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Definitions of Key Terms And Concepts
Adaptive management. A method for examining alternative strategies for
meeting measurable biological goals and objectives, and then if necessary,
adjusting future conservation management actions according to what is learned.
(65 FR 106, June 1, 2000) (See also Chapter 6 for alternative but similar
definitions of adaptive management.)
Anthropogenic. Caused or produced through human agency.
Baseline. The baseline is the existing environmental state, which includes past
and present impacts as well as the anticipated impacts of all permitted projects in
the inventory area.
Biological opinion (BO). The document stating the opinion of the U.S. Fish and
Wildlife Service and/or the National Oceanic and Atmospheric Administration’s
National Marine Fisheries Service as to whether or not a federal action is likely
to jeopardize the continued existence of listed species or result in the destruction
or adverse modification of critical habitat (50 CFR 402.02). A BO is one of the
decision documents of a consultation under Section 7 of the federal Endangered
Species Act.
Biodiversity. The variety of organisms considered at all levels, from genetic
variants of a single species through arrays of species to arrays of genera, families,
and higher taxonomic levels; includes the variety of ecosystems.
Buffer areas. Buffer areas are designated zones of agricultural lands, grassland,
or other habitat types adjacent to preserves that are intended to prevent or reduce
the undesired intrusion of biota, harmful materials, or disturbances into the
preserve, as well as the movement of covered wildlife species from preserve
areas into adjoining areas.
Conservation. According to the federal Endangered Species Act (Section 3[3]),
the terms conserve, conserving, and conservation are defined as the methods and
procedures necessary to bring any endangered or threatened species to the point
at which the measures provided under the Act are no longer necessary. Such
methods and procedures include, but are not limited to, activities associated with
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resource management such as research, census, law enforcement, habitat
acquisition and maintenance, propagation, live trapping, and transportation. The
Natural Community Conservation Planning Act defines conserve, conserving,
and conservation as the use of methods and procedures within the plan area that
are necessary to bring any covered species to the point at which the measures
provided pursuant to Chapter 1.5 … are not necessary, and for covered species
that are not listed pursuant to Chapter 1.5 …, to maintain or enhance the
condition of a species so that listing pursuant to Chapter 1.5 … will not become
necessary.
Conservation measure. A management action that, when implemented, will
partially or wholly achieve HCP/NCCP objectives for covered species,
vegetation communities, biodiversity, or ecosystem function.
Conserved habitat. Species habitat that is protected, enhanced, and/or restored
under the HCP/NCCP.
Construction monitoring. Monitoring by biologists of construction activities to
ensure that conservation measures are implemented and impacts to biological
resources are avoided or minimized in accordance with Plan requirements.
Contribute to recovery. Actions that measurably increase the baseline
conditions necessary to support for covered species and contribute to the eventual
de-listing of a listed species or prevention of listing of an unlisted species. A
contribution to recovery does not include actions necessary to avoid, minimize,
or mitigate impacts of covered activities,
Cover (e.g., canopy cover, areal cover). The area of ground covered by
vegetation of particular species or vegetation type, generally expressed as a
percentage.
Covered species. Those species addressed in the Plan for which conservation
measures will be implemented and for which the permittee seeks authorization
for take under Section 10 of the federal Endangered Species Act and Section
2081 of the California Endangered Species Act.
Critical habitat. An area designated as critical habitat by the U.S. Fish and
Wildlife Service pursuant to the federal Endangered Species Act. Critical habitat
areas are specific geographic areas, whether occupied by listed species or not,
that are determined to be essential for the conservation and management of listed
species, and that have been formally described and designated in the Federal
Register.
Dominance. The extent to which a given species predominates a community by
virtue of its size, abundance, or coverage.
Ecosystem. A community of organisms and their physical environment
interacting as an ecological unit.

East Contra Costa County HCP/NCCP

October 2006
A-2

J&S 01478.01

East Contra Costa County
Habitat Conservation Plan Association

Appendix A
Glossary

Ecosystem function. The sum total of processes operating at the ecosystem
level, such as the cycling of matter, energy, and nutrients.
Ecosystem restoration. The reestablishment of ecological functions within an
area that historically supported those functions.
Environmental gradient. A shift in physical and ecological parameters, as
characterized by transition zones between land-cover types and natural
communities or topographic gradients across a landscape.
Ephemeral stream. Stream that flows only in response to rain events and
receives no groundwater input.
Executive director. The Executive Director leads the Implementing Entity, and
is responsible for Plan implementation, staff management, funding acquisition,
and other managerial duties.
Extinct species. A species no longer in existence.
Extirpated species. A species no longer surviving in regions that were once part
of its range.
Fossorial. Adapted for digging or burrowing into the ground.
Geographic Information System (GIS). Computer-based mapping technology
that manipulates geographic data in digital layers and enables one to conduct a
wide array of environmental analyses.
Goal. A broad, guiding principle that identifies an expected outcome of the
Conservation Plan. Conservation strategy goals describe the desired future
condition for each covered species with full implementation of the Plan.
Habitat. The environmental conditions that support occupancy of a given
organism in a specified area (Hall et al. 1997). In scientific and lay publications,
habitat is defined in many different ways and for many different purposes. For
the purpose of the Plan, habitat is defined as the specific places where the
environmental conditions (i.e., physical and biological conditions) required to
support occupancy by individuals or populations of a given species are present.
Habitat may be occupied (individuals or population of the species are, or have
recently been, present) or unoccupied (see unoccupied habitat below).
Habitat creation. The establishment of a vegetation community in an area that
did not previously support it. For example, stock ponds can be created in areas
that previously did not support them by grading and installing a check dam.
Habitat enhancement. The improvement of an existing degraded vegetation
community. Enhancement involves improving one or more ecological factors,
such as species richness, species diversity, overall vegetative cover, or wildlife
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value. Enhancement activities typically occur on substrates that are largely
intact.
Habitat-limited. A habitat-limited species is one whose abundance, distribution,
or reproduction is limited by the availability or quality of suitable habitat. See
definition of suitable habitat below.
Habitat quality. The ability of the environment to provide conditions that
support the persistence of individuals and populations (Hall et al. 1997). The
precise meaning of quality varies by species and depends on the subject species’
specific needs in the context of a particular area. High-quality habitat for some
species comprises only foraging and resting elements; for others it comprises
foraging, resting, and nesting elements; for still others it may encompass all
elements needed for the species to complete its lifecycle. Low-quality habitat
would include only the minimal elements that support occurrence of the species.
High-quality habitat tends to support larger numbers of species than low-quality
habitat.
Habitat quantity. The area of the environment that supports or could support
occupancy of a given organism.
Habitat replacement. To replace habitat is to mitigate habitat loss by enhancing
or restoring habitat equivalent to or greater than the habitat lost.
Habitat restoration. Restoration is the establishment of a vegetation
community in an area that historically supported it, but no longer supports it
because of the loss of one or more required ecological factors. Restoration may
involve altering the substrate to improve a site’s ability to support the historic
vegetation community.
Harass. An intentional or negligent act or omission that creates the likelihood of
injury to wildlife by annoying it to such an extent as to significantly disrupt
normal behavioral patterns which include, but are not limited to, breeding,
feeding, or sheltering (50 CFR 17.3).
Harm. An act that actually kills or injures wildlife. Such an act may include
significant habitat modification or degradation where it kills or injures wildlife
by significantly impairing essential behavioral patterns, including breeding,
feeding, or sheltering (50 CFR 17.3).
Hydrology. The movement of surface and subsurface water flows in a given
area. The hydrology of an area is intimately connected with its precipitation,
soils, and topography.
Incidental take. Any taking otherwise prohibited, if such taking is incidental to,
and not the purpose of, the carrying out of an otherwise lawful activity (50 CFR
17.3).
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In-kind/like-value creation. Establishing the same vegetative community that
would provide the same ecological values over time as the vegetation community
affected. For example, creating an artificial vernal pool that supports species
similar to those found in an affected vernal pool would be in-kind/like-value
creation.
Intermittent stream. Stream that is supplied by both rainfall runoff and
groundwater; intermittent streams tend to be seasonal, flowing during the rainy
season and into the late spring or early summer.
Jurisdictional wetlands and waters. State and federally regulated wetlands and
other water bodies that cannot be filled or altered without permits from either
USACE under Section 404 of the CWA, the SWRCB or the RWQCBs under
either Section 401 of the CWA or the Porter-Cologne Water Quality Control Act,
or CDFG under Fish and Game Code Section 1602, as of the date the Plan takes
effect.
Land-cover type. The dominant feature of the land surface discernible from
aerial photographs and defined by vegetation, water, or human uses.
Land-use designation. The designation, by parcel, in an adopted city or county
General Plan of the allowable uses.
Loss of habitat. Loss of habitat is a reduction in habitat quality or quantity that
results from an adverse change in an environmental condition. Environmental
conditions may include cover, substrate, channel type, interacting species, river
area, reservoir area, water quality, and groundwater depth.
Metapopulation. A group of partially isolated populations belonging to the
same species that are connected by pathways of immigration and emigration.
Exchange of individuals occurs between such populations, enabling
recolonization of sites from which the species has recently become extirpated.
No-take species. Species for which take is not authorized under this
HCP/NCCP. In order to comply with the terms of the Plan, applicants for
coverage under the Plan must avoid all direct and indirect impacts on no-take
species. See Table 5-3 for a list of no-take species.
Out-of-kind/like-value. Establishing a similar, but not identical, vegetative
community with some of the same ecological functions and values as the affected
vegetative community over time.
Ordinary high water mark (OHWM). A line on the shore established by the
fluctuations of water and indicated by physical characteristics, such as a clear,
natural line impressed on the bank; shelving; changes in the character of soil;
destruction of terrestrial vegetation; or the presence of litter and debris.
Perennial stream. Year-round stream that is supplied by both rainfall runoff
and groundwater, as well as by substantial dry-season inputs.
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Performance indicator. The environmental variables that are quantitatively
measured over time to determine if enhanced/created/restored natural
communities have successfully met HCP/NCCP biological goals and objectives.
Performance objective. In monitoring, the optimal desired value for each
performance indicator. Performance objectives establish a higher threshold for
each indicator than that established for performance standards. Funding, design,
and management objectives for enhanced/created/restored natural communities
are established at levels that are designed to ensure that the performance
objectives are achieved. Failure to meet a performance objective would not
constitute a changed circumstance or require remedial measures.
Performance period. In monitoring, the time over which performance standards
must be met.
Performance standard. In monitoring, a minimum requirement necessary to
achieve biological goals and objectives. Failure to achieve a performance
standard could constitute a changed circumstance and require that remedial
measures be implemented.
Permittees. Those entities requesting a Section 10(a)(1)(B) incidental take
permit from USFWS and a take permit under the NCCPA from CDFG for the
species and activities covered in the accompanying HCP/NCCP.
Planning surveys. Surveys conducted by applicants for HCP/NCCP coverage
and used in the project-planning process to identify constraints and determine
which HCP/NCCP conservation measures are applicable. Planning surveys also
include surveys conducted by the Implementing Entity on potential preserve
lands to evaluate whether these lands will meet Plan requirements.
Population. A group of individuals of the same species inhabiting a given
geographic area, among which mature individuals reproduce or are likely to
reproduce. Ecological interactions and genetic exchange are more likely among
individuals within a population than among individuals of separate populations of
the same species.
Range. The geographic area a species is known or believed to occupy.
Practicable. Practicable means available and capable of being done after taking
into consideration cost, existing technology, and logistics in light of overall
project purpose (45 FR 85344, December 24, 1980: U.S. Environmental
Protection Agency, Part 40 CFR 230.3, Definitions).
Preconstruction surveys. Surveys conducted by applicants for HCP/NCCP
coverage for certain biological resources immediately prior to construction to
ensure that species and habitat avoidance and minimization measures can be
effectively implemented during construction of covered projects or
implementation of covered activities.
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Preserves. Preserves are discrete areas of conserved habitats managed as single
units under the HCP/NCCP.
Preserve System. All HCP/NCCP preserves considered collectively.
Protect habitat. To maintain the existing or enhanced extent of species habitat
through acquisition, easements, or other practicable processes for bringing
unprotected sites under protected status.
Recovery. The process by which the decline of an endangered or threatened
species is arrested or reversed or threats to its survival neutralized so that its
long-term survival in nature can be ensured. Recovery entails actions to achieve
the conservation and survival of a species (U.S. Fish and Wildlife Service and
National Marine Fisheries Service 1998), including actions to prevent any further
erosion of a population’s viability and genetic integrity, as well as actions to
restore or establish environmental conditions that enable a species to persist (i.e.,
the long-term occurrence of a species through the full range of environmental
variation).
Recovery Plan. A document published by USFWS that lists the status of a listed
species and the actions necessary to remove the species from the endangered
species list.
Riparian habitat. Vegetation associated with river, stream, or lake banks and
floodplains.
Ruderal. A species or plant community that occurs on a highly disturbed site.
Signature. Characteristic value, color, or texture on an aerial photograph that
correlates to a particular land-cover type.
Stream, perennial. A stream that flows throughout the year.
Stream, intermittent. A stream that flows only at certain times of the year,
generally in response to precipitation runoff or groundwater input.
Stream, ephemeral. A stream that flows only briefly in direct response to
precipitation in the immediate vicinity, and that does not receive groundwater
input.
Succession. The change in the composition and structure of a biological
community over time. Successional patterns often shift dramatically following a
major disturbance (e.g., fire, flood, anthropogenic clearing of land).
Suitable habitat. Habitat that exhibits the characteristics necessary to support a
given species.
Take. According to the federal Endangered Species Act (Section 3[18]), take
means to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect,
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or to attempt to engage in any such conduct. According to the California
Endangered Species Act (Section 86 of the California Fish and Game Code), take
means to hunt, pursue, catch, capture, or kill.
Umbrella species. A species whose range and habitat requirements are large and
broad enough to encompass the range and habitat requirements of other species.
Unoccupied habitat. Habitat that exhibits all the constituent elements necessary
for a species, but where surveys have determined that the species is not currently
present. The lack of individuals or populations in the habitat is assumed to be the
result of reduced numbers or distribution of the species such that some habitat
areas are unused. It is expected that these areas would be used if species
numbers or distribution were greater. See also definition of suitable habitat.
Urban-wildland interface. The narrow zone (<100 feet) between dense urban
development and natural land cover in which structures can be built to minimize
the damaging indirect effects on covered species or habitats of activities within
urban areas.
Vegetation community. A natural or artificial terrestrial community defined by
the dominant vegetation and the vegetation structure. This term is used
synonymously with the regulatory term natural community under the Natural
Community Conservation Planning Act of 2002.
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AGREEMENT
1.0

PARTIES

This Implementing Agreement (“Agreement”), made and entered into by and among the
United States Fish and Wildlife Service (“USFWS”) of the United States Department of
the Interior, the California Department of Fish and Game (“CDFG”) of the State of
California Resources Agency, the East Contra Costa County Habitat Conservancy (the
“Implementing Entity”), the County of Contra Costa (“County”), the City of Pittsburg
(“Pittsburg”), the City of Clayton (“Clayton”), the City of Oakley (“Oakley”), the City of
Brentwood (“Brentwood”), the East Bay Regional Park District (“Park District”) and the
Contra Costa County Flood Control And Water Conservation District (“Flood Control
District”), implements the East Contra Costa County Habitat Conservation Plan/Natural
Community Conservation Plan (“HCP/NCCP,” or “Plan”) as of the Effective Date,.
These entities may be referred to collectively as the “Parties” and individually as a
“Party.” USFWS and CDFG may be referred to collectively as the “Wildlife Agencies.”
Pittsburg, Clayton, Oakley and Brentwood may be referred to collectively as the “Cities.”
The Implementing Entity, County, Cities, Park District, and Flood Control District may
be referred to collectively as the “Permittees.”
2.0

RECITALS

The Parties have entered into this Agreement in consideration of the following facts:
2.1

2.2

2.3

The East Contra Costa County HCP/NCCP is intended to provide a
comprehensive framework to protect natural resources in eastern Contra
Costa County, while improving and streamlining the environmental
permitting process for certain projects that would cause impacts on
endangered and threatened species. The primary policy priority of the Plan
is to provide comprehensive species, wetlands, and ecosystem
conservation and contribute to recovery of endangered and threatened
species within East Contra Costa County while balancing open space,
habitat, agriculture, and urban development. To that end, the Plan
describes how to avoid, minimize, and mitigate, to the maximum extent
practicable, impacts on Covered Species and their habitats while allowing
for the urban development in selected regions of the County and the cities
of Pittsburg, Clayton, Oakley, and Brentwood.
The East Contra Costa County Habitat Conservancy is a joint powers
authority formed by its members, the County, and the Cities, to implement
the HCP/NCCP. The East Contra Costa County Habitat Conservancy is
the Implementing Entity.
The HCP/NCCP covers approximately one-third of the County, or
174,082 acres, all in East Contra Costa County, in which impacts from
certain development and other activities are evaluated, and in which
conservation will occur.

