the Newport-Inglewood Fault
suggests that the boundary has been modified locally.
The Transverse Ranges are a major anomaly embedded across the general grain of the North
American Continent and, although middle Miocene and younger tectonism is responsible for much of the
present rock distribution and physiographic relief, the distributions of different crystalline basement
rocks, and their Cretaceous and Paleogene superjacent strata, suggest the influence of earlier tectonic
episodes. The geologic history remains imperfectly understood, and many interpretations concerning
specific aspects are actively disputed among earth scientists (e.g., Campbell and others, 1966; Dibblee
and Ehrenspeck, 1993). The distinctive physiographic and structural characteristics of the provinces are
superimposed on a preexisting framework of Proterozoic through early Cretaceous igneous and
metamorphic basement rocks, which occur chiefly in fault-bounded blocks. This simple relationship has
been modified in places so that rocks that are commonly associated with one province can be found in an
adjacent province. For example, strata found south of the Malibu Coast Fault and west of the NewportInglewood zone of faulting and folding include probable Catalina Schist basement overlain by Miocene
volcanics and Monterey facies sedimentary strata in a sequence best correlated with that of the Palos
Verdes Peninsula-Santa Catalina Island area of the northern Peninsular Ranges. Although Catalina Island
and the Palos Verdes Peninsula are dominated by northwesterly trending structures, and are included in
the Peninsular Ranges Province, an east-trending band, bounded by the Malibu Coast Fault on the north
and the offshore Anacapa-Santa Monica Fault, is characterized by east-trending folds and north-oversouth thrust faults and, therefore, is included in the Transverse Ranges province. Some province-bounding
faults take advantage of pre-existing structures in places, but not everywhere.
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Figure 2. Area of the Los Angeles 30’ x 60’ quadrangle in reference to geomorphic provinces of
southern California.

Major basement rock boundaries are not confined to the margins of the Transverse Ranges, but
are also found within the province. For example, the northwest-trending Verdugo Fault separates the
cratonic Precambrian to Cretaceous crystalline basement of the San Gabriel Mountains from the oceanic
Jurassic metasedimentary basement of the Santa Monica Mountains. Similarly, the Raymond-Cucamonga
segment of the southern frontal fault system of the Transverse Ranges approximates the boundary
between the San Gabriel Mountains crystalline basement and the oceanic Jurassic basement in the Santa
Ana Mountains (northern Peninsular Ranges). The Santa Monica Slate resembles similar Jurassic rocks in
the Santa Ana Mountains. Although Jones and others (1976) note that sparse Jurassic fossils from the
Santa Monica Mountains are younger than Jurassic fossils from the Santa Ana Mountains, both sections
are very thick and represent millions of years of accumulation of pelitic sediment in abyssal to bathyal
environments, and they are probably broadly correlative. This relatively simple pattern is further
complicated by evidence that the cratonic rocks of the San Gabriel Mountains have been thrust over the
Pelona Schist, for which the protolith is inferred to be Jurassic oceanic crust (Ehlig, 1981).
Many workers have attempted to reconstruct the rock distribution in the region as it was before
the middle Miocene beginning of major structural deformation (e.g., Campbell and Yerkes, 1976; Crouch,
1979; Hornafius and others, 1986; Powell, 1993; Wright, 1991; Yeats, 2004) using recognized
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translations and rotations of fault-bounded blocks. The paleomagnetic evidence that the western
Transverse Ranges were rotated approximately 60 degrees clockwise in Miocene time (Kamerling and
Luyendyk, 1979) should be kept in mind with regard to descriptions of pre-Pliocene sedimentary and
structural trends. For example, northeasterly-trending faults that are truncated by the base of the Modelo
and older units have been rotated from initial northwesterly orientations after their last movements.
Similarly, north-trending shorelines and pinch-outs in Paleogene and Miocene strata (Yerkes and
Campbell, 1976) have been rotated from westerly trends (McCulloh and others, 2002; McCulloh and
Beyer, 2004). It seems logical that reconstruction should result in an unbroken western margin for the
North American Continent that connects the rocks and structure to the north with those to the south of the
Transverse Ranges. However, the pre-middle Miocene positions of individual fault blocks have not been
comprehensively established. Partial reconstructions using extensive subsurface data, precise age dating,
and well-established minimum fault movements and rotations have demonstrated the difficulty in
accurately modeling the early Miocene margin of the North American continent (McCulloh and Beyer,
2004).
The San Andreas Fault crosses the Transverse Ranges Province with an east-southeasterly trend,
in sharp contrast to its northwesterly trends to the north, in central California, and to the south, along the
east side of the Salton Sea and the Imperial Valley. From Tejon Pass to Wrightwood, the San Andreas
approximates the northern boundary of the Transverse Ranges (San Gabriel Mountains), and a short
segment of the fault crosses the extreme northeastern corner of the Los Angeles quadrangle. Farther east
it separates the San Gabriel Mountains from the San Bernardino Mountains, emerging from the south side
of Cajon Pass to mark (approximately) the southern boundary of the Transverse Ranges (San Bernardino
Mountains), and continues on that trend for another 45 km (approximately) southeasterly to the vicinity of
North Palm Springs.
The presently recognized trace of the San Andreas Fault was probably not a single continuous
fault before the end of the (Miocene-Pleistocene) tectonism that resulted in the modern Transverse
Ranges Province. Some segments that are now connected show displacements that probably predate the
late Miocene. The San Gabriel Fault probably was a major strand of the San Andreas in late Miocene
through early Pliocene time that is now much less active (Crowell, 1952). The modern through-going San
Andreas Fault consists of connected segments of varying ages and tectonic origins, and may be linked by
fault segments that did not exist before the opening of the Gulf of California in the late Pliocene.
Although the San Andreas Fault is seen only in the extreme northeast corner of the Los Angeles
quadrangle, it is an important component of the geologic structure in the quadrangle, and is probably the
principal control for the north-south compressive stress field presently imposed on the central Transverse
Ranges. The ongoing deformation and associated earthquakes (Working Group on California Earthquake
Probabilities, 2008) are generally considered to be the result of the northwest-trending right-lateral
movement of the North American Plate relative to the Pacific Plate as constrained in upper crustal rocks
by the geometry of the modern San Andreas Fault.

GEOLOGIC UNITS IN DEPOSITIONAL BASINS AND STRUCTURAL BLOCKS
The geologic map units are divided into several columns in the explanation and brief description
of map units on the map sheet, reflecting different sequences of units in different depositional basins. The
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units are arranged in a single sequence in the “Description of Map Units” below. The designations of
different units in different areas is partly semantic; that is, different authors may have used different
names for correlative strata in different parts of the quadrangle; or have used the same names for map
units that may be only partly correlative. However, real differences in lithologic character are also
represented by the use of different names for strata of correlative ages. We have not been able to identify
all the map unit names that should be extended and those that should be restricted. However, it seems
clear that the present distribution of rock units is the result of the convergence of tectonic elements of
diverse geologic histories. The subdivision of the unit abbreviations and brief descriptions into different
columns on the map sheet is our attempt to illustrate the spatial diversity as objectively as possible, while
retaining the stratigraphic elements shared in common.
Rocks of the Transverse Ranges Province are subdivided into geographic areas where similar
rock sequences are exposed, these geographic areas reflect, at least in part, fault-bounded structural
blocks: (1) Topatopa Mountains and the eastern Santa Ynez Range, (2) Oak Ridge, Santa Susana
Mountains, Simi Hills, and Santa Monica Mountains, (3) Castaic Valley-Soledad Canyon and western
San Gabriel Mountains (Figure 3). The rocks of the northern Peninsular Ranges Province are described in
a frame of two middle Miocene and older structural blocks: (1) eastern Los Angeles basin, and (2)
western Los Angeles basin. Within the Oak Ridge, Santa Susana Mountains, Simi Hills, Santa Monica
Mountains block, middle Miocene and older strata are described separately for the Santa Susana
Mountains-Simi Hills area and the central and western Santa Monica Mountains, chiefly because of large
changes in thickness of the Conejo Volcanics and nomenclatural differences that represent relatively
minor facies changes in the middle Miocene and older rocks. In the central Santa Monica Mountains, the
strata in the upper plate of the Malibu Bowl Detachment Fault include a number of tongues of the Conejo
Volcanics that have not been specifically correlated with the lithologic subdivisions of that unit in the
lower plate. The eastern and western Los Angeles basin blocks correspond to the Northwestern and
Central structural blocks of Yerkes and others (1965).
The bedrock units of the area are commonly described in two principal groups: 1) Basement
rocks – early Cretaceous and older, crystalline metamorphic and igneous rocks; and 2) The superjacent
sequence of late Cretaceous and Tertiary strata. The greatest contrast in basement character is at the
boundaries of the San Gabriel Mountains-Soledad basin block. The San Gabriel Mountains form a
basement massif that includes components of Proterozoic, Paleozoic, and pre-middle-Cretaceous
Mesozoic metamorphic and plutonic rocks. These are the oldest basement rocks in the Los Angeles
quadrangle and appear to represent old continental crust at the western margin of the North American
craton that has been thrust over Jurassic oceanic crust of a different metamorphic facies than is found in
adjacent blocks. In the eastern Los Angeles basin, to the south of the San Gabriel Mountains, and in the
Santa Monica Mountains, to the west of the San Gabriel Mountains, the basement rocks are
metasedimentary and metavolcanic rocks of Jurassic age that were probably deposited on a Jurassic
oceanic crust and accreted to the margin of the North American craton. They have been intruded by early
Cretaceous granitic bodies of the same age as similar rocks in the San Gabriel Mountains, but the
relationship between these granite bodies is not clear. The basement rocks of the western Los Angeles
basin also are associated with a Jurassic oceanic crust; however, their metamorphic character is
significantly different, including blueschist facies schists that represent metamorphism in a subduction
zone. The basement in the Topatopa Mountains block is unknown, but in the Santa Ynez Mountains, a
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Figure 3. Principal late Tertiary to Quaternary depositional basins and upland areas where
bedrock units are exposed within the Los Angeles 30'x60' quadrangle. The Soledad basin is
represented by Miocene strata, which are truncated to the southwest by the San Gabriel Fault and
subsequently overlapped by Pleistocene deposits of the Ventura basin; the Ventura and Los
Angeles basin boundaries represent the limits of associated Pliocene and Pleistocene
formations.

few miles to the west, the basement is Franciscan Formation, including schists very much like those of the
western Los Angeles basin basement rocks.
The superjacent sequence consists of Upper Cretaceous and Tertiary sedimentary and volcanic
strata that rest unconformably on the crystalline basement. The regional unconformity at the base of the
Upper Cretaceous is expressed only in the central Santa Monica Mountains, where the Trabuco Formation
overlies basement rocks. Another regional unconformity, at the base of the Paleogene section, can be seen
in the western Santa Monica Mountains and the Simi Hills where the Simi Conglomerate overlies the
Upper Cretaceous sequence. The middle Miocene disruption of the pre-middle Miocene sequence and the
formation of more localized basins is expressed by more restricted unconformities at the bases of latemiddle Miocene and younger strata and extreme variations in thickness of late Miocene and younger
units.
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DESCRIPTION OF MAP UNITS
The arrangement of map unit descriptions on the map sheet illustrates the correlation of map units
among different depositional basins. The map area straddles two major physiographic provinces, the
Transverse Ranges and the Peninsular Ranges, and the southwest margin includes rocks commonly
associated with the Southern California Borderland. The modern provinces are largely the products of
Neogene tectonics, volcanism, and sedimentation, but each province contains fault-bounded blocks of
Paleogene and older rocks that correlate over a larger area.
Similarities and differences among rock units are incompletely reflected in the nomenclature and
labeling of the rock units, which evolved from many geologic investigations over the past century. The
majority of the units on this map have been adopted from the source maps used in compilation. Named
Formations of sedimentary strata are made up of multiple episodes of individual depositional events and
each event need not be distributed over exactly the same area. This can lead to significant differences in
the age range of a rock stratigraphic unit from one area to another.
Map labels are abbreviations that indicate age and origin of surficial deposits, or age and formally
recognized names of formations and members. Where stratigraphic assignment is tentative, a query (?) is
added to the label in the database. Where informal subunits are represented by subscripted numbers,
numbers increase with decreasing age (i.e., of subunits 1-4, 4 is the youngest and 1 is the oldest).
Quaternary deposits are found in all provinces and subareas; however they are relatively local in extent,
and deposits are commonly associated with distinctive geomorphic features such as fans, flood plains and
terraces. For a complete listing of geologic units and the 7.5’ quadrangles on which they occur, refer to
Appendix B.
af

Artificial fill (late Holocene)—Deposits of sand silt and gravel resulting from human
construction, mining or quarrying activities; includes compacted engineered and noncompacted
nonengineered fill. Only large deposits are shown. Fills emplaced after source maps were
completed are generally not shown.

Qa

Alluvium (late Holocene)—Unconsolidated gravel, sand and silt in active or recently active
floodplains, locally including related alluvial fans and streambeds where those are not mapped
separately; chiefly stream deposited, but includes some debris-flow deposits. Locally
corresponds with or encompasses areas of historic flooding, including deposits behind floodcontrol structures.

Qw

Wash deposits (late Holocene)—Unconsolidated gravel, sand and silt in active or recently
active streambeds; chiefly stream deposited, but includes some debris-flow deposits; episodes
of bank-full stream flow are frequent enough to inhibit growth of vegetation.

Qb

Beach deposits (late Holocene)—Loose fine- and medium-grained sand of active beaches
chiefly between elevations of lower-low water and storm strands).

Qe

Eolian deposits (late Holocene)—Loose, fine- to medium- grained sand, silty sand and silt;
forms transitory dunes against beach-facing cliff.

Qf

Alluvial fan (Holocene)—Unconsolidated bouldery, cobbly, gravelly, sandy, or silty alluvial
deposits on active and recently active alluvial fans and in some connected headward channel
segments.
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Qls

Landslide deposits (Holocene and late Pleistocene?)—Only selected landslide deposits
shown on this map as described below. Deposits represent rock detritus from bedrock and
surficial materials, broken in varying degrees from relatively coherent large blocks to
disaggregated small fragments, deposited by landslide processes. Most deposits are Holocene,
some dissected landslides may be as old as late Pleistocene. Landslide deposits shown on this
map were compiled primarily from landslide inventories prepared by CGS for the Seismic
Hazard Zonation Program. For this map, only landslides described as definite or probable and
larger than 50,000 square meters are shown to preserve the clarity of the underlying bedrock
geology. Selected historically active landslides between 10,000 and 50,000 square meters are
shown, but no landslides smaller than 10,000 square meters are shown on this map. Exceptions
to these rules include small or questionable landslides surrounded by larger probable or definite
landslides.

Qya

Young alluvium, undivided (Holocene and late Pleistocene)—Unconsolidated, generally
friable, stream-deposited silt, sand and gravel on flood plains, locally including related alluvial
fans and streambeds where those are not mapped separately. Deposits are clearly related to
depositional processes that are still on-going. Subunits are distinguished by relative ages based
on geomorphic relationships, relative degree of surface dissection and soil formation. Includes:

Qya4

Young alluvium, Unit 4 (Holocene)—Youngest of as many as 4 subunits of Qya that can be
distinguished in some areas.

Qya3

Young alluvium, Unit 3 (Holocene and late Pleistocene)—Older young alluvium, older than
Unit 4, younger than Unit 2.

Qya2

Young alluvium, Unit 2 (late Pleistocene)—Older young alluvium, older than Unit 3, younger
than Unit 1.

Qya1

Young alluvium, Unit 1 (late Pleistocene)—Oldest young alluvium.

Qyf

Young fan deposits, undivided (Holocene and late Pleistocene)—Unconsolidated gravel,
sand and silt, bouldery along mountain fronts; deposited chiefly from flooding streams and
debris flows. Deposits are clearly related to depositional processes that are still on-going.
Subunits are distinguished by relative ages based on geomorphic relationships, relative degree
of surface dissection and soil formation. Includes:

Qyf5

Young alluvial-fan deposits, Unit 5 (Holocene)—Youngest of four subunits of Qyf that can
be distinguished in some areas. Designated Qyf5 because of continuity with young alluvial fan
designated Qyf5 on map of San Bernardino 30’x60’ quadrangle to east.

Qyf3

Young alluvial-fan deposits, Unit 3 (Holocene to late Pleistocene)—Young fan deposits,
older than Unit 5, younger than Unit 2.

Qyf2

Young alluvial-fan deposits, Unit 2 (Holocene to late Pleistocene)—Older young fan
deposits, older than Unit 3, younger than Unit 1.

Qyf1

Young alluvial-fan deposits, Unit 1 (Holocene to late Pleistocene)—Oldest of as many as
four subunits of Qyf that can be distinguished in some areas.
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Qoa

Old alluvium undivided (late to middle Pleistocene)—Unconsolidated to moderately
indurated gravel, sand and silt deposited on flood plains, locally including related alluvial fans
and streambeds where those are not mapped separately. Deposits have been uplifted or
otherwise removed from the locus of recent sedimentation. Surfaces may be dissected in
varying degrees; and can show moderately to well-developed pedogenic soils. Subunits are
distinguished by relative ages based on geomorphic relationships, relative degree of surface
dissection and soil formation. Includes:

Qoa3

Old alluvium, Unit 3 (late Pleistocene)—Youngest of as many as three subunits of Qoa that
can be distinguished in some areas.

Qoa2

Old alluvium, Unit 2 (late Pleistocene)—Intermediate of as many as three subunits of Qoa
that can be distinguished in some areas.

Qoa1

Old alluvium, Unit 1 (middle Pleistocene)—Oldest of as many as three subunits of Qoa that
can be distinguished in some areas.

Qof

Old fan deposits, undivided (late to middle Pleistocene)—Slightly to moderately
consolidated silt, sand and gravel deposits on alluvial fans. Deposits have been uplifted or
otherwise removed from the locus of recent sedimentation. Morphology of original alluvial fan
surface usually well preserved, though dissected in varying degrees; surfaces can show
moderately to well-developed pedogenic soils. Subunits are distinguished by relative ages
based on geomorphic relationships, relative degree of surface dissection and soil formation.
Includes:

Qof4

Old fan deposits, Unit 4 (late Pleistocene)—Youngest of as many as four subunits of Qof that
can be distinguished in some areas.

Qof3

Old fan deposits, Unit 3 (late Pleistocene)—Intermediate subunit of Qof that can be
distinguished in some areas, older than Qof4 and younger than Qof2.

Qof2

Old fan deposits, Unit 2 (late Pleistocene)—Intermediate subunit of Qof that can be
distinguished in some areas, older than Qof3 and younger than Qof1.

Qof1

Old fan deposits, Unit 1 (late Pleistocene)—Oldest of at least four subunits of Qof that can be
distinguished in some areas.

Qoft

Alluvial fan deposits on wave-cut surface (late Pleistocene to Holocene)—Unconsolidated
to moderately indurated, clay, silt, sand, and angular gravel including clasts to boulder size;
chiefly debris-flow deposits, but probably includes some stream-deposited material; surfaces
can show slight to moderate pedogenic soil development. Overlies elevated wave-planed
bedrock and marine terrace deposits along the coast.

Qom

Old shallow marine deposits on wave-cut surface (late Pleistocene)—Unconsolidated (but
with small areas locally calcite-cemented) sand, silty sand and gravel; commonly overlies
wave-cut bedrock surfaces at two or more altitudes above present sea level; surfaces can show
slight to moderate pedogenic soil development; locally carries molluscan fauna referred to the
late Pleistocene (Addicott, 1964).
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Qoab

Old alluvium and breccia (late Pleistocene to Holocene)—Deposit of angular shale chips and
colluvium derived from Modelo Fm. Mapped adjacent to San Fernando Fault, age relationships
with other alluvial units unknown.

Qob

Old breccia, (late Pleistocene to Holocene)—Fine to coarse sand with well-rounded pebble
gravel and shale chips and colluvium derived from Modelo Fm. Mapped adjacent to San
Fernando Fault, age relationships with other alluvial units unknown.

Qvoa

Very old alluvium, undivided (middle to early Pleistocene)—Slightly to moderately
consolidated silt, sand and gravel deposits. Deposits have been uplifted or otherwise removed
from the locus of recent sedimentation. Environment of deposition may include axial valley,
floodplain or alluvial fan, but morphology of original deposit may not be preserved. Surfaces
may be significantly dissected and show well-developed pedogenic soils. Subunits are
distinguished by relative ages based on geomorphic relationships, relative degree of surface
dissection and soil formation.

Qvoa2

Very old alluvium, (middle to early Pleistocene)—Younger subunit of Qvoa that can be
distinguished in some areas.

Qvoa1

Very old alluvium, (middle to early Pleistocene)—Older subunit of Qvoa that can be
distinguished in some areas.

Qvof

Very old alluvial-fan deposits (middle to early Pleistocene)—Slightly to moderately
consolidated silt, sand and gravel deposits on alluvial fans. Deposits have been uplifted or
otherwise removed from the locus of recent sedimentation. Morphology of original alluvial fan
surface preserved to some extent. Surfaces may be significantly dissected and show welldeveloped pedogenic soils. Subunits are distinguished by relative ages based on geomorphic
relationships, relative degree of surface dissection and soil formation.

Qvof2

Old alluvial-fan deposits, Unit 3 (late Pleistocene)—Subunit of Qvof with distinct alluvial
fan morphology, overlies and is therefore younger than Qvoa1.