{00020990.DOC.7}

1

October 5, 2006
2.4

2.5

2.6

2.7

2.8

2.9

The area covered by the HCP/NCCP has been determined to provide, or
potentially provide, habitat for twenty-eight (28) species that are listed as
endangered or threatened, or that carry other special status, under federal
and state laws.
The Permittees are seeking authorization from the Wildlife Agencies for
the “take” of the twenty-eight (28) special-status species and certain other
species, as take is defined respectively under federal and state law (see
below at Section 3.46 of this Agreement), while carrying out certain
development and other activities.
The Wildlife Agencies’ take authorizations will cover urban development
only if it occurs (a) within the unincorporated areas of the County within
the Urban Limit Line (“ULL”) as the ULL may be amended during the
Term of this Agreement, or (b) within the jurisdictional limits of the Cities
as they may be amended during the term of this Agreement, provided that
any such amendments are consistent with certain assumptions made in the
HCP/NCCP. The Wildlife Agencies’ take authorizations will also apply
to specific rural infrastructure projects and activities outside the ULL or
the jurisdictional limits of the Cities and to land management activities on
lands protected as part of the HCP/NCCP “Preserve System,” as further
described in the HCP/NCCP.
The USFWS has jurisdiction over the conservation, protection, restoration,
enhancement and management of fish, wildlife, native plants and habitat
necessary for biologically sustainable populations of those species under
various federal laws, including the federal Endangered Species Act of
1973 (16 U.S.C. § 1531 et seq.) (“FESA”), the Migratory Bird Treaty Act
(16 U.S.C. § 701 et seq.) (“MBTA”), the Bald and Golden Eagle
Protection Act (16 U.S.C. § 668 et seq.) (“BGEPA”), the Fish and
Wildlife Coordination Act (16 U.S.C. §§ 661-666(c)) (“FWCA”), and the
Fish and Wildlife Act of 1956 (16 U.S.C. § 742(a) et seq.).
FESA prohibits the “take” of species listed as endangered or threatened
under FESA, as take is defined under federal law. Under Section
10(a)(1)(B) of FESA (16 U.S.C. § 1539(a)), USFWS may issue a permit
authorizing the incidental take of endangered or threatened species during
otherwise lawful activities if certain statutory requirements are met by the
applicant and such take will not appreciably reduce the likelihood of the
survival and recovery of the species in the wild. To obtain a federal
incidental take permit, the applicant must submit a habitat conservation
plan (“HCP”) describing, among other things, the steps the applicant will
take to minimize and mitigate to the maximum extent practicable the
impact of such “taking.” The Permittees submitted the HCP/NCCP to
USFWS, and applied for a federal permit for incidental take of Covered
Species within the Permit Area. The incidental take permit issued by
USFWS based on the HCP/NCCP will be issued concurrently with the
USFWS’ execution of this Agreement.
CDFG has jurisdiction over the conservation, protection, restoration,
enhancement and management of fish, wildlife, native plants and habitat
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2.10

2.11

2.12

2.13

2.14

necessary for biologically sustainable populations of those species under
various state laws, including the California Endangered Species Act (Fish
& G. Code, § 2050 et seq.) (“CESA”), the Natural Community
Conservation Planning Act (Fish & G. Code, § 2800 et seq.) (“NCCPA”),
the Native Plant Protection Act (Fish & G. Code, § 1900 et seq.)
(“NPPA”), and California Fish and Game Code sections 1600 et seq.,
1801, 1802, 3511, 4700, 5050 and 5515.
CESA prohibits the take of species listed as endangered, threatened or
candidate species under CESA. The NCCPA allows CDFG to authorize
by permit the take of any species, whether or not they are listed as
endangered or threatened under CESA, where the conservation and
management of the species are provided for in a natural community
conservation plan (“NCCP”) approved by CDFG. (Fish & G. Code, §
2835.) The Permittees submitted the HCP/NCCP to CDFG for approval
and permitting for take pursuant to NCCPA. The take authorization issued
by CDFG based on the HCP/NCCP will be issued concurrently with
CDFG’s execution of this Agreement.
The Park District manages more than 97,000 acres of parkland,
wilderness, shorelines, preserves and land banks in Alameda and Contra
Costa counties. Its mission is to acquire, develop, manage, and maintain a
high quality, diverse system of interconnected parklands that balances
public usage and education programs with protection and preservation of
natural and cultural resources. Approximately ninety percent (90%) of the
Park District’s lands are managed as natural parklands.
The HCP/NCCP was developed by the East Contra Costa County Habitat
Conservation Plan Association (“HCPA”) and contains a series of
measures to minimize and mitigate to the maximum extent practicable the
effects of specified categories of activities on certain special-status
species. The HCP/NCCP also includes measures to provide for the
conservation and management of the species and certain natural
communities.
The County and the Cities intend to allow developers, infrastructure
project proponents and certain landowners to receive coverage under the
federal incidental take permit and State take authorization for certain
development and other activities, subject to the conditions in this
Agreement, the HCP/NCCP and the permits. The Implementing Entity
may also negotiate agreements with other entities to allow certain
activities of theirs to be covered by the permits, subject to the conditions
in this Agreement, the HCP/NCCP and the permits, as described in
Section 13.2.4.
To streamline other environmental regulatory programs, the HCP/NCCP is
intended to serve as the basis for both a Streambed Alteration Agreement
issuance program with CDFG, under Section 1602 of the California Fish
and Game Code, and a Regional Permit with the United States Army
Corps of Engineers under Section 404 of the federal Clean Water Act,
although the Parties acknowledge that the approval of those programs by
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2.15

2.16

3.0

CDFG and the Army Corps of Engineers is independent of this
Agreement.
The HCP/NCCP was developed according to a planning process identified
in a planning agreement between the HCPA and CDFG (“Planning
Agreement”) (executed November 19, 2003). The planning process
included intensive study of the special-status species, their habitats, and
other natural communities, and proposed development and other activities
within the HCP/NCCP area; discussions between the HCPA and the
Wildlife Agencies; input from independent science advisors and the
public; and environmental review under the National Environmental
Policy Act (42 U.S.C. § 4321 et seq.) (“NEPA”) and the California
Environmental Quality Act (Pub. Resources Code § 21000 et seq.)
(“CEQA”).
The Permittees are agreeing to substantial commitments of land, natural
resources, financial resources, human resources and other assets to
conserve and manage the special-status species, their habitats and other
natural communities, in exchange for the assurances provided by the
Wildlife Agencies in this Agreement.

DEFINITIONS

The following terms as used in this Agreement will have the meanings set forth below.
Terms specifically defined in FESA, CESA or NCCPA or the regulations adopted by
USFWS and DFG under those statutes shall have the same meaning when used in this
Agreement. Definitions used in this Agreement may elaborate on, but are not intended to
conflict with, such statutory or regulatory definitions.
3.1
3.2

3.3
3.4
3.5

3.6

3.7

“Agreement” means this Implementing Agreement, which incorporates
the HCP/NCCP and the Permits by reference.
“Authorized Take” means the extent of incidental Take of Covered
Species authorized by the USFWS in the Federal Permit issued to the
Permittees pursuant to Section 10(a)(1)(B) of FESA, and the extent of
Take of Covered Species authorized by CDFG in the State Permit issued
to the Permittees pursuant to California Fish and Game Code section 2835.
“BGEPA” means the Bald and Golden Eagle Protection Act (16 U.S.C.
§ 668 et seq.).
“CDFG” means the California Department of Fish and Game, a
department of the California Resources Agency.
“CEQA” means the California Environmental Quality Act (Pub.
Resources Code § 21000 et seq.) and all rules, regulations and guidelines
promulgated pursuant to that Act.
“CESA” means the California Endangered Species Act (Fish & G. Code,
§ 2050 et seq.) and all rules, regulations and guidelines promulgated
pursuant to that Act.
“Changed Circumstances” means changes in circumstances affecting a
Covered Species or the geographic area covered by the HCP/NCCP that
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3.8
3.9

3.10
3.11

3.12

3.13

3.14

3.15

can reasonably be anticipated by the Parties and that can reasonably be
planned for in the HCP/NCCP. Changed Circumstances and planned
responses to Changed Circumstances are more particularly defined in
Section 12.2 of this Agreement and Chapter 10.2.1 of the HCP/NCCP.
Changed Circumstances do not include Unforeseen Circumstances.
“Chapter” means a chapter of the HCP/NCCP.
“Conserve,” “Conserving,” or “Conservation” means to use, and the
use of, methods and procedures within the HCP/NCCP Plan Area that are
necessary to bring the federally and state-listed Covered Species to the
point at which the measures provided pursuant to FESA and CESA are not
necessary, and to maintain or enhance the condition of the non-listed
Covered Species so that listing pursuant to FESA and CESA will not
become necessary.
“Conservation Measure” means each action detailed in Chapter 5 of the
HCP/NCCP that is a component of the Conservation Strategy.
“Conservation Strategy” means all of the conservation and management
measures described in Chapters 5 through 7 of the HCP/NCCP and as
further required by the Permits to minimize, mitigate and monitor the
impacts of Take of the Covered Species, plus all reporting requirements
described in Chapter 8.10 of the HCP/NCCP, and the Permittees’
responses to Changed Circumstances described in Chapter 10.2.1. of the
HCP/NCCP. The Conservation Strategy is more particularly defined in
Section 7, below.
“Covered Activities” means those land uses and conservation and
management activities described in Chapter 2.3 of the HCP/NCCP
(including all ground-disturbing projects and activities that may occur
within the Permit Area and Urban Development Area described in Chapter
2.3.1 of the HCP/NCCP, specific Rural Infrastructure Projects and
Activities described in Chapters 2.3.2 & 2.3.3 of the HCP/NCCP, and
management and recreational activities described in Chapter 2.3.4 of the
HCP/NCCP) to be carried out by the Permittees, their agents, Third Party
Participants and Participating Special Entities in the Permit Area that may
result in Authorized Take of Covered Species during the term of the
HCP/NCCP, and that are otherwise lawful.
“Covered Species” means the species, listed and non-listed, whose
conservation and management are provided for by the HCP/NCCP and for
which limited Take is authorized by the Wildlife Agencies pursuant to the
Permits. The Take of Fully Protected Species is not allowed. The Take of
extremely rare plants that are Covered Species is allowed only as
described in Section 8.4. Covered Species are listed in Exhibit B to this
Agreement.
“ECCC HCP/NCCP EIS/EIR” means the Joint Environmental Impact
Statement and Environmental Impact Report dated (XXXX XX, 2005)
prepared to analyze the environmental impacts of the HCP/NCCP and
Permits under NEPA and CEQA.
“Effective Date” means the date when both Permits are issued.
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3.16

3.17

3.18

3.19

3.20
3.21

3.22

3.23
3.24

3.25

3.26

3.27

3.28

“Federal Listed Species” means the Covered Species which are listed as
threatened or endangered species under FESA as of the Effective Date,
and the Covered Species which are listed as threatened or endangered
pursuant to FESA during the term of the HCP/NCCP as of the date of such
listing.
“Federal Permit” means the federal incidental Take permit issued by
USFWS to the Permittees pursuant to Section 10(a)(1)(B) of FESA, as it
may be amended from time to time.
“FESA” means the Federal Endangered Species Act of 1973, as amended
(16 U.S.C § 1531 et seq.) and all rules, regulations and guidelines
promulgated pursuant to that Act.
“Fully Protected Species” means any species identified in California Fish
and Game Code sections 3511, 4700, 4800, 5050 or 5515 that occur
within the Plan Area.
“HCP” means a habitat conservation plan prepared pursuant to Section
10 of FESA.
“HCPA” means the East Contra Costa Habitat Conservation Planning
Association, which was formed to develop the HCP/NCCP and will be
terminated by its members on or soon after the date on which the Permits
are issued.
“HCP/NCCP” means the Habitat Conservation Plan/Natural Community
Conservation Plan prepared by the HCPA and approved by the Wildlife
Agencies under Section 10 of FESA and section 2835 of the California
Fish and Game Code.
“Implementing Entity” means the East Contra Costa County Habitat
Conservancy.
“Initial Urban Development Area” means the Urban Development Area
where the Permits will apply to urban development as of the Effective
Date, as depicted in Figure 2.3 of the HCP/NCCP.
“Jurisdictional Wetlands and Waters” means State and federally
regulated wetlands and other water bodies that cannot be filled or altered
without permits from either the U.S. Army Corps of Engineers under
section 404 of the Clean Water Act or, from the State Water Resources
Control Boards under either section 401 of the Clean Water Act or the
Porter-Cologne Water Quality Act, or CDFG under section 1602 of the
Fish and Game Code, as further explained in Chapter 1.3.5 of the
HCP/NCCP.
“Listed Species” means a species (including a subspecies, or a distinct
population segment of a vertebrate species) that is listed as endangered or
threatened under FESA or CESA.
“Management Activities” means all management actions required by the
HCP/NCCP that are necessary to achieve HCP/NCCP biological goals and
objectives.
“Maximum Urban Development Area” means the largest area in which
urban development could occur without requiring a major amendment to
the Permits pursuant to Section 17.0 of this Agreement, if the Cities
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3.29

3.30
3.31

3.32

3.33

3.34

3.35

3.36
3.37

3.38
3.39
3.40

amend their jurisdictional boundaries and/or the County amends the ULL
during the term of the Permits, as long as those boundary amendments are
consistent with the assumptions supporting the changes to the Urban
Development Area provided in Chapter 2.3.1 of the HCP/NCCP.
“MBTA” means the federal Migratory Bird Treaty Act (16 U.S.C. § 703
et seq.) and all rules, regulations and guidelines promulgated pursuant to
that Act.
“NCCP” means a natural community conservation plan prepared
according to the NCCPA.
“NCCPA” means the California Natural Community Conservation
Planning Act (Fish & G. Code, § 2800 et seq.), as amended on January 1,
2003 and all rules, regulations and guidelines promulgated pursuant to that
Act.
“NEPA” means the National Environmental Policy Act (42 U.S.C. § 4321
et seq.) and all rules, regulations and guidelines promulgated pursuant to
that Act.
“Neighboring Landowners” means owners of those lands within 1.0 mile
of the Preserve System that are actively being used for agricultural
purposes at the time the HCP/NCCP preserve is established, and that are
eligible for Authorized Take beyond the baseline condition that existed
prior to the establishment of the neighboring HCP/NCCP preserve.
“Non-listed Species” means a species (including a subspecies, or a
distinct population segment of a vertebrate species) that is not listed as
endangered or threatened under FESA or CESA.
“Participating Special Entities” mean entities within the Plan Area that
are not subject to the Permittees’ jurisdiction that have entered into special
agreements with the Implementing Entity to participate in the HCP/NCCP
and receive Take authorization subject to the terms of this Agreement, the
HCP/NCCP and the Permits, plus any additional conditions imposed in the
special agreement.
“Party” or “Parties” means any or all of the signatories to this
Agreement.
“Permit Area” means the area within the Plan Area where the Permittees
are seeking authorization from the Wildlife Agencies for the Authorized
Take of Covered Species while carrying out Covered Activities, including:
(1) the Urban Development Area; (2) the footprint of specific Rural
Infrastructure Projects and Activities outside the Urban Development Area
described in Chapter 2.2.2 and Chapter 2.3.2 of the HCP/NCCP; and (3)
the boundaries of any land within the Plan Area that is acquired in fee title
or by conservation easement and managed as part of the Preserve System.
“Permits” means the Federal Permit and the State Permit.
“Permittees” means the Implementing Entity, County, Cities, Park
District and Flood Control District.
“Plan Area” means the geographic area analyzed in the HCP/NCCP,
located in the eastern portion of Contra Costa County, as depicted in
Figure 1-1 of the HCP/NCCP, attached to this Agreement as Exhibit A.

7

October 5, 2006

3.41

3.42

3.43

3.44

3.45

3.46

3.47

3.48

3.49

The Plan Area is further described in detail in Chapter 1.2.1 of the
HCP/NCCP. The Plan Area is also referred to as the “Inventory Area” in
the HCP/NCCP.
“Planning Agreement” means the document executed on November 19,
2003 by the Implementing Entity and CDFG pursuant to the NCCPA to
guide the preparation of the NCCP.
“Preserve Management Plan” means a site-specific implementation and
management plan for each preserve prepared pursuant to Section 10.3.2 of
this Agreement.
“Preserve System” means the land acquired and dedicated in perpetuity
through either a fee interest or conservation easement intended to meet the
preservation, conservation, enhancement and restoration objectives of the
Conservation Strategy of the HCP/NCCP.
“State Listed Species” means the Covered Species which are listed as
threatened or endangered species, or a candidate for such status, under
CESA, as of the Effective Date, and the Covered Species that are listed as
threatened or endangered, or a candidate for such status pursuant to CESA
during the term of the HCP/NCCP, as of the date of such listing.
“State Permit” means the state Take permit issued to the Permittees
pursuant to Section 2835 of the California Fish and Game Code, as it may
be amended from time to time.
“Take” and “Taking” have the same meaning provided by FESA and its
implementing regulations with regard to activities subject to FESA, and
also have the same meaning provided in the California Fish and Game
Code with regard to activities subject to CESA and NCCPA.
“Third Party Participants” means developers, infrastructure project
proponents, Neighboring Landowners, Participating Special Entities and
other persons or entities that qualify for and receive Take authorization
from a Permittee in exchange for compliance with applicable conservation
measures and other terms and conditions of this Agreement, the
HCP/NCCP and the Permits.
“ULL” or “Urban Limit Line” means the boundary of allowable urban
growth within the unincorporated area of Contra Costa County as
approved by voters in 1990 and amended by the County Board of
Supervisors in 2000 and in 2004, as it may be amended during the term of
the Agreement.
“Unforeseen Circumstances” under the Federal Permit means changes in
circumstances affecting a Covered Species or geographic area covered by
the HCP/NCCP that could not reasonably have been anticipated by the
plan developers and USFWS at the time of the plan’s negotiation and
development, and that result in a substantial and adverse change in the
status of a Covered Species. “Unforeseen Circumstances” under the
State Permit means changes affecting one or more species, habitat, natural
community, or the geographic area covered by a conservation plan that
could not reasonably have been anticipated at the time of plan
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3.50

3.51
3.52
4.0

development, and that result in a substantial adverse change in the status
of one or more Covered Species.
“Urban Development Area” means the area designated in the
HCP/NCCP for urban development, including (a) areas within the
unincorporated areas of the County and within the Urban Limit Line
(“ULL”) as it may be amended during the Term of this Agreement, and/or
(b) areas within the jurisdictional limits of the Cities as they may be
amended during the Term of this Agreement. Boundary amendments to (a)
or (b) will be automatically included in the Urban Development Area if,
and only if, the Implementing Entity determines in writing that they are
consistent with the assumptions supporting the changes to the Urban
Development Area provided in Chapter 2.3.1 of the HCP/NCCP.
“USFWS” means the United States Fish and Wildlife Service, an agency
of the United States Department of Interior.
“Wildlife Agencies” means USFWS and CDFG.

PURPOSES

This Agreement defines the Parties’ roles and responsibilities and provides a common
understanding of actions that will be undertaken to avoid, minimize and mitigate the
effects on the Covered Species caused by the Covered Activities within the Plan Area,
and to provide for the conservation of the Covered Species within the Plan Area. The
purposes of this Agreement are:
4.1
4.2

4.3

5.0

To ensure implementation of each of the terms and conditions of the
HCP/NCCP, this Agreement, the Federal Permit, and the State Permit;
To provide long term assurances to the Permittees that, pursuant to the
federal “No Surprises” provisions of 50 Code of Federal Regulations,
sections 17.22(b)(5) and 17.32(b)(5), and California Fish and Game Code
section 2820, subdivision (f), as long as the terms and conditions of this
Agreement, the HCP/NCCP, and the Permits are fully satisfied, no
additional land, water or financial compensation or additional restrictions
on the use of land, water, or other natural resources will be required of the
Permittees, either to minimize and mitigate the impacts of Authorized
Take, or to provide for the conservation and management of the Covered
Species in the Plan Area, except as provided in this Agreement and the
HCP/NCCP or required by law; and
To describe remedies and recourse should any Party fail to perform its
obligations as set forth in this Agreement.