Qpa

Pacoima Formation (middle Pleistocene)—Fanglomerate or sedimentary breccia with a darkbrown to reddish-brown clayey sand matrix; weakly indurated; crudely bedded; poorly sorted
with angular, pebble- to boulder-size clasts composed primarily of crystalline rock locally
derived from the San Gabriel Mountains, as described in the type area at the mouth of Pacoima
Canyon. The Pacoima Formation exposed in the Mint Canyon quadrangle contains more
rounded clasts than the type area and the color varies to light yellowish brown; farther west in
the Newhall quadrangle the overall clast size decreases and clast composition varies as a result
of facies changes associated with greater distance from the San Gabriel Mountain source area
and influx of sedimentary clasts shed from the uplifting Santa Susana Mountains to the south
(Treiman and Saul, 1986). The Pacoima Formation is an unconformity bounded unit deposited
in the eastern Ventura basin that is typically gently inclined; distinguished from the underlying
Saugus Formation by poorer bedding and sorting, clast angularity, and angular discordance in
most areas; distinguished from younger terrace deposits and overlying older alluvium primarily
by degree of erosion and weathering, and the occurrence of locally intense folding and faulting.
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The maximum thickness is about 500 to 1,000 ft. (152 to 305 m). The Pacoima Formation was
initially described by Oakeshott (1952) and subsequently mapped by Oakeshott (1958) and
Barrows and others (1974) in the northern San Fernando Valley and south of the San Gabriel
Fault in the eastern Santa Clarita Valley area. Saul (1979, 1990) and Saul and Wootton (1983)
followed this usage in mapping of the Mint Canyon quadrangle, and Treiman (1986, 1987a)
extended the formation into the Newhall quadrangle in place of older alluvial deposits mapped
by Kew (1924) and Winterer and Durham (1962). The Pacoima Formation is younger than
about 0.4 Ma based on the estimated youngest age of the underlying Saugus Formation studied
in the Santa Clarita Valley by Levi and others (1986) and Treiman and Saul (1986) estimated
that deposition of the Pacoima Formation was essentially completed by about 0.3 Ma.
Eastern Ventura Basin, including San Fernando Basin
QTs/Qs Saugus Formation, undivided (late? Pleistocene to late Pliocene)—Weakly to moderately
cemented, medium- to coarse-grained, light-gray to yellowish-gray sandstone and pebble
conglomerate and light greenish-gray sandy siltstone deposited in the Ventura basin;
moderately sorted; commonly cross bedded and channeled; interbedded with moderate-brown
to reddish-brown poorly sorted sandy mudstone and local claystone seams in the type area and
other portions of the eastern Ventura basin, reflecting overbank deposits and paleosols; fluvial
near the basin axis, transitioning to alluvial fan environment near the basin margins;
interfingers with shallow marine sands to the west. The Saugus Formation is chiefly nonmarine
as defined by Hershey (1902b) and Winterer and Durham (1962), but mapping compiled herein
may locally include shallow marine interbeds. Transitional to brackish water deposits at the
base of the section observed in the eastern Ventura basin are assigned to the Sunshine Ranch
Member. This formation has a gradational to interfingering conformable contact with
underlying shallow marine strata of the Pico Formation near the axis of the Ventura basin, but
the contact is time transgressive and is progressively younger to the west. Near the basin
margins, the base is unconformable with the Pico Formation and locally overlaps older strata
and basement rock. The upper contact shows distinct angular discordance with the overlying
Pacoima Formation in most areas, but discordance is more subtle west of Valencia and middle
Pleistocene deposition in this area may be nearly continuous. The thickness varies greatly
across the Ventura basin; Kew (1924) reports a thickness of 2,000 ft. (610 m) but Winterer and
Durham (1962) report that up to 12,000 ft. (3,660 m) of Saugus strata were encountered in a
well southeast of San Fernando Pass; a thickness of 2,000 m is reported in the western Ventura
basin below the Santa Clara River, but DeVecchio and others (2012b) report a thickness of only
40 to 60 m in the Camarillo area near the southwest margin of the basin. In the eastern Ventura
basin, the base of the Saugus is estimated at about 2.3 Ma west of Valencia and in the Mission
Hills (Levi and Yeats, 1993) to about 2.6 Ma near Gold Canyon in the northern San Fernando
Valley (Beyer and others, 2009). Unfossiliferous deltaic deposits mapped as Saugus in the
Elsmere Canyon area by Dibblee (1991d, 1992c) and Squires (2012) may be significantly older
based on their position below Sunshine Ranch strata and mapped interfingering relationships
with older Pico and Towsley Formation strata. The top of the Saugus in the eastern Ventura
basin is estimated at about 0.5 Ma by Levi and Yeats (1993) and is younger to the west. North
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of Ventura, Lajoie and others (1982) report an age of 0.2 Ma in marine sands underlying the
Saugus and an age of 85 ka in overlying marine terrace deposits. In the Moorpark area, Wagner
and others (2007) report an age of 780 to 850 ka at a Mammoth fossil site. In the Camarillo and
Las Posas Hills area, DeVecchio and others (2012a, 2012b) report that Saugus strata overlie
marine sands as young as about 125 ka and may be as young as 25 ka south of the Camarillo
Hills based on OSL dating. Based on reported ages, Saugus strata west of Fillmore and west of
the Tapo Canyon area are considered post-Pliocene in age and therefore mapped as Qs rather
than QTs. Clasts within the Saugus Formation are typically plutonic, metamorphic and volcanic
rocks, derived primarily from the San Gabriel Mountains, and transported westward by the
ancestral Santa Clara River; however, distinctive clast assemblages have locally been
recognized and mapped as informal members or facies by various workers. These include upper
Saugus (QTsu); volcaniclastic breccia-conglomerate (Qsv) and Camarillo member (Qsc);
additional facies are defined by Weber (1982) in the Santa Clarita area based on the presence or
absence of San Francisquito Formation sandstone, Pelona Schist, or anorthosite clasts. The
Saugus Formation was initially defined by Hershey (1902b) as the “Saugus division” for
continental strata exposed in railroad cuts east of Bouquet Junction near Saugus (type area).
These deposits were subsequently lumped into the Fernando Formation by Eldridge and Arnold
(1907). Kew (1923, 1924) formally adopted the term Saugus Formation for the upper section of
the Fernando Group and extended usage into the western Ventura basin. Kew generally
followed Hershey’s nonmarine definition except that he also included underlying coarsegrained shallow marine deposits within the Saugus Formation. The unit was redefined and
remapped by Winterer and Durham (1962) in the eastern Ventura basin, who reassigned most
of the shallow marine strata to the Pico Formation, conforming to Hershey’s nonmarine
definition of the Saugus. This nonmarine definition has been adopted by most workers in the
eastern Ventura basin (e.g. Saul, 1975, 1979; Weber, 1982; Yeats and others, 1985; Saul and
Wootton, 1983; Treiman, 1986, 1987a; Dibblee Foundation maps; Squires and others, 2006;
Squires, 2012). Maps covering areas south and west of the area mapped by Winterer and
Durham commonly include marine deposits as part of the Saugus based on Kew’s definition
(e.g. Weber and others, 1973; White, 1985; Squires and White, 1983; Groves, 1991). The
restricted usage of Winterer and Durham (1962) in the type area is adopted herein and shallow
marine strata formerly assigned to the Saugus Formation in the Santa Susana Mountains and
Oak Ridge located east of, and down section of, the Grimes deltaic unit (QTpg) are reassigned
as an upper informal member of the Pico Formation (QTpcu) (see Appendix A for details).
Nonmarine strata of similar age are mapped as the La Habra Formation in the Los Angeles
basin (Eckis, 1934), and as the Casitas Formation in the Santa Barbara basin (Upson, 1951).
Mapped members include:
QTsu

Saugus Formation, upper member (middle Pleistocene)—On the south flank of the Santa
Susana Mountains this unit consists of nonmarine sandstone and conglomerate with clasts
composed primarily of shale and sandstone derived from the Modelo and Towsley Formations
(Oat Mountain 7.5’ quadrangle); the most representative section is at Horse Flats. This clast
assemblage is interpreted to represent uplift, emergence and initial erosion of the Santa Susana
Mountains, as described in Saul (1975), Shields (1977a), Saul (1979), and Levi and Yeats
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(1993); Qt of Bishop (1950) and Jennings (1957). Strata mapped as upper Saugus west of
Valencia and southwest of Castaic Junction consist of moderately sorted, yellowish-gray to
light yellowish-brown sandstone, conglomerate and silty sandstone, and poorly sorted sandy
mudstone beds; the conglomerate beds also contain clasts derived from the Santa Susana
Mountains; less lithified and sorted than underlying Saugus Formation strata. Most of this
section was assigned to the Saugus Formation by Winterer and Durham (1962) and by Dibblee
(1996d), but was assigned to the Pacoima Formation by Treiman (1986). This unit appears to
be a transitional facies between the two formations, both structurally and lithologically; angular
discordance with the underlying Saugus varies from locally distinct along the southeastern
portion of the contact, where it coincides with a monoclinal warp, to negligible to the northwest
at the Santa Clara River. The contact with the overlying Pacoima Formation is a subtle angular
unconformity or disconformity. This unit may correlate with the upper Saugus strata on the
south flank of the Santa Susana Mountains based on the appearance of clasts derived from the
newly emergent Santa Susana Mountains.
Qsc

Saugus Formation, Camarillo member (late Pleistocene)—Thickly bedded, reddish, pebblebearing siltstone; paleosols with carbonate-cemented rhizoliths common; clasts are dominantly
composed of locally derived Miocene shale and volcanic clasts, with subordinate granitic and
metamorphic clasts. Defined informally by DeVecchio and others (2012b) for their
chronostratigraphic units Qs2 and Qs3 exposed in the Camarillo and Las Posas Hills area;
locally derived clast assemblage distinguishes this member from older sections of the Saugus
Formation to the north and is interpreted by DeVecchio and others (2012b) to indicate that
uplift of South Mountain and Oak Ridge had diverted the ancestral Santa Clara River to the
north, thereby preventing crystalline clasts derived from the San Gabriel Mountains from
reaching this area; DeVecchio and others (2012b) report IRSL dates of 78 ± 6 ka to 125 ± 9 ka
for this member; thickness 40 to 60 m.

Qsv

Saugus Formation, volcaniclastic breccia-conglomerate (Pleistocene)—Massive to crudely
bedded, breccia-conglomerate composed of angular to subrounded, pebble- to boulder-size,
weathered and fresh clasts of Conejo Volcanics in a poorly consolidated matrix of caliche, clay,
silt and sand. Amount of matrix material is variable; some exposures consist only of angular,
monolithologic volcanic clasts coated with caliche and contain little or no other matrix material.
Previously mapped as part of the Conejo Volcanics. May represent remnants of debris shed
from Conejo Volcanics highland into local basin during deposition of Saugus Formation (T. F.
Blake, pers. com., 1993). (Dibblee, 1992a and 1992b; Irvine, 1995).

QTsg

Saugus Formation, conglomerate (early Pleistocene)—Conglomerate mapped at the base of
the formation. Clasts are predominantly crystalline igneous and metamorphic rocks
recognizable as presently exposed in the northwestern San Gabriel Mountains. (Saul and
Wootton, 1983).

QTsr

Saugus Formation, Sunshine Ranch Member, undivided (early Pleistocene to late
Pliocene)—Sulfur-yellow to light-brown and light-gray sandstone, conglomerate and silty
sandstone, greenish-gray sandy siltstone and mudstone, and local limestone beds; sandstone
and conglomerate commonly cross bedded or channeled; considered primarily paralic
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nonmarine or transitional brackish lagoon or estuary deposits with local interfingering marine
beds; the greenish-gray fine-grained interbeds are considered the most characteristic lithologic
type of the member (exposed in the Oat Mountain, San Fernando, Newhall, and Mint Canyon
7.5’ quadrangles). The thickness of the Sunshine Ranch Member is estimated to be about 3,000
ft. (915 m) in the type area. This member is primarily late Pliocene in age based on fossil horse
teeth, but likely early Pleistocene in part based on revised time scale of Gibbard and others
(2010). It was initially named informally by Hazzard (1940) in an unpublished report as the
“Sunshine Ranch formation” for distinctive transitional strata at Sunshine Ranch in the Mission
Hills area of the northern San Fernando Valley. Oakeshott (1950, 1958) published formal
descriptions and mapping of this unit, which he assigned as an upper member of the Pico
Formation; subsequently reassigned as a lower member of the Saugus Formation by Winterer
and Durham (1958, 1962) and this usage has been adopted by most subsequent workers in the
area (e.g. Barrows and others, 1974; Saul, 1975; Treiman 1987b; Dibblee Foundation maps);
Saul and Wootton (1983) excluded all fossiliferous marine beds and subdivided the Sunshine
Ranch into an upper and lower facies. Diagnostic greenish-gray mudstone and peaty siltstone
occur locally in the lower Saugus Formation south and east of Newhall, leading Treiman
(1987b) and Dibblee (1991d, 1992c) to map these outcrops as the Sunshine Ranch Member.
The diagnostic beds are uncommon and laterally discontinuous, however. Winterer and
Durham (1962) concluded that it is not practical to delineate this member in this area. These
possible areas of the Sunshine Ranch Member are shown as queried.
QTsru

Saugus Formation, Sunshine Ranch Member, upper facies—Nonmarine, poorly
consolidated grayish-green clayey sandy siltstone and mudstone, light-brown silty sandstone,
light-gray to yellowish-gray pebbly arkosic sandstone and sandy conglomerate, and thin beds of
white sandy and nodular limestone; thickness as much as 300 m. Saul and Wootton (1983) note
that this facies best characterizes the member and is mapped by them north of the San Gabriel
Fault (southwest part of Mint Canyon 7.5’ quadrangle).

QTsrl

Saugus Formation, Sunshine Ranch Member, lower facies—Nonmarine sulfur-yellow,
brown or gray arkosic sandstone, silty sandstone, pebbly sandstone, and conglomerate (Saul
and Wooton, 1983); thickness about 120 m; occurs on both sides of the San Gabriel Fault
(southwest part of Mint Canyon 7.5’ quadrangle).

QTse

Saugus Formation, Elsmere Canyon delta plain facies (Pliocene)—Sandstone and
conglomerate with subordinate siltstone and sandy siltstone interbeds; typically weathers light
gray and gray to light greenish gray but is locally brown on fresh surfaces due to oil
impregnation; light-brown to brown iron-oxide staining locally common; clasts pebble to local
boulder size, subrounded to rounded, and composed primarily of crystalline rock derived from
the adjacent San Gabriel Mountains; small-scale, low-angle to larger-scale trough cross bedding
and channels with erosive bases common (Squires, 2012); foreset beds locally apparent;
commonly forms resistant exposures and cliffs in the Elsmere Canyon area; over 450 m thick.
Squires (2012) interprets this unit as a braid delta where a braided river flowing from the
ancestral San Gabriel Mountains entered the ocean; strata in the Elsmere Canyon area are
interpreted as braided river deposits on the delta plain that interfinger to the southwest with
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delta front and offshore marine deposits of the Pico and Towsley Formations west and south of
the Antelope Valley (14) Freeway. This facies may interfinger with Sunshine Ranch-like
mudstone beds northeast of Whitney Canyon and is overlain to the northwest by possible
Sunshine Ranch member strata per Treiman (1987b). Squires (2012) notes a possible marine
transgression at the top of this unit. This section previously mapped as Pico Formation by
Winterer and Durham (1962) and Treiman (1987b), but assigned to the Saugus Formation by
Dibblee (1991d, 1992c) and by Squires (2012) based primarily on the lack of marine fossils.
This unit is assigned here to the Saugus Formation following the definitions of Winterer and
Durham (1962) based on the lack of marine fossils and interpreted nonmarine depositional
environment (Squires, 2012); however, differentiation of the lateral transition from marine to
nonmarine aspects of the delta is problematic in this area and some unfossiliferous marine delta
front deposits may be included west of Highway 14. This facies is mapped because of the
unique combination of its nonmarine character and stratigraphic position below Sunshine
Ranch member strata; based on this position and interfingering relationships with the Pico and
possibly even the Towsley Formations, this unit is likely entirely Pliocene in age.
Qlp

Las Posas Formation (middle to late early Pleistocene)—Shallow marine, light-gray to light
yellowish-gray, fine- to locally coarse-grained sandstone, silty sandstone and pebbly sandstone
with greenish-gray mudstone and subordinate conglomerate interbeds in the type area;
invertebrate fossils and bivalve-dominated hash beds locally common; sands commonly quartz
rich; pebbles composed of well-rounded plutonic, metamorphic and volcanic clasts derived
primarily from the San Gabriel Mountains; moderately well sorted; medium bedded to locally
laminated; poorly cemented. The Las Posas Formation crops out on either side of the Las Posas
Valley in the Las Posas Hills and on the south side of South Mountain/Oak Ridge west of Long
Canyon, and west of Fillmore on the north side of the Santa Clara River (western Ventura
basin). A prominent basal conglomerate is commonly present in the South Mountain area
(Lung, 1958) and northwest of the Santa Clara River at Adams Canyon (basal Saugus of
Driver, 1928; Irvine, unpublished mapping 1991). It overlies or interfingers with the Mudpit
shale north of the Santa Clara River. In the South Mountain area, it conformably overlies or
locally interfingers with upper Pico Formation siltstone and is distinguished from older shallow
marine strata of the upper Pico Formation (QTpcu) to the east by its stratigraphic position
above the Grimes Canyon deltaic unit (QTpg), whereas QTpcu is generally below QTpg; to the
south, it unconformably overlies the Sespe Formation and Conejo Volcanics in the Las Posas
Hills. The Las Posas Formation is up to 300 m thick below Las Posas Valley (Dibblee, 1992g).
Its age is estimated at 450 ka to 750 ka based on amino acid racemization (Wehmiller, 2010 in
DeVecchio and others, 2012b), but DeVecchio and others (2012b) report an OSL date of 141 ±
10 ka near the base of the section in the Las Posas Hills. Sarna-Wojcicki and others (1984)
estimate the base of the shallow marine sands (their “San Pedro”) is at about 1.0 Ma in the
South Mountain area, but also report an age of about 0.4 Ma in the Ventura area. This unit was
originally mapped as Fernando Formation by McLaughlin and Waring (1914) after the
definition of Eldridge and Arnold (1907) and subsequently assigned to the Saugus Formation
by Kew (1924). The Las Posas “formation” was coined by Pressler (1929) for sands in the Las
Posas Hills type area, and nearby South Mountain, Oak Ridge and Camarillo Hills that are
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stratigraphically above the “Santa Barbara horizon” and contain warm water “Saugus” fauna of
Kew (1924) and Waterfall (1929). Pressler subdivided this unit into a lower Kalorama member
(which Bailey, 1935 subsequently included in his Santa Barbara Formation) and an upper Long
Canyon member. Subsequent workers referred to this section either as a marine member of the
Saugus following Kew, 1924 (e.g. Pasta, 1958; Lung, 1958; Jakes, 1979), as the San Pedro
Formation (e.g. Grant and Gale, 1931; Bailey, 1943, 1951;State Water Resources Board, 1953;
Weber and others, 1973), or as the Las Posas Sand or Formation (e.g. Dibblee Foundation
Maps; DeVecchio and others, 2012a and b); the term Las Posas Formation is adopted because
the term San Pedro is restricted to the Los Angeles basin and the term Saugus Formation is
restricted to nonmarine deposits following the original definitions of Hershey (1902b) and
Winterer and Durham (1962).
Los Angeles Basin
Qsp

San Pedro Formation (middle Pleistocene)—Unconsolidated sand with local gravelly sand,
silty sand and silt interbeds; shallow marine invertebrate fossils common. Woodring and others
(1946) report a maximum stratigraphic thickness of about 300 ft. (90 m). The San Pedro
Formation has an estimated age range of 200 to 500 ka, as summarized in Jacobs, (2007). The
San Pedro Formation was defined at San Pedro Hill (Palos Verdes Peninsula) and extended to
other portions of the Los Angeles basin. Fossils were noted at San Pedro Hill by early workers
(e.g. Trask, 1855b; Lawson, 1893) but Dall (1898) is credited as the first to use the term “San
Pedro beds” (Wilmarth, 1938). Arnold and Arnold (1902) and Arnold (1903) distinguished a
“lower” and “upper” San Pedro series and the “lower series” was subsequently assigned the
name San Pedro “formation” by Kew in Tieje (1926). Terminology for the San Pedro
Formation was formalized by Woodring and others (1946) and their usage is adopted herein.
This term was extended into the subsurface by Poland and others (1956, 1959) and additional
background is summarized by Powell and Ponti (2007). The term San Pedro has also been
extended by some workers in the past to granular Pleistocene strata in the western Ventura
basin based on molluscan fauna (e.g. Grant and Gale, 1931; Bailey, 1935); however, this
extended usage is not used here, as suggested by Ponti (pers. comm., 2012), based on the
presence of an intervening depositional basin boundary.

Qi

Inglewood Formation (early Pleistocene)—Shallow marine, well-consolidated clay-siltstone
and interbedded very fine-grained sandstone, commonly with calcareous, limonitic concretions;
relatively dense and moderately expansive where weathered. This unit is now recognized as one
from which most of the landslides in the Baldwin Hills are derived (Hsu and others, 1982).

QTms

Sedimentary rocks of the Pacific Palisades area (early Pleistocene to late Pliocene)—A few
small exposures of marine siltstone and very fine-grained silty sandstone; very soft and slightly
indurated, locally very fossiliferous, fossils referred to the late Pliocene or early Pleistocene;
maximum thickness about 120 m (Hoots, 1931; McGill, 1989).

20

Soledad Basin and San Andreas Fault Zone
QTjh

Juniper Hills Formation (early Pleistocene to late Pliocene) undifferentiated—Pink, buff',
light-brown, or red, pebbly to cobbly, coarse, arkosic sandstone, silty sandstone, lesser
conglomerate, and thin-bedded shale. Mapped by Barrows and others (1985) in the San
Andreas Fault zone. Sandstone and conglomerate represent fluvial and other continental
deposits. Sandstone is poorly to moderately indurated, typically well bedded and poorly sorted.
Clasts are sub-angular to well-rounded and include abundant yellow-brown sandstone and a
variety of very well-rounded. tough metavolcanic cobbles recycled from the San Francisquito
Fm.; abundant volcanic rocks probably recycled from the Punchbowl fm.; leucocratic granitic
rocks; silver, gray and spotted Pelona Schist; ferruginous syenite; and medium- to coarsegrained blue-Quartz granite and leucogneiss. This unit is typically folded and internally
deformed.

QTjhc

Juniper Hills Formation (early Pleistocene to late Pliocene) Clay shale member—
Greenish-gray, light brown, and black silty clay shale with very thin maroon sandstone layers.
Mapped by Barrows and others (1985) in San Andreas Fault zone. Shale is thin-bedded,
gypsiferous, with local iron oxide stained bedding. Also contains minor beds of finely
laminated gray- to light grayish-brown silty sandstone, white arkose, and white chalky
calcareous beds. Clay shale member probably represents lake deposits that are interbedded with
other continental deposits. This unit is typically folded and internally deformed. Clay rich units
are locally expansive with typical “popcorn” weathering.

QTjhr

Juniper Hills Formation (early Pleistocene to late Pliocene) Red arkose member—Red to
dark-red pebbly arkose and minor white and gray silty sandstone. Localized along Northern
Nadeau Fault and is stained, deformed, crushed, and contains fractured clasts. Clasts are
predominantly subrounded, light-colored granitic rocks and lesser varicolored volcanic rocks.
Strongly resembles Punchbowl Fm. and may have been derived exclusively from a Punchbowl
terrane.

QTjhm

Juniper Hills Formation (early Pleistocene to late Pliocene) Mixed clast member—White
to buff, coarse, poorly sorted and locally chaotic, pebbly, arkosic sandstone· and angular cobble
to boulder conglomerate with abundant, rounded, leucocratic granitic-rock cobbles; subangular
to subrounded clasts of gray mica schist, thinly laminated quartzite, and white quartz from
Pelona Schist; yellowish rusty-brown, rounded sandstone cobbles and recycled, tough,
metavolcanic clasts from San Francisquito Fm.; and scarce, maroon, fine-grained sandstone
pebbles from Vasquez Fm. (?). Volcanic clasts (other than recycled San Francisquito Fm.
cobbles) not seen. The presence of abundant (locally 80-90%) large clasts of Pelona Schist is
distinctive.

Ventura Basin, including San Fernando Basin
QTp

Pico Formation (middle Pleistocene to Pliocene)—Thick marine sequence composed of
siltstone, sandstone and subordinate conglomerate deposited in the Ventura basin; coarsergrained sediments deposited primarily by turbidity currents and are commonly the dominant
lithology along the axis of the basin, in feeder channels on the adjacent basin slopes (Yeats,
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1979a; Sylvester and Brown, 1988), and at the eastern margin of the basin south of Newhall
(Winterer and Durham, 1962); hemipelagic clayey siltstone is interbedded or interfingering
with the turbidity deposits and is locally the dominant lithology; deposited primarily at bathyal
depths exceeding 4,500 ft. (1400 m) at the base of the section (Natland, 1967), but grades or
interfingers up section into upper bathyal to neritic mudstone (see Mudpit shale - QTpms) and
shallow water shelf and delta sandstone, conglomerate, and siltstone, with locally prominent
fossil hash beds (see QTpcu and QTpg). The siltstone is typically bluish gray where fresh and
olive gray with limonite stains or nodules where weathered; coarse-grained units range from
light olive gray to light gray and light brown; compact but typically not well cemented.
Siltstone beds typically contain abundant foraminifers and local invertebrate fossils. The upper
shallow water deposits also contain locally abundant molluscan fossils and ostracodes. The
Pico Formation is widely exposed in the eastern Ventura basin; it is exposed in the central
Ventura basin on either side of the Santa Clara River Valley, but is thickest below this valley
along the Ventura basin axis, where it is largely concealed by alluvium and faulting. Winterer
and Durham (1962) report a maximum thickness of about 5,000 to 6,000 ft. (1500 to 1800 m) in
the eastern Ventura basin; however, Bailey (1952) reports a thickness of about 13,900 to 15,400
ft. (4200 to 4700 m) west of the map area in the Ventura area. The lower basinal section
pinches out to the south and Pico deposits along the northern margin of the Ventura basin are
missing in the upper reaches of the mountains on the north due to uplift and erosion. The basal
portion of the formation was reportedly deposited during the Repettian stage in both the
western and eastern Ventura basin (e.g. Dibblee, 1988; Beyer and others, 2009), and overlies
the Modelo Formation to the west and overlies or interfingers with the Towsley Formation to
the east in the type area. The top of the formation is time transgressive and is progressively
younger to the west. Near the type section west of Valencia, the Pico Formation is reportedly
older than about 2.5 Ma, the age of the base of the Saugus Formation estimated by Levi and
others (1986). However, Winterer and Durham (1962) report the presence of the benthic
foraminifera Uvigerina peregrina and Bulimina subacuminata within Pico siltstone, which
characterize the early Pleistocene Wheelerian and Venturian stages respectively (Natland,
1952; Squires and others, 2006). McDougall and others (2012) report that these species also
occur in the upper Repettian stage. In the western Ventura basin the upper Pico Formation
includes early to middle Pleistocene ash beds, and alternatively underlies or includes the 0.6 Ma
Lava Creek ash (see QTpms). This section was initially assigned to the Fernando Formation as
defined by Eldridge and Arnold (1907) and as mapped by McLaughlin and Waring (1914).
Kew (1924) subsequently assigned the lower, marine strata of the Fernando to the Pico
Formation (except for coarse-grained shallow marine deposits), with the type section at Pico
Canyon. Winterer and Durham (1962) remapped and redefined the formation in the type area
and assigned the coarse-grained shallow marine units to the Pico Formation. This usage has
been adopted by most workers in the eastern Ventura basin and is adopted here and extended to
the Santa Susana Mountains and Oak Ridge. Strata in the Ventura basin containing Repettianage fauna that are lithologically similar to the type Pico section are included within the Pico
Formation. The term Repetto is abandoned entirely as a lithologic formation per the
recommendation of Durham and Yerkes (1964). The term Pico is abandoned as a lithologic
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formation in the Los Angeles basin following the recommendation of Durham and Yerkes
(1959, 1964). The term Fernando Formation is not used in the Ventura basin based on
differences in lithologic facies reported between the type Pico section and Pliocene strata in the
Los Angeles basin (Durham and Yerkes, 1959, 1964) (see Appendix A for details). Lithologic
facies have been mapped locally, including:
QTpg

Pico Formation, Grimes Canyon deltaic facies—Medium- to coarse-grained sandstone,
pebbly sandstone, and pebble conglomerate; cross bedding common to pervasive and foreset
beds locally apparent; channeling common as well; weakly cemented to uncemented, clasts
typically crystalline and derived from the San Gabriel Mountains, and rounded to well-rounded
and smooth; moderately to well sorted; conglomerate locally clast supported; typically light
gray; light-brown iron-oxide staining varies from local to prominent; generally unfossiliferous;
uncommon greenish-gray sandy siltstone to rare thin claystone interbeds with local invertebrate
fossils. This unit is well exposed along Grimes Canyon road and at quarries to the east and west
of the road (Moorpark and Simi Valley West quadrangles). It is equivalent to a unit interpreted
by Dibblee (1992b) as a delta deposit from west-flowing streams and expanded eastward into
Happy Camp Canyon on this map based on additional field mapping. It interfingers with and is
underlain by Pico siltstone to the west; underlain by and likely grades into or interfingers with
fossiliferous shallow marine sands to the east that are assigned here to the upper coarse-grained
marine member of the Pico Formation (QTpcu). Overlain by Las Posas Formation or
undifferentiated Saugus Formation. Maximum thickness is about 315 m per Dibblee (1992b)
cross section. This section historically assigned either to the Saugus or San Pedro Formations;
designated herein as an informal member of the Pico Formation based on the definition of
Winterer and Durham (1962) and the interpretation that most of this unit is marine; This
interpretation is based on mapped interfingering relationships with offshore marine siltstone of
the Pico Formation to the west, the presence of uncommon fossiliferous interbeds, the presence
of marine sands up section of this unit near Grimes Canyon Road, the prevalence of wellrounded and nearly polished clasts indicative of extensive abrasion in a littoral environment,
and foreset bedding suggestive of a delta front environment; however, differentiation of
unfossiliferous marine sands from nonmarine sands is problematic in some areas and some
nonmarine paralic strata are likely included in the unit as currently mapped. This unit
stratigraphically separates and distinguishes older, shallow marine sands to the east, assigned
herein as an informal upper facies of the Pico Formation (QTpcu), from younger, shallow
marine sands to the west assigned herein to the Las Posas Formation.

QTpcu

Pico Formation, coarse-grained upper facies—Sandstone, conglomerate and locally
prominent fossil hash/coquina beds overlying Pico offshore deposits; locally cross bedded and
channeled; gradational with or underlying the Grimes deltaic unit (QTpg); onlaps older
formations to the south; overlain conformably or unconformably by nonmarine Saugus or
transitional Sunshine Ranch Member strata in most areas; invertebrate fossils locally common.
This facies is interpreted as shallow marine shelf, delta or embayment deposits (White, 1983,
1985; Groves, 1991). This section was initially mapped as the lower portion of the Saugus
Formation by Kew (1924), but was reassigned to the upper Pico Formation in the eastern
Ventura basin by Winterer and Durham (1962). Shallow marine strata previously assigned to
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the lower marine Saugus Formation in the Santa Susana Mountains are reassigned here to this
facies following the usage of Winterer and Durham and subsequent workers in the type
localities of the Saugus and Pico Formations (see Appendix A for details).
QTpms Pico Formation, Mudpit shale member (middle to early Pleistocene)—Marine mudstone
and siltstone with locally common sandstone interbeds and conglomerate lenses and rare, thin
ash beds; conglomerate beds with hard siliceous clasts common at base; foraminifers common;
local invertebrate fossils; typically bluish gray when fresh, weathering to olive gray; poorly
bedded to locally laminated; 3,500 ft. (1067 m) thick north of Ventura (Natland, 1967). This
member was deposited in the western Ventura basin (Fillmore quadrangle) at bathyal to neritic
depths (Natland, 1967). Lower contact is conformable with the underlying Pico Formation.
Correlative strata in the South Mountain/Balcom Canyon/Oak Ridge area are not lithologically
distinctive relative to typical Pico Formation strata (Lung, 1958) and therefore the Mudpit shale
member is not distinguished in this area. The upper contact is reportedly time transgressive and
interfingers with shallow marine (Las Posas) sands to the east of Ventura (Bailey 1935; Hopps,
1995). Natland (1967) reports this unit contains lower Hallian and upper Wheelerian benthic
foraminifers. Contains the 0.73 to 0.78 Ma Bishop ash and 0.8 to 1.1 Ma Glass Mountain ashes
and spans the 0.78 Ma transition from reverse (Matuyama) to normal (Brunhes) polarity. The
base occurs in proximity to the 1.2 Ma Bailey ash and the top is alternatively shown either
above or below the 0.6 Ma Lava Creek ash (Wehmiller and others, 1978, Lajoie and others,
1982; Sarna-Wojcicki and others, 1984). Mudpit shale strata were originally assigned to the
Fernando Formation of Eldridge and Arnold (1907), as mapped by McLaughlin and Waring
(1914). These strata were subsequently included in the Pico Formation by Kew (1924) and
described as upper Pico Formation by Cartwright (1928) and Driver (1928). Waterfall (1929)
noted the similarity of molluscan fauna in this section with the fauna at Bath House beach in
Santa Barbara and many subsequent workers assigned this section to the Santa Barbara
Formation based on this faunal criteria (e.g. Bailey, 1935, 1951; usage adopted by Weber and
others, 1973). Early workers in the Ventura Avenue/Rincon/San Miguelito oil fields referred to
this section more informally as the Mudpit shale and Dibblee (1990) assigned it to the informal
Mudpit shale member of the Pico Formation. This usage is adopted here (see Appendix A for
details).
QTpc

Pico Formation, sandstone and conglomerate—Sandstone and conglomerate interbeds
within typical Pico siltstone (Val Verde quadrangle and Moorpark 7.5’ quadrangles).

Los Angeles Basin
Durham and Yerkes (1964) described two members, upper and lower, in the Puente Hills:
QTfu

Fernando Formation, Upper Member (early Pleistocene to Pliocene)—In general, the
Fernando Formation consists of massive light-gray siltstone, light yellowish-brown fine- to
medium-grained sandstone, and light-brown to reddish-brown pebbly conglomerate in the Los
Angeles basin; primarily marine but nonmarine conglomerate beds are reportedly included in
the upper part of the section (Lamar, 1970); exposed primarily in the Los Angeles and El
Monte quadrangles. Name introduced by Eldridge and Arnold (1907) based on unpublished
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mapping of Homer Hamlin in the San Fernando Valley and initially extended to Pliocene strata
from southern Los Angeles County to Santa Maria. The term Fernando was elevated to group
status by Kew (1923, 1924), but was subsequently reclassified back to formational rank to
name Pliocene strata of the Los Angeles basin by Durham and Yerkes (1964). See Appendix A
for nomenclature details. Locally contains Repettian-Wheelerian (early Pleistocene to early
Pliocene per McDougall and others, 2012) foraminiferal zone boundary (Lamar, 1970).
The upper member on this map includes Fernando Formation members 2 and 3 of Lamar
(1970): QTfuc—pebbly sandstone and conglomerate; QTfuf—fossiliferous.
QTfl

Fernando Formation, Lower Member (Pliocene)—Interbedded silty sandstone and massive
pebble conglomerate of the Los Angeles basin. Includes Fernando Formation member 1 of
Lamar (1970). See QTfu above and Appendix A for discussion of nomenclature QTflc—
conglomerate.

Ventura Basin
Tw

Towsley Formation, undivided (early Pliocene to late Miocene)—Interbedded sandstone,
conglomerate, and sandy siltstone and mudstone; the coarse-grained facies is light-colored and
commonly lenticular, and is interpreted as turbidity current deposits in a submarine fan; the
fine-grained facies is characteristically brown weathering and represents deposition between the
fan lobes (Fritsche, pers. comm. 2011). Winterer and Durham (1962) report the presence of
numerous transported fossil invertebrates that suggest a depositional water depth in excess of
600 ft. (180 m), and possible depths of 3,000 ft. (900 m) or more based on foram assemblages
Strata, up to 4,000 ft. (1200 m) thick, form widespread exposures in eastern Ventura County;
overlies Modelo Formation strata in the Topatopa Mountains. The Towsley Formation overlies
and interfingers with the Modelo Formation in the Santa Susana Mountains and overlaps
Modelo strata to rest directly on basement rocks near and east of San Fernando Pass. Its base is
distinguished from the Modelo Formation at the first thick bedded pebbly sandstone. The
generally conformable, locally interfingering upper contact with the Pico Formation is chosen
at the transition from diagnostic brown-weathering siltstone of the Towsley to olive-gray
siltstone with common limonite nodules typical of the Pico. The Towsley Formation is early
Pliocene to late Miocene (Winterer and Durham, 1962; Squires and others 2006, fig. 2). This
section was initially included in the Modelo Formation by Kew (1924); the section in the
Elsmere Canyon area was assigned to the “Repetto formation” by Oakeshott (1950); a new,
unnamed formation was proposed by Winterer and Durham (1951), was subsequently named
the Towsley Formation in Winterer and Durham (1954), and was formally described and
mapped by Winterer and Durham (1962) based on the type section at Towsley Canyon,
southwest of Valencia. In the northern San Fernando Valley, east of Pacoima Canyon, a band of
strata was shown as Pico Formation by Yerkes and Campbell (2005); Hill (1930) also mapped
this section as Pico, but Oakeshott (1958) mapped it as “Repetto formation” and several early
Caltech theses note the presence of brown weathering siltstone, which is typical of the Towsley
Formation of Winterer and Durham (1962); Barrows and others (1974) mapped it as
undifferentiated Towsley/Pico Formation; Dibblee (1991e) maps it as Towsley Formation. This
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unit is mapped here as Towsley Formation based on Dibblee and the noted lithology, but is
queried due to the possible inclusion of undifferentiated Pico Formation strata. Mapped
subunits and members include:
Tws

Towsley Formation, siltstone—Brown mudstone and siltstone, locally carries foraminifera
referred to the Mohnian Stage (late Miocene) of Kleinpell (1938).

Twc

Towsley Formation, conglomerate—Pale pebble conglomerate and sandstone in lenticular
beds.

Twhc

Towsley Formation, Hasley Conglomerate Member—Basal conglomerate member.

Los Angeles Basin
Tpn

Puente Formation, undivided (early Pliocene and late Miocene)—Marine siltstone,
sandstone, and shale; mostly a Los Angeles basin temporal equivalent of the Modelo
Formation, but partly younger; named by Eldridge (in Eldridge and Arnold, 1907) from
exposures in the Puente Hills; strata are associated with the Los Angeles basin (El Monte, Los
Angeles and Hollywood 7.5’ quadrangles) as contrasted with Modelo strata, which are
associated with the eastern Ventura basin. In the Los Angeles and Hollywood 7.5’ quadrangles
Lamar (1970) mapped four non-sequential, interbedded, informal lithologic subunits, which
have not been specifically correlated with the formal members recognized by Shoellhamer and
others (1954).

Tpsl

Puente Formation, siltstone (early Pliocene)—Well-bedded, light gray siltstone; thickest
beds at top of section, also interbeds lower in section (Lamar, 1970, fig. 14).

Tpsh

Puente Formation, siliceous shale (early Pliocene)—Well-bedded, light gray, siliceous shale
and siltstone; regularly interbedded with thin, fine- to coarse-grained sandstone beds; most
common in a few discontinuous zones, chiefly in upper-central part of formation (Lamar, 1970,
fig. 14).

Tpds

Puente Formation, diatomaceous shale (early Pliocene)—Well-bedded, dull white
diatomaceous shale; a discontinuous single zone in central part of formation (Lamar, 1970, fig.
14).

Tpss

Puente Formation, sandstone (late Miocene)—Well-bedded, very fine- to very coarsegrained sandstone; medium to light brown and light gray; mostly well cemented but less so in
uppermost parts; local discoidal concretions; most abundant in lower part of formation (Lamar,
1970, fig. 14).

Tpnsc

Puente Formation, Sycamore Canyon Member (late Miocene)—Predominantly sandstone
and pebble conglomerate, laterally variable; sandstone is thick-bedded to massive, medium- to
coarse-grained, friable; siltstone is massive- to thin-bedded, siliceous; conglomerate is massive,
contains pale to brownish-gray pebbles and cobbles; siltstone locally contains bathyl-depth
foraminiferal faunas; Tpnscc - conglomerate bed. Member named by Schoellhamer and others
(1954).
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Tpny

Puente Formation, Yorba Member (late Miocene)—Predominantly siltstone, with sandstone
interbeds; named for Yorba Bridge over the Santa Ana River, east of Atwood; white to gray,
thin-bedded, micaceous and siliceous siltstone; upper part contains large boulders “floating” in
much fine-grained material – interpreted to be a turbidity current deposit. Named by
Schoellhamer and others (1954).

Tpnsq

Puente Formation, Soquel Member (late Miocene)—Predominantly sandstone, minor
interbedded siltstone; sandstone is gray to yellowish-gray, massive- to well-bedded, medium- to
coarse-grained, poorly sorted; interbedded pebbly sandstone; many such beds are graded,
locally pebbly to cobbley conglomeratic; lower part of unit contains ellipsoidal, calcitecemented boulders as large as 1.5 m. Named by Schoellhamer and others (1954).

Eastern Ventura Basin
Tcs

Castaic Formation, undivided (late Miocene)—Marine tuffaceous or diatomaceous shale,
interbedded pebbly sandstone, sparse limestone concretions with well-preserved foraminifera.
Named by Winterer and Durham (1954) for marine sandstone strata of late Miocene age
(equivalent in age to the Modelo Formation), north of the San Gabriel Fault and east of
Newhall; name extended to north for late Miocene shale with interbedded sandstone and minor
pebble conglomerate in Soledad-Ridge basin area by Crowell (1954).