INCORPORATION OF THE HCP/NCCP

The HCP/NCCP and each of its provisions are intended to be, and by this reference are,
incorporated herein. This Agreement is intended to specify, in contract language, the
obligations of the Parties under the HCP/NCCP, recognizing that the HCP/NCCP is a
conservation plan and was not drafted as a contract. In the event of any direct
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contradiction, conflict or inconsistency between this Agreement and the HCP/NCCP, the
terms of this Agreement shall control. In all other cases, the provisions of this Agreement
and the HCP/NCCP shall be interpreted to be consistent with and complementary to each
other.
6.0

LEGAL FINDINGS AND REVIEW BY THE WILDLIFE AGENCIES
6.1

USFWS Findings

As further described in the Federal Permit issued by USFWS, USFWS has found that the
HCP/NCCP satisfies the permit issuance criteria under Section 10(a)(2)(B) of FESA for
each Covered Species that is a Federal Listed Species within the jurisdiction of the
USFWS. This finding supports the Take authorization for Federal Listed Species
conferred to the Permittees as of the Effective Date.
For each Covered Species that is not a Federal Listed Species as of the Effective Date,
USFWS has found that the HCP/NCCP satisfies the permit issuance criteria under
Section 10(a)(2)(B) of FESA that would otherwise apply if such Covered Species were a
Federal Listed Species. This finding supports the Take authorization for Federal Nonlisted Species that shall automatically be conferred to the Permittees if and when the
species is listed pursuant to FESA.
The Take of Federal Listed Species that are plants is not prohibited under FESA, and
therefore Take authorization for federally listed plants is not necessary. Plant species
included on the list of Covered Species are listed on the Federal Permit in recognition of
the conservation measures and benefits provided for those plants under the HCP/NCCP.
As of the Effective Date, any reference in this Agreement or the HCP/NCCP to the
Authorized Take of Covered Species shall, for the purpose of incidental Take authorized
under Section 10(a)(1)(B), refer solely to Federal Listed Species other than plants on the
Covered Species list. If at any time during the term of this Agreement and the Federal
Permit, any plant listed on the Covered Species becomes subject to the take prohibition
under FESA, the Federal Permit shall automatically become effective as to such species,
and the Permittees shall receive incidental Take Authorization for that plant.
Concurrent with the USFWS’ execution of this Agreement, and on satisfaction of all
other requirements, USFWS issued to the Permittees the Federal Permit under Section
10(a)(l)(B) of FESA, authorizing the incidental Take by the Permittees of each Covered
Species within the jurisdiction of USFWS resulting from Covered Activities in the Permit
Area. The Federal Permit is conditioned on compliance with the terms and conditions of
this Agreement, the HCP/NCCP, and the Federal Permit.
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6.2

CDFG Findings
6.2.1

State Listed and Non-Listed Species

As further described in the State Permit and the findings issued by CDFG pursuant to the
NCCPA, CDFG has found that the HCP/NCCP satisfies the permit issuance criteria listed
in Sections 2820, 2821 and 2835 of the California Fish and Game Code for each Covered
Species, both State Listed Species and Non-listed Species. This finding supports the Take
authorization for State Listed Species and Non-Listed Species conferred to the Permittees
as of the Effective Date.
Concurrent with CDFG’s execution of this Agreement, and on satisfaction of all other
requirements, CDFG issued to the Permittees the State Permit under Section 2835 of the
California Fish and Game Code, authorizing the Take by the Permittees of each Covered
Species, both State Listed Species and Non-listed Species, within the jurisdiction of
CDFG resulting from Covered Activities in the Permit Area. The State Permit is
conditioned on compliance with the terms and conditions of this Agreement, the
HCP/NCCP, and the State Permit.
6.2.2

State Fully Protected Species

Although one Fully Protected Species, the golden eagle, is included in the list of Covered
Species, Take of this species is not authorized by the State Permit. Section 3511 of the
California Fish and Game Code prohibits CDFG from authorizing the take of golden
eagles, except for necessary scientific research, including golden eagle recovery efforts.
If at any time there is a change in state law such that CDFG may issue a Section 2835
Permit or other permit or authorization allowing the incidental Take of golden eagle, the
Permittees may request an amendment to the State Permit or apply for a new permit to
authorize Take of such species, as provided in Section 17.3 of this Agreement.
6.3

Environmental Review
6.3.1

Federal Law – National Environmental Policy Act

Issuance of the Federal Permit under Section 10(a)(1)(B) of FESA to the Permittees by
USFWS is an action subject to review under NEPA. USFWS is the lead agency under
NEPA. Prior to the Effective Date, USFWS evaluated the HCP/NCCP pursuant to NEPA
in the ECCC HCP/NCCP EIS/EIR.
6.3.2

State Law – California Environmental Quality Act

Approval of the HCP/NCCP and issuance of the State Permit under section 2835 of the
California Fish and Game Code to the Permittees by CDFG is an action subject to review
under CEQA. The HCPA is the lead agency, CDFG is the trustee agency, and CDFG and
the other Permittees are responsible agencies under CEQA. Prior to the Effective Date,
the Implementing Entity and CDFG each evaluated the HCP/NCCP pursuant to CEQA in
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the ECCC HCP/NCCP EIS/EIR, and issued findings addressing whether the
implementation of the HCP/NCCP would cause significant adverse impacts to the
environment. Unless otherwise required by CEQA or other applicable law, the
Permittees shall rely on and use relevant portions of the ECCC HCP/NCCP EIS/EIR and
the CEQA Findings when conducting future environmental review of Covered Activities.
7.0

CONSERVATION STRATEGY

Chapters 5, 6, 7, 8.10, and 10.2.1 of the HCP/NCCP describe a Conservation Strategy
that includes: the biological goals and objectives of the HCP/NCCP; avoidance and
minimization measures to reduce impacts resulting from Covered Activities; land
acquisition and assembly of the Preserve System; Preserve System management that
includes habitat creation, enhancement and restoration and species population
enhancement; Plan Area monitoring and reporting; and adaptive management. As further
provided in this Agreement, the HCP/NCCP and the Permits, the Implementing Entity,
other Permittees and Third Party Participants are each responsible to implement every
applicable Conservation Measure and other measures described in the HCP/NCCP when
engaging in Covered Activities and when otherwise required, as they may be modified
through adaptive management, whether or not such measures are specifically referenced
in this Agreement. For the purposes of this Agreement, all of these measures are
collectively referred to as the “Conservation Strategy.”
8.0

AVOIDANCE & MINIMIZATION OF IMPACTS
8.1

General Framework

As required by FESA and NCCPA, the Conservation Strategy includes measures to avoid
and minimize take of Covered Species and to conserve natural communities and Covered
Species at the landscape-, habitat- and species-level. Avoidance and minimization
measures include surveys and specific conditions on Covered Activities, all as further
detailed in Chapter 6 of the HCP/NCCP. Chapter 6 of the HCP/NCCP provides further
instructions to determine which avoidance and minimization measures are applicable to
particular Covered Activities. Each Permittee and Third Party Participant shall implement
all applicable avoidance and minimization measures as required by the HCP/NCCP. Prior
to approving or carrying out any Covered Activity under its land use jurisdiction, the
County and Cities shall evaluate the Covered Activity and apply those instructions to
ensure that all applicable avoidance and minimization measures are incorporated into the
Covered Activity, as further provided by this Agreement. For those Covered Activities
that are not implemented directly by, or subject to the land use jurisdiction of, any
individual Permittee, the Implementing Entity shall be responsible to ensure that all
applicable avoidance and minimization measures are implemented. Throughout this
Section 8.0, the phrase “the Permittee or the Implementing Entity” shall be construed to
refer to the Permittee that will implement the project or, in reference to Third Party
Participants, to the County or City with land use authority over the subject Covered
Activity, and shall be construed to refer to the Implementing Entity only with regard to
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Covered Activities that are not implemented directly by any other Permittee and are not
subject to the land use authority of the County or any City.
8.2

Surveys

Planning surveys are required prior to carrying out any Covered Activity for which a fee
is collected or land in lieu of a fee is provided. Each proponent of such Covered
Activities is required to submit a planning survey for approval by the applicable
Permittee or the Implementing Entity in accordance with Chapter 6.2.1 of the
HCP/NCCP, prior to carrying out the Covered Activity. In reviewing the planning
survey, the Permittee or the Implementing Entity will ensure that the project proponent
implements and complies with all applicable preconstruction surveys and construction
monitoring requirements described in Chapters 6.2.2 and 6.2.3 of the HCP/NCCP.
8.3

Responsibility for Projects at the Urban-Wildland Interface

Development projects adjacent to land in the existing or planned Preserve System shall
incorporate Conservation Measure 1.9, set forth in Chapter 6 of the HCP/NCCP, which
requires design elements to minimize the indirect impacts of the development on the
Preserve System. The applicable Permittee or the Implementing Entity shall ensure that
each such project incorporates adequate design elements, and shall be responsible for
enforcing continuing compliance. All applicable design elements to establish a
satisfactory interface shall be within the footprint of the development, and not within the
Preserve System. The implementation and ongoing maintenance of the design elements
shall be funded by the development project’s property owner(s) and/or their successors,
as described in Conservation Measure 1.9. In the event that complying with Conservation
Measure 1.9 would severely impact a property owner’s use or economic interest in
private property, the County, City or Implementing Entity, as applicable, and the Wildlife
Agencies shall promptly consult with the property owner to consider whether any
modifications to Conservation Measure 1.9 are appropriate that will reduce the impact on
the property owner. Where compliance with Conservation Measure 1.9 would deny a
private property owner of substantially all economically viable use of his or her property,
the County, City or Implementing Entity, as applicable, and the Wildlife Agencies shall
confer and identify modifications or alternatives to Conservation Measure 1.9 that would
not deny substantially all economically viable use.
8.4

No Take of Extremely Rare Plants or Fully Protected Species

Nothing in this Agreement, the HCP/NCCP or the Permits shall be construed to allow the
Take of extremely rare plant species listed in Table 6-5 of the HCP/NCCP (“No-Take
Plant Population”) or any Fully Protected Species under California Fish and Game Code
sections 3511, 4700, 4800, 5050 or 5515. All Permittees and Third Party Participants
shall avoid take of these species.
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8.4.1

No-Take Plant Management Plans

If a no-Take plant population is found on the site of a Covered Activity, it is the
responsibility of the project proponent, whether a Permittee or a Third Party Participant,
to adequately preserve the population, prepare a long-term management and monitoring
plan, and fund the implementation of this plan, all pursuant to Conservation Measure 1.11
in the HCP/NCCP. If a no-Take plan population is found on the site of a Covered
Activity that will be implemented by a Permittee, the Permittee shall be independently
responsible for ensuring that the population is preserved and that a long-term
management and monitoring plan is prepared and funding for implementation is
provided, in accordance with Conservation Measure 1.11. Each Third Party Participant
shall submit the plan for approval to the Permittee or the Implementing Entity prior to
carrying out the Covered Activity.
In the event that complying with Conservation Measure 1.11 would severely impact a
property owner’s use or economic interest in private property, the Implementing Entity
and the Wildlife Agencies shall promptly consult with the property owner to consider
whether any modifications to Conservation Measure 1.11 are appropriate that will reduce
the impact on the property owner, or whether the Implementing Entity may instead
purchase the property as part of the Preserve System. Even if the property owner sells or
otherwise transfers ownership of the land to the Preserve System, the property owner is
responsible to fund the preparation and long-term implementation of the management and
monitoring plan for conservation of the plant population.
8.4.2

Golden Eagle

Although the list of Covered Species includes the golden eagle, which is a Fully
Protected Species, the Permits do not authorize Take of this species. CDFG
acknowledges and agrees that if the avoidance measures set forth in the Conservation
Strategy, including but not limited to Conservation Measure 1.11, are complied with, the
Covered Activities are not likely to result in Take of golden eagles. If CDFG determines
that such measures are not adequate to prevent Take of golden eagles, CDFG shall notify
the Implementing Entity and other affected Permittees in writing of its determination, and
propose new, additional or different conservation measures designed to avoid Take of
these species. The affected Permittees shall implement the measures proposed by CDFG,
or other measures mutually agreed to by the Parties, to avoid Take of golden eagles.
8.5

Design Requirements for Covered Roads Outside the Urban Limit
Line

New roads or major road improvements identified as a Covered Activity shall adopt
siting, design and construction requirements according to Conservation Measure 1.14 and
Table 6-3 in the HCP/NCCP. Any such project in the Plan Area shall submit an
application to the Implementing Entity, CDFG and USFWS, describing how the project’s
siting, design and construction complies with Conservation Measure 1.14, Table 6-3, and
all other applicable conservation measures in the HCP/NCCP. To qualify for Authorized
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Take, the project’s siting, design, and construction must conform to the applicable
requirements of the HCP/NCCP, as determined by the Wildlife Agencies based on the
application.
8.6

Delineation of Jurisdictional Wetlands and Waters

When Jurisdictional Wetlands or Waters are present on the site of a Covered Activity, the
project proponent shall provide a jurisdictional delineation verified by the U. S. Corps of
Engineers, an appropriate State regulatory agency, or the Implementing Entity according
to Chapter 6.3.1 of the HCP/NCCP and present a report on the verified delineation to the
appropriate Permittee prior to carrying out the Covered Activity.
9.0

LAND ACQUISITION & ASSEMBLY OF PRESERVE SYSTEM
9.1

General Framework

The Implementing Entity shall create a Preserve System by acquiring land and dedicating
it in perpetuity to the Preserve System through either a fee interest or conservation
easement. The Implementing Entity may also include in the Preserve System lands
acquired by the Park District in accordance with Section 9.4, below, and lands acquired
through partnerships with other entities in accordance with Section 9.5. Where the
Implementing Entity itself acquires a fee interest in land, preservation shall be ensured
through restrictive covenants, deed restrictions, or equivalent title restrictions, recorded in
favor of the Wildlife Agencies. Where acquisition is by conservation easement, each
conservation easement shall provide for the permanent protection and dedication of the
land to the Preserve System, consistent with the criteria listed in Chapter 8.6.3 of the
HCP/NCCP. All acquisitions shall adhere to the principles and priorities for preserve
design, and for species population and habitat preservation and enhancement, as set in
Conservation Measure 1.1 of the HCP/NCCP, including any Zone and Subzone
Requirements detailed in Conservation Measure 1.1 and the acreage requirements set in
Tables 5-7 and 5-8 of the HCP/NCCP. The creation of the Preserve System shall follow
the process contained in the Conservation Measure 1.1, which the Parties acknowledge
allows for some flexibility in how the Preserve System is ultimately assembled, including
the acceptance of credits from approved mitigation or conservation banks, to account for
availability and funding. The Implementing Entity shall also comply with the steps and
guidelines for land acquisition described in Chapters 5.2 and 5.3 of the HCP/NCCP.
As detailed in Table 5-9 of the HCP/NCCP, the Preserve System will contain a minimum
of 21,450 acres under the Initial Urban Development Area scenario, or a minimum of
26,050 acres under the Maximum Urban Development Area scenario.
9.1.1

Assembly of Preserve System – Implementing Entity’s
Responsibility for Mitigation and Conservation

Under FESA, the Permittees are required to mitigate the impacts of the Covered
Activities to the maximum extent practicable, and under the NCCPA the Permittees are
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required to provide for the conservation and management of the Covered Species. To
meet these legal requirements, the Implementing Entity shall be responsible to acquire all
land necessary to assemble the Preserve System according to the assumptions and criteria
set forth in Tables 5-5a, 5-5b, 5-7 and 5-8 of the HCP/NCCP and Conservation Measure
1.1 of the HCP/NCCP, minus the Wildlife Agencies’ contribution provided in Section
9.1.2 of this Agreement. Under both the Initial and Maximum Urban Development Area,
the Implementing Entity’s requirement to mitigate to the maximum extent practicable
will be fully satisfied through land acquisitions and other actions using mitigation fees
described in Chapter 9.3.1 of the HCP/NCCP. All other acquisitions will contribute to the
conservation component, rather than the mitigation component, of the Preserve System
and are therefore eligible for public funding. To complete the conservation component
beyond the Wildlife Agencies’ contribution in Section 9.1.2 of this Agreement, the
Implementing Entity will pursue other local funding sources described in Chapter 9.3.2 of
the HCP/NCCP, and will work jointly with the Wildlife Agencies to apply for
competitive state, federal and other land acquisition grants that are not directly
administered by the Wildlife Agencies.
9.1.2

Assembly of Preserve System – The Wildlife Agencies’
Contribution to Conservation and Recovery

To contribute to the conservation and recovery goals of the Covered Species under FESA
and the NCCPA, the Wildlife Agencies herein agree to share in the effort to acquire and
manage a portion of the number of acres needed to assemble the Preserve System as
stated in Section 9.1 of this Agreement. Thus, the Wildlife Agencies agree to use
reasonable efforts to contribute 8,700 acres, or to assist the Implementing Entity with
obtaining federal and state funding to acquire the same number of acres, in addition to the
land acquired by the Implementing Entity pursuant to Section 9.1.1 of this Agreement,
for perpetual dedication to the Preserve System and long-term management by the
Implementing Entity. The Wildlife Agencies will further assist the Implementing Entity
with applications for state, federal and other land acquisition grants that are not directly
administered by the Wildlife Agencies. As further explained in Section 9.3.3 of the
HCP/NCCP, based on an analysis of past investments and potential future investments
from these other state and federal funding sources, the Parties expect they will provide
funding sufficient to contribute an additional 4,650 acres of land to the Preserve System.
The agreement by the Wildlife Agencies in this Section 9.1.2 is subject to the limitations
provided in Section 24.8 of this Agreement. In the event the Wildlife Agencies are not
able to fulfill their agreement in this Section 9.1.2, the Implementing Entity and the
Wildlife Agencies will work together cooperatively to modify the Conservation Strategy
and Permits as necessary. However, because acquisitions and other actions that will be
adequately funded by the revenues generated by the County, Cities and Flood Control
District through Mitigation Fees and Local Funding mechanisms described in Chapter
9.3.1 of the HCP/NCCP will meet the mitigation responsibilities of the Permittees under
FESA in no case will the failure of the Wildlife Agencies to achieve their intended
contribution goal under this Section 9.1.2 result in the revocation or suspension of the
Federal Permit pursuant to Sections 19.0 or 21.0 of this Agreement.
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9.2

Stay Ahead Provision

The Implementing Entity shall ensure that progress towards assembling the Preserve
System stays ahead of progress towards total impacts allowed under the Permits, as more
particularly described in the Stay Ahead Provision set forth in Chapter 8.6.1 of the
HCP/NCCP. The Permittees shall not cause Take or extend Take authorization to a Third
Party Participant if such Take would result in a failure to comply with the Stay Ahead
Provision. To provide flexibility in complying with the Stay Ahead Provision throughout
the first ten (10) years of the term of this Agreement, the Implementing Entity may
satisfy the Stay Ahead Provision in Chapter 8.6.1 using either Stay Ahead Measurement
Method #1 or #2 detailed in Chapter 8.6.1. After the first ten (10) years, the
Implementing Entity shall use Stay Ahead Measurement Method #1.
The Implementing Entity shall report the status of the Stay Ahead Provision in each
Annual Report (see Section 11.4). The first Annual Report shall be prepared following
the first full calendar year of HCP/NCCP implementation and shall report on all
applicable activities and results from the Effective Date to the end of the first full
calendar year. Compliance with the Stay Ahead Provision shall be measured based on
each Annual Report, beginning with the second Annual Report; compliance with the Stay
Ahead Provision shall not be required until the time at which the second Annual Report is
due. If, based on any Annual Report (beginning with the second Annual Report), the
Stay Ahead Provision is not met for any land-cover type, the Implementing Entity and the
Wildlife Agencies shall meet and confer within thirty (30) days of the Annual Report to
develop and implement a mutually agreeable plan of action to remedy the situation and
achieve compliance with the Stay Ahead Provision, as further described in Chapter 8.6.1
of the HCP/NCCP.
9.3

Rough Proportionality Standard

Pursuant to section 2820, subdivision (b)(9) of the California Fish and Game Code, the
Implementing Entity, County, Cities and Flood Control District must “ensure that the
implementation of mitigation and conservation measures on a plan basis is roughly
proportional in time and extent to the impact on habitat or Covered Species.” Section
2820, subdivision (b)(9) also requires a statement of consequences of the failure to
acquire lands in a timely manner.
For purposes of the HCP/NCCP, whether “rough proportionality” is met shall be
determined pursuant to Chapter 8.6.1 of the HCP/NCCP. If at any time CDFG provides
written notification that rough proportionality on a plan basis has not been met, then the
Implementing Entity, County, Cities and Flood Control District will either: (1) regain
rough proportionality within forty-five (45) days; or (2) enter into an agreement with
CDFG within forty-five (45) days, which will set a course of action to expeditiously
regain rough proportionality. The agreement may include any of a variety of
commitments or adjustments to the NCCP designed to regain rough proportionality,
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including but not limited to, a plan to acquire, restore, or enhance lands of appropriate
vegetation or land-cover type expeditiously.
If the Implementing Entity, County, Cities and Flood Control District do not regain rough
proportionality within forty-five (45) days or enter into an agreement with CDFG within
forty-five (45) days setting a course of action to regain rough proportionality, CDFG will
suspend or revoke the State Permit, in whole or in part, pursuant to California Fish and
Game Code section 2820, subdivision (c). The Parties agree that partial suspension or
revocation may include removal of one or more species from the Covered Species list for
purposes of the State Permit or reducing the geographic scope of the Take authorization
provided by the State Permit. Before suspending or revoking the State Permit in whole
due to a failure to maintain rough proportionality, DFG shall meet with the Permittees to
determine whether mutually agreeable modifications to the HCP/NCCP would obviate a
suspension or revocation in whole. The Parties agree that if CDFG suspends or revokes
the State Permit, the Permittees may, based on the HCP/NCCP, apply for one or more
CESA incidental take permits under Section 2081, subdivision (b) of the California Fish
and Game Code to replace the State Permit, in which case CDFG shall expeditiously
review the application in accordance with CESA.
9.4

Land Acquired by the Park District

The Park District’s acquisitions within the Plan Area will be formally credited towards
the obligations set forth in Conservation Measure 1.1, including the Stay Ahead Provision
described in Section 9.2 of this Agreement, and added to the Preserve System where the
acquisition contributes to meeting the goals and objectives of the HCP/NCCP, is
approved by the Implementing Entity, ensures preservation through restrictive covenants,
deed restrictions, or equivalent title restrictions, recorded in favor of the Wildlife
Agencies, and the Park District agrees to manage the land in perpetuity pursuant to a
Preserve Management Plan as described in Section 10.3.2 of this Agreement. A Park
District acquisition may be so credited before the Preserve Management Plan has been
completed, provided the conditions described in Chapter 8.6 of the HCP/NCCP are met.
The Implementing Entity and Park District may further agree to record a temporary
conservation easement (notwithstanding Section 13.4 of this Agreement) or permanent
conservation easement on new Park District lands to provide additional assurances that
the lands will be preserved and managed in accordance with Section 10.3.2 of this
Agreement. Subject to the availability of funding, the Park District agrees to maintain its
historical rate of land acquisition within the Plan Area, which the Park District estimates
will result in the acquisition of approximately 10,000 acres over the initial 30-year term
of this Agreement, the Permits and the HCP/NCCP. The Park District agrees to
collaborate with the Implementing Entity to maximize the extent and ecological value of
jointly-funded land acquisitions in the Plan Area and further agrees that funds provided
by the Implementing Entity for land management and for land acquisition within the Plan
Area will be used to benefit the HCP/NCCP, and will not replace or redirect planned or
actual Park District expenditures within the Plan Area.
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9.5

Land Acquired Through Partnerships with Other Agencies and
Organizations

The Implementing Entity may enter into agreements and other partnerships involving
land acquisitions with other land management agencies and organizations where those
acquisitions meet the goals and objectives of the HCP/NCCP. However, such acquisitions
will be formally credited towards the obligations set forth in Conservation Measure 1.1,
including the Stay Ahead Provision described in Section 9.2 of this Agreement, only
where the acquisition (a) contributes to meeting the goals and objectives of the
HCP/NCCP, (b) contains a conservation easement or other permanent dedication of land
to the Preserve System, (c) will be managed in perpetuity pursuant to a Preserve
Management Plan, as described below in Section 10.3.2 of this Agreement, and (d) is
approved by the Implementing Entity. Such acquisitions may initially be credited toward
the obligations set forth in Conservation Measure 1.1 (including the Stay Ahead
Provision) before the Preserve Management Plan has been completed, provided the
conditions described in Chapter 8.6 of the HCP/NCCP are met.
9.6

Lands and Revenues Acquired Before Issuance of the Permits

Section 5.1.7 of the Planning Agreement provides that lands acquired before issuance of
the Permits may be credited towards the land acquisition obligations of the HCP/NCCP
under certain circumstances. The Parties agree that lands acquired after the Planning
Agreement was executed, but before issuance of the Permits, shall be formally credited
towards the obligations set forth in Conservation Measure 1.1 as set forth in Table 5-21
and Chapter 8.6.2 of the HCP/NCCP, in the subsection entitled “Land Acquisition During
Plan Development.”
In addition, the Parties acknowledge that, under terms negotiated separately between
public and private projects proponents and the Wildlife Agencies, funds have been
committed to the implementation of the HCP/NCCP to mitigate impacts from projects in
the Inventory Area that were approved during the development of the HCP/NCCP. Such
funds include funds in the account established by CDFG and maintained by the
California Wildlife Foundation for the mitigation of impacts in East Contra Costa County
and mitigation fees collected by the County for the mitigation of biological impacts
resulting from the construction of the State Route 4 Bypass and from certain flood control
projects. The Parties agree that all such funds will be transferred to the Implementing
Entity upon its request and shall be used by the Implementing Entity at its discretion to
implement HCP/NCCP conservation actions in the Inventory Area.
9.7

Faria South/Costa and Montecito Project Mitigation

Portions of two proposed projects southwest of the City of Pittsburg near Bailey Road,
the “Faria South/Costa Project” and the “Montecito Project,” were designated in the draft
HCP/NCCP as a high priority for inclusion in the Preserve System. After the draft
HCP/NCCP had been released for public review, the City in a public initiative adopted an
urban limit line that included both projects in their entirety. The Parties agreed that the
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public initiative reduced the feasibility of conserving land in that area to the extent
proposed in the draft HCP/NCCP. Consequently, the Parties considered an alternative
preservation approach in that area. As the result of subsequent discussions with the
proponent of the two projects, the Wildlife Agencies identified substantial, mutually
agreeable, additions of land to the Preserve System and funding for HCP/NCCP
implementation which would maintain the level of conservation evaluated in the draft
HCP/NCCP while allowing revision of the HCP/NCCP such that significant portions of
the two projects are no longer identified as a high priority for inclusion in the Preserve
System. These measures, generally described in Chapter 8.6.7 of the HCP/NCCP, differ
from the general mitigation fee and land acquisition requirements of the HCP/NCCP, but
they are consistent with the requirements of and further the HCP/NCCP Conservation
Strategy and provide sufficient mitigation for the two projects.
The details of the measures associated with the “Faria South/Costa Project” and the
“Montecito Project” are set forth in an in-lieu fee agreement as described in Section
13.2.2.2. Since this agreement was developed prior to formation of the Implementing
Entity, however, the agreement will be executed by the Wildlife Agencies. Execution of
such an in-lieu agreement, which conforms to the structure set forth in Chapter 8.6.7, or
which otherwise meets the criteria for in-lieu agreements set forth in Chapter 8.6.7,
supports Take authorization for the two projects under the Permits. Because the change in
high priority acquisition areas was based in part on the expectation that an alternative
mitigation and preservation approach that maintains the level of conservation evaluated
in the draft HCP/NCCP would be established in an in-lieu agreement, such an agreement
is necessary in order to authorize Take for these properties under the HCP/NCCP and the
Permits. The mitigation provided under the terms of the agreement will count toward
fulfillment of the HCP/NCCP obligations set forth in Conservation Measure 1.1.
9.8

Cypress Corridor Project Mitigation

The Cypress Corridor in the northeast portion of the City of Oakley is included in the
HCP/NCCP’s Urban Development Area. However, Oakley has completed or is near
completion of its environmental review of many projects in the area. The proponents of
these projects will pursue, or are currently pursuing, independent take authorizations
under Section 7 of FESA and/or CESA. As the result of discussions with the project
proponents, the Wildlife Agencies have identified substantial, mutually agreeable
additions of land to the Preserve System and funding for HCP/NCCP implementation that
they expect will provide sufficient mitigation for the projects without compromising the
overall viability of the Preserve System or the Implementing Entity’s ability to meet
HCP/NCCP goals and objectives. (Copies of the June 1, 2006 agreement between the
Wildlife Agencies and the project proponents, the “East Cypress HCP/NCCP
Memorandum of Agreement,” may be obtained from CDFG or the Implementing Entity.)
If such projects receive independent take authorizations under FESA and CESA based on
these alternative mitigation requirements, the projects will not be Covered Activities or
otherwise be covered by or subject to the HCP/NCCP or this Agreement, and will not
receive take authorization under the Permits. However, the Parties agree that the take
resulting from such projects and the mitigation provided will be accounted for in the
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HCP/NCCP and this Agreement as if the projects were Covered Activities for purposes
of calculating Stay Ahead and Rough Proportionality requirements in accordance with
Section 9.2 and Section 9.3 of this Agreement and with Chapter 8.6.1 of the HCP/NCCP
and will be credited toward the obligations set forth in Conservation Measure 1.1.
10.0

PRESERVE MANAGEMENT
10.1

Responsibility of the Implementing Entity

The Implementing Entity shall carry out the preserve management responsibilities, as
further described in this Section 10.0 and Chapters 5 and 7 of the HCP/NCCP. The
Implementing Entity may delegate planning and implementation tasks to other Parties or
qualified third parties, including but not limited to universities, scientists and other
contractors. However, the Implementing Entity shall remain solely responsible for
ensuring the management of the preserve lands in perpetuity and the timeliness and
quality of all requirements of preserve management, except where the Park District has
assumed that responsibility as provided in Section 10.2, below.
10.2

Management of Park District Lands in Preserve System

The Park District agrees to manage all of its lands that are formally credited toward the
obligations in Conservation Measure 1.1 and added to the Preserve System, as described
in Section 9.4, in accordance with a Preserve Management Plan, as described in Section
10.3.2. The Implementing Entity or other Permittee shall provide sufficient funds to the
Park District to pay for incremental costs incurred to prepare and update the Preserve
Management Plan and incremental land management costs incurred to meet the land
management standards set forth in Conservation Measure 1.1 in the HCP/NCCP. The
Park District shall be obligated to manage its lands in accordance with a Preserve
Management Plan only to the extent that it is provided sufficient funds for such
incremental costs. If the Permittees’ fail to provide the Park District with such funds and,
as a result of the lack of funding, the Park District does not manage some or all of its
lands that have been added to the Preserve System in accordance with a Preserve
Management Plan, the amount of the Park District’s lands that have been credited toward
the obligations in Conservation Measure 1.1 may be reduced accordingly by the Wildlife
Agencies. As used herein, “incremental costs” include only those costs related to
implementing the HCP/NCCP that would not otherwise be incurred by the Park District
to manage its lands. The Park District agrees to continue to fund the management of all
of its lands within the Plan Area to achieve its internal management standards and will
receive funding from the Implementing Entity only for incremental costs attributable to
meeting more rigorous standards imposed by the HCP/NCCP. Similarly, the Park
District shall ensure that long-term management of its lands within the Plan Area meets
HCP/NCCP standards (i.e., beyond the 30-year initial term of this Agreement, the
Permits and the HCP/NCCP) provided it receives the required incremental funding for
that purpose. The Implementing Entity may seek to enter into separate agreements with
the Park District to incorporate newly acquired Park District lands into the Preserve
System and may also seek to enter into one or more separate agreements to normalize
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cost-sharing arrangements and other coordination with regard to land acquisition and
management within the Plan Area, as further described in Section 13.6.
10.2.1 Recreational Uses
The Parties acknowledge that providing recreational opportunities on Park District lands
is integral to the Park District’s mission. The Parties further acknowledge that certain
low-intensity recreational uses are appropriate within the Preserve System, subject to
appropriate constraints to protect Covered Species and natural communities. The Parties
therefore agree that it is appropriate for the Implementing Entity, in consultation with the
Park District, to integrate the Park District’s recreation planning goals and objectives into
the system-wide preserve management plans and parcel-specific Preserve Management
Plans described in Section 10.3, below, for Park District lands within the Plan Area that
are being credited to the HCP/NCCP, to the extent consistent with the HCP/NCCP’s land
management goals and objectives and the requirements of this Agreement and the
Permits.
10.2.2 Coverage for Park District Land Management in Plan Area
The Park District’s management of lands that are formally credited toward the obligations
in Conservation Measure 1.1 and added to the Preserve System in accordance with
Section 9.4, above, shall be a Covered Activity. The Parties acknowledge that the Park
District may in the future seek State and Federal Take authorization for management of
its other lands in or near the Plan Area and may elect to prepare a separate habitat
conservation plan, a subarea habitat conservation plan/natural community conservation
plan designed to be integrated with the HCP/NCCP, or other conservation planning
document, for that purpose.
10.3

Preserve Management Plans
10.3.1 System-Wide Preserve Management

The Implementing Entity shall prepare and implement plans pursuant to Conservation
Measures 1.4 and 1.5 that shall apply to the entire Preserve System to control exotic
species and manage recreational uses. The Implementing Entity shall evaluate these
system-wide plans for effectiveness and revise them as appropriate (a) at least every five
(5) years until all preserve acquisition is completed, (b) every five (5) years after preserve
acquisition is completed, and (c) whenever necessary under Changed Circumstances
pursuant to Section 12.2 of this Agreement.
10.3.2 Preserve Management Plans
Within two (2) years of the dedication of any parcel of land that is not cultivated for
agriculture to the Preserve System, the Implementing Entity shall ensure that a Preserve
Management Plan prepared pursuant to Conservation Measure 1.2 adequately provides
for any necessary management or enhancement of the habitat, species populations, or
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other aspects of that land. Concurrent with the dedication of a particular parcel of land to
the Preserve System, the Implementing Entity will determine whether an existing
Preserve Management Plan provides sufficient implementing mechanisms and
management guidance to satisfy the Conservation Strategy, or whether a new Preserve
Management Plan must be prepared. If a new Preserve Management Plan is needed, the
Implementing Entity shall be responsible for ensuring the land is managed to maintain
and improve Covered Species habitat using the best available information and
management methods in practice within the Plan Area until the new Plan is completed, as
described in Conservation Measure 1.2.
The Implementing Entity shall evaluate each Preserve Management Plan for effectiveness
and revise it as appropriate (a) at least every five (5) years until all preserve acquisition is
completed, (b) as necessary pursuant to the adaptive management provisions of the
HCP/NCCP, and (c) whenever necessary under Changed Circumstances pursuant to
Section 12.2 of this Agreement.
10.3.3 Agricultural Management Plans
The Implementing Entity shall prepare an Agricultural Management Plan (“AMP”) for
cultivated agricultural lands that are acquired for preservation, pursuant to Conservation
Measure 1.3. For agricultural lands that are acquired through fee title, the Implementing
Entity shall include the terms of the AMP in any lease or other agreement that allows
continued agricultural use of the land. For lands that are acquired through conservation
easement, any key elements (i.e., essential requirements, restrictions or other criteria
required for the AMP) shall be included or referenced in the conservation easement, and
the AMP itself shall be completed within one (1) year after recording the conservation
easement.
10.3.4 Grazing Leases Within the Preserve System
The Parties acknowledge that livestock grazing can be an important management tool in
the Preserve System. The Implementing Entity may include lands in the Preserve System
that are subject to existing grazing leases, as long as the grazing leases are consistent with
the applicable Preserve Management Plan or AMP. The Implementing Entity shall
review all existing grazing leases within ninety (90) days of acquisition and shall
terminate or revise the leases as necessary to bring them into compliance with the
Preserve Management Plan, the AMP, and/or the terms and conditions of this Agreement,
the HCP/NCCP and the Permits. Notwithstanding the foregoing, the Implementing Entity
shall not be required to violate the terms of existing grazing leases. If a Preserve
Management Plan has not yet been prepared, the Implementing Entity may continue any
existing grazing leases on a parcel until a Preserve Management Plan is prepared. Once a
Preserve Management Plan is prepared, the Implementing Entity may renew an existing
grazing lease or enter a new grazing lease only if it is consistent with the Preserve
Management Plan and includes the requirements and conditions of Chapter 8.6.4 of the
HCP/NCCP.
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10.4