Tm

Modelo Formation, undivided (late and middle Miocene)—Predominantly gray to brown
thin-bedded mudstone, diatomaceous clay shale, or siltstone, with interbeds of very finegrained to coarse-grained sandstone; proportion and thickness of sandstone interbeds allows
lithofacies to be mapped in some areas; generally unconformable on older rocks around
northern, eastern and southern margins of the Ventura basin. The base of the Modelo is
generally unconformable on middle Miocene and older rocks. The name, Modelo, was
introduced by Eldridge and Arnold (1907) for strata exposed in the Topatopa Mountains, north
of Piru and further described in the Santa Susana Mountains and San Fernando Pass areas by
Winterer and Durham (1962); extended to the eastern Santa Monica Mountains and described
in detail by Hoots (1931) where further noted for turbidite features indicating submarine fan
deposition (Sullwold, 1960); Along the north flank of the Santa Monica Mountains the
unconformity mapped by Hoots (1931) in the eastern part of the range, where Modelo locally
overlies Santa Monica Slate, has been mapped continuously westward (Yerkes and Campbell,
1980; Weber, 1984; and unpublished 1:12,000-scale mapping by Yerkes and Campbell, 19651974, in the Canoga Park and Calabasas 7.5’ quadrangles) as far as the north side of the
Ventura Freeway (U.S. 101) at the west side of Las Virgenes Creek, to the west of which it
becomes accordant with (and apparently conformable on) subjacent strata of the Calabasas
Formation (Weber, 1984); further west, the Modelo and subjacent parts of the Calabasas appear
to grade progressively westward into more diatomaceous, clayey, Monterey-like lithofacies.
Many of the sandstone and shale beds below (south of) the unconformity (and its westward
conformable extension) and above (north) of the Conejo Volcanics are lithologically similar to
the Modelo but more intensely folded and faulted; these have been assigned to the Calabasas
Formation by Yerkes and Campbell (1979). Fellbaum and Fritsche (1993) include them in the
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Modelo Formation; however, their stratigraphic position below the unconformity mapped by
Hoots (1931) as the base of the Modelo, and the predominance of middle Miocene foraminifera
(Luisian or Relizian?) in the Calabasas, suggests their correlation with Modelo strata is
questionable. In the eastern Santa Monica Mountains the Modelo was mapped and described in
detail by Hoots (1931), and Kleinpell (1938) used the unconformity at the base, well exposed
near Mohn Springs in Topanga Canyon, where it is underlain by predominantly middle
Miocene Topanga strata, as the base for his type Mohnian (foraminiferal) Stage (late Miocene).
Widespread in eastern Ventura basin; locally extended to include some strata along the south
flank of the Santa Monica Mountains in the Pacific Palisades-Westwood area. Five members
were described by Cemen (1977) in the Topatopa Mountains and four of them have been
mapped as far south as the north flanks of Oak Ridge and the Santa Susana Mountains. Agecorrelative strata in the Los Angeles basin are generally referred to the Puente Formation or,
west of the Newport-Inglewood zone, to the Monterey Shale. Mapped facies of the Modelo
Formation include:
Tmsu

Modelo Formation, upper sandstone unit at Laskey Mesa—Weber (1984) assigned strata at
Laskey Mesa to the Towsley Formation, as shown by Yerkes and Campbell (2005); Truex and
Hall (1969) previously assigned most of this section to the Modelo Formation and the
uppermost portion to the Santa Margarita Formation, and Brown (1957) mapped it as Modelo
Formation; Dibblee (1992b) mapped this section as Tertiary unnamed shale and sandstone;
Yeats (1979) reported that Towsley Formation does not occur south of the Santa Susana Fault.
Field review of this area did not reveal any brown mudstone or coarse-grained turbidite beds
typical of the Towsley Formation and this unit has been reassigned to the upper Modelo
Formation herein based on lithologic similarity to Modelo strata to the west and previous usage.

Tm5

Modelo Formation, member 5—Upper shale and siltstone unit; dark brown to gray,
moderately to well compacted, thin-bedded to laminated silty shale and siltstone, locally
siliceous near base; contains foraminifera assigned to the upper Mohnian and lower Delmontian
Stages of Kleinpell (1938); thickness locally exceeds 458 m. (Cemen, 1977) Includes units
mapped as Sisquoc Formation by Dibblee (1991).

Tm4

Modelo Formation, member 4—Upper sandstone unit; white to gray, fine to coarse-grained
arkosic sandstone, with subordinate thin partings and lenticular interbeds of silty clay shale,
locally siliceous; thickness variable, locally as much as 825 m. (Cemen, 1977).

Tm3

Modelo Formation, member 3—Middle shale unit; porcelaneous and calcareous shale and
porcelaneous mudstone, brown to buff, thin-bedded to laminated, moderately to well indurated,
with thick lenses of gray calcareous sandstone locally; thickness variable but may exceed 763
m.; foraminifera referred to lower part of the Mohnian Stage of Kleinpell (1938) (Cemen,
1977).

Tm2

Modelo Formation, member 2—Lower sandstone unit; grayish white to dark brown, fine to
medium-grained sandstone, locally interbedded with dark brown siltstone and claystone; locally
as much as 915 m. thick, thins westward and pinches out between the middle and lower shale
units (Cemen, 1977).
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Tm1

Modelo Formation, member 1—Lower shale unit; cherty to porcelaneous shale and
mudstone, locally calcareous, locally diatomaceous, moderately to well indurated, thin-bedded
to laminated, generally dark gray to brown; contains foraminifera referred to the Relizian and
Luisian Stages of Kleinpell (1938), indicating the unit is age-correlative with the Calabasas
Formation and, possibly the upper part of the Topanga Canyon Formation in the Santa Monica
Mountains; thickness 214-794 m. (Cemen, 1977).

Tmd

Modelo Formation, diatomaceous shale—Diatomaceous shale; includes outcrops on the
south side of the San Fernando Valley at Pierce College shown as Pico Formation by Yerkes
and Campbell (2005), based on the presence of Repettian stage benthic foraminifers (Ingle,
1967; Yerkes and Campbell, 1993); previously assigned to the Modelo Formation by Hoots
(1931). Review of these exposures indicates that much of this unit is lithologically more
consistent with the Modelo Formation than the Pico Formation. This section is assigned here to
the Modelo Formation based on the noted lithology and presence of Modelo Formation mapped
on strike to the east and west, but is queried based on the reported presence of Repettian stage
fauna.

Tms

Modelo Formation, sandstone—Sandstone and conglomerate.

Tmb

Modelo Formation, “burnt shale”—Unusual slag and scoriaceous- to obsidian-like material
found within the upper part of the Modelo Formation in the Grimes Canyon area, Big
Mountain/Happy Camp Canyon, and upper Las Virgenes Canyon area. It is composed of red,
yellowish-orange, purple, brown, and black mudstone, siltstone, and diatomite that has been
altered by in-situ combustion of natural gas in layers containing abundant organic material, as
described and mapped by Irvine (1995), Brown (1957), and Jestes (1958).

Soledad Basin and San Andreas Fault Zone
Tpbc

Punch Bowl Formation, clay shale member (late Miocene)—Gray, poorly indurated clayey
shale with local gypsum. (Dibblee, 2001).

Tpbv

Punch Bowl Formation, volcanic clast member (late Miocene)—White to pink, coarse,
pebbly to cobbly, arkosic sandstone, thin-bedded silty sandstone, and minor thin-bedded, white,
nodular limestone. Si1ty layers range from yellowish tan through greenish brown to red.
Sandstone is well-indurated, well-stratified and was probably deposited in alluvial fan and
floodplain environments. Clasts are predominately light-colored granitic rock pebbles and
cobbles with lesser (up to 40%) tuffaceous and porphyritic volcanic .rocks ranging in
composition from rhyolite to andesite. (Barrows and others, 1985).

Tmc

Mint Canyon Formation, undivided (late and middle Miocene)—First described by Hershey
(1902b), named by Kew (1924), mapped in detail by Saul and Wootton (1983) and Saul (1985),
who recognized three intertonguing lithofacies. Includes a variety of semi-consolidated
nonmarine sediments deposited in fluvial and lacustrine environments. Jahns and Muehlberger
(1954) describe two informal members: a lower member including reddish-brown basement
rock breccia, conglomerate, sandstone, siltstone and mudstone (thickness ~ 335 m); and an
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upper member consisting of thin-bedded brownish or greenish siltstone and interbedded tuff
(thickness ~ 790 m).
Tmcd

Mint Canyon Formation, Lacustrine deltaic (foreset) facies—Predominantly fine- to coarsegrained, sparsely-concretionary, cross-bedded, arkosic sandstone, interbedded with
conglomeratic sandstone, gray to brown sandy siltstone and claystone; tuff and tuffaceous
sedimentary beds; marly and nodular carbonate. Sparsely fossiliferous: small clam and snail
shells, vertebrate bones and teeth. (Saul and Wootton, 1983).

Tmcl

Mint Canyon Formation, Lacustrine bottomset facies—Interbedded sandstone, silty
sandstone, siltstone, claystone and thin beds and lenses of limestone; a few lenses of turbidite
sandstone and coarse conglomerate; tuffaceous beds; ostracod shells; bedding planes commonly
darkened by finely divided lignite; graded beds common. (Saul and Wootton, 1983).

Tmcm

Mint Canyon Formation, Lacustrine and lake-marginal fluvial facies—Deposits of arkosic
sandstone and conglomeratic sandstone, with interbedded siltstone and mudstone; some nodular
carbonate in siltstone; thin beds of limestone common in mudstone. (Saul and Wootton, 1983).

Ttk

Tick Canyon Formation, undivided (middle to early Miocene)—Reddish, fluvial and
lacustrine sandstone, siltstone and claystone, and gray, tan, and reddish, well-cemented and
well-bedded conglomerates (Mint Canyon, Agua Dulce and San Fernando 7.5’ quadrangles;
Oakeshott, 1958). Named by Jahns (1940), and separated from the overlying lower part of the
Mint Canyon Formation on the basis of a distinctively older vertebrate fauna. Includes area east
of Tick Canyon and in upper Agua Dulce Canyon mapped by Oakeshott (1958) as Mint
Canyon Formation but shown by Jahns and Muehlberger (1954) and Dibblee (1996b,c) as Tick
Canyon Fm. Ehlert (2003) found no lithologic differences or unconformity between Tick
Canyon and overlying Mint Canyon Formations and suggests that units mapped as Tick
Canyon Formation should be considered basal sediments of the Mint Canyon Formation.
Original usage retained, but question regarding validity of Tick Canyon Formation noted.

Ttkc

Tick Canyon Formation, conglomerate (middle to early Miocene)—Dark gray, coarse,
poorly-bedded conglomerate, Oakeshott, 1958), Dibblee (1996b,c).

Los Angeles Basin and Continental Borderland
Tmt

Monterey Shale, undivided (late, middle, and early Miocene)—Marine clay shale, thin
interbedded siltstone, minor sandstone and pebble conglomerate, and glassy tuff; siltstone is
commonly diatomaceous, locally bituminous, siliceous, or dolomitic; sandstone is commonly
quartz arenite; some conglomerates contain clasts of glaucophane schist. Shale is gray to dark
brownish gray where fresh, weathers quickly to chalky white; contains foramifera referred to
the Relizian, Luisian, or Mohnian Stages (early middle, late middle, or early late Miocene
respectively) of Kleinpell (1938). Monterey strata are exposed only south of the Malibu Coast
Fault and west of the Newport-Inglewood zone of faulting and folding; rocks of equivalent age
north of the Malibu Coast Fault are referred to the Topanga Group and the Modelo Formation;
east of the Newport Inglewood zone, strata of equivalent age are referred to the Puente
Formation and the Topanga Group. The Monterey is generally considered a distal, deep-basin
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facies of the more-proximal Modelo, Puente and other formations of the equivalent age range.
Name extended into southern California from type area in Monterey County, central California
(Woodring and others, 1936). The upper part of the unit in some areas (chiefly along the Pacific
Coast Highway) is late Mohnian in age and locally overlies the early Miocene Trancas
Formation unconformably; its relation to middle Miocene Monterey strata on Point Dume is
obscured, but could be an intraformational unconformity. The (mostly middle Miocene) section
exposed on Point Dume is about 1000 m thick. The Monterey Shale in the northern Los
Angeles basin is unconformably overlain by unconsolidated Pliocene, Pleistocene and
Holocene deposits; includes:
Tmtd

Monterey Shale, deformed (middle and early Miocene)—Intensely deformed shale,
siltstone, and sandstone, commonly dolomitic, locally siliceous, locally very cherty; contains
foraminifera referred to the Relizian or Luisian (middle Miocene) Stages of Kleinpell (1938). In
upper plate of Escondido thrust fault beds are tightly folded, with vertical limbs and gently eastplunging axes; thickness across folded beds is at least 650 m.

Ventura Basin and Los Angeles Basin
Tt

Topanga Group, undivided (middle and early Miocene)—First called the Topanga
Formation by Kew (1923) for exposures in the central Santa Monica Mountains that include the
type locality for the “Topanga Canyon fauna” (about 50 molluscan species) of Arnold (1907a).
Durrell (1954) recognized that the three subdivisions identified by Kew (1923) are contiguous
westward with extensive units of formation rank, labeling them the Lower Topanga, Middle
Topanga and Upper Topanga Formations. Subsequent publication of the North American
Stratigraphic Code led Yerkes and Campbell (1979) to change the names to conform, and
designated the set of three formations as the Topanga Group, consisting of the Calabasas
Formation, the Conejo Volcanics, and the Topanga Canyon Formation, each with two or more
members. Elsewhere, middle Miocene strata with similar lithologic and biologic facies have
been informally divided: in the eastern Ventura basin and the northern Los Angeles basin beds
containing Luisian BFZ foraminifera (late middle Miocene), that are labeled Tt are chiefly ageequivalent to the Calabasas Formation; beds containing a “Temblor” or “Topanga” molluscan
fauna have also been labeled Tt. Middle Miocene volcanic rocks that may be related to the
Conejo Volcanics, but are spatially separated, are labeled Ttb. The distribution and
nomenclature history of the Topanga Group has been reviewed by Campbell and others (2007).

In the Santa Susana Mountains, informal subunits include:
Tt4

Topanga Group, Oat Mountain unit 4—Upper sandstone with interbedded siltstone and local
pebble conglomerate; sandstone, medium- to coarse-grained arkose, locally contains Amusium
lompocensis; thickness about 140 m; (Saul, 1979).

Tt3

Topanga Group, Oat Mountain unit 3—Shale, foram-bearing siltstone, and mudstone, about
122 m thick (Saul, 1979).

Tt2

Topanga Group, Oat Mountain unit 2—Sandstone, fine- to coarse-grained, arkosic, well
indurated, massive, about 244 m thick (Saul, 1979).
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Tt1

Topanga Group, Oat Mountain unit 1—Shaly siltstone, massive- to well-bedded, minor
lenses of conglomeratic sandstone; siltstone locally contains microfauna assigned to the Luisian
Stage of Kleinpell (1938) suggesting it is an age-correlative of the Calabasas Formation (Saul,
1979).

In the eastern Santa Monica Mountains informal subunits include:
Ttss

Topanga Group, sandstone—Sandstone, medium- to coarse-grained, well-bedded, light
brown and gray (Lamar, 1970).

Ttsl

Topanga Group, siltstone—Siltstone, well bedded, medium to dark brown, with interbedded
sandstone, shale and chert (Lamar, 1970).

Ttcg

Topanga Group, conglomerate—Conglomerate, massive- to well-bedded, light brown;
includes basal breccia locally (Lamar, 1970).

Ttb

Intrusive and extrusive volcanic rocks—Chiefly basaltic, interlayered with sandstone and
shale assigned to the Topanga Group. In part, may be correlative with Conejo Volcanics of
central and western Santa Monica Mountains and adjacent areas to the northwest; but includes
rocks that are dated as older than the oldest contiguous Conejo (McCulloh and others, 2002).
(eastern Santa Monica Mountains, Hoots, 1931; Santa Susana Mountains, Evans and Miller,
1978; northeastern Verdugo Mountains, Oakeshott, 1958).

In the central and western Santa Monica Mountains divisions include:
Tcb

Calabasas Formation, undivided (early late Miocene and late middle Miocene)—
Interbedded impure, clayey to silty sandstone and silty shale, with local beds of sedimentary
breccia; sandstone is thin-, medium- and thick-bedded, mostly medium to coarse grained,
poorly sorted, commonly with wacke texture, commonly shows graded bedding; shale, locally
diatomaceous; may have small phosphatic pellets, locally abundant fish scales, sparse
Foraminifera and rust-colored plant casts, some thicker beds contain zones of large ovoid
dolomitic concretions; sedimentary breccia, olistostromes incorporating cobble- to large
boulder-size clasts of recognizable older Tertiary strata, some as fossil-bearing clasts of
Paleocene, Eocene, early Miocene, and middle Miocene strata. Many of the sandstones are
lithologically similar to those in the overlying, less-deformed Modelo Formation. Total
thickness is about 1,200 m in the type area. The Modelo is unconformable on the Calabasas in
the name area, however, west of Malibu Junction and north of the Ventura Freeway the two
formations are accordant, the Calabasas is greatly thinned, and grades westward into finergrained clayey siltstone and shale much like that of the Modelo in the area, and the two
formations are distinguished only by differences in foraminiferal fauna. (The Calabasas there
contains foraminifera referred to the Luisian Stage of Kleinpell, 1938; the Modelo contains
foraminifera referred to the Mohnian Stage of Kleinpell, 1938). The contact relationships with
the underlying Conejo Volcanics are marked by extreme variability, ranging from
unconformable to accordant and intertonguing, apparently reflecting marine sedimentation, at
least partly contemporaneous with the development of a submarine volcanic edifice and
associated tectonic disturbance. Intraformational deformation west of Liberty Canyon, the
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angular unconformity east of Medea Creek, and the abruptly thinner Calabasas section near and
west of Agoura reflect local tectonic activity during deposition; and the volcanic conglomerate
is probably significantly younger than most of the Calabasas section to the east. In the westcentral Santa Monica Mountains the Calabasas Formation and older strata are involved in major
pre-Modelo deformation that includes detachment faulting. Well-defined upper-plate ramps in
Trancas and Topanga Canyons show offsets exceeding many hundreds of feet on faults that
bend to follow bedding planes, along which intervening beds are missing or thinned, and
establish a style of younger-over-older faulting as a significant structural feature. Outcrops
where contact relations can be observed in macroscopic detail, and confirm depositional or
shear-surface relations, are extremely rare, but where found indicate little discordance at
stratigraphic hiatus or local unconformity contacts between pre-Conejo Tertiary
Formations. The Paleogene sequence is similar to that in the adjacent Simi Hills and the more
distant Santa Ana Mountains, where variations in depositional environments appear to represent
epeiric transgressions and regressions. Therefore, we conclude that contacts lacking local
exposures of diagnostic depositional character, where significant parts of the section are
missing or dramatically thinned, are one or more of a set of detachment faults. The alternative
is to infer Paleogene orogenic deformation on a scale not recognized elsewhere in southern
California.
Tcbvc Calabasas Formation, Volcanic conglomerate (late middle Miocene)—Volcanic
conglomerate, mapped by Weber (1984) as basal Calabasas Formation where it rests
unconformably on the Chatsworth Formation (Cretaceous) along the south flank of the Simi
Hills, and extends northwestward across the Cretaceous-Paleogene sequence at the west end of
the Simi Hills. This conglomerate is probably correlative with volcanic conglomerates that
locally forms the base of the Calabasas Formation sandstone and shale exposed along and north
of the Ventura Freeway in the Agoura area (Blackerby, 1965), and overlying volcanic strata in
the Thousand Oaks area (Weber, 1984). In addition to the informal volcanic conglomerate
member, five members were named by Yerkes and Campbell (1979).
Tcbs

Calabasas Formation, Stokes Canyon Breccia Member (late middle Miocene)—
Sedimentary breccia consisting of angular boulders and cobbles of redeposited well-cemented
sandstone with molluscan faunas diagnostic of the "Martinez" (Paleocene) and "Domengine"
(middle Eocene) Stages; the breccia bed is locally as thick as 60 m; underlain and overlain
conformably by Calabasas sandstone and siltstone; locally overlain unconformably by basal
conglomerate of the Modelo Formation. Thinner, less continuous breccia beds are present at
two other horizons nearby. (Stokes Canyon area, northern Malibu Beach and southern
Calabasas 7.5’ quadrangles; Yerkes and Campbell, 1979, p. E22; Yerkes and Campbell, 1980).

Calabasas subunits in the upper plate of Malibu Bowl Detachment Fault include:
Tcbmp

Calabasas Formation, Mesa Peak Breccia Member—Sedimentary breccia consisting of
angular boulders and cobbles of volcanic rock in a very coarse-grained sandstone matrix;
maximum thickness approximately 288 m. Overlies the Newell Sandstone Member of the
Calabasas Formation in the upper plate of the Malibu Bowl Detachment Fault, west central
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Malibu Beach 7.5’ quadrangle (Yerkes and Campbell, 1979, p. E23; Yerkes and Campbell,
1980).
Tcbn

Calabasas Formation, Newell Sandstone Member—Poorly sorted turbidite sandstone and
interbedded shaly siltstone with large dolomitic concretions; overlies and wedges out westward
into Malibu Bowl Tongue of the Conejo Volcanics; maximum thickness approximately 244 m.
(Yerkes and Campbell, 1979, p. E23; Yerkes and Campbell 1980).

Tcbd

Calabasas Formation, Dry Canyon Sandstone Member—Sandstone (proximal turbidites)
and subordinate interbedded siltstone, many thin turbidites, locally prominent dolomitic
concretions in siltstone; overlies and tongues eastward into Solstice Canyon Tongue of the
Conejo Volcanics; underlies and intertongues westward into Escondido Canyon Shale Member
of the Calabasas Formation; overlain by, and locally intertongues with, the Malibu Bowl
Tongue of the Conejo Volcanics, and locally overlain by the Newell Sandstone member of the
Calabasas Formation; locally overlain by Latigo Canyon Breccia Member of the Calabasas
Formation; underlain by Ramera Canyon Tongue of Conejo Volcanics; approximate maximum
thickness 686 m (Campbell and others, 1996; Yerkes and Campbell, 1979, p. E24; Yerkes and
Campbell, 1980).

Tcbl

Calabasas Formation, Latigo Canyon Breccia Member—Sedimentary breccia, large angular
boulders of Sespe Sandstone and fossiliferous Vaqueros sandstone in sandy, tuffaceous or
volcanic breccia; intertongues with epiclastic volcanic breccia; approximate maximum
thickness 91 m; underlies the Solstice Canyon Tongue of the Conejo Volcanics and overlies the
Escondido Canyon shale member of the Calabasas formation (Yerkes and Campbell, 1979, p.
E23; Campbell and others, 1996).

Tcbe

Calabasas Formation, Escondido Canyon Shale Member—Siltstone, mudstone, shale and
minor interbedded thin sandstone turbidites; locally prominent dolomitic concretions; tongues
eastward into Dry Canyon Sandstone Member of the Calabasas Formation; westward laps onto
and intertongues with Ramera Canyon Tongue of the Conejo Volcanics; approximate
maximum thickness 276 m; (Yerkes and Campbell, 1979, p. E24; Campbell and others, 1996).

Tco

Conejo Volcanics, undivided (middle Miocene)—Basalt, andesitic basalt, basaltic andesite,
andesite, and dacite in a thick sequence of extrusive volcanic flows, flow-breccias,
agglomerates, and epiclastic volcanic breccias, volcanic sandstones and siltstones; thickest
(probably in excess of 3 km) where it underlies the north flank of the western Santa Monica
Mountains, and thinning eastward to as little as 200 m of interbedded flows and volcaniclastic
sedimentary rocks on the nose of the Topanga Anticline; further east the volcanic rocks are thin
and discontinuous, and the name has not been extended eastward for more than a mile east of
Topanga Canyon Road. The thick sequence shows a crude compositional layering: pillow
basalts, pillow breccias, aquagene tuffs, black volcanic sandstones and interbedded black
siltstones are common in the basal part of the Conejo, associated with basalt, andesitic basalt,
and basaltic andesite flows, breccias, and agglomerates; andesite and basaltic andesite
predominate in the central part of the sequence with interlayered andesitic basalt; and an upper
zone, dominated by andesitic and basaltic andesite but including dacite flows in some areas as
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well as epiclastic volcanic conglomerates containing andesite and dacite clasts. The map by
Durrell (1954) called the volcanics that intervene between lower Miocene and upper-middle
Miocene sedimentary strata the “Middle Topanga Formation”; but his students Sonneman
(1956) and Blackerby (1965) adopted the name "Conejo Formation” and “Conejo Volcanics",
following the usage of Taliaferro (1924) for rocks in the Conejo Mountain area. This usage was
formalized by Yerkes and Campbell (1979). In the vicinity of boundary between the Triunfo
Pass and Point Dume quadrangles the contact with the upper part of the underlying Topanga
Canyon and Vaqueros Formations is a buttress unconformity against a degraded half graben or
caldera wall that laps eastward conformably onto shelf sediments at a higher stratigraphic level.
Weigand and Savage (1993) have summarized the geochemistry of the Conejo Volcanics,
comparing them with other southern California Miocene volcanic suites. The range in initial
87
Sr/86Sr is reported as 0.60294-0.70320, indicating parent magmas derived from the upper
mantle without important crustal rock contamination (Weigand and Savage, 1993, p. 105,106).
K-Ar ages on plagioclases from basalt and andesite, reported by Turner and Campbell (1979),
range from 15.5±0.8 m.y. near the base of the Conejo to 13.9±0.4 m.y. near the top. McCulloh
and others (2002, p. 3) have recalculated the older date using updated decay constants to yield a
15.9±0.8 m.y. age.
Along the north flank of the Santa Monica Mountains, lithologic subunits include:
Tcode

Conejo Volcanics, dacite-bearing epiclastic lenses—Epiclastic volcanic rocks, but including
basalt, andesite and dacite pyroclastic flows and flow breccia; forms relatively thin layers and
lenses interbedded in lower part of Calabasas Formation, which locally includes volcanic
sandstone and volcanic conglomerate (north of Ventura Freeway, Thousand Oaks 7.5’
quadrangle; after Blackerby, 1965).

Tcod

Conejo Volcanics, dacite-bearing upper zone—Interlayered dacite (including trachytic
dacite), andesite and basalt flows and pyroclastics; minor volcanic sandstone. Malibu Junction
Member of Conejo Volcanics of Blackerby (1965) (south of Ventura Freeway, Thousand Oaks
7.5’ quadrangle).

Tcoa

Conejo Volcanics, andesitic central zone—Interlayered porphyritic and microporphyritic
andesite, andesitic basalt, and basaltic andesite flows, agglomerates and flow breccias; includes
some crystal tuff, vesicular andesite, pyroclastics and volcanic sandstone; includes Ladyface
Member and Medea Member of Blackerby (1965), as well as Potrero and Triunfo Members of
Sonneman (1956) and Guynes (1959). (Blackerby, 1965 and unpublished mapping 1965-1973;
Campbell and others, 1996, and unpublished mapping 1962-1976; Sonneman, 1956; Guynes,
1959; and Weber, 1984). Lithologically recognized subunits, which occur at various
stratigraphic levels, and do not form a consistent stratigraphic sequence, include:

Tcoaf

Conejo Volcanics, andesitic central zone, andesitic flows—Andesite flows, mapped as
Potrero Member of the Conejo Formation by Sonneman (1956) and Guynes (1959).

Tcoaa

Conejo Volcanics, andesitic central zone, andesitic agglomerate—Andesite agglomerate and
tuff, mapped as part of Potrero Member of the Conejo Formation by Guynes (1959).
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Tcoab

Conejo volcanics, andesitic central zone, andesite breccia—Andesitic and basaltic breccia
and some agglomerate; mostly equivalent to rocks mapped as the Triunfo Member by
Sonneman (1956) and Guynes (1959), and includes rocks mapped as Medea Member by
Blackerby (1965). (Yerkes and Campbell, 1980; Campbell and others, 1970; Sonneman, 1956;
Guynes, 1959; Weber, 1984; and unpublished 1:12,000-scale mapping by R. H. Campbell and
B. A. Blackerby, 1967-1972).

Tcob

Conejo Volcanics, basaltic lower zone, basalt and andesitic basalt—Chiefly basalt, olivine
basalt, basaltic andesite, and andesitic basalt; ranges from trachytic olivine basalt to porphyritic
quartz andesite; as flows, breccias, agglomerates, pillow basalts, pillow breccias, and basaltic
sand and silt; includes Olivine Basalt and Seminole Members of Blackerby (1965); (Malibu
Beach, Point Dume, Triunfo Pass, and Thousand Oaks 7.5’ quadrangles; Yerkes and Campbell,
1980; Campbell and others, 1996; Blackerby, 1965; Sonneman, 1956; Guynes, 1959; Weber,
1984; and unpublished 1:12,000-scale mapping by R. H. Campbell and B. A. Blackerby, 19621976). Lithologically recognized subunits (flows and breccias) are interlayered at various
stratigraphic levels in the upper part of the zone, and do not form a consistent stratigraphic
sequence; however pillow basalt, pillow breccia, and volcanic sand predominate in the lower
part of the zone. Subunits include:

Tcobf

Conejo Volcanics, basaltic lower zone, basalt and andesitic basalt, basalt flows—Basalt,
andesitic basalt and basaltic andesite flows (Blackerby, 1965; Yerkes and Campbell, 1979,
1980; Campbell and others, 1996; Weber, 1984).

Tcobb

Conejo Volcanics, basaltic lower zone, basalt and andesitic basalt, basaltic breccia—
Basalt, andesitic basalt and basaltic andesite breccias; can include some pillow breccia; in part,
mapped as Serrano member of Conejo Volcanics by Sonneman (1956) and Guynes (1959).
(Sonneman, 1956; Guynes, 1959; Blackerby, 1965; Yerkes and Campbell, 1980; Weber, 1984;
Campbell and others, 1996).

Tcop

Conejo Volcanics, basaltic lower zone, pillow basalt—Basalt pillow lavas, pillow breccias
and probable aquagene tuffs; included in Seminole Member mapped by Blackerby, 1965, and
Serrano Member mapped by Sonneman, 1956, and by Guynes, 1959. (Sonneman, 1956;
Guynes, 1959; Blackerby, 1965; Yerkes and Campbell, 1980; Campbell and others, 1996).

Tcobz

Conejo Volcanics, basaltic lower zone, basaltic sand—Black basaltic sand and siltstone;
included in Seminole Member of Blackerby, 1965. (Blackerby, 1965; Yerkes and Campbell,
1980; Campbell and others, 1996).

In the upper plate of Malibu Bowl Detachment Fault, three stratigraphically distinct
tongues of volcanic rocks are interbedded with members of the Calabasas Formation:
Tcom

Conejo Volcanics, Malibu Bowl Tongue—Andesitic and basaltic flows and flow breccias;
underlies and tongues eastward into the Newell Sandstone Member of the Calabasas Formation
and overlies the Dry Canyon Sandstone Member of the Calabasas Formation; as much as 143 m
thick (Yerkes and Campbell, 1979; Yerkes and Campbell, 1980).
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Tcos

Conejo Volcanics, Solstice Canyon Tongue—Basaltic and andesitic flows, breccias, and
tuffs; local water-laid volcanic sandstone; underlies and intertongues eastward into the upper
part of the Dry Canyon Sandstone Member of the Calabasas Formation, overlies Latigo Canyon
Breccia Member of the Calabasas Formation; as much as 143 m thick (Campbell and others,
1970; Yerkes and Campbell, 1979; Yerkes and Campbell, 1980; Campbell and others, 1996).

Tcor

Conejo Volcanics, Ramera Canyon Tongue—Basaltic and andesitic breccias, tuff-breccias,
and flows(?); minor volcanic sandstone; underlies, and upper part intertongues with lower part
of Escondido Canyon Shale Member of the Calabasas Formation; underlain in some areas by
shallow marine strata of the Topanga Canyon Formation which is cut out locally by the Malibu
Bowl Detachment Fault; as much as 518 m thick. (Campbell and others, 1970; Yerkes and
Campbell, 1979; Yerkes and Campbell, 1980; Campbell and others, 1996).

Ti

Intrusive rocks, undivided (middle Miocene)—Dikes, sills and irregularly shaped intrusive
bodies of diabase, basalt, and andesite; commonly pervasively altered and easily eroded,
undercutting slopes and, therefore, commonly spatially associated with toes of landslides; sills
are larger and more abundant in the Topanga Canyon Formation at shallow stratigraphic depths
below the base of the Conejo Volcanics; intrusive along the Malibu Bowl Detachment Fault
only where Topanga Canyon Formation and younger strata are carried in the upper plate;
(widespread in central and western Santa Monica Mountains; Yerkes and Campbell, 1980;
Campbell and others, 1996; Yerkes and Campbell, 1994. In the central and western Santa
Monica Mountains these are related to the Conejo Volcanics; however, in the eastern Santa
Monica Mountains and elsewhere they may be related to other volcanic centers of roughly the
same age (for example, small dikes mapped by Saul (1976) in the Mount Wilson 7.5’
quadrangle).

Tid

Intrusive rocks, dacite (middle Miocene)—Dacite dikes, irregular intrusive bodies in older
Conejo rocks, and a plug intrusive into Topanga Canyon Formation; (Dibblee and Ehrenspeck,
1993, p. 89).

Tia

Intrusive rocks, andesitic (middle Miocene)—Andesitic dikes, sills and irregular intrusive
bodies, chiefly sills in Topanga Canyon and Vaqueros Formations, and dikes in older rocks.

Tib

Intrusive rocks, basaltic (middle Miocene)—Basaltic, diabasic, and gabbroic dikes, sills and
irregular intrusive bodies, chiefly sills in Topanga Canyon Formation and following detachment
faults, and dikes in older rocks.

Tim

Mixed rocks (middle Miocene and early or early middle Miocene)—Very fine- to finegrained basalt, pervasively intrusive into black siltstone and very fine-grained sandstone of the
Topanga Canyon Formation on a spacing too intimate to map separately at 1:12,000-scale;
(Campbell, unpublished mapping, 1967-1976).

Ttc

Topanga Canyon Formation (middle and early Miocene)—Marine sandstone, commonly
arkosic, with interbedded siltstone, pebbly sandstone and pebble-cobble conglomerate;
generally well indurated; recognized only in the central and western Santa Monica Mountains,
where it is overlain unconformably by the Conejo Volcanics, and conformably overlies
lithologically similar older Miocene and Oligocene strata of the Vaqueros Formation;
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elsewhere, correlative strata are included in the undivided Topanga Group, Tt. Yerkes and
Campbell (1979) formalized the name “Topanga Canyon Formation” and described as
members lithologic facies that indicate an eastward shoaling of depositional environments from
deeper shelf on the west to shoreface, estuarine, and fluvial deposits, wedging out just east of
Santa Ynez Canyon. (Note that the deposition precedes post-volcanic tectonic rotation, so in
early middle Miocene time the direction of shoaling was nearly north). North of Castro Peak,
where the formation is undivided (Ttc), it is as much as 1,070 m thick. West of Santa Ynez
Canyon to Malibu Canyon three members are recognized: the Cold Creek (Ttcc), Fernwood
(Ttcf), and Saddle Peak (Ttcs) Members (Yerkes and Campbell, 1960). The Fernwood Member
represents an estuarine and fluvial depositional environment, and separates shelf marine strata
of the underlying Saddle Peak and overlying Cold Creek Members, both of which pinch out
west of Topanga Canyon. The Fernwood Member wedges out westward and the two nearshore
marine members coalesce just east of Malibu Canyon; therefore, the Formation is undivided
from Malibu Canyon west to Zuma Canyon. Interbeds of siltstone and mudstone, suggestive of
deepening offshore shelf depositional environments, become progressively thicker westward,
and siltstone strata of the Encinal Canyon Member (Ttce) predominate west of Zuma Canyon.
In and west of Arroyo Sequit some thick sandstone beds become prominent in the upper part of
the Topanga Canyon Formation, and are here called the Big Sycamore Member (Ttcb).
Ttcc

Topanga Canyon Formation, Cold Creek Member—Marine sandstone, siltstone, and minor
pebbly sandstone; sandstone commonly medium grained, moderately to well sorted arkosic
arenite, in laminated and graded beds as much as two meters thick, and locally biotitic. About
707 m thick in the northeast corner of the Malibu Beach 7.5’ quadrangle. Locally abundant
molluscan fauna referred to "Temblor Stage" of Weaver and others (1944), including the
locality for the “Topanga Canyon fauna” (about 50 molluscan species) of Arnold (1907a);
named as a member of the Topanga Canyon Formation by Yerkes and Campbell (1979).
Conformably overlies the Fernwood member of the Topanga Canyon formation; overlain, in
most places conformably, by Conejo Volcanics. In a few localities in upper Topanga Canyon
the Conejo is missing and the Cold Creek Member is accordantly overlain by the Calabasas
Formation. Foraminifera from siltstone in upper part assigned to Relizian BFZ. (Yerkes and
Campbell, 1980; Campbell, unpublished 1:12,000-scale mapping, 1965-1972).

Ttcf

Topanga Canyon Formation, Fernwood Member—Paralic, fluvial, estuarine, and marine
sandstone, pebbly sandstone, and mudstone, with minor tuff and limestone; interbedded with
grayish-red or olive-gray mudstone and, locally, minor vitric rhyolite tuff and algal(?)
limestone; fluvial sandstone forms thick lenticular ledge-forming beds and is complexly
channeled and crossbedded; locally abundant closely spaced borings normal to sandstone
bedding (ophiomorpha?), and rare fragments of bone occur; the shallow-water gastropod
Melongena, known only from the provincial middle Miocene, occurs in sandstone on a ridge
west of Topanga Canyon (in the Fernwood area) (Yerkes and Campbell, 1979; Yerkes and
Campbell, 1980). The Fernwood is overlain conformably by and intertongues into the Cold
Creek Member of the Topanga Canyon Formation. The Fernwood overlies the Saddle Peak
Member conformably and may intertongue with it. In several parts of the Topanga Canyon
drainage area Fernwood strata are cut off down dip by Sespe Formation redbeds along the
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Malibu Bowl Detachment Fault or by basalt and diabase intrusive into the fault. Fritsche (1993)
and Flack (1993) propose that the Fernwood member should be assigned to the Sespe
Formation. However, the Fernwood has nowhere been observed to be in direct depositional
contact with Sespe strata (even though short segments of approximately located contact are
shown on the map, there is no outcrop exposure of unfaulted contact relationships). Nor does
the Fernwood contain any red sandstone, which is characteristic of (though not always present
in) the Sespe Formation. Therefore, the usage of the source maps is retained. (Yerkes and
Campbell, 1979; Yerkes and Campbell, 1980; Yerkes and Campbell, 1994).
Ttcs

Topanga Canyon Formation, Saddle Peak Member—Thick-bedded to massive, medium-to
coarse grained marine sandstone, pebbly sandstone, and hackly fracturing sandy siltstone, over
a 1/2-m-thick basal pebble conglomerate; conformably overlain by the Fernwood Member of
the Topanga Canyon Formation; conformably overlies the Piuma Member of the Sespe
Formation or its’ marine correlative Vaqueros Formation; in places faulted against Sespe and
older rocks, or strata of the Calabasas Formation, chiefly along the Malibu Bowl Detachment
Fault. A resistant sandstone near the base of the Saddle Peak Member contains an abundant
"Temblor" megafauna that includes the gastropod Antillophos dumbleanus (Anderson), that is
apparently restricted to the middle Miocene; immediately above this bed is a 10-cm thick layer
of well-preserved, in part articulated valves of the giant pectinid Vertipecten nevadanus
(Conrad) (also called V. bowersi); the entire fauna is referred to the middle Miocene "Temblor"
provincial Stage. Fritsche (1993) has proposed that the Saddle Peak Member be included with
the Vaqueros Formation because some elements of the fauna are long ranging and are also
found in the Vaqueros, and because closely similar lithofacies are found in both units.
However, detailed mapping can carry continuous and overlapping stratigraphic horizons in
most areas where the Saddle Peak Member is in contact with underlying Vaqueros, and the two
units are mappable separately. Therefore, the usage of the source maps is retained. The unit is
about 220 m thick along Piuma Road on the west shoulder of Saddle Peak. (Yerkes and
Campbell, 1979; Yerkes and Campbell, 1980).

Ttcb

Topanga Canyon Formation, Big Sycamore Member—Alternating gray sandstone and dark
gray siltstone or silty mudstone, commonly platy to shaly; chiefly mudstone with interbedded
thin- to thick-bedded lenticular sandstone in sets that locally coalesce to massive beds;
sandstone grain size variable, with local rip-up clasts of shale, and pebbly sandstone with
polished, rounded chert pebbles; mudstone interbeds commonly thin-bedded to shaly. A rare
occurrence of detrital glaucophane in sandstone is the earliest known north of the Malibu Coast
Fault. Sonneman (1954) estimated a total thickness of 2,400 ft. (732 m) to 3,500 ft. (1,066 m).
Mapped as the “Upper Member of the Sycamore Formation” by Sonneman (1956); mapped as
individual sandstone beds in the “Undivided Topanga Canyon Formation” by Dibblee and
Ehrenspeck (1990); here called “Big Sycamore Member of the Topanga Canyon Formation” to
follow rules of the North American Code. Fossils include: locally common Vertipectin
Nevandus at Point Mugu; rare Turritella Temblorensis (Sonneman, 1954); and Relizian
foraminifera (Sonneman, 1954).
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Ttce

Topanga Canyon Formation, Encinal Member—Chiefly dark gray siltstone or silty
mudstone, commonly platy to shaly, but at many localities bedding fissility is obscured by a
dominant conchoidal fracture, possibly indicating bioturbation; lenticular dolomitic concretions
locally abundant, particularly along locally restricted stratigraphic zones as thick as 60 cm; rare
medium-and fine-grained sandstone beds in the Encinal Canyon area (western Point Dume 7.5’
quadrangle) increase in abundance somewhat westward in the Triunfo Pass 7.5’ quadrangle.
The siltstone rests conformably on sandstone of the underlying San Nicholas Member of the
Vaqueros Formation, but there is apparent discordance in some places where lack of exposure
prevents clear discrimination. The Encinal Canyon Member intertongues with and is
overlapped conformably by the Big Sycamore Member of the Topanga Canyon Formation, and
unconformably overlain by Conejo Volcanics (see discussion of base of Conejo, above). Poorly
preserved foraminifera in two collections from the Encinal Canyon Road exposures reported by
Yerkes and Campbell (1979) are assigned to the Relizian(?) stage and Saucesian or Relizian
stages of Kleinpell (1938), respectively. Further west, in the Triunfo Pass and Point Mugu
quadrangles Sonneman (1956) reports that the “Lower Member of the Sycamore Formation”,
which is contiguous with the Encinal Canyon Member of the Topanga Canyon Formation
(Yerkes and Campbell, 1980), also contained foraminifera assignable to the Relizian Stage. A
subsequent collection reported by Flack (1993) is also assigned a late Saucesian to early
Relizian age. Flack (1993, p. 46) considers the Encinal Member, as well as the entire Topanga
Canyon Formation, to be late early Miocene rather than early middle Miocene. (Campbell and
others, 1996; Campbell, unpublished 1:12,000-scale mapping, 1965-1975; Sonneman, 1956;
Dibblee and Ehrenspeck, 1990).