Review and Approval By the Wildlife Agencies

All system-wide and Preserve Management Plans shall be reviewed and approved by the
Wildlife Agencies. The Implementing Entity will also update and revise such plans as
part of the HCP/NCCP’s adaptive management program. The Implementing Entity shall
submit such plans or revisions in writing with a cover sheet explaining the plan or
revisions and the rationale for such plan or revisions. The Wildlife Agencies shall review
the submission and provide a joint response in writing within sixty (60) days. The
written response shall contain either an approval, which shall not be unreasonably
withheld, a description of reasonable modifications needed to reach approval, or an
objection accompanied by a written explanation of the objection. During preparation and
agency review of such plans and revisions, preserve management shall continue
according to the HCP/NCCP and best scientific practices.
11.0

PLAN AREA MONITORING & REPORTING
11.1

Responsibility of the Implementing Entity

The Implementing Entity shall carry out the compliance and effectiveness monitoring and
reporting plan, as further described in this Section 11.0 of this Agreement and Chapters
6.0 and 7.0 of the HCP/NCCP. The Implementing Entity may delegate monitoring and
reporting tasks to other Parties or qualified third parties, including universities, scientists
and other contractors. However, the Implementing Entity shall remain solely responsible
for all monitoring and reporting requirements in perpetuity and for the timeliness and
quality of the monitoring and reporting plan.
11.2

Compliance Monitoring

The Implementing Entity shall conduct compliance monitoring to track key
implementation elements of the HCP/NCCP, as specifically described in Chapters 8.9
and 8.10 of the HCP/NCCP and further provided herein.
11.2.1 Compliance Monitoring Database
Within eight (8) months of the Effective Date, the Implementing Entity shall develop a
Geographic Information System-linked data repository pursuant to Chapter 8.9 of the
HCP/NCCP, to organize all required compliance monitoring data, as such data is more
specifically described in Section 11.2.2 of this Agreement and Chapter 8.9 of the
HCP/NCCP. The Implementing Entity will either use the HabiTrak database developed
by CDFG, or a Geographic Information System-based data repository that is transferable
to HabiTrak. The Implementing Entity shall make the data repository accessible to the
Parties to this Agreement, including the Wildlife Agencies. The Wildlife Agencies shall
safeguard sensitive species information to the extent permitted by the Freedom of
Information Act and the California Public Records Act. Subject to the California Public
Records Act, the Implementing Entity shall maintain sole discretion over whether to
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grant access to any of the data in the database to third parties, including Third Party
Participants.
11.3

Effectiveness Monitoring

The Implementing Entity shall accomplish effectiveness monitoring of the HCP/NCCP
by implementing all elements of the integrated monitoring and adaptive management
program described in Chapter 7.0 of the HCP/NCCP.
11.4

Annual Report and Public Workshop

By March 15 of each year following the Effective Date, the Implementing Entity shall
prepare and submit an Annual Report to the Wildlife Agencies and the Permittees that
summarizes: the previous calendar year’s monitoring and research results; an accounting,
by project and cumulatively, of habitat acreage lost and conserved within the Plan Area
by habitat type or vegetation community, and assessment of the rough proportionality
standard under Section 9.3 of this Agreement. The first Annual Report shall be prepared
by no later than March 15 following the first full calendar year of HCP/NCCP
implementation and shall report on all applicable activities and results from the Effective
Date to the end of the first full calendar year. Each Annual Report shall address, at a
minimum, the descriptions and analyses detailed in Chapter 8.10 of the HCP/NCCP. The
Implementing Entity shall make the latest Annual Report accessible to the public via the
Internet, and at a publicly noticed open meeting jointly conducted on an annual basis by
the Implementing Entity, USFWS and CDFG to disseminate and discuss the annual
report.
11.5

Annual Implementation Meeting

Once each year, the Implementing Entity shall meet with USFWS and CDFG to review
and coordinate implementation of the HCP/NCCP. The Parties will review the Annual
Report described in Section 11.4 above for the purposes of evaluating the implementation
of the HCP/NCCP during the preceding year and the adequacy of the overall progress
being made towards reaching the conservation goals of the HCP/NCCP, utilizing
HabiTrak or a Geographic Information System-based system that is transferable to
HabiTrak. Items to be considered in the evaluation include, but are not limited to, all
contributions towards the assembly of the Preserve System, such as public lands, private
mitigation lands, land donations, land acquisitions, and management activities undertaken
or proposed on habitat lands. Habitat management activities undertaken or proposed will
also be discussed. The Parties will also review all available reports and recommendations
from Science Advisors, Land Management Agencies, the Independent Conservation
Assessment Team, and others involved in preserve management and monitoring as
described in Chapter 8.3.7 of the HCP/NCCP. If, based on this information, USFWS and
CDFG determine that adequate progress towards implementation of the HCP/NCCP is
not being achieved, CDFG and USFWS shall set forth their findings and the basis for
such findings in writing; and the USFWS, the CDFG, and the Implementing Entity will
take the actions specified in the HCP/NCCP and this Agreement to remedy that situation.
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If USFWS and CDFG determine that adequate progress towards implementation of the
HCP/NCCP is being achieved, but that it is nevertheless not providing sufficient
protection to the Covered Species, USFWS and CDFG shall set forth their findings and
the basis for such findings in writing; and then the Parties shall work cooperatively and
take appropriate actions consistent with the HCP/NCCP and this Agreement (such as
altering management activities or redirecting mitigation and acquisition) in order to
address the situation.
11.6

Other Reports

The Implementing Entity will provide, within thirty (30) days of being requested by the
Wildlife Agencies, any additional information in its possession or control related to
implementation of the HCP/NCCP that is requested by the Wildlife Agencies for the
purpose of assessing whether the terms and conditions of this Agreement, the
HCP/NCCP and the Permits are being fully implemented.
11.7

Monitoring by the Wildlife Agencies

The Wildlife Agencies may conduct inspections and monitoring in connection with the
Permits in accordance with applicable law and regulations.
12.0

ADAPTIVE MANAGEMENT & CHANGED CIRCUMSTANCES
12.1

General Framework of Adaptive Management

The Implementing Entity shall implement an adaptive management program as further
described in Chapter 7.0 of the HCP/NCCP, in order to gauge the effectiveness of the
HCP/NCCP, propose and modify conservation measures as the need arises, and address
Changed Circumstances. The adaptive management program will be based on biological
monitoring results and directed research, including hypotheses and studies, as applied to
specific pilot projects identified in Table 7-3 of the HCP/NCCP. The specific
responsibilities of the Implementing Entity in carrying out the adaptive management plan
are further defined in Chapter 7.0 of the HCP/NCCP.
12.1.1 Adaptive Management Initiated by the Implementing Entity
The Implementing Entity shall implement the HCP/NCCP adaptive management program
when changes in management practices are necessary to achieve the HCP/NCCP’s
biological objectives, or to respond to monitoring results or new scientific information, as
described more particularly in Chapter 8.0 of the HCP/NCCP. The Implementing Entity
will make such changes without awaiting notice from the Wildlife Agencies, and will
report to the Wildlife Agencies on any actions taken pursuant to this section.
12.1.2 Adaptive Management Initiated by the Wildlife Agencies
If the Wildlife Agencies determine that one or more of the adaptive management
provisions in the HCP/NCCP have been triggered and that the Implementing Entity has
not changed its management practices in accordance with Chapter 7.0 of the HCP/NCCP,
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the Wildlife Agencies shall notify the Implementing Entity and direct the Implementing
Entity to make the required changes. Within thirty (30) days after receiving such notice,
the Implementing Entity shall initiate the required changes and report to the Wildlife
Agencies on its actions. Such changes are provided for in the HCP/NCCP, and hence do
not constitute Unforeseen Circumstances or require amendment of the Permits or
HCP/NCCP, except as otherwise provided in this section.
12.2

Changed Circumstances
12.2.1 Federal Definition

Under Federal law, the term “Changed Circumstances” is defined to mean changes in
circumstances affecting a Covered Species or the geographic area covered by the
HCP/NCCP that can reasonably be anticipated by the Wildlife Agencies and the Parties,
and that can reasonably be planned for in the HCP/NCCP. (50 C.F.R. §17.3.)
12.2.2 State Definition
Under State law, the term “Changed Circumstances” is defined to mean reasonably
foreseeable circumstances that could affect a Covered Species or Plan Area covered by
the NCCP. (Fish & G. Code, §2805, subd. (c).)
12.2.3 Identification of Changed Circumstances
Changed Circumstances identified and planned for in the HCP/NCCP are specifically
listed in Chapter 10.2.1 of the HCP/NCCP, including new species listing; natural
communities lost to fire, invasion by new exotic species, pond or wetland control
structures fail, flooding destroys riparian plantings, and natural communities lost to
drought. In the event one of those specific Changed Circumstances occurs, the
Implementing Entity shall implement the remedial conservation measures identified in
Chapter 10.2.1 for the specific Changed Circumstance. As long as the HCP/NCCP is
being properly implemented, USFWS and CDFG shall not require any Permittee or Third
Party Participant to implement any conservation measures that are not listed in Chapter
10.2.1 of the HCP/NCCP to respond to Changed Circumstances. The Parties agree that
Chapter 10 of the HCP/NCCP addresses all reasonably foreseeable Changed
Circumstances and describes specific responses for them; other changes not identified as
Changed Circumstances shall be treated as Unforeseen Circumstances.
12.2.4 Responses to Changed Circumstances Initiated by the
Implementing Entity
The Implementing Entity shall notify the Wildlife Agencies within thirty (30) days after
learning that any of the Changed Circumstances listed in Chapter 10.2.1 of the
HCP/NCCP has occurred. As soon as practicable thereafter, but no later than thirty (30)
days after learning of the Changed Circumstances, the Implementing Entity will initiate
responsive actions in the manner described in Chapter 10.2.1 of the HCP/NCCP, to the
extent necessary to mitigate the effects of the Changed Circumstances on Covered
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Species, and will report to the Wildlife Agencies on its actions. The Implementing Entity
will initiate such actions without awaiting notice from the Wildlife Agencies. Such
actions are provided for in the HCP/NCCP, and hence do not constitute Unforeseen
Circumstances or require amendment of the Permits or HCP/NCCP.
12.2.5 Responses to Changed Circumstances Initiated by the Wildlife
Agencies
If the Wildlife Agencies determine that Changed Circumstances have occurred and that
the Permittees have not responded in accordance with Chapter 10.2.1 of the HCP/NCCP,
the Wildlife Agencies shall notify the Permittees specifically what changes the Wildlife
Agencies have determined must be made and direct the Permittees to make the required
changes. The Permittees shall make the required changes expeditiously. Within thirty
(30) days after receiving the Wildlife Agencies’ notice, the Implementing Entity shall
report on the Permittees’ action(s). Such changes are provided for in the HCP/NCCP, and
hence do not constitute Unforeseen Circumstances or require amendment of the Permits
or HCP/NCCP.
12.2.6 Listing of Species that are Not Covered Species
In the event that a non-Covered Species that may be affected by Covered Activities
becomes listed under FESA or CESA, the Implementing Entity will initiate responsive
actions or measures to avoid Take of, jeopardy to, or adverse modification of critical
habitat developed in consultation with the Wildlife Agencies until the respective Permit is
amended to include such species, or until the Wildlife Agencies notify the Implementing
Entity that such measures are no longer needed to avoid take of, jeopardy to, or adverse
modification of the critical habitat of the non-Covered Species.
12.3

No Increases In Take

This section does not authorize any modifications that would result in an increase in the
amount and nature of Take, or increase the impacts of Take, of Covered Species beyond
that analyzed under the original HCP/NCCP and any amendments thereto. Any such
modification must be reviewed as an HCP/NCCP amendment under Section 17.6 of this
Agreement.
13.0

IMPLEMENTING MECHANISMS

As of the Effective Date, each of the Permittees is granted Take authorization under the
Permits, pursuant to the terms and conditions of this Agreement, the HCP/NCCP and the
Permits. The Implementing Entity shall be responsible for overseeing and managing the
implementation of the HCP/NCCP. However, the Permittees collectively are ultimately
responsible for compliance with all applicable terms and conditions of this Agreement,
the HCP/NCCP and the Permits, and for the performance of the Implementing Entity,
including all applicable conservation measures, management plans, monitoring and
reporting requirements, and funding.
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13.1

Role of the Implementing Entity

The Implementing Entity shall be responsible for overseeing and managing the
implementation of the HCP/NCCP. The Implementing Entity’s responsibilities are
described in Chapter 8.3 of the HCP/NCCP and include, but are not limited to:
•
•
•
•
•

•

•
•

•
•
•
•
•

Overseeing the assembly and management of the Preserve System;
Receiving, managing, tracking, reporting and expending HCP/NCCP
implementation fee revenues collected by the other Permittees;
Auditing HCP/NCCP implementation fee revenues to determine whether the fees
must be increased or decreased, in accordance with Chapter 9 of the HCP/NCCP;
Calculating annually and distributing to Permittees tables depicting the
appropriate amounts of automatic fee increases, in accordance with Chapter 9 of
the HCP/NCCP;
Negotiating and approving in-lieu land dedications in accordance with Chapter
8.6.7 of the HCP/NCCP and Section 13.2.2.2 of this Agreement and resolving
other matters concerning HCP/NCCP implementation that require approval of the
Implementing Entity, as specified in this Agreement and the HCP/NCCP
including, but not limited to, the matters summarized in Chapter 8.7 of the
HCP/NCCP;
Ensuring that mitigation and conservation measures are being implemented
roughly proportional in time and extent to the impact of Authorized Take, as
provided in Section 9.3, and ensuring compliance with the Stay Ahead Provision,
as provided in Section 9.2;
Receiving, managing and expending HCP/NCCP implementation fee payments
made by, and extending Take authorization to, Participating Special Entities, in
accordance with Section 13.2.4 of this Agreement;
Providing technical support and advice to Permittees about what HCP/NCCP
measures apply to projects they implement or approve and how they should be
applied, including, but not limited, avoidance and minimization measures and the
amount of fee payments;
Promoting coordination among Permittees to ensure that the HCP/NCCP is
implemented consistently and effectively;
Receiving, managing and expending fee payments provided by Permittees for
Covered Activities they implement, in accordance with Section 13.1.1, below;
Preparing Preserve Management Plans, as further described in Section 10.3 of this
Agreement and Chapter 5 and Chapter 7 of the HCP/NCCP;
Preparing the Annual Report; and
Administering a Neighboring Landowner Agreement program in accordance with
Section 13.2.3.
13.1.1 Projects Implemented by Permittees

Most Covered Activities are likely to be implemented by Third Party Participants in
accordance with Section 13.2, below. However, some projects, such as rural road
projects, certain infrastructure projects, and certain operation and maintenance activities,
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will be implemented directly by the Permittees. Before implementing a Covered
Activity, a Permittee must comply with the terms of this Agreement, the HCP/NCCP and
the Permits, including as applicable the development fee, the rural road fee, the wetland
fee and temporary impact fee set forth in Chapter 9 of the HCP/NCCP. Where a Covered
Activity implemented by a Permittee falls within the category of activities subject to one
of the HCP/NCCP implementation fees, the Permittee shall calculate the fee payment as
described in Chapter 9 of the HCP/NCCP and shall transfer the payment to the
Implementing Entity before initiating the Covered Activity. Permittees may use any
applicable fee payment option provided in the HCP/NCCP including, but not limited to,
providing land in lieu of some or all fees, as described in Section 13.2.2.2 of the
Agreement and Chapter 8.6.7 of the HCP/NCCP. Each Permittee shall be responsible for
ensuring its own compliance with the terms of this Agreement, the HCP/NCCP and the
Permits with regard to any Covered Activity it implements. However, to document its
compliance, each Permittee shall complete an application substantially in accordance
with Chapter 8.7 of the HCP/NCCP for each Covered Activity it implements, shall
provide a copy of the application to the Implementing Entity, and shall retain the
application in its files for not less than three (3) years.
13.2

Extension of Take Authorization to Third Party Participants
13.2.1 General Provisions

As further provided by this Agreement, the HCP/NCCP and the Permits, the
Implementing Entity, County and Cities are authorized to extend the Take authorization
to Third Party Participants, including developers and other project proponents,
Neighboring Landowners, Participating Special Entities and other persons or entities that
agree to comply with all applicable conservation measures and other terms and conditions
of this Agreement, the HCP/NCCP and the Permits. The Implementing Entity, County
and Cities shall each be responsible for determining whether an application from a
potential Third Party Participant complies with all applicable terms and conditions and
must make findings supporting its determination before extending Take authorization to
the Third Party Participant. Prior to extending Take authorization to any Third Party
Participant, the County and Cities must adopt an HCP Implementing Ordinance pursuant
to Section 13.3 of this Agreement.
13.2.2 Project Proponents
Any project that is a Covered Activity shall be eligible to participate in the HCP/NCCP
and to receive Take authorization in accordance with the HCP/NCCP and the Permits.
To receive Take authorization under the Permits, the project’s proponent must enter into
an agreement with a Permittee that has approval authority over the project and assume the
obligation to comply with all terms and conditions of this Agreement, the HCP/NCCP
and the Permits that apply to the project. Alternatively, the Permittee may impose such
terms and conditions as conditions of project approval. Provided the project proponent is
obligated under an agreement or conditions of project approval to comply with such
terms and conditions, the Permittee shall extend the Take authorization to the project
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proponent upon issuance of a grading permit for the project or, if a grading permit is not
required, issuance of the first construction permit. The project proponent thereafter shall
be a Third Party Participant.
Once the Take authorization has been extended to the project, it shall remain in effect
with regard to the project, even if the Permits are suspended or revoked, for as long as the
Third Party Participant fully complies with the applicable terms and conditions of this
Agreement, the HCP/NCCP, and the Permits; provided, however, that if one or both
Permits are suspended or revoked, the USFWS or CDFG may suspend or revoke the
extension of Take authorization to the Third Party Participant if the USFWS or CDFG
determines that implementation of the project would likely jeopardize the continued
existence of a Covered Species. Before making such a determination, the USFWS and
CDFG will meet and confer with the Third Party Participant and the Permittee to discuss
the threat of jeopardy and possible ways to avoid it short of suspending or revoking the
extension of Take authorization to the project.
13.2.2.1