Western Los Angeles Basin-Continental Borderland
Tr

Trancas Formation, undivided (middle and early Miocene)—Marine mudstone, silty shale,
claystone, sandstone, and locally prominent sedimentary breccia on Lechusa Point and Point
Dume; the breccias are distinctive for their abundant detritus of the Mesozoic Catalina Schist,
including glaucophane schist (San Onofre breccia of Woodford and Bailey, 1928). The Trancas
has been much deformed in the zone south of the Malibu Coast Fault, and no complete section
is known. The Sovereign Oil Company Malibu 1 exploratory well on Point Dume drilled
through 290 m of marine sandstone, mudstone, claystone, and sedimentary breccia (San Onofre
Breccia) between the base of the Monterey Shale and the underlying Zuma Volcanics, assigned
to the Trancas formation by Yerkes and Campbell (1979); (Point Dume and Triunfo Pass 7.5’
quadrangles; Campbell and others, 1996; Campbell, 1965-1975, unpublished 1:12,000-scale
mapping). The siltstones locally contain abundant foraminiferal assemblages assigned to the
Saucesian (lower Miocene) and Relizian or Luisian (middle Miocene) stages of Kleinpell
(1938). Tra—quartz-bearing calcarenites in the western part of the Point Dume 7.5’ quadrangle
and eastern part of the Triunfo Pass 7.5’ quadrangle are distinctive for the pervasive
intergranular disruption that causes original bedding to be completely masked; further west, at
Sequit Point, the sandstones are seen to be coarse-grained, cross-laminated calcarenites,
composed chiefly of barnacle plates and oyster fragments, with significant areas intruded by
sandstone of similar composition but in which the original fabric is no longer visible (inferred
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to be a result of liquefaction). An exposure of San Onofre Breccia overlying Zuma Volcanics
on the tip of Point Dume, south of the Point fault, is assumed to represent the base of the
Trancas Formation in that area. The Trancas may intertongue with both the Zuma Volcanics
and the lower part of the Monterey Shale, but is locally unconformably overlain by upper (late
Miocene) beds of the Monterey Shale.
Tz

Zuma Volcanics (middle and early Miocene)—Basaltic, andesitic and dacitic flows, flow
breccias, pillow lavas, aquagene tuffs, mudflow breccias, volcanic sand and interbedded
mudstone, siltstone, sandstone, minor breccia-conglomerate; all probably deposited in a marine
environment; no igneous rocks south of the Malibu Coast Fault are recognizably intrusive into
the associated sedimentary rocks; sedimentary interbeds carry foraminifera referred to the
Relizian or Luisian Stages (middle Miocene) of Kleinpell (1938). Weigand and Savage (1993),
from a study of major element analyses, showed that most of the analyzed samples of Zuma
Volcanics fall in the dacite field of the classification of LeBas and others (1986). Plagioclase
phenocrysts from basalt near the tip of Point Dume have been dated at 14.6 ± 1 my (Berry and
others, 1976). Base not exposed, but an equivalent section in the exploratory well, Sovereign
Malibu 1 on Point Dume, is about 430 m (stratigraphic) thick above probable metamorphic
basement (Catalina Schist). Although the Zuma and Conejo Volcanics fall within the same
range of ages, the overlying and underlying sedimentary strata, and the basement rocks, are
significantly different, suggesting that they could be related to different extrusive centers.
(Campbell and others, 1970, 1996; Yerkes and Campbell, 1980; and Campbell, unpublished
1:12,000-scale mapping, 1967-1971).

Soledad Basin and San Andreas Fault Zone
Tvz

Vasquez Formation, undivided (early Miocene to Oligocene?)—Yellowish and reddish
sandstone, conglomerate, and interbedded andesite-basalt, lying on pre-Tertiary crystalline
basement rocks and unconformably below strata of Tick Canyon Formation; total thickness as
much as 3,810 m (Jahns and Muehlberger, 1954). Includes numerous beds and lenses of
megabreccia, many monolithologic. Named by Sharp (1936); further described by Jahns
(1939). (Dibblee, 1996a,b).

Tvza

Vasquez Formation, andesitic volcanic rocks (early Miocene? to late Oligocene)—Darkgray to dark reddish-brown andesite and basaltic andesite, hard, very fine-grained matrix with
fine- to medium euhedral phenocrysts of plagioclase feldspar. Occasional flow banding,
conglomeratic layering, and some silica-filled amygdules. Outcrops locally exhibit sub-parallel
sheet jointing.

Tvzb

Vasquez Formation, basaltic volcanic rocks (early Miocene? to late Oligocene)—Darkgray, basaltic to andesitic volcanic rocks. Unit contains small phenocrysts of augite and olivine.
Outcrop exposures are highly jointed and resistant, with weathered surfaces dark-gray to darkbrown.

Tvzc

Vasquez Formation, non-marine conglomerate (early Miocene? to late Oligocene)—
Pebble- to cobble fluvial conglomerate and red clayey siltstone. Unit consists of sub-rounded to
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rounded clasts of gray, tan, pink, and lavender volcanic rocks. Also contains quartz monzonitic
to granodioritic clasts.
Tvzs

Vasquez Formation, sedimentary rocks (early Miocene? to late Oligocene)—Pebble- to
cobble fluvial conglomerate and red clayey siltstone. Unit consists of sub-rounded to rounded
clasts of gray, tan, pink, and lavender volcanic rocks. Also contains quartz monzonitic to
granodioritic clasts.

Topatopa Mountains and eastern Santa Ynez Range
Trn

Rincon Formation (early Miocene and late Oligocene)—Marine shale and mudstone with
dolomitic and limonitic concretions as much as 0.65 m in diameter (Fillmore 7.5’ quadrangle);
foraminiferal faunas referred to the Zemorrian and Saucesian Stages (early Miocene) of
Kleinpell (1938); thickness about 275 m. Overlain, apparently accordantly, by shale and
mudstone assigned to the lower part of the Modelo formation (which, in this area, is designated
middle and upper Miocene), and conformably overlies Vaqueros Formation strata. The type
section for the Rincon Formation is approximately 30 mi. to the west in the vicinity of Rincon
Point where the name, Rincon Shale, was suggested by Kerr (1931) (south flank of Santa Ynez
Mountains, Fillmore and Piru 7.5’ quadrangles; Eschner, 1969). Fritsche (1993) proposed that
similar rocks within a similar age-range in the western Santa Monica Mountains (the Encinal
Member of the Topanga Canyon Formation and the Danielson Member of the Vaqueros
Formation) should be termed "tongues" of the Rincon Formation; however, we have retained
the nomenclature of the source maps

Western Santa Monica Mountains, Oak Ridge and eastern Ventura Basin
Tv

Vaqueros Formation, undivided (early Miocene and Oligocene)—A heterogeneous
sequence of thick- and medium-bedded sandstone and interbedded siltstone and mudstone;
sandstone ranges from coarse- to very fine-grained, chiefly biotitic arkosic arenites and wackes;
siltstone and mudstone interbeds commonly dark gray, but can be greenish or reddish in color;
commonly carries Turritella inezana and other elements of the "Vaqueros fauna". Although the
name was first used in central California (Hamlin, 1904) and subsequently extended on the
basis of faunal elements, it has long been used in coastal Southern California, and is used
consistently throughout intervening areas, to refer to a well-recognized and widespread,
predominantly marine sequence that contains a distinctive molluscan fauna (Loel and Corey,
1932). Since Addicott (1972) noted that the range of the Temblor fauna included the range of
the Vaqueros fauna in the Temblor Range type area, some authors (Fritsche, 1993; Dibblee,
1989a) have proposed abandoning the name, Vaqueros, and combining the pre-Conejo postSespe strata into a single unit. However, in nearly all the problematical areas there are sufficient
continuous or overlapping beds, as well as differences in fauna, to provide a realistic basis for
mapping separate formations. In the Santa Monica Mountains a complete section in the vicinity
of Castro Peak, where the Vaqueros accordantly overlies the nonmarine Sespe formation, is as
much as 760 m thick; east of Malibu Canyon however, shoreface facies intertongue with
nonmarine strata of the Sespe Formation, and Vaqueros strata are not present in and east of
Topanga Canyon. Along the north side of Simi Valley, Vaqueros strata about 600 m thick lie
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accordantly above Sespe redbeds and are overlain by Conejo Volcanics; the Vaqueros wedgesout to the east in the Simi Valley West 7.5’ quadrangle. In the Simi Valley area, Squires and
Filewicz (1983, Fig. 2) show the Vaqueros as approximately 310 m in thickness, intertonguing
with and overlying the Sespe Formation; it pinches out eastward beneath the unconformably
overlying Conejo Volcanics. North of Fillmore, the easternmost Vaqueros is about 183 m thick.
(Cemen, 1977; Eschner, 1969; Bailey, 1951). Oborne (1993) has described the several
interbedded lithofacies that are present to the west of Topanga Canyon and interprets them to
represent deposition during a rapid marine transgression from west to east over nonmarine
strata of the Sespe. This compilation retains the usage and nomenclature of Yerkes and
Campbell, 2005. (western Santa Monica Mountains, western Topatopa Mountains, and north
side of Simi Valley; Yerkes and Campbell, 1979; Yerkes and Campbell, 1980; Campbell and
others, 1996; Eschner, 1969; Bailey, 1951; Cemen, 1977; Squires, 1983a; Sonneman, 1956;
Durrell, 1954). Includes:
Tvn

Vaqueros Formation, San Nicholas Member—Very thick bedded to massive cliff- and ledgeforming marine sandstone, generally very light gray to pale bluish gray; rare interbeds and
partings of siltstone and shale, commonly dark gray. Sandstone, very fine- to very coarsegrained arenite, locally pebbly; thick beds show internal cross lamination, parallel, lamination,
and disturbed (burrowed?), laminations; local common barnacle detritus. Generally
conformably underlain by the Danielson Member of the Vaqueros Formation; however, locally
thinned where it rests on older rocks beneath the Zuma Detachment Fault, as in Encinal
Canyon. Conformably overlain by the Encinal Member of the Topanga Canyon Formation.
Mapped as “Nicholas Formation” by Sonneman (1956), named for exposures in the vicinity of
San Nicholas Canyon (Triunfo Pass 7.5’ quadrangle); formalized as a member of the Vaqueros
Formation by Yerkes and Campbell (1979). (Campbell and others, 1996; Campbell,
unpublished 1:12,000-scale mapping, 1967-1975).

Tvd

Vaqueros Formation, Danielson Member—Grayish black, very fine-grained, marine sandy
siltstone or mudstone, in medium and thin beds, generally with indistinct parallel lamination;
fractures commonly conchoidal or irregularly subparallel to bedding, but locally platy or shaly.
In San Nicholas Canyon, several prominent interbeds, 1/3 to 1 m thick, of calcareous very finegrained sandstone and sandy mudstone contain fossil remains of Turritella inezana Conrad in
such numbers as to locally form biostromes (Yerkes and Campbell, 1979, p. E12). Mapped as
“Danielson Formation” by Sonneman (1956), named for exposures on the Danielson Ranch in
Big Sycamore Canyon (Triunfo Pass 7.5’ quadrangle); formalized as a member of the Vaqueros
Formation by Yerkes and Campbell (1979). (Sonneman, 1956; Campbell and others, 1996;
Campbell, unpublished 1:12,000-scale mapping, 1967-1975).

Western Santa Monica Mountains, Oak Ridge and eastern Ventura Basin
Ts

Sespe Formation, undivided (early Miocene, Oligocene, and late Eocene)—A nonmarine
"redbed" sequence of sandstone, pebbly sandstone, varicolored mudstone, and pebble-cobble
conglomerate; sandstone beds commonly very thick to massive, with strong internal cross
lamination; and rare thin interbeds varicolored reddish, greenish and grayish mudstone. The
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sandstone beds are characteristically red in color, chiefly as a result of intergranular hematized
biotite; several sections include beds that lack the characteristic red color. The only complete
section of the Sespe exposed in the Santa Monica Mountains is in the Solstice Canyon-Castro
Peak area, where about 1000 m of the nonmarine strata are in depositional contact on (and
accordant with) the underlying marine Llajas Formation, and accordantly beneath the overlying
marine Vaqueros Formation. Elsewhere in the Santa Monica Mountains, both to the east and to
the west, the Sespe is in fault contact with underlying older strata, chiefly along the Zuma
Detachment Fault. At the west end of the Simi Hills about 1365 m of Sespe strata lie
accordantly above the marine Llajas and unconformably below Conejo Volcanics. Along the
north side of Simi Valley, Sespe exposures total as much as 1656 m in thickness in the west
(Simi Valley West 7.5’ quadrangle), but wedges out to the east, north of Santa Susana Pass
(Simi Valley East 7.5’ quadrangle). Along the north flank of Oak Ridge the Sespe can be as
much as 2135 m thick, based in part on drill-hole data. In the western Topatopa Mountains,
north of Fillmore, the Sespe is about 430 m thick between the underlying marine Coldwater
Formation and overlying marine strata assigned to the Vaqueros Formation (Fillmore 7.5’
quadrangle). The name, Sespe Formation, was introduced by Watts (1897) and further
described by Bailey (1947) for exposures in the vicinity of Sespe Creek, north of Fillmore, and
has been extended over large parts of coastal southern California by various workers.
Generally, it has been applied to a thick nonmarine sandstone, conglomeratic sandstone and
siltstone sequence that is underlain by marine Eocene strata and overlain by marine Miocene
beds.
Tsp

Sespe Formation, Piuma Member (early Miocene)—In contrast to the thicker bedded, more
coarsely grained sandstone and conglomerate of the undivided Sespe Formation below, the
Piuma Member is distinguished by thinner individual beds, sandstone of generally finer grain
size, absence of pebble and cobble conglomerate, and greater abundance of interbedded
lacustrine or lagoonal siltstone. The member name was formalized by Yerkes and Campbell
(1979) for the upper of two tongues of the Sespe that can be easily distinguished where strata of
the marine Vaqueros Formation separate them; the Vaqueros wedges out eastward, but the
contact between the Piuma Member and the undivided Sespe below can be carried some
distance eastward beyond the Vaqueros wedge-out. (Yerkes and Campbell, 1980).

Topatopa Mountains and eastern Santa Ynez Range
Tcw

Coldwater Formation (late Eocene)—Marine arkosic sandstone and shale, with lenses of
pebble conglomerate and oyster reefs; thickness about 390 m. Earliest use of “Coldwater
Sandstone Member” by Kew (1924); referred to “Coldwater Formation” by Bailey (1947).
(Eschner, 1969).

Tcz

Cozy Dell Formation (late to middle Eocene)—Well-bedded brown clay shale and mudstone;
thickness as much as 600 m. Earliest use of “Cozy Dell Shale ” member of the Tejon Formation
by Kerr and Schenk (1928); described as “Cozy Dell Shale” by Dibblee (1950). (Eschner,
1969).
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Tma

Matilija Formation, undivided (middle to early Eocene)—Marine sandstone, arkosic, very
well indurated, and interbedded mudstone and siltstone. Conformable beneath Cozy Dell
Formation; base not exposed in the map area; total thickness exceeds 1 km. Molluscan fossils
are of the Tejon Stage (late Eocene); however, interbedded shale contains foraminifera referred
to the Ulatisian and Narizian (early to middle Eocene) Stages of Mallory (1959). “Matilija
sandstone” member of the Tejon Formation defined by Kerr and Schenk (1928), described as
Matilija Sandstone by Dibblee (1950). (Eschner, 1969). Includes:

Tmasl

Matilija Formation, siltstone and shale—Micaceous shale with thin sandstone interbeds;
Foraminifera referred to the Ulatisian and Narizian (middle to early Eocene) Stages of Mallory
(1959). (Eschner, 1969).

Santa Susana Mountains, Simi Hills and Santa Monica Mountains
Tl

Llajas Formation (middle to early Eocene)—Shallow marine, light-gray to yellowish-gray,
very fine- to medium-grained sandstone, laminated siltstone and local mollusk coquina beds;
interfingers with alluvial conglomerate (Tlc) at the base; sandstone is laminated to bioturbated;
moderately indurated (Irvine, 1990, 1991; Squires, 1983b); section is about 1,800 ft. (550 m)
thick. Locally contains fossil mollusks assigned to the “Domengine Stage” (Weaver and others,
1944); Figure 3 of Squires (1983b) suggests the basal portion corresponds to the upper “Capay
Stage”. As summarized by Squires (1983b), the Llajas section in the Simi Valley area was
originally assigned to the “Tejon” or “Meganos” Formations (e.g. Kew, 1919, 1924);
subsequently assigned informally to the Llajas Formation by Schenck (1931) and McMasters
(1933); more formally named by Cushman and McMasters (1936) for surface outcrops at the
type section on the northwest side of the north branch of Llajas Canyon (now known as Chivo
Canyon and formerly known as “Oil Canyon”), and from corehole data obtained from the
nearby Tapo No. 42 oil well, all located on the northeast side of Simi Valley) (Simi Valley
East, Oat Mountain, Thousand Oaks 7.5’ quadrangles, and correlative strata in the Point Dume,
Malibu Beach, and Topanga 7.5’ quadrangles). Includes:

Tlc

Llajas Formation, basal conglomerate—Alluvial to shallow marine, light-brown to reddishbrown conglomerate interbedded with subordinate, poorly sorted, generally massive sandstone
(Irvine, 1990); conglomerate is typically unstratified, ungraded, clast supported, and poorly
sorted; clasts are typically well rounded, cobble size, and composed dominantly of quartzite
with lesser amounts of granitic, volcanic and metamorphic rocks (Squires, 1983b). Squires
(1983b) interprets this facies as a coastal alluvial fan or fan delta deposit. This unit defines the
base of Llajas strata relative to the underlying Santa Susana Formation in the area northeast of
Simi Valley (Evans and Miller, 1978).

San Gabriel Mountains
Tj

Juncal Formation (late early Eocene)—Marine, brown amalgamated sandstone beds with
interbedded conglomeratic sandstone, conglomerate and siltstone exposed in Elsmere Canyon
(San Fernando 7.5’ quadrangle); moderately to well cemented; clasts include exotic purple
volcanic porphyry and local large siltstone rip-up clasts, and range up to boulder size. The coarse-
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grained units are interpreted as turbidity current deposits in a middle- to upper-fan submarine fan
depositional environment (Squires, 2008). The Elsmere Canyon section has a measured thickness
of about 520 m (Squires, 2008) and it locally contains fossil mollusks originally assigned to the
“Domengine Stage” of late early to early middle Eocene age (Weaver and others, 1944);
however, detailed studies by Squires (2008) suggest the section at Elsmere Canyon represents the
transition from the “Domengine Stage” to the underlying “Capay” Stage, at an age of about 50.5
Ma. The Eocene strata at Elsmere Canyon were first assigned to the “Domengine formation” by
Brown and Kew (1932) and this usage was followed by early workers in the area (e.g. Oakeshott,
1950, 1958), and this usage was followed on Version 1.0 of the Los Angeles 30’x60’ geologic
map (Yerkes and Campbell, 1995). The Elsmere section was left unnamed by Winterer and
Durham (1962), Kern (1973), and Dibblee (1991). Some subsequent workers assigned the name
“Llajas Formation” to this section (e.g. Seedorf, 1983 and Yeats and others, 1994). Squires
(2008) re-evaluated the past nomenclature and conducted additional field studies, and concluded
the Elsmere Eocene section is more consistent lithologically with exposures of Juncal Formation
mapped to the northwest in the Piru Creek area (Squires, 1987) rather than the type Llajas section,
and the Piru and Elsmere sections may have originally been contiguous (Yeats and others, 1994).
The term “Martinez Formation” was previously retained on Version 1.0 of the Los
Angeles 30x60’ sheet for coarse-grained marine greenish-black to light olive-gray sandstone,
with thin interbeds of black shale, and lenticular beds of well-cemented conglomerate of Eocene
or Paleocene age mapped as fault-bounded slivers along the San Gabriel Fault between Bear
Divide and Tujunga Canyon on the Sunland and San Fernando 7.5’ quadrangles (Oakeshott,
1958; Yerkes and Campbell, 2005); clasts reportedly include exotic volcanic porphyry. The term
“Martinez Formation” was imported from a type locality in the San Francisco Bay area; the term
”Martinez” now generally refers to a Paleocene molluscan stage. Assignment of this section to
the “Martinez Formation” was reportedly based on lithologic similarity with “Martinez” strata
mapped in the Tejon quadrangle (Oakeshott, 1958) and on the discovery of the age-diagnostic
fossil Turritella pachecoënsis (Clements and Oakeshott, 1935); however, use of the term
“Martinez” has generally been abandoned as a lithologic formation name in southern California.
Squires (pers. comm. 2014) notes that the reported specimens of fossil Turritella cannot be
located for review and additional specimens could not be found during recent field studies; based
on field observations of the stratigraphy and presence of exotic volcanic porphyry clasts, Squires
suggests that the fault-bounded slivers may actually be part of the Juncal Formation; the faultbounded slivers are therefore queried as Juncal Formation herein.
Santa Susana Mountains, Simi Hills and Santa Monica Mountains
Tss