Early Extension of Take Authorization

A project proponent may receive an early (i.e., before issuance of a grading permit or first
construction permit) extension of Take authorization from a Permittee by paying all
HCP/NCCP related fees that apply to the proposed project, or by providing land in lieu of
some or all fees as described in Section 13.2.2.2, and by agreeing in writing to all other
applicable terms and conditions of this Agreement, the HCP/NCCP, and the Permits
upon, or at any time after, the Permittee’s approval of the project. Upon receiving such
Take authorization, the project proponent shall become a Third Party Participant and take
resulting from the project shall be authorized under the Permits. The Implementing
Entity may prohibit early extensions of take authorization if it determines they are
hindering its ability to implement or administer the Plan (for example, by accumulating
fee revenues faster than they can be spent, thereby diminishing the value of these funds in
the likely event that costs continually increase). Any such prohibition by the
Implementing Entity shall apply to subsequent early extensions of take authorization only
and shall not apply retroactively, where fees or in-lieu land dedications were made before
the prohibition is communicated in writing to the other Permittees.
A project proponent seeking an early extension of Take authorization shall be required to
pay the fees at the rates in effect for the calendar year in which the project proponent
pays them, including any subsequent fee adjustments that occur during that calendar year
(for example, after March 15 under the automatic fee adjustment or after a periodic
audit). This calendar-year adjustment applies only to early extensions of Take
authorization, and shall not apply to payments that coincide with a grading permit or first
construction permit so long as that grading permit or first construction permit is issued
before the calendar-year adjustment occurs. The project proponent shall not have to
provide any supplemental payment for fee increases in subsequent calendar year(s), even
if such increases occur before the grading permit or first construction permit is issued for
the project. Unless otherwise mutually agreed upon by the Permittee, Implementing
Entity, and the Wildlife Agencies, the fees may not be paid for and Take authorization
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may not be extended to a particular project until the Permittee has approved a tentative
subdivision map or similarly detailed project plan for the project.
13.2.2.2

Land Dedication In-Lieu of Development Fee

As an incentive to expedite assembly of the Preserve, a project proponent may propose to
dedicate land to the Preserve System in lieu of all or part of the fees ordinarily required
under the HCP/NCCP, as further described in Chapter 8.6.7. All in-lieu land dedications
and fee reductions shall be subject to the approval of the Implementing Entity, which
shall negotiate and evaluate in-lieu land dedication proposals on a case-by-case basis
using the criteria identified in Chapter 8.6.7. The details of an in-lieu land dedication, as
well as the Implementing Entity’s approval and the project proponent’s written
commitment to implement the proposal, shall be reflected in a written agreement between
the Implementing Entity and the project proponent.
The project proponent shall be
allowed to use the alternative measures reflected in the in-lieu land dedication agreement,
including alternative fee arrangements, to meet the requirements of this Agreement, the
HCP/NCCP and the Permits. All applicable terms of the HCP/NCCP shall apply to the
project, except as expressly provided in the agreement. Land use approvals issued to a
project proponent by a Permittee shall incorporate the requirements of the in-lieu
agreement, and shall not impose requirements for HCP/NCCP compliance that are
expressly excepted in the agreement. The Implementing Entity shall make each in-lieu
agreement available for public review.
13.2.3 Neighboring Landowners
The Implementing Entity shall administer a Neighboring Landowner Agreement
(“NLA”) Program, to provide Take authorization on neighboring lands that are actively
being used for agricultural purposes as of the Effective Date and that are within 1.0 mile
of land dedicated to the Preserve System. Take authorization for Neighboring
Landowners shall only be valid for those Neighboring Landowners that request a
Certificate of Inclusion from the Implementing Entity, which shall be issued only to those
Neighboring Landowners that meet the criteria provided in Chapter 10.2.9 of the
HCP/NCCP and in a form approved by the Wildlife Agencies.
Take authorization through the NLA Program shall not apply to individual animals or
populations of Covered Species and natural communities on neighboring lands that exist
prior to the establishment of the nearby portion of the Preserve System, as identified in a
baseline survey conducted at the time of the issuance of the Certificate of Inclusion. Take
authorization shall only apply to those Covered Species that may disperse onto the
neighboring lands after the dedication of the nearby portion of the Preserve System.
13.2.4 Participating Special Entities
The Implementing Entity may extend Take authorization to entities that are not subject to
the jurisdiction of any Permittee or whose proposed project or activities do not require a
permit from any other Permittee, including but not limited to school, water, irrigation,
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transportation, park and other districts and utilities, pursuant to a contractual agreement
that defines any and all planning, implementation, management, enforcement and funding
responsibilities necessary for the entity to comply with this Agreement, the HCP/NCCP,
and the Permits. The Implementing Entity may enter into such an agreement with a
Participating Special Entity only after the Participating Special Entity demonstrates its
compliance with all applicable terms and conditions of this Agreement, the HCP/NCCP
and the Permits in an application satisfying the criteria detailed in Chapter 8.4 of the
HCP/NCCP. Among other things, the agreement must adequately address the legal and
equitable remedies available to the Implementing Entity if the Participating Special
Entity fails to perform its contractual obligations. As provided in Chapter 8.5 of the
HCP/NCCP, after execution of such an agreement and the payment of all fees specified
by the Implementing Entity, including development fees, wetland fees, and temporary
impact fees, if applicable, the Implementing Entity shall issue a Certificate of Inclusion to
the Participating Special Entity that specifically describes the authorized Take and
required conservation measures. The Implementing Entity shall enforce the terms of this
Agreement, the HCP/NCCP, and the Permits with regard to any such Participating
Special Entity and shall withdraw the Certificate of Inclusion and terminate any Take
authorization extended to the Participating Special Entity if the Participating Special
Entity fails to comply.
13.3

HCP/NCCP Implementing Ordinance

No later than ninety (90) days after the Effective Date, the County and the Cities shall
each consider the adoption of an HCP/NCCP implementing ordinance substantially
similar to the model ordinance attached to this Agreement as Exhibit C that codifies the
process by which the jurisdiction will review applications from potential Third Party
Participant project proponents that wish to carry out a Covered Activity, impose a
HCP/NCCP related development fee, and extend Take authorization to eligible
applicants. Neither the County nor any of the Cities shall extend Take authorization to a
Third Party Participant project proponent prior to its adoption of an HCP/NCCP
implementing ordinance substantially similar to Exhibit C.
13.3.1 Application Requirements
Each HCP/NCCP implementing ordinance must include, among other things, application
requirements in accordance with Chapter 6.2 of the HCP/NCCP. At a minimum, each
implementing ordinance must require each Third Party Participants to submit the
following with application or proposal submitted to the County or City with jurisdiction
over the proposed project:
•
•
•
•

Definition of project area, including project footprint, extent of construction, and
extent of ongoing maintenance activities.
Written description of project, including maps.
Results of planning surveys, in accordance with Chapter 6 of the HCP/NCCP.
Compliance with avoidance and minimization measures, in accordance with
Chapter 6 of the HCP/NCCP.
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•
•

Quantification of anticipated direct and indirect impacts on HCP/NCCP landcover types, Covered Species habitat, and other HCP/NCCP resources.
Proposed conservation measures (e.g., land dedication, acquisition, fee).
13.3.2 Conditions of Approval

Each HCP/NCCP implementing ordinance must enable the County or applicable City to
include all necessary terms and conditions of this Agreement, the HCP/NCCP and the
Permits into the development agreement, permit approval, or other instrument that
extends the Take authorization to the Third Party Participant project proponent. Each
HCP/NCCP Implementing Ordinance must further establish the development fee and
wetlands fee in accordance with Chapter 9 of the HCP/NCCP and provide an alternative
for a qualified dedication of land in lieu of the development fee, in accordance with
Section 13.2.2.2 of this Agreement and Chapter 8.6.7 of the HCP/NCCP.
13.3.3 Adaptation of Model Ordinance by Permittees
The model ordinance attached to this Agreement as Exhibit C is intended to exemplify
the necessary substantive terms of an HCP/NCCP implementing ordinance; it is not
intended to dictate the precise terms of each such ordinance. The County and each City
may adapt the model ordinance to reflect its independent findings, to maximize
administrative efficiency, or for other reasons, provided the substance of the operative
terms in the model ordinance are reflected in each implementing ordinance.
13.3.4 Application to Covered Activities
The implementing ordinances will apply only to Covered Activities for which a grading
permit, construction permit, or other approval is required from the County or City that
has adopted the ordinance.
13.4

Conservation Easements

In addition to acquiring lands for the Preserve System by fee title, the Implementing
Entity may negotiate conservation easements. All conservation easements shall be
recorded in perpetuity pursuant to Civil Code section 815 et seq. and subject to all of the
terms and conditions of Chapter 8.6.3 of the HCP/NCCP. Conservation easements shall
be dedicated to the Implementing Entity, CDFG or another entity approved by the
Wildlife Agencies, including but not limited to land trusts, parks agencies, and other
qualified nonprofit organizations. CDFG and USFWS shall be named as third party
beneficiaries on all conservation easements. The Parties intend to develop a template
conservation easement document that may be used for Preserve System lands.
13.5

Enforcement

Throughout the term of this Agreement, the Wildlife Agencies shall be responsible for
enforcing this Agreement by ensuring that the Permittees comply with all terms and
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conditions of this Agreement, the HCP/NCCP and the Permits. The Wildlife Agencies
shall enforce this Agreement in accordance with Section 21, below. To the extent
consistent with Section 21, and without limiting the Wildlife Agencies’ rights or
obligations under Section 21, if a Wildlife Agency concludes that an action or inaction of
a Permittee violates the terms or conditions of this Agreement, the HCP/NCCP or the
Permits, the Wildlife Agency shall focus its enforcement effort on that Permittee and
shall not seek enforcement action against other Permittees that have not violated such
terms and conditions. The Permittees shall be responsible for complying with all
applicable terms and conditions of this Agreement and to enforce this Agreement by
ensuring that all Third Party Participants comply with all applicable terms and conditions
of this Agreement, the HCP/NCCP and the Permits.
13.6

Collaboration between Implementing Entity and Park District

The Parties agree that effective collaboration between the Implementing Entity and the
Park District will likely make it possible to create and manage the Preserve system more
cost-efficiently, allow for better integration of the Preserve System with existing Park
District lands in the Plan Area, and help to coordinate implementation of the HCP/NCCP
with the Park District’s current and future activities. For that purpose, the Implementing
Entity and Park District shall develop a mutually agreeable programmatic strategy to
collaborate on land acquisition and management in the planning area. The programmatic
strategy may include, without limitation, standard terms and conditions for real property
transactions and management plans, a joint acquisition planning process, a process for
developing joint grant applications, and a strategy for coordinating the long-term
management of the Preserve System with the long-term management of other Park
District lands. As part of the programmatic strategy, the Permittees expect to enter into
an agreement establishing the terms under which one or more Preserve Management
Plans will be prepared for lands acquired by the Park District within the Plan Area since
November 19, 2003 (the effective date of the Planning Agreement) and to take other
steps as necessary to credit those lands toward the obligations set forth in Conservation
Measure 1.1, in accordance with Section 9.4 of this Agreement. To facilitate this
collaboration, the Implementing Entity and Park District shall create a liaison committee
that will make recommendations to the Implementing Entity and the Park District
regarding potential joint land acquisitions, land management and monitoring, grant
applications and other actions to create or manage the Preserve System. Notwithstanding
the foregoing, nothing in this Agreement is intended to prohibit or prevent the
Implementing Entity or the Park District from collaborating with other public agencies or
private entities to help to create and manage the Preserve System or for any other
purpose. The Parties do not expect the programmatic land acquisition and management
strategy to implement all of the HCP/NCCP and anticipate that other independent or
collaborative actions by the Implementing Entity will be necessary to implement the
HCP/NCCP in its entirety. Notwithstanding the foregoing, nothing in this Agreement is
intended to prohibit or prevent the Implementing Entity from proceeding independently
of the Park District with an acquisition or land management activity within the Plan Area.
Similarly, this Agreement does not prevent or prohibit the Park District from proceeding
independently of the Implementing Entity with an acquisition or land management
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activity within the Plan Area. The Park District and the Implementing Entity each agree
that it will not oppose or obstruct the other should it pursue an independent land
acquisition or land management activity within the Plan Area.
14.0

FUNDING
14.1

General Commitment

The Implementing Entity, County, Cities and Flood Control District shall ensure that all
required mitigation, conservation, monitoring, reporting and adaptive management
measures are adequately funded throughout the term of this Agreement, and that
monitoring, reporting and adaptive management measures are adequately funded in
perpetuity. The Permittees do not intend to use funds from their respective general funds
to implement the Conservation Strategy; rather they intend to obtain sufficient funds
through a comprehensive strategy further described in Chapter 9.3 of the HCP/NCCP,
primarily depending on developer fees, dedications, and real estate transfer fees from
future developments, federal and state grants pursuant to Section 9.1.2 of this Agreement,
and maintenance of existing conservation effort by local and state agencies that have a
demonstrated record of acquiring and managing lands for recreational and conservation
purposes in Contra Costa County. The Permittees may use or establish other local
funding measures, including, but not limited to, utility surcharges, special taxes or
assessments, or bonds. The Permittees are each responsible to seek all feasible increases
in revenues that are necessary to keep pace with rising costs, as described in Chapter
9.3.1 of the HCP/NCCP. Each Permittee will promptly notify the Wildlife Agencies of
any material change in the Permittee’s financial ability to fulfill its obligations under this
Agreement. In addition to providing any such notice, the Implementing Entity will
include in its Annual Report to the Wildlife Agencies such reasonably available financial
information to demonstrate the Permittees’ ability to fulfill their obligations.
14.2

Private Funding of No-Take Plant Management Plans

Consistent with Section 8.4.1 of this Agreement, if a no-Take plant population is found
on a site of a Covered Activity, the Permittee shall adequately preserve the population
(e.g., link to existing public lands, provide adequate buffers), prepare a long-term
management and monitoring plan, and fund the implementation of the plan. For Third
Party Participant Covered Activities, the Implementing Entity, County, or applicable City
shall require the Third Party Participant to commit to such measures before conferring
Take authorization to the Third Party Participant. Land that meets HCP/NCCP goals and
objectives may be transferred to the Implementing Entity to implement long-term
management (and to meet some HCP/NCCP goals and objectives) as long as the Third
Party Participant fully funds preparation of the required plan and addresses the
management needs of the no-take plant population.
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14.3

Long-Term Management Funding

The Implementing Entity shall develop and begin to implement a detailed plan for longterm funding of the administration and management of the Preserve beyond the Term of
the Permits, and shall secure all necessary commitments to collect such funding before
developing 7,259 acres (fifty percent [50%] of the Maximum Urban Development Area
as provided in Table 4-3 of the HCP/NCCP) or within fifteen (15)) years, whichever
comes first.
14.4

Effect of Inadequate Funding

In the event there is inadequate funding to implement the HCP/NCCP, USFWS and
CDFG will assess the impact of the funding deficiency on the scope and validity of the
Permits. Unless the Permittees exercise the authority to withdraw pursuant to Section
20.0 of this Agreement or the Wildlife Agencies revoke the Permits pursuant to Section
19.0 of this Agreement, the Parties agree that they will meet and confer to cooperatively
develop a strategy to address the funding shortfall, and to undertake all practicable efforts
to maintain the level of conservation and Take authorization afforded by the Permits until
the funding situation can be remedied.
15.0

RIGHTS, OBLIGATIONS & ASSURANCES
15.1

Rights & Obligations of the Permittees
15.1.1 Rights

As of the Effective Date, the Permittees may Take the Covered Species while carrying
out Covered Activities in the Permit Area, as further authorized by and subject to the
conditions of this Agreement, the HCP/NCCP, and the Permits. The Covered Activities
include all activities listed in Chapter 2.3 of the HCP/NCCP.
The authority issued to the Permittees applies to all of the elected officials, officers,
directors, employees, agents, subsidiaries, contractors, and subcontractors, and their
officers, directors, employees and agents who engage in any Covered Activity. The
Implementing Entity shall periodically conduct an educational program to fully inform all
such persons and entities of the terms and conditions of the Permits, and the
Implementing Entity and other Permittees shall be responsible for supervising their
compliance with those terms and conditions. All contracts between Permittees and such
persons and entities shall require their compliance with the Permits.
15.1.2 General Obligations
The Implementing Entity and other Permittees will fully and faithfully perform all
obligations assigned to them, respectively, under this Agreement, the HCP/NCCP, the
Permits, including but not limited to the obligations assigned in the following chapters of
the HCP/NCCP: Chapter 5.0 (Conservation Strategy), Chapter 6.0 (Conditions on
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Covered Activities), Chapter 7.0 (Monitoring and Adaptive Management Program),
Chapter 8.0 (Plan Implementation), and Chapter 9.0 (Funding).
The Implementing Entity, County and Cities shall extend Take authorization to Third
Party Participants only in accordance with this Agreement, the Permits and the
HCP/NCCP. Each Permittee shall ensure that its own projects and activities comply with
this Agreement, the Permits and the HCP/NCCP. Development fees for projects or
activities implemented by Third Party Participants or the Permittees themselves shall be
transferred to the Implementing Entity, which shall maintain a record of all revenues
received.
15.1.3 Obligations In The Event of Suspension or Revocation
In the event that USFWS and/or CDFG suspend or revoke the Permits pursuant to
Sections 19.0 and 21.0 of this Agreement, the Permittees will remain obligated to fulfill
their mitigation, enforcement, management, and monitoring obligations, and their other
HCP/NCCP obligations, in accordance with this Agreement and applicable statutory and
regulatory requirements for all land development activities authorized for Take prior to
the suspension or revocation.
15.1.4 Assurances for Third Party Participants
Pursuant to the “No Surprises” regulations described below at Section 15.2.2, in the event
of a finding of Unforeseen Circumstances, the USFWS cannot require the commitment of
additional land, water or financial compensation without the consent of the Permittees.
Likewise, as set forth below in Section 15.3.2, CDFG shall not require any Permittee or
Third Party Participant to provide, without its consent, additional land, water or financial
compensation, or additional restrictions on the use of land, water, or other natural
resources, for the purpose of conserving Covered Species with respect to Covered
Activities, even in the event of Unforeseen Circumstances, provided the Permittees are
properly implementing this Agreement, the HCP/NCCP and the terms and conditions of
the State Permit.
The Permittees will not impose on Third Party Participants any mitigation, compensation,
or other requirement in excess of those required by this Agreement, the HCP/NCCP and
the Permits, for the impacts of Covered Activities on Covered Species without their
consent. Nothing in this Agreement shall preclude the Permittees from imposing on
Third Party Participants any mitigation, compensation, or other requirements in excess of
those required by this Agreement, the HCP/NCCP and the Permits for impacts other than
impacts of Covered Activities on Covered Species. Such other impacts may include, but
are not limited to, impacts on parks, recreational facilities, and agriculture.
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15.1.5 Interim Obligations upon a Finding of Unforeseen
Circumstances
If the Wildlife Agencies make a finding of Unforeseen Circumstances with regard to a
Federal Listed Covered Species, during the period necessary to determine the nature and
location of additional or modified mitigation, the Permittees will avoid contributing to an
appreciable reduction in the likelihood of the survival and recovery of the affected
species. As described below at Section 15.2.2 and Section 15.3.2, the Wildlife Agencies
shall be responsible for implementing such additional measures or modifications, unless
the Permittees consent to do so.
15.2