Santa Susana Formation (early Eocene to late Paleocene)—Marine clay shale and
conchoidally fractured mudstone and siltstone with interbeds of fine- to medium-grained
sandstone and lenses of pebble-cobble conglomerate; gray limestone concretions common in
shale; locally contains foraminifera; locally abundant mollusks diagnostic of the “Meganos”
and “Martinez” Stages (Saul, 1983); thickness as much as 1,000 m in the Simi Hills; unit
thickness varies laterally and rapid lateral facies changes are common across map area. Named
by Nelson (1925) for exposures in the Simi Hills near the town of Santa Susana. As
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summarized by Parker (1983, 1985), lower Tertiary strata in the Simi Hills were originally
correlated and assigned to the “Martinez and/or Meganos Formations” by early workers,
including Waring (1914, 1917), Kew (1919, 1924), and Clark (1921). Nelson (1925) raised the
“Martinez Formation” to group status and subdivided it into the Simi Conglomerate, Las
Virgenes Sandstone, and the Martinez marine member, overlain by the Santa Susana
Formation. Most literature published to date follows some form of Nelson’s terminology, but
the placement of contacts varies considerably among different authors. Parker (1983, 1985)
modified Nelson’s Santa Susana Formation to include the underlying Martinez marine member,
thereby encompassing all strata above the Simi Conglomerate and Las Virgenes Sandstone and
below the Llajas Formation in the Simi Hills and northeastern Simi Valley. Parker and other
authors abandoned “Martinez Group” and “Martinez marine member” because “Martinez” is a
molluscan Stage name, imported from a central California type locality, and no longer
considered appropriate to use as a formation name for this interval. Colburn and others (1988)
and Colburn and Novak (1989) extended Parker’s nomenclature to correlative rocks in the
Santa Monica Mountains and included beds mapped as Coal Canyon Formation by Yerkes and
Campbell (1979, 2005) in the Santa Susana Formation. Distribution of lower Tertiary strata in
the Simi Valley area on this map is based on Squires (1983a), which includes Parker’s
nomenclature and contacts. Parker described the lower Tertiary units in terms of western and
eastern facies based on the location of the stratigraphic sections relative to the “Runkle Canyon
fault” (Squires, 1983a). The western facies of the Santa Susana Formation in the Simi Valley
area (Simi Valley East, Calabasas and Thousand Oaks 7.5’quadrangles) overlies the Las
Virgenes Sandstone with a gradational to sharp contact and is disconformably overlain by the
Llajas Formation. It generally consists of a lower unit of densely bioturbated, fossiliferous,
fine- to medium-grained sandstone and an upper unit dominated by poorly fossiliferous
fractured mudstone and siltstone interbedded with subordinate sandstone and minor
conglomerate. The lower unit represents transition zone and offshore to shelf deposits and the
upper unit represents deposition within a slope environment. The eastern facies overlies the
Simi Conglomerate with a gradational or sharp contact and is overlain disconformably by the
Llajas Formation. The eastern facies is more variable, but generally consists of fractured
mudstone and siltstone similar to the western facies with discontinuous interbeds of sandstone
and conglomerate. East of Meier Canyon, mudstone and siltstone are present in the lower half
and sandstone and conglomerate present in the upper half. Sandstone occurs as discontinuous
lenses in conglomerate and in beds up to 20 meters thick. Near Runkle Canyon, sandstone
occurs as thin interbeds within the mudstone and siltstone and in tongues up to 150 m with
locally abundant megafossils occurring in layers within concretionary beds. Northeast of Simi
Valley in Poison Oak Canyon, beds are dominantly mudstone interbedded with minor
sandstone above two tongues of Simi Conglomerate. These beds represent inner fan deposits.
Interbedded sandstone and conglomerate near Meier Canyon represent the coarse portion of an
inner fan and slope deposits. The uppermost portion of the Santa Susana Formation in both the
western and eastern facies consists of sandstone with megafossils and microfauna indicative of
a shelf environment and may record a basin filling and shoaling event prior to the deposition of
the nonmarine basal Llajas conglomerate., In the Santa Monica Mountains, Santa Susana strata
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include marine sandstone, pebble conglomerate, siltstone and algal limestone. Sandstone is very
fine to medium grained, poorly to well sorted, consisting of subrounded quartz and feldspar
grains in a sparse clay matrix, locally biotitic; locally contains abundant mollusks; beds
commonly are thick and locally have graded upper parts and sharp upper contacts. Siltstone and
silty claystone are present locally in the upper part of the formation; closely jointed, conchoidal
fracture, and containing abundant biotite; local partings of fine-grained silty biotitic sandstone,
and calcareous beds or concretions as thick as 15 cm and as long as 1 m. Pebble-cobble
conglomerate forms resistant steep slopes in Carbon and Topanga Canyons; in beds as much as
7 m thick with scattered pebbles, boulders, slabs, and interbeds of mudstone and medium-to
coarse-grained sandstone. The Yerkes and Campbell (2005) map shows the Coal Canyon
Formation to be about 335 m thick in Solstice Canyon, the only complete section exposed in
the Santa Monica Mountains. The thickness summed from incomplete sections in the Carbon
Canyon-Topanga Canyon area is as much as 450 m. Commonly carries a molluscan fauna that
includes the Martinez-Stage gastropods Turitella pachecoensis and Mesalia martinezensis
(Gabb, 1869). Colburn and others (1988) and Colburn and Novak (1989) prepared five
stratigraphic columns and detailed geologic maps of the section localities along the axis of the
Santa Monica Mountains from Solstice Canyon in the west to Runyon Canyon near Hollywood
and correlated Simi Conglomerate, Las Virgenes Sandstone, and Santa Susana Formation
strata. The Las Virgenes Sandstone and Simi Conglomerate are not separately delineated on the
current version of the Los Angeles compilation map in the central and eastern Santa Monica
Mountains (Malibu Beach, Topanga, Beverly Hills, and Hollywood 7.5’ quadrangles) and Simi
Conglomerate and Las Virgenes Sandstone strata mapped by Colburn and Novak (1989) are
included in Santa Susana Formation in these areas. Yerkes and Campbell (1979) mapped the
Simi Conglomerate in Solstice Canyon (Point Dume 7.5’ quadrangle), but did not recognize the
Las Virgenes Sandstone in the Solstice Canyon section, and included most of that interval in
the Simi Conglomerate. In the Santa Monica Mountains, the Santa Susana Formation overlies
and interfingers with the nonmarine Las Virgenes Sandstone (included in Simi Conglomerate
on this map) or overlies the late Cretaceous Tuna Canyon Formation; the relations are generally
accordant but locally unconformable. In Solstice Canyon, the Santa Susana Formation is
overlain disconformably(?) by marine strata of Eocene age. (Squires, 1983a; Yerkes and
Campbell, 1980; Campbell and others, 1996). Includes:
Tssl

Santa Susana Formation, limestone—Algal limestone occurs as scattered lenses and pods in
siltstone sequences east of Topanga Canyon, most prominently in the eastern wall of Santa
Ynez Canyon.

Santa Susana Mountains, Simi Hills and Santa Monica Mountains
Tlv

Las Virgenes Sandstone (early(?) Paleocene)—Nonmarine to marine light-gray to yellowish
orange, predominantly medium- to coarse-grained weakly to moderately indurated sandstone
with green interbedded mudstone and red-bed mudstone, and minor pebble conglomerate;
megafossils and burrows are present in the upper part of the section at Bus Canyon; thin
sequence, locally as thick as 195 m near Bus Canyon in the Simi Hills, but thins westward to
zero; originated as sandy, braided alluvial and meandering stream deposits on a coastal plain;
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upper part represents nearshore marine deposits (Parker, 1983); conformably overlies Simi
Conglomerate and is overlain by and interfingers with the Santa Susana Formation. Named by
Nelson (1925) for exposures near Las Virgenes Canyon in the Simi Hills. Colburn and others
(1988) and Colburn and Novak (1989) correlated Las Virgenes Sandstone from the Simi Hills
to five localities in the Santa Monica Mountains. These strata are included in the Santa Susana
Formation on the current Los Angeles compilation map in the central and eastern Santa Monica
Mountains (Malibu Beach, Topanga, Beverly Hills, and Hollywood 7.5’ quadrangles). Yerkes
and Campbell (1979, 2005) did not recognize the Las Virgenes Sandstone in the Solstice
Canyon section (Point Dume 7.5’ quadrangle), and included most of that interval in the Simi
Conglomerate, including distinctive pisolite-bearing beds that Colburn assigned to the Las
Virgenes Sandstone. Pisolite-bearing red beds are also mapped in the Bus Canyon section in the
Simi Hills by Parker (1985), but he included the beds in the Simi Conglomerate. (Squires,
1983a).
Tsi

Simi Conglomerate, undivided (Paleocene)—Thin, predominantly nonmarine cobble-boulder
conglomerate mapped at the base of the Tertiary sequence in the Simi Hills, the Santa Monica
Mountains, and northeast of Simi Valley. The conglomerate is poorly bedded, weakly to
moderately indurated and contains abundant well-rounded, polished cobbles and boulders of
quartzite, granitic, rhyolitic, and gneissic rocks in conglomeratic, coarse-grained sandstone.
Distribution of lower Tertiary strata in the Simi Valley area shown on this map is based on
Squires (1983a), which includes Parker’s (1983, 1985) nomenclature and contacts. Parker
described the lower Tertiary units in terms of western and eastern facies based on the location
of the stratigraphic sections relative to the “Runkle Canyon fault” (Squires, 1983a). According
to Parker, Simi Conglomerate west of the Runkle Canyon fault (Squires, 1983a) represents
alluvial fan and braided river deposits and Simi Conglomerate east of the Runkle Canyon fault
in Runkle and Meier Canyons and northeast of the Simi Valley represents channel and inner fan
facies of a deep-sea fan, based on observed sedimentary structures and microfaunal studies
summarized by Parker (1983, 1985). The marine conglomerate included by Parker in the Simi
Conglomerate is considered by other authors to be part of the Santa Susana Formation or an
unnamed Paleocene marine unit (Hanson, 1981).Yerkes and Campbell (1979) tentatively
correlated beds described in the Simi Hills by Nelson (1925) as the Simi Conglomerate with
lithologically similar beds in the Solstice Canyon area of the Santa Monica Mountains, and the
correlation is supported in subsequent detailed petrographic work by Colburn and Novak
(1989). In Solstice Canyon (eastern Point Dume 7.5’ quadrangle) the conglomerate includes a
1-m-thick bed of brick-red pisolitic clayey sandstone, which Colburn and Novak (1989) include
in the Las Virgenes Sandstone. Simi Conglomerate beds mapped by Colburn and Novak (1989)
in the central and eastern Santa Monica Mountains (Malibu Beach, Topanga, Beverly Hills, and
Hollywood 7.5’ quadrangles) are included in the Santa Susana Formation on the current Los
Angeles compilation map. Correlative strata in the Santa Susana Mountains, mapped as
“Martinez Formation” by Evans and Miller (1978), are here included with the Simi
Conglomerate. Evans and Miller (1978) recognized three local lithologic members.

Tsic

Simi Conglomerate, conglomeratic member—Massive, yellowish brown pebble to cobble
conglomerate with numerous brownish sandstone lenses as much as 1 m thick and continuous
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for a few tens of meters along strike. Locally contains molluscan fauna referred to the Martinez
Stage (Paleocene) (Evans and Miller, 1978).
Tsis

Simi Conglomerate, shale member—Light olive gray micaceous siltstone, silty shale, and
shale with local thin interbeds of brown, medium- to coarse-grained sandstone. Dark gray
limestone occurs in the shale as thin, discontinuous beds as well as small pods and lenses
(Evans and Miller, 1978).

Tsia

Simi Conglomerate, sandstone member—Massive, gray to brownish, coarse- to very coarsegrained sandstone, cemented by silica and hydrous iron oxides, with thin interbeds of
micaceous siltstone and lenses of boulder, cobble and pebble conglomerate; locally strongly
cemented by calcite (Evans and Miller, 1978).

Santa Susana Mountains, Simi Hills and central and western Santa Monica Mountains
Kc

Chatsworth Formation (late Cretaceous)—Dominantly turbidite sandstone, massive, thickbedded, medium- to coarse-grained, well-cemented; conglomeratic sandstone with rounded,
polished clasts of quartzite, porphyry and granitic rocks; with minor siltstone and conglomerate.
Molluscan faunas include the ammonite Metaplacenticeras californicum and the gastropod
Tuttitella pescaderosensis, referred to the Campanian or Maestrictian (late Cretaceous) Stages
(Popenoe, 1973; Saul and Alderson, 1981); benthic foramifera from mudstones in the lowermiddle part of the sequence are referred to the late Campanian. Exposed thickness exceeds
1830 m; base not exposed nor drilled; overlain with slight unconformity by Paleocene strata
along north side of the Simi Hills, elsewhere, as along the south flank of the Simi Hills,
unconformably overlain by Miocene beds. The name, Chatsworth Formation was introduced
and defined by Colburn and others (1981) for rocks in the eastern Simi Hills near Chatsworth,
that were previously mapped as “Chico Formation” or as unnamed “Upper Cretaceous Rocks”
(“Chico” is a molluscan Stage name imported from central California). (Weber, 1984).

Central and western Santa Monica Mountains
Kt

Tuna Canyon Formation, undivided (late Cretaceous)—Marine sandstone, siltstone and
conglomerate. Sandstone, thick-bedded to very thick-bedded, laminated and graded arkosic
wacke (turbidite); locally containing abundant fragments of black slate(?); convolute lamination
in some beds, load casts, low-angle cross-lamination, or concentrations of carbonized plant
fragments or mica. Fossiliferous sandstone and siltstone are present locally as interbeds or thick
lenses; in Las Flores Canyon, contains several beds of olive-gray siltstone that locally contain
foramifera. The Tuna Canyon Formation is nowhere completely exposed in the Santa Monica
Mountains; the maximum exposed thickness, in the Pena Canyon-Tuna Canyon area, is nearly
800 m. East of Santa Ynez Canyon rests on nonmarine red conglomerate (Trabuco Formation,
late Cretaceous) and the Santa Monica Slate (late Jurassic). The formation is overlain
disconformably (?) by the Simi Conglomerate in Solstice Canyon, and elsewhere by a basal
conglomerate of the Coal Canyon Formation (Paleocene). In several places it contains the
Campanian ammonite Metaplacenticeras sp.; foramifera faunas are referred to zones D-2, E,
and F-1 (Maestrictian or Campanian - late Cretaceous) of Goudkoff (1945). Named by Yerkes
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and Campbell (1979) to replace the name “Chico”, which was imported from central California
and used on earlier maps in the Santa Monica Mountains. (central and eastern Santa Monica
Mountains; Campbell and others, 1996; Yerkes and Campbell, 1980; Alderson, 1988; Hoots,
1931). East of Santa Ynez Canyon the formation was subdivided by Alderson (1988) into four
informal members:
Kte

Tuna Canyon Formation, informal member 'e'—Greenish-gray shale with interbedded
coarse-grained sandstone in the upper part.

Ktd

Tuna Canyon Formation, informal member 'd'—Fine-grained, thick-bedded, fossiliferous
sandstone.

Ktc

Tuna Canyon Formation, informal member 'c'—Pebble-cobble conglomerate and minor
sandstone.

Ktb

Tuna Canyon Formation, informal member 'b'—sandstone with minor conglomerate and
black shale, carrying Turonian and Coniacian ammonites.

Ktr

Trabuco Formation (late Cretaceous)—Conglomerate with well-rounded, polished pebbles,
cobbles and boulders of varicolored quartzite, porphyry, granite, basalt, and with angular chips
of black slate in a matrix of soft, clayey, coarse-grained to pebbly grit. Thickness estimated at
225 m; unconformably overlies Santa Monica Slate. Name applied by Durrell (1954) for rocks
of similar composition and stratigraphic position in the type area in the Santa Ana Mountains,
where it was named by Packard (1916); correlation reiterated by Colburn (1973). (Yerkes and
Campbell, 1980; Hoots, 1931).

Kgr

Granitic rocks (late Cretaceous)—Includes a variety of plutonic igneous rocks ranging from
quartz monzonite and granodiorite to tonalite, quartz diorite, and diorite; chiefly quartz diorite:
intrudes Santa Monica Slate in the eastern Santa Monica Mountains (Durrell, 1954).

San Gabriel and Verdugo Mountains
Kgl

Granitic rocks, leucocratic granodiorite (late Cretaceous)—Light gray to buff, fine- to
medium- grained granodiorite; intrudes all other crystalline rocks in area south of south branch
of the San Gabriel Fault (Smith, 1982).

Kgd

Granodiorite (Cretaceous)—Light-gray to dark-gray, medium-grained granodiorite. Unit
includes well-foliated, gneissic mafic enclaves. In thin section, samples have some hornblende,
apatite, euhedral zircons, and biotite although much is altered to chlorite. Some myrmekitic
texture observed in plagioclase feldspars. Exposed in northeast Pacifico Mountain quadrangle.
Mapped as qd by Barrows and others (1985) and Dibblee (1997); described by Olson and
Hernandez (2013) on map of adjacent Palmdale quadrangle.

Kto

Tonalite (late Cretaceous)—Mapped by Jahns and Muehlberger (1954) as “granite and other
quartz-bearing plutonic rocks”; these rocks are compositionally tonalite (D. M. Morton, oral
communication, 2003) in the IUGA classification (Streckheisen, 1973).

Ktoqd

Tonalite and quartz diorite (late Cretaceous)—Mapped by Morton (1973) as predominantly
quartz diorite, grading to granodiorite, quartz monzonite and diorite; compositionally mostly
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tonalite (D. M. Morton, oral communication, 2003) in the IUGA classification (Streckheisen,
1973).
Ktowd

Tonalite (Wilson Diorite of Miller, 1934) (late Cretaceous)—Designated granodiorite and
quartz diorite on source maps; identified as mostly tonalite (D. M. Morton, oral
communication, 2003) in the IUGA classification (Streckheisen, 1973).

Kgrd

Granodiorite—Gray medium to coarse grained granodiorite with quartz diorite and granite.
Described as Granodiorite by Oakeshott (1958). Includes rocks mapped as the Mt Josephine
Granodiorite by Carter (1980). Mostly massive, but commonly gneissoid near contacts with
older rocks; locally carries large inclusions and pendants of gneiss and Placerita metasediments.
(Oakeshott, 1958, Carter, 1980).

Kp

Pelona Schist (Late Cretaceous to Paleocene?)—Greenish-gray chlorite-albite, actinolitealbite, quartz-albite, and albite-talc schists, locally interbedded with metavolcanics and brown
to black quartzites; a thick, isoclinally(?) folded sequence. The protolith of the Pelona and its
correlative Orocopia Schist was presumably deposited during the mid-Mesozoic, recrystallized
during burial to depths of 25-35 km, and later thrust beneath western North America at rates > 4
mm/y on the Vincent thrust. Named by Hershey (1902a) for outcrops on the Sierra Pelona
ridge. (Ehlig, 1981, p. 266; Jacobson, 1990; northern Mint Canyon 7.5’ quadrangle, map after
Jahns and Muehlberger, 1954).

Jeg

Echo granite (Jurassic)—Coarse-grained, pinkish-orange granite and monzogranite; mediumgrained, xenomorphic, inequigranular, and showing protoclastic granulation in thin section
(Miller, 1946). Determined to be Jurassic in age by Barth (2008). Named by Miller (1934).
(Smith, 1986).

Eastern Santa Monica Mountains
Jsm

Santa Monica Slate, undivided (late Jurassic)—Black slate, sheared metasiltstone, and finegrained metagraywacke; intensely jointed, isoclinally(?) folded; intruded by Cretaceous granitic
pluton forming contact auriole zones of phyllite and spotted cordierite slate; rare pelecypod
fragments indicate a late Jurassic age in part (Imlay, 1963). Named by Hoots (1931, p. 88)
(Hoots, 1931). Includes:

Jsms

Santa Monica Slate, spotted slate—Spotted with large crystals of cordierite; outer zone of
contact aureole with nearby granitic intrusive rocks; grades to unspotted slate through a zone in
which individual spots become progressively smaller outward (Hoots, 1931).

Jsmp

Santa Monica Slate, phyllite—Chiefly mica schist and dark gray phyllite; forms inner zone of
contact aureole with adjacent granitic intrusive (Hoots, 1931).

San Gabriel and Verdugo Mountains
}dbh

Biotite-hornblende diorite (Mesozoic?)—Medium- to dark-gray, medium-grained biotitehornblende monzodiorite; includes scattered small bodies of older brownish-gray coarsegrained weakly gneissic biotite quartz monzonite; intruded by leucocratic granodiorite (Smith,
1986).
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}dhb

Hornblende-biotite diorite (Mesozoic?)—Medium-gray, medium-grained hornblende- biotite
diorite; intruded by coarse-grained hornblende diorite and younger leucocratic granodiorite
(Smith, 1986).

}qdb

Biotite-quartz diorite (Mesozoic?)—Medium- to dark gray, medium grained quartz diorite;
slightly gneissic. Locally contains inclusions of coarse-grained quartz diorite a few m across,
and small elongate bodies of marble, quartzite, and schist of Paleozoic (?) age (Smith, 1986).

}mg

Biotite Monzogranite (Mesozoic)—Light gray fine to coarse grained generally nonporphyritic monzogranite. Locally includes granodiorite. Foliated to locally gneissic. Mapped
by Smith (1986) as leucogranitic and metamorphic complex. (Smith, 1986; Powell and others
1983).

}mgp

Porphyritic Biotite Monzogranite (Mesozoic)—Light gray fine to coarse grained generally
non-porphyritic Monzogranite. Locally includes granodiorite. Foliated to locally gneissic.
Mapped by Smith (1986) as leucogranitic and metamorphic complex. (Smith, 1986; Powell and
others 1983).

}d

Biotite-Hornblende Quartz Diorite, Diorite, and Gabbro (Mesozoic)—Dark gray fine to
coarse grained diorite. Locally includes tonalite and granodiorite. Foliated. Mapped by Saul
(1976) as diorite. (Saul, 1986; Powell and others 1983).

}hd

Hornblende Diorite (Mesozoic)—Gray, medium- to coarse-grained hypidiomorphic granular
diorite. (Smith, 1986).

}a

Alaskite (Mesozoic?)—Salmon-pinkish-gray, medium-grained, mildly gneissic syenogranite.
Forms long thin klippe over a much larger mass of granitic rock (Smith, 1986).

}h

Hornblendite (Mesozoic)—Melanocratic coarse-grained hornbledite (Powell and others,
1983).