USFWS Obligations and Assurances
15.2.1 General Obligations

Concurrent with its execution of this Agreement, and satisfaction of all other applicable
legal requirements, USFWS will issue Permittees a Federal Permit under Section
10(a)(1)(B) of FESA, authorizing incidental Take by the Permittees of each Federal
Listed Covered Species resulting from Covered Activities in the Permit Area. USFWS
shall monitor the Permittees’ implementation of the HCP/NCCP and compliance with the
Federal Permit. USFWS will also provide technical assistance and timely review,
collaboration and consultation to the Permittees regarding implementation of the
HCP/NCCP, as provided in this Agreement and the HCP/NCCP, throughout the duration
of the Federal Permit. USFWS will also contribute to the conservation and recovery goals
of the Covered Species pursuant to Section 9.1.2 of this Agreement.
15.2.2 No Surprises Assurances
Provided that the Permittees have complied with their obligations under this Agreement,
the HCP/NCCP and the Federal Permit, USFWS cannot require Permittees or Third Party
Participants without their consent to provide additional mitigation beyond that provided
for in the HCP/NCCP under Unforeseen Circumstances, in accordance with the “No
Surprises” regulations at 50 Code of Federal Regulations section 17.22(b)(5) and section
17.32(b)(5).
Changed Circumstances, as described in 50 Code of Federal Regulations section
17.22(b)(5)(i), are adequately addressed in Chapter 7 and Chapter 10 of the HCP/NCCP,
and Permittees shall implement any measures for such circumstances as called for in the
HCP/NCCP, as described in Section 12.2 of this Agreement.
15.2.3 Critical Habitat Designations in the Plan Area
Provided that the Permittees have complied with their obligations under this Agreement,
the HCP/NCCP and the Federal Permit, USFWS agrees that, to the maximum extent
allowable after public review and comment, lands within the Inventory Area of the
HCP/NCCP will not be designated as critical habitat for any Covered Species that is
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federally listed, including but not limited to California red-legged frog, California tiger
salamander and Alameda whip snake. Subject to available funding, USFWS agrees,
unless otherwise required by law after public review and comment, to reassess and revise
the boundaries of any existing designated critical habitat of Covered Species to exclude
the HCP/NCCP Inventory Area, including but not limited to critical habitat designated
for vernal pool fairy shrimp, longhorn fairy shrimp, and Contra Costa goldfields. This
Section 15.2.3 shall not apply to lands within the city limits of the City of Antioch or
within the action area of any proposed expansion of Los Vaqueros Reservoir.
15.3

CDFG Obligations and Assurances
15.3.1 General Obligations

Concurrent with its execution of this Agreement, and after satisfaction of all other
applicable legal requirements, CDFG will issue Permittees a State Permit under Section
2835 of NCCPA, authorizing Take by the Permittees of each State Listed and Non-listed
Covered Species resulting from Covered Activities in the Permit Area, to the extent
permitted by law. CDFG shall monitor the Permittees’ implementation of the HCP/NCCP
and compliance with the State Permit. CDFG shall also provide technical assistance and
timely review, collaboration and consultation to the Permittees regarding implementation
of the HCP/NCCP, as provided in this Agreement and the HCP/NCCP, throughout the
duration of the State Permit. CDFG will also contribute to the conservation and recovery
goals of the Covered Species pursuant to Section 9.1.2 of this Agreement.
15.3.2 Long-Term Assurances
Except as otherwise provided in this subsection or required by law, CDFG shall not
require any Permittee or Third Party Participant to provide, without its consent, additional
land, water or financial compensation, or additional restrictions on the use of land, water,
or other natural resources, for the purpose of conserving Covered Species with respect to
Covered Activities, even in the event of Unforeseen Circumstances, provided the
Permittees are properly implementing this Agreement, the HCP/NCCP and the terms and
conditions of the State Permit. The provisions of this Agreement and the HCP/NCCP that
address adaptive management and Changed Circumstances, including changes to the
legal status of Fully Protected Species and non-Covered Species, are not Unforeseen
Circumstances and therefore are not subject to these assurances. However, CDFG
acknowledges that such adaptive management and Changed Circumstances provisions
are not intended to require modifications to the HCP/NCCP’s mitigation program that
would require additional funding or to impose significant additional burdens on
Permittees or Third Party Participants.
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16.0

CONSULTATIONS WITH OTHER PUBLIC AGENCIES
16.1

Section 7 Consultations with USFWS

Nothing in this Agreement is intended to alter the obligation of a federal agency to
consult USFWS pursuant to Section 7 of FESA (16 U.S.C. § 1536(a)). Unless otherwise
required by law or regulation, in any consultation under Section 7 involving the
Permittees or an existing or prospective Third Party Participant and a proposed public or
private development project in the Permit Area that may adversely affect one or more
Covered Species that are Federal Listed Species, USFWS shall ensure that the biological
opinion for the proposed project is consistent with the biological opinion issued for the
HCP/NCCP and the Federal Permit, provided that the proposed project is consistent with
the HCP/NCCP and the Federal Permit. Unless otherwise required by law or regulation,
USFWS shall not impose measures on an existing or prospective Third Party Participant
in excess of those that have been or will be required by this Agreement, the HCP/NCCP,
and the Permits. Before completing a Section 7 consultation for a Covered Activity in
which the USFWS proposes to require a measure in excess of the requirements of this
Agreement, the HCP/NCCP, or the Permits, the USFWS shall meet and confer with the
Permittee with jurisdiction over the affected project and the existing or prospective Third
Party Participant to discuss alternatives to the imposition of the measures that would meet
the applicable legal or regulatory requirements. If the USFWS Permittee and Third Party
Participant cannot agree on an alternative, the Permittee may refer the matter for
resolution in accordance with Section 21.0.
16.2

Consultations by CDFG

Except as otherwise required by law, CDFG shall not recommend or otherwise seek to
impose through consultation with other public agencies any mitigation, compensation or
habitat enhancement requirements regarding impacts of Covered Activities on Covered
Species within the Permit Area that are in excess of those that have been or will be
required by this Agreement, the HCP/NCCP, and the Permits.
17.0

AMENDMENTS TO THE HCP/NCCP AND THE FEDERAL AND STATE
PERMITS
17.1

Clerical Changes

Clerical changes to the HCP/NCCP shall be made by the Implementing Entity on its own
initiative or in response to a written request submitted by any Permittee or Wildlife
Agency, which includes documentation supporting the proposed clerical change. Clerical
changes shall not require any amendment to this Agreement, the HCP/NCCP or the
Permits. Clerical changes include corrections of typographical, grammatical, and similar
editing errors that do not change the intended meaning, and corrections of any maps or
exhibits to correct insignificant errors in mapping. Annual Reports shall include a
summary of clerical changes made to the HCP/NCCP during the preceding calendar year.
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17.2

Changes in Boundaries of Urban Limit Line and Jurisdictional Limits
of the Cities
17.2.1 General Land Use Authority of the County and Cities

The Parties acknowledge that the adoption and amendment of general plans, specific
plans, community plans, zoning ordinances and similar land use ordinances, and the
granting of land use entitlements by the County and Cities are matters within sole
discretion of the County and Cities and shall not require amendments to this Agreement
or the approval of other Parties to this Agreement. However, no such action by the
County and Cities shall alter or diminish their obligations under this Agreement, the
HCP/NCCP or the Permits.
17.2.2 Amending the Urban Limit Line or Jurisdictional Limits of the
Cities
The impact analysis in Chapter 4.0 of the HCP/NCCP and the accompanying
environmental analyses pursuant to NEPA and CEQA contemplated the possible changes
of the Urban Development Area due to amendments of the ULL or jurisdictional limits of
the Cities in Eastern Contra Costa County. Figure 2.3 of the HCP/NCCP reflects the
Initial Urban Development Area as of the date the final HCP/NCCP was published;
however the Parties acknowledge that a formal amendment to the governmental
boundaries that define the Urban Development Area is foreseeable within the term of this
Agreement, the HCP/NCCP and the Permits. Therefore, the Conservation Strategy
incorporates a more aggressive set of acquisition targets should the Urban Development
Area increase, to a potential Maximum Urban Development Area described in Chapter
2.3.1 of the HCP/NCCP. In the event that the Urban Development Area is expanded
consistent with the assumptions supporting the Maximum Urban Development Area
provided in Chapter 2.3.1 of the HCP/NCCP, the Implementing Entity, County, Cities
and Flood Control District shall be obligated to meet the acquisition targets provided in
Tables 5-7 and 5-8 in accordance with the procedures for incrementally adjusting the
acquisition targets that are described in Conservation Measure 1.1 in the subsection
entitled “Land Acquisition under Different Urban Development Areas.” All changes to
the Urban Development Area and the acquisition targets shall be reported in the Annual
Report. In the event that the ULL or jurisdictional limits of the Cities are expanded
beyond the assumptions supporting the Maximum Urban Development Area provided in
the HCP/NCCP, and the County or a City seeks Take authorization for development in
the expanded areas, the Permittees shall be required to seek a Major Amendment to this
Agreement, the HCP/NCCP and the Permits, as further provided in this Section 17.0;
provided, however, that a Major Amendment shall not be required if Permittees can
demonstrate to the Wildlife Agencies’ reasonable satisfaction that such modification will
not result in adverse effects to Covered Species beyond that analyzed in the HCP/NCCP
and the associated biological opinion. Until such amendment is approved, the Take
authorization provided by the Permits shall not be available for development in the
expanded areas.
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17.3

Fully Protected Species

If at any time there is a change in state law such that CDFG may authorize the Take of
any Fully Protected Species subject to California Fish and Game Code sections 3511,
4700, 4800, 5050 or 5515, and which species are also a Covered Species, the
Implementing Entity may apply for an amendment of the HCP/NCCP and State Permit,
or a new permit, for such species. In reviewing any such application, CDFG shall give
good faith consideration to the impact analysis in the NEPA and CEQA review of the
HCP/NCCP that concluded that the HCP/NCCP will incidentally and substantially
benefit these species, and the Take avoidance measures, and mitigation and conservation
measures, already provided in the HCP/NCCP. Provided that there are no changed
circumstances or new information relevant to these species that would require
supplemental review under NEPA and CEQA, and if the Take avoidance and
conservation measures in the HCP/NCCP are being fully and successfully implemented,
CDFG shall process the application as a minor amendment pursuant to Section 17.6.3 of
this Agreement and shall issue the amendment or new permit under the same terms and
conditions as the existing State Permit, to the extent permitted by law.
17.4

Inability to Obtain Regional Wetland Permits

The Parties acknowledge that certain elements of Conservation Measures 1.7, 1.19, and
2.12 were included in the HCP/NCCP to address state and federal requirements that
pertain to water quality impacts to Jurisdictional Wetlands and Waters, rather than to
address species, habitat, or natural community conservation needs. If the Permittees are
unable to obtain regional wetland permits, authorizations or permit program assurances
based on the HCP/NCCP, the Parties agree that neither the Permittees nor Third Party
Participants should be required to comply with such elements of those Conservation
Measures. In the event that the Permittees are unable to obtain regional wetland permits,
authorizations, or permit program assurances that are satisfactory to the Permittees within
two (2) years of the Effective Date the Parties shall, at that time or such later time as the
Permittees may request, amend the HCP/NCCP and, if necessary, the Permits to remove
such elements of Conservation Measures 1.7, 1.10, and 2.12. No measures included in the
HCP/NCCP based on their value for conserving Covered Species or achieving the
HCP/NCCP’s species, habitat, or natural community related conservation goals or
objectives shall be removed pursuant to this Section 17.4. Following a written notice
from the Permittees to the Wildlife Agencies indicating that the Permittees were unable
to obtain regional wetland permits, authorizations, or permit program assurances that
were satisfactory to the Permittees within two (2) years of the Effective Date, the
Wildlife Agencies will, on a project-by-project basis, based on a written request and
adequate supporting information from any Permittee, waive the requirement to
implement any elements of Conservation Measures 1.7, 1.10, and 2.12 that do not address
species, habitat, or natural community conservation needs and waive the requirement to
pay any portion of the wetlands mitigation fee that would be used to fund measures that
are unnecessary to mitigate impacts to any Covered Species and are unnecessary to
achieve the conservation goals or objectives for any Covered Species.
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17.5

Exceptions to the Conservation Strategy

Nothing in the Adaptive Management or Changed Circumstances provisions of this
Agreement or the HCP/NCCP, nor any other provision that provides for an exception for
the application of any measure included in the Conservation Strategy, authorizes an
increase in the amount of Take, or an increase of the impacts of Take, of Covered Species
beyond that authorized by the Permits. Any modification that would result in such an
increase in Take beyond that authorized by the Permits must be approved as a Major
Amendment under Section 17.6.4 of this Agreement.
17.6

Amendments
17.6.1 Amendment of this Agreement

This Agreement may be amended only with the written consent of all of the Parties;
provided, however, that any amendment or portion thereof pertaining to Third Party
Participants, the Implementing Ordinance, or any other provision of this Agreement
pertaining to the land use decisions of the Cities or County shall not require the consent
of the Flood District or Park District.
17.6.2 Amendment of the HCP/NCCP
The HCP/NCCP may be amended only with the written consent of all of the Parties;
provided, however, that any amendment or portion thereof pertaining to Third Party
Participants, implementing ordinances, or any other provision of the HCP/NCCP
pertaining to the Cities’ or County’s application of conservation measures to private
urban development projects shall not require the consent of the Flood District or Park
District.
17.6.3 Minor Amendments
17.6.3.1

Scope of Minor Amendments

Minor Amendments to the Agreement, the HCP/NCCP, and, as may be required by
applicable regulations, the Permits, processed pursuant to this subsection may include the
following:
(a)
(b)

(c)

Minor changes to survey, monitoring or reporting protocols;
Changing any measure(s) in the Conservation Strategy to respond to the
Adaptive Management Plan or Changed Circumstances identified in
Section 12.0 of this Agreement;
Correction of any tables or appendices in the HCP/NCCP to reflect
previously approved amendments to the HCP/NCCP or the Permits;
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(d)

(e)
(f)

Changes listed in Chapter 10.3.1 of the HCP/NCCP as examples of
administrative changes, or changes substantially similar to those
examples;
Changes listed in Chapter 10.3.2 of the HCP/NCCP as examples of minor
modifications; and
Other changes that do not result in adverse effects to Covered Species
beyond that analyzed in the HCP/NCCP and the associated biological
opinion , and do not limit the ability of the Implementing Entity to achieve
the biological goals and objectives of the HCP/NCCP.
17.6.3.2

Processing Minor Amendments
17.6.3.2.1

Notice and Response of Approval
or Objection

Any Party may propose a Minor Amendment to this Agreement, the HCP/NCCP or the
Permits by providing written notice to all other Parties. Such notice shall include the
proposed Minor Amendment and a statement of the reason for the proposed amendment
and an analysis of its environmental effects, if any, including any effects on Covered
Activities and on Covered Species under the HCP/NCCP. Each Party shall respond in
writing to the proposed amendment within sixty (60) days of receipt of such notice
indicating whether that Party approves or objects to the proposal. Only proposals that are
approved by all Parties will become effective as minor amendments, although no
approval may be unreasonably withheld.
17.6.3.2.2

Objection by a Wildlife Agency

A Wildlife Agency may object to a proposed Minor Amendment by providing written
notice to the Party proposing the amendment on the grounds that the HCP/NCCP, after
giving effect to such amendment, would not meet the requirements of Section 10(a)(2)(B)
of FESA or of the NCCPA; provided, however, that the Wildlife Agencies may not
propose or approve as a Minor Amendment any revision to this Agreement or the
HCP/NCCP if either of the Wildlife Agencies determines that such amendment would
result in adverse effects on the environment that are new or significantly different from
those analyzed in connection with the original HCP/NCCP, or additional Take not
analyzed in connection with the original HCP/NCCP.
Where possible, before objecting to a proposed Minor Amendment, the Wildlife Agency
shall first consult with the Implementing Entity and other Permittees and suggest
reasonable conditions or alterations to the proposal which, if agreed to by the
Implementing Entity and other Permittees, would permit the Wildlife Agency to approve
the proposed Minor Amendment.
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17.6.3.2.3

Objection by a Permittee

Any Permittee may object to a proposed Minor Amendment upon any reasonable basis.
Where possible, before objecting to a proposed Minor Amendment, the objecting
Permittee shall first consult with the Wildlife Agencies and the other Permittees and
suggest reasonable conditions or alterations to the proposal which, if agreed to by the
Wildlife Agencies, would permit the Permittee to approve the proposed Minor
Amendment.
17.6.3.2.4

Unresolved Objections

If either of the Wildlife Agencies reasonably objects to a Minor Amendment proposed
pursuant to this Section 17.6.3, and the objection is not resolved by any conditions or
alterations pursuant to Section 17.6.3.2.2 or the Plan Implementation and Interpretation
resolution process in Section 21.1, the proposed amendment must be processed as a
Major Amendment of the permit in accordance with Section 17.6.4 of this Agreement.
17.6.3.2.5