}m

Mylonite (Mesozoic)—Gray fine-grained to microcrystalline mylonite. Mapped by Smith
(1986) as siliceous metasedimentary rock. (Powell and others, 1983; Smith 1986).

}dg

Diorite gneiss (early to middle Mesozoic)—Dark-colored gneisses including metadiorites,
massive hornblende diorite, and amphibolite and biotite schists (60-80% plagioclase, 5-15%
quartz, 5% or less potassium feldspar, locally as much as 30% biotite and locally as much as
10% brown hornblende); intrudes the Placerita Formation and intruded by Cretaceous granitic
rocks; (Oakeshott, 1958).

^lgd

Mount Lowe intrusive suite, undivided (Triassic)—A compositionally layered pluton
exposed over a large area in the western San Gabriel Mountains and northeastern Soledad basin
(studied and described by Ehlig, 1981); varies from hornblende diorite and quartz diorite near
the base to albite-rich granite and syenite in the upper part; large phenocrysts of hornblende,
orthoclase and garnet contribute to distinctive appearance (pebbles and cobbles are readily
recognizable as clasts in younger gravel deposits); metamorphosed to lower amphibolite facies
and upper amphibolite facies (grade apparently varies with proximity to Cretaceous intrusive
rocks); average composition 60-90% feldspar, of which plagioclase (oligoclase to albite) is
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most abundant and orthoclase occurs chiefly as phenocrysts, quartz ranges from a trace to as
much as 25 %, averages about 10% (Ehlig, 1981). Initially named Mount Lowe Granodiorite by
Miller (1926 abstract), subsequently termed Lowe Granodiorite by Miller (1934, 1946);
renamed Mount Lowe intrusion by Barth and Ehlig (1988). The common usage of most source
maps has been retained in this map compilation. A U-Pb age on zircon is reported as 220 ± 10
my (Silver, 1971), and a Rb-Sr whole rock age of 208 ± 14 my reported by Joseph and others
(1982). Joseph and others (1982) also report a high (800-1,100 ppm) Sr content, a low initial
87
Sr-86Sr ratio of 0.70456 ± 0.00003, and a high alkali content (Na2O = K2O ~ 10 wt.%). More
recently, Barth and others (1990) report a U-Pb zircon age of 218 my. Subunits include:
^lgb

Mount Lowe intrusive suite, biotite-orthoclase facies—As much as 10 percent biotite in a
nearly white granular plagioclase and subordinate (less than 25 percent) quartz matrix. Has
orthoclase phenocrysts; hornblende phenocrysts prominent in other subunits are absent,
although a few hornblende-bearing layers occur in the lower part of this subunit (Dibblee 1996,
2001; Ehlig, 1981 and unpublished).

^lgdp

Mount Lowe intrusive suite, Porphyritic facies—Orthoclase phenocrysts in granular matrix
of plagioclase and subordinate quartz; garnet also occurs as small crystals concentrated in
veinlets (Dibblee 1996, 2001; Ehlig, 1981 and unpublished).

^lgdh

Mount Lowe intrusive suite, orthoclase-hornblende facies—Light gray hornblende diorite
(Dibblee 1996, 2001; Ehlig, 1981 and unpublished).

^lgm

Metamorphosed Mount Lowe intrusive suite (Cretaceous and Triassic)—Relatively
uniform light-colored orthogneiss containing porphyroblasts (relict phenocrysts) of hornblende
and, less commonly, potassium feldspar in a plagioclase and quartz matrix. Parent plutonic rock
is (Triassic) Lowe Granodiorite and was metamorphosed during a Cretaceous orogenic event
(Morton, 1973a, p. 9; and D. M. Morton, oral communication, 2003).

^hdg

Hornblende diorite gabbro—dark to very dark gray, medium-grained hornblende diorite
gabbro. Massive to locally foliated. (Dibblee 1996, 2001; Ehlig, 1981 and unpublished).

}|sp

Serpentinite (Mesozoic or Paleozoic)—Light to dark green, well foliated, sheared and
slickensided serpentinite, altered peridotite (chiefly augite and olivine); slickensided fragments
up to boulder size; boundaries intensely sheared and relations to adjacent rocks obscure
(Barrows and others, 1975).

|gn

Gneiss complex (Paleozoic?)—Feldspathic gneisses, including granitic to granodioritic augen
gneisses, gneissic intrusive rocks of granitic to dioritic composition, amphibole-rich gneiss, and
local interlayered schist, quartzite, amphibolite, and marble; according to Jahns and
Muehlberger (1954), many of the gneisses are of hybrid origin, and some may be parts of the
Placerita Formation that have been intimately injected by younger igneous material.

|p

Placerita Formation (Paleozoic)—Metamorphosed sedimentary rocks, including marble,
dolomite, feldspathic gneisses, graphitic marble, quartzite, calcic pyroxene hornfels and a
variety of schists including feldspar-tremolite, graphite-tremolite, graphite-biotite-feldspar, and
tremolite-talc; the various schists and gneisses occur as septa and pendants of all sizes in a
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granodioritic host rock, along with diorite gneisses and migmatites. The best-preserved section
may be as much as 600 m thick. Named by Miller (1934), for exposures in Placerita Canyon,
the type locality. The age indicated by Oakeshott (1958) is pre-Cretaceous; however, Morton
(oral communication, 2003) indicates the age is Paleozoic. (Central Sunland 7.5’ quadrangle,
Oakeshott, 1958; southern Mint Canyon 7.5’ quadrangle, Saul and Wooton, 1983).
<gn

Gneiss (Proterozoic?)—Alternating discontinuous dark brown biotite-rich and light-colored
quartz-feldspar-rich layers and lenses; layers generally about an inch thick; sheared, as
expressed by an intricate structure of gneiss lenses with common local small microscopic tight
flow-type folds. Described by Morton (1973) and by Crook and others (1987) as Cretaceous or
older, but recently described by Morton (oral communication, 2003) as Precambrian. (Morton,
1973; Crook and others, 1987).
Anorthosite-gabbro complex of Oakeshott (1958) probably a result of differentiation of a single
parent magma. Anorthosite and gabbro are pervasively shattered, sheared and brecciated. Barth and
others (1995) indicate a general age of 1,200 Ma on the basis of dated zircons and
thermobarometry, substantially older than 930 ± 90 Ma and 810 ± 80 Ma lead-alpha zircon ages
determined by Neuerburg and Gottfried (1954).Unit is composed of sub-units mapped and
described by Carter (1980) including:

<an

Anorthosite-gabbro complex, anorthosite (Proterozoic)—Composed of medium- to very
coarse-grained plagioclase; light gray and white; contains more than 90 percent plagioclase
(andesine) and less than 10 percent mafic minerals (mostly hypersthene); grain size ranges from
less than 1 mm to more than 30 cm.

<agb

Anorthosite-gabbro complex, anorthosite with gabbro (Proterozoic)—Composed of
anorthosite as above with layers or zones of gabbro or diorite.10 to 50% mafic minerals, mostly
hornblende, white to gray, medium to coarse grained (Carter, 1980, 1982).

<sy

Anorthosite-gabbro complex, syenite (Proterozoic)—Composed of plagioclase feldspar
(andesine) with lesser potassium feldspar (Microcline-perthite). Has minute black specks of
magnetite which may be altered from augite. Rock is generally tan, stained rusty tan to brown
by limonite where weathered. (Jahns and Muehlberger, 1954; Oakeshott, 1958; Carter, 1980,
1982).

<fgb

Anorthosite-gabbro complex, ferro-gabbro (Proterozoic)—Composed mostly of ferromagnesian minerals with lesser feldspars dark greenish brown. Contains sub-metallic molecules
of iron ilmenite (magnetite-titanite). Intrusive into Pan and Psy. (Carter, 1980, 1982).

<lgb

Anorthosite-gabbro complex, leucogabbro (Proterozoic)—Light gray compositionally
layered gabbro, leucogabbro and anorthosite (Carter, 1980, 1982).

<jgb

Anorthosite-gabbro complex, jotunitic gabbro (Proterozoic)—Light gray compositionally
layered gabbro with antiperthitic andesine. (Carter, 1980, 1982).

<jgba

Anorthosite-gabbro complex, jotunite-norite-gabbro-diorite (Proterozoic)—Composed of
hornblende, chlorite, biotite, and actinolite (altered from pyroxene) and limonite-magnetite,
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dark greenish brown, locally compositionally layered, contains inclusions of anorthosite
(Carter, 1980, 1982).
<ggn

Anorthosite-gabbro complex, gabbroic to anorthositic gneiss (Proterozoic)—Rocks of the
anorthosite-syenite complex that were strongly deformed and in part recrystallized during
emplacement of the Triassic Mt Lowe Intrusive suite (Carter, 1980, 1982).

<gb

Anorthosite-gabbro complex, gabbro (Proterozoic)—Gray, mottled with greenish or
brownish black, and solid dark greenish and brownish black; mafic mineral content ranges from
35 percent to 65 percent of rock; compositionally ranging from gabbroic anorthosite to norite,
diorite, pegmatitic hornblende gabbro, and olivine gabbro. Chiefly xenomorphic granular
texture; alternating felsic and mafic bands, from a few inches to several feet in thickness are
common, but generally discontinuous. Feldspar is mostly calcic andesine (labradorite in more
mafic rocks), in many places partly altered to albite or albite-oligoclase. Pyroxenes (and
subordinate amphiboles) commonly altered to chlorite, antigorite and biotite (Oakeshott, 1958).
(Carter, 1980, 1982, Oakeshott, 1958).

<hbgb

Anorthosite-gabbro complex, hornblende bytownite gabbro (Proterozoic)—Fine to
medium grained foliated, layered, hornblende-chlorite gabbro with labradorite to bytwonite
plagioclase. Some layers of anorthosite (Carter, 1980, 1982).

<gbla

Anorthosite-gabbro complex, anorthosite inclusion-rich gabbro (Proterozoic)—Strongly
layered gabbro with numerous inclusions of anorthosite, some of which are up to 50 feet in
length (Carter, 1980, 1982).

<mgn

Mendenhall Gneiss (Proterozoic)—Layered migmatitic felsic gneiss and mafic granulite,
having rare interlayered augen gneiss and aluminous gneiss. Gneiss is characterized by largescale foliation, fracturing, jointing, and blocky shattering. Dikes of anorthosite and associated
rocks cut gneiss, and centimeter- to meter-scale fragments of gneiss are scattered through the
anorthosite. Most distinctive rock is dark gneiss with tint imparted by blue quartz (Oakeshott,
1958). Named by Oakeshott (1958, p. 21), who designated type locality on Mendenhall Peak.
Age of Mendenhall Gneiss is greater than 1,200 Ma age of anorthosite sequence (Silver and
others, 1963; Barth and others, 1995).
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ATTACHMENT B
ANALYSIS OF POTENTIAL ECOLOGICAL EFFECTS
OF FLOW DIVERSIONS ON WILLOW HABITAT

TECHNICAL MEMO
From: Eric Stein and Jenny Taylor – Southern California Coastal Water Research Project
(SCCWRP)
To: Marc Blain, David Jaffe - Psomas
Re: Analysis of Potential Ecological Effects of Flow Diversions on Willow Habitat
Date: September 14, 2018

Background and Approach
The ecological effects of flow diversions were assessed based on modeled relationships between hydraulic
changes and probability that the resultant physical conditions can support southern willow riparian
habitat conditions conducive to occupancy by least Bell’s vireo.
There are two general approaches that can be used to relate physical changes (e.g. changes in streambed
elevation or substrate composition) to biological effects (e.g. ability to support vireo). The first involves
creating a mechanistic model that predicts species occupancy through a series of equations that relate
physical changes to specific life history needs of the species. For example, predicting the expected
recruitment, growth, and scour of riparian habitat based on a time series of modeled patterns of velocity
and scour. The second approach involves establishing statistical relationships between physical
conditions and probability of a species occurring using a combination of output of hydraulic models and
presence vs. absence data of vireo over time.
For this study we used the statistical approach to estimate the probability of occurrence of vireo under
physical conditions associated with flow diversion scenarios. We chose this approach because 1) it is a
more efficient approach for evaluating ecological effects in a relatively small area over relatively short
periods of time; 2) it can be more directly related to available species observation data; 3) it produces a
probability estimate that provides flexibility in setting management thresholds (i.e. managers can select
a probability of effect that triggers a management decision); and 4) the hydraulic modeling does not
provide a long-enough time series of output (due to the computational complexity of the model) to
support a mechanistic approach.
The probability of effects on least Bell’s vireo were assessed using the following steps. Data preparation
was done in ArcGIS and analysis was completed in RStudio:
1. Physical properties in the study area were based on the hydraulic model output provided by
Psomas. We focused on depth, extent and duration of inundation, velocity, and shear stress as
the key output variables as these are the ones most likely to influence presence or absence of
willow riparian habitat preferred by the least Bell’s vireo. We focus primarily on the dry year
model output as the greatest differences were observed under dry conditions, and therefore, any
effects, if they occur, would be under dry conditions.

2. Initially, we planned to use vireo occurrence data as an indicator of suitable habitat. However,
despite a thorough literature review, we were only able to find a few instances of vireo nesting
and a few confirmed absences. Therefore, we decided to use willow presence as an indicator of
suitable habitat, which has been documented extensively in the literature.
3. Vegetation coverage of the study area was digitized for a representative wet year (2010) and dry
year (2014) using digital aerial imagery provided through the USDA National Agriculture Imagery
Program (NAIP). NAIP provides seamless georectified images with four color bands (red, green,
blue and near infrared) with known vintage. NAIP imagery is acquired at a one-meter ground
sample distance with a horizontal accuracy that matches within six meters of photo-identifiable
ground control points, which are used during image inspection. An unsupervised object
classification was used to attribute riparian trees and shrubs vs. non-target habitats, and raster
images were converted to polygons. Straggler trees and shrubs were manually deleted or
produced the final shape files.
4. Water velocity, percent of time inundated, water depth, shear stress, and arrival time variables
were used from the dry year hydraulic modeling. We focused on the dry year, because results of
the hydraulic modeling comparing the historical with predicted flows differed most significantly
for the dry year. These hydraulic parameters were selected because they are known to influence
recruitment, growth, and survival of riparian habitat. These variables were provided to us in
raster format, with approximately 18,000 pixels. We converted each pixel to a point and spatially
joined the hydraulic variable values to the vegetation layer. This created a dataset that related
the presence of willow with each of the hydraulic variables.
5. To begin to explore the relationship between each of the hydraulic variables and the occurrence
of willow, we compared the distribution of each variable for areas where willows were present
and areas where willows were absent using a two-sided t-test. Arrival time showed the least
difference between groups (p>0.1) and because the distributions looked so similar, we did not
include this variable in further analysis. The other four hydraulic variables did display a significant
difference between the two groups and were all significant at the α=0.001 level: Depth, shear
stress, velocity, and percent of year inundated. A correlation matrix (
6. Figure 1) was calculated for the remaining four hydraulic variables and shear stress was removed
based on its significant correlation with velocity (r=0.79).
7. Data were split randomly into 25% testing data and 75% training data. Initially a multinomial
regression was used to predict vegetation classes including coast live oak, riparian herbaceous,
and willow. However, this model severely overpredicted willow occurrence. Because we are
concerned with the potential reduction in willow habitat, we decided this model would not
provide a reliable answer to that question. Logistic regression analysis (eq. 1) was the next model
used to develop relationships between the three hydraulic properties and the presences or
absence of willow habitat. We used a binomial logistic regression model because it allows for
estimation of the probability of a binomial response (in this case presence vs. absence of willow
habitat) based on one or more predictor variables (in this case hydraulic properties). The resulting
plots allow for an estimation of the probability of vireo habitat occurrence based on a continuous
range of hydraulic variables (e.g. inundation time, water velocity).
Eq. (1): logit(willow presence) = 𝛽 + 𝛽 (depth) + 𝛽 (velocity) + 𝛽 (annual inundation )

8. The validation of the model with the testing data showed an overall accuracy of 81.9%. The model
was very good at predicting areas where willows were absent (specificity=89.9%) and much less
effective at predicting areas where willows are present (sensitivity = 13.5%). From an ecological
perspective, this makes sense because we can accurately predict areas where we know willows
are unlikely to occur. In contrast, there are other areas that are unlikely to support willows, but
where absence may be explained by a variety of factors beyond channel hydraulics (See
Attachment A). This suggests that our predictions of willow occurrence will be much less accurate
than our predictions of willow absence.
9. The dry year logistic regression model was used to predict willow occurrence with the modelled
hydraulic output under the proposed water diversion scenario. Dry wear model output was used
because the greatest differences in channel conditions were observed during the simulated dry
year. The same method was used to prepare the data as described above for the training data:
the velocity, percent inundation, and depth variables were converted to points and joined
together.

Results
All hydraulic variables tested showed significant differences (p < 0.001) in willow occurrence between
predicted future conditions and historic flow characteristics. However, given the small sample size of
vegetation polygons and the high number of hydraulic observations (>18,000), we believe the
significance estimates may be overestimated.
The basic logistic regression models are provided in Figure through 4 and show the probability of
willow occurrence for depth, annual percentage inundation time, and velocity, respectively. The
range on the x-axes are bounded by the values observed in the data and their associated probability
estimates. We see an increase in probability of willow occurrence with increasing depth and percent
annual inundation. These trends in depth and annual inundation percentage suggest that the some
persistent inundation is important for suitable willow habitat, which agrees with the literature. Lastly,
we see a steep decline in occurrence of willow habitat as the velocity increases. This suggests that
willows will not be present in active channels where velocity is highest.
Our models predict a slight decrease in probability of occurrence of willow habitat in dry years with
the proposed diversion compared to without the diversion. Changes in probability of occurrence vary
spatially and are most pronounced near the outlet to the spillway and at the margins of the basin
(Figure 5). In general, we see exaggeration of extreme values; increases in the probability of willow
occurrence in areas where occurrence was high and decreases in the probability of willow occurrence
where the occurrence was low. The most pronounced decrease predicted is a 13.8% decline in
probability of occurrence in the lower basin, near the spillway, associated with a slight decrease in
depth and duration of inundation. This is offset by a 6.6% increase in probability of occurrence at the
margins of the basin, also associated with change in depth and duration of inundation.
It is important to note that difference in velocity in the reservoir is not a driver of impacts to habitat
since the velocity is essentially zero for most of the ponded areas. The biggest influencing factor
appears to be the duration of inundation which is driven by a combination of hydrologic events and
the operational curve of the dam. Only in a statistically dry year with high flow events that occur late
in the storm season (as opposed to the average) do we see durational impacts to ponding extents in
the model. This change in duration of inundation also influences change in probability of willow

occurrence along the margins of the basin. However, as stated above, net changes in probability of
willow occurrence are less than 10%. As previously noted, we see no effects in the main portion of
the stream channel or during wet years. Finally, it is important to note, that this analysis only speaks
to the probability that willow habitat will or will not occur, it does not speak to health or vigor of the
community.

Caveats of Analysis
1. Pseudoreplication is an issue when observations are not random or independent. Our
observations were based on the pixel size of the hydraulic modeling, as opposed to randomly
selecting plots as our samples. Consequently, pseudoreplication may have introduced
additional uncertainty into our results.
2. The hydraulic variables that went into this analysis were averaged values based on wet and dry
years, therefore, they do not show the true extent of water inundation. We are not considering
that some areas do get inundated in dry years, or that some areas do not get inundated in dry
years. This likely is the reason the model had trouble finding differences between the areas that
do have willows and those that do not.
3. The presence of vegetation is a function of the current year’s precipitation, which we
considered, but also the precipitation and resulting hydraulics of many years prior, which we did
not consider.
4. The vegetation classification was completed because the original vegetation map which was
part of the EIR was too coarse (it was used in the multinomial regression which ultimately over
predicted willow). This vegetation classification was not ground-truthed, and it is likely that
other types of trees and shrubs, such as coast live oak, were included in what we designated
willow habitat.
5. Results of the statistical analysis are limited by the small area of analysis and low data density.
A regional analysis would have provided the opportunity to develop the logistic regression
model using a larger more robust data set, which would have improved confidence and
resolution in the model.

Figures

Figure 1: Dry year correlation plot of depth, shear stress, velocity, and annual inundation percentage. The correlation between
shear and velocity was above 0.7.

Figure 2: The relationship between water depth (ft) and the probability of occurrence of willow. Inset graph shows the full
logistic regression. Larger graph focuses on the range of depth values in the dry year hydraulic data set and the associated
estimates of probability of willow occurrence.

Figure 3: The relationship between average annual inundation percentage and the probability of occurrence of willow. Inset
graph shows the full logistic regression. Larger graph focuses on the range of inundation values in the dry year hydraulic data
set and the associated estimates of probability of willow occurrence.

Figure 4: The relationship between water velocity (ft/s) and the probability of occurrence of willow. Inset graph shows the full
logistic regression. Larger graph focuses on the velocity range in the dry year hydraulic data set and the associated estimates of
probability of willow occurrence.

Figure 1: Change in probability of willow with the diversion in a dry year, compared to a dry year with no diversion. Green
shows a decrease in probability, yellow is roughly no change, and red signifies an increase in probability. Note that green is
a decrease of 13.8% and red is an increase of 6.6%. Lower graphic shows a zoomed in view of the lower basin.

Attachment A: Box plots showing differences in ranges of hydraulic variables in areas where willows
were present (1) vs. absent (0)

Figure A-1: Boxplot showing water velocity (ft/s) values for observations where willow shrub was and was not present.

Figure A-2: Boxplot showing water depth (ft) values for observations where willow shrub was and was not present.

Figure A-3: Boxplot showing percentage of year with water inundation values for observations where willow shrub was and was
not present.