Date that a Minor Amendment
Becomes Effective

A Minor Amendment shall become effective, if at all, on the last date on which each of
the Parties has provided written approval. Written approval may be in the form of a
written proposed amendment that includes a concurrence signature from all Parties.
17.6.4 Major Amendment
Any change to this Agreement, the HCP/NCCP or the Permits that does not qualify as a
Minor Amendment under Section 17.6.3 of this Agreement may be processed as a Major
Amendment in accordance with all applicable laws and regulations, including but not
limited to FESA, NEPA, NCCPA and CEQA. The Party proposing the Major
Amendment shall provide a statement of the reasons and an analysis of its environmental
effects, if any, including its effects on the effectiveness of the HCP/NCCP and on
Covered Species. The Wildlife Agencies shall process the proposed Major Amendment
in an expeditious manner, commensurate with the level of environmental review
appropriate to the magnitude of the proposed Major Amendment. The Permittees may, in
their sole discretion, reject any Major Amendment proposed by the Wildlife Agencies;
however, the Permittees agree to use reasonable efforts to explain in writing their
rationale for any such rejection within thirty (30) days of communicating such rejection
to the Wildlife Agencies.
18.0

TERM OF AGREEMENT
18.1

Effective Date

This Agreement shall be effective upon execution by all Parties and issuance of the
Permits.
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18.2

Term of the Agreement

This Agreement shall run for a term of thirty (30) years from the Effective Date, unless
extended pursuant to Section 18.4 of this Agreement, or unless both Permits are
permanently terminated pursuant to Section 19.0 of this Agreement, in which case this
Agreement shall automatically terminate. This Agreement may also be terminated by
mutual written agreement of the Parties.
18.3

Term of the Permits

The Permits shall run for a term of thirty (30) years from the Effective Date unless
terminated as provided in this Agreement, provided the requirements of Section 19.0 of
this Agreement have been met.
18.4

Extension of the Permit

Upon agreement of the Parties and in compliance with all applicable laws and regulations
in force at the time, the Wildlife Agencies may, with respect to the Permits under their
respective jurisdictions, extend the Permits beyond their initial terms. If the Permittees
desire to extend the Permits, they will so notify the Wildlife Agencies at least six (6)
months before the then-current term is scheduled to expire. Extension of the Permits
constitutes extension of this Agreement and the HCP/NCCP for the same amount of time,
subject to any modifications agreed to by the Parties at the time of extension.
19.0

REVOCATION, SUSPENSION OR TERMINATION BY USFWS OR
CDFG
19.1

Federal Permit

USFWS agrees that that it will revoke or terminate the Federal Permit, in whole or in
part, pursuant to 50 Code of Federal Regulations sections 13.28-13.29 and 50 Code of
Federal Regulations sections 17.22(b)(8) and 17.32(b)(8) only after completing the meet
and confer process set forth in Section 21.1, unless immediate revocation is necessary to
avoid the likelihood of jeopardy to a listed species. USFWS agrees that it will not revoke
or terminate the Federal Permit, in whole or in part, to avoid the likelihood of jeopardy to
a listed species, without first notifying the Permittees of those measures, if any, that the
Permittees may undertake to prevent jeopardy to the listed species and maintain the
Federal Permit and giving Permittees a reasonable opportunity to implement such
measures.
19.2

State Permit

CDFG may revoke or terminate the State Permit for a material violation of the State
Permit or material breach of this Agreement by the Permittees if the CDFG determines in
writing that (a) such violation or breach cannot be effectively redressed by other remedies
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or enforcement action, or (b) revocation or termination is required to avoid jeopardizing
the continued existence of a Covered Species and to fulfill a legal obligation of the
CDFG under CESA and/or NCCPA.
CDFG agrees that it will not revoke or terminate the State Permit without first (a)
requesting that the Permittees take appropriate remedial action, and (b) providing the
Permittees with notice in writing of the facts or conduct which warrant the revocation or
termination and a reasonable opportunity (but not less than forty-five (45) days) to
demonstrate or achieve compliance with CESA, NCCPA, the State Permit and this
Agreement.
However, in the event that CDFG has determined that the Permittees have failed to meet
the rough proportionality standard provided in Section 9.3 of this Agreement, and if the
Permittees have failed to cure the default or entered into an agreement to do so within
forty-five (45) days of the written notice of such determination, CDFG shall revoke the
State Permit in whole or in part in accordance with California Fish and Game Code
section 2820.
19.3

Continuing Obligations

In the event of revocation or termination of the Permits, or of suspension of the Permits
pursuant to Section 21.0 of this Agreement, consistent with the requirements of 50 Code
of Federal Regulations sections 17.32(b)(7) and 17.22(b)(7), the Permittees will remain
obligated to fulfill any existing and outstanding minimization and mitigation measures
required under this Agreement, the HCP/NCCP and the Permits for any Take that occurs
prior to such revocation, termination, or suspension until the Wildlife Agencies determine
that all Take of Covered Species that occurred under the Permits has been mitigated to
the maximum extent practicable in accordance with the HCP/NCCP. Regardless of
whether the Permits are terminated, suspended, or revoked, the Permittees acknowledge
that lands dedicated to the Preserve System must be protected, managed and monitored in
perpetuity.
20.0

WITHDRAWAL

Upon ninety (90) days written notice to USFWS, CDFG, the Implementing Entity and all
other Permittees, any Permittee except for the Implementing Entity may unilaterally
withdraw from this Agreement. As a condition of withdrawal, the Permittee shall remain
obligated to ensure implementation of all existing and outstanding minimization and
mitigation measures required under this Agreement, the HCP/NCCP and the Permits for
any Take that the Permittee itself caused and any Take by Third Party Participants that
the Permittee authorized prior to withdrawal. If a Permittee withdraws before causing or
authorizing any Take under the Permits, the Permittee shall have no obligation to ensure
implementation of any minimization or mitigation measures. Such withdrawal of a
Permittee from this Agreement shall be deemed to constitute a surrender of the
Permittee’s authorization under the Permits.
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Withdrawal by a Permittee shall not diminish or otherwise affect the obligations of the
remaining Permittee’s under this Agreement, the HCP/NCCP, or the Permits. The
Permittees acknowledge that if one or more Permittees withdraws from this Agreement
and, as a result of the withdrawal, it is no longer feasible or practicable to implement the
HCP/NCCP successfully, it may be necessary to amend the HCP/NCCP and/or to amend
the Permits in response to the withdrawal.
Upon ninety (90) days written notice to USFWS and CDFG, Permittees collectively may
withdraw from this Agreement. As a condition of such withdrawal, the Permittees shall
be obligated to ensure implementation of all existing and outstanding minimization and
mitigation measures required under this Agreement, the HCP/NCCP and the Permits for
any Take that occurred prior to such withdrawal until the Wildlife Agencies determine
that all Take of Covered Species that occurred under the Permits has been mitigated to
the maximum extent practicable in accordance with the HCP/NCCP. Permittees shall
further be obligated to ensure that the Rough Proportionality standard has been met in
accordance with Section 9.3 of this Agreement and Chapter 8.6.1 of the HCP/NCCP with
regard to Take that occurred prior to withdrawal.
If the Permittees collectively notify the USFWS in writing that they plan to withdraw
from this Agreement or to discontinue the Covered Activities, they shall surrender the
Federal Permit pursuant to the requirements of 50 Code of Federal Regulations Part
13.26. Regardless of withdrawal and surrender of the Permits, the Permittees
acknowledge that lands dedicated to the Preserve System must be protected, managed
and monitored in perpetuity.
21.0

PLAN IMPLEMENTATION AND INTERPRETATION, REMEDIES AND
ENFORCEMENT
21.1 Plan Implementation and Interpretation

The Parties recognize that disputes concerning implementation or interpretation of this
Agreement, the HCP/NCCP, and the Permits may arise from time to time. The Parties
agree to work together in good faith to resolve such disputes using the informal dispute
resolution procedure set forth in this section or such other procedures upon which the
Parties may later agree. Any Party may seek any available remedy without regard to this
Section 21.1 if the Party concludes that circumstances so warrant. However, unless the
Parties agree upon another dispute resolution process, or unless a Party has initiated
administrative proceedings or litigation related to the subject of the dispute in federal or
state court, the Parties agree to use the following procedures to attempt to resolve
disputes.
21.1.1 Notice of Dispute; Meet and Confer
If the USFWS or CDFG objects to any action or inaction by the Permittees on the basis
that the action or inaction is inconsistent with the HCP/NCCP, the Permits, or this
Agreement, it shall so notify the Permittee(s) and the Implementing Entity in writing,
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explaining the basis of such objection. The Permittee(s) or Implementing Entity shall
respond to the notice within thirty (30) days of receiving it, stating what actions the
Permittee(s) or Implementing Entity proposes to take to resolve the objection or,
alternatively, explaining why the objection is unfounded. If the response resolves the
objection to the satisfaction of the objecting agency, the agency shall so notify the
Permittee(s) and the Implementing Entity, and the Permittee(s) or Implementing entity, as
appropriate, shall implement the actions, if any, proposed in the response to the agency.
If the response does not resolve the objection to the agency’s satisfaction, the agency
shall notify the Permittee(s) or Implementing Entity accordingly, and the agency, the
Permittee(s) and the Implementing Entity shall meet and confer to attempt to resolve the
dispute. The meeting shall occur within 30 (days) after the Permittee(s) or Implementing
Entity receives the objecting agency’s response, or at such later time as the Permittee(s),
the Implementing Entity and the agency may agree. A representative of the
Implementing Entity shall take notes at the meeting, summarize the outcome, and
distribute meeting notes to each Party in attendance.
The Implementing Entity or any other Permittee shall use the same procedure to raise and
to resolve objections to any action or inaction of the USFWS or CDFG, and the USFWS
and CDFG shall respond in the same manner to notices delivered by the Permittees.
If a dispute arises among the Permittees regarding the action or inaction of a Permittee,
the Permittees shall use the same procedure to raise and to resolve objections to the
Permittee’s action or inaction, but shall not be required to provide notice to the USFWS
or CDFG, and the USFWS and CDFG shall not be required to meet and confer with the
Permittees.
21.1.1.1

Disputes Regarding Specific Projects

If the dispute among the Parties pertains to a specific project, the proponent of the project
shall be allowed to provide input into the dispute resolution process by reviewing the
initial notice of objection and submitting its own response and, if applicable, by
participating in the meeting referenced in Section 21.1.1 among the Permittee(s), the
Implementing Entity and the USFWS and/or CDFG. For purposes of this provision, a
dispute pertains to a specific project if the USFWS or CDFG objects to an action or
inaction by a Permittee with regard to a specific project, such as the Permittee’s
determination of appropriate mitigation requirements for the project, or a Permittee
objects to an action or inaction by the USFWS or CDFG with regard to a specific project.
21.1.1.2

Elevation of Dispute

If the Parties do not resolve a dispute after completing the dispute resolution procedure in
Section 21.1.1, any one of the Parties may elevate the dispute to a meeting of the chief
executives of the involved Parties. For purposes of this provision, “chief executive” shall
mean the city manager of a city, the county administrator of the County, the chief
engineer of the Flood Control District, the General Manager of the Park District, the
executive director of the Implementing Entity, the CDFG Regional Manager, and the
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USFWS Field Supervisor. Each Party shall be represented in person by its chief
executive at the meeting, and the meeting shall occur within forty-five (45) days of a
request by any Party following completion of the dispute resolution procedure.
21.2 Remedies in General
Except as set forth below, each Party shall have all of the remedies available in equity
(including specific performance and injunctive relief) and at law to enforce the terms of
this Agreement, the HCP/NCCP and the Permits, and to seek redress and compensation
for any breach or violation thereof, except that none of the Parties shall be liable in
damages to any other Party or to any other person or entity for any breach of this
Agreement, any performance or failure to perform a mandatory or discretionary
obligation imposed by this Agreement, or any other cause of action arising from this
Agreement. The Parties acknowledge that the Covered Species are unique and that their
loss as species would be irreparable and that therefore injunctive and temporary relief
may be appropriate in certain instances involving a breach of this Agreement. Nothing in
this Agreement is intended to limit the authority of the Federal and State governments to
seek civil or criminal penalties or otherwise fulfill its enforcement responsibilities under
FESA, CESA or other applicable law.
21.3 Federal Permit
21.3.1 Permit Suspension
USFWS may suspend the Federal Permit, in whole or in part, for cause in accordance
with 50 Code of Federal Regulations section 13.27 and other applicable laws and
regulations in force at the time of such suspension. Except where USFWS determines that
emergency action is necessary to avoid irreparable harm to a Covered Species, it will not
suspend the Federal Permit without first (1) requesting the Permittees to take appropriate
remedial actions, and (2) providing the Permittees with written notice of the facts or
conduct which may warrant the suspension and an adequate and reasonable opportunity
for the Permittees to demonstrate why suspension is not warranted.
21.3.2 Reinstatement of Suspended Permit
In the event USFWS suspends the Federal Permit, in whole or in part, as soon as possible
but no later than ten (10) days after such suspension, USFWS shall meet and confer with
the Permittees concerning how the suspension can be ended. At the conclusion of any
such conference, USFWS shall identify reasonable specific actions, if any, necessary to
effectively redress the suspension. In making this determination, USFWS shall consider
the requirements of FESA and its regulations, the conservation needs of the Covered
Species, the terms of the Federal Permit and of this Agreement and any comments or
recommendations received during the meet and confer process. As soon as possible, but
not later than thirty (30) days after the conference, USFWS shall send the Permittees
written notice of any available, reasonable actions, necessary to effectively redress the
deficiencies giving rise to the suspension. Upon performance or completion, as
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appropriate, of such actions, USFWS shall immediately reinstate the Federal Permit. It is
the intent of the Parties that in the event of any total or partial suspension of the Federal
Permit all Parties shall act expeditiously and cooperatively to reinstate the Federal
Permit.
21.4

The State Permit
21.4.1 Permit Suspension

In the event of any material violation of the State Permit or material breach of this
Agreement by the Permittees, CDFG may suspend the State Permit in whole or in part;
provided, however, that it shall not suspend the State Permit without first (1) attempting
to resolve any disagreements regarding the implementation or interpretation of the
HCP/NCCP or this Agreement in accordance with Section 21.1, (2) requesting the
Permittees to take appropriate remedial actions, and (3) providing the Permittees with
written notice of the facts or conduct which may warrant the suspension and an adequate
and reasonable opportunity for the Permittees to demonstrate why suspension is not
warranted or to take steps necessary to cure the violation or breach.
21.4.2 Rough Proportionality
As provided in Section 9.2, in the event that CDFG has determined that the Permittees
have failed to meet the rough proportionality standard provided in Section 9.3 of this
Agreement, and if the Permittees have failed to cure the default or entered into an
agreement to do so within forty-five (45) days of the written notice of such
determination, CDFG shall suspend the State Permit in whole or in part in accordance
with California Fish and Game Code section 2820.
21.4.3 Reinstatement of Suspended Permit
In the event CDFG suspends the State Permit, as soon as possible but no later than
ten (10) days after such suspension, CDFG shall confer with the Permittees concerning
how the violation or breach that led to the suspension can be remedied. At the conclusion
of any such conference, CDFG shall identify reasonable specific actions necessary to
effectively redress the violation or breach. In making this determination, CDFG shall
consider the requirements of NCCPA, the conservation needs of the Covered Species, the
terms of the State Permit and this Agreement and any comments or recommendations
received during the meet and confer process. As soon as possible, but not later than
thirty (30) days after the conference, CDFG shall send the Permittees written notice of
the reasonable actions necessary to effectively redress the violation or breach. Upon
performance of such actions, CDFG shall immediately reinstate the State Permit. It is the
intent of the Parties that in the event of any suspension of the State Permit all Parties shall
act expeditiously and cooperatively to reinstate the State Permit.
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21.5

Circumstances Likely to Constitute Jeopardy to Species

In the event of circumstances which appreciably reduce the likelihood of survival and
recovery of a species in the wild, USFWS or CDFG may suspend the Permits on an
emergency basis, in whole or in part, without resorting to the procedures specified above.
The period of such emergency suspension shall not last longer than ninety (90) days.
Prior to extending the suspension beyond ninety (90), the USFWS and CDFG shall
comply with Section 21.3 and Section 21.4 of this Agreement. During such 90-day
period, USFWS shall comply with 50 Code of Federal Regulations section 13.27.
22.0

FORCE MAJEURE

In the event that the Permittees are wholly or partially prevented from performing
obligations under this Agreement because of unforeseeable causes beyond the reasonable
control of and without the fault or negligence of the Permittees (“Force Majeure”),
including, but not limited to, acts of God, labor disputes, sudden actions of the elements
not identified as Changed Circumstances, or actions of non-participating federal or state
agencies or local jurisdictions, the Permittees shall be excused from whatever
performance is affected by such unforeseeable cause to the extent so affected, and such
failure to perform shall not be considered a material violation or breach, provided that
nothing in this section shall be deemed to authorize any Party to violate FESA, CESA or
NCCPA, and provided further that:
•
•
•

•

23.0

The suspension of performance is of no greater scope and no longer duration than
is required by the Force Majeure;
Within fifteen (15) days after the occurrence of the Force Majeure, affected
Permittees shall give the Wildlife Agencies written notice describing the
particulars of the occurrence;
Permittees shall use their best efforts to remedy their inability to perform
(however, this paragraph shall not require the settlement of any strike, walk-out,
lock-out or other labor dispute on terms which in the sole judgment of the
Permittees are contrary to their interest); and
When Permittees are able to resume performance of their obligations, the affected
Permittees shall give the Wildlife Agencies written notice to that effect.
LEGAL AUTHORITY OF THE WILDLIFE AGENCIES
23.1

Legal Authority of USFWS

USFWS enters into this Agreement pursuant to FESA, FWCA, and the Fish and Wildlife
Act of 1956. Section 10(a)(2)(B) of FESA expressly authorizes USFWS to issue a
Section 10(a) Permit to allow the incidental Take of animal species listed as threatened or
endangered under FESA. The legislative history of Section 10(a)(1)(B) clearly indicates
that Congress also contemplated that USFWS would approve a habitat conservation plan
that protects non-listed species as if they were listed under FESA, and that in doing so,
USFWS would provide assurances for such non-listed species.
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23.2

Legal Authority of CDFG

CDFG enters into this Agreement pursuant to its separate and independent authority
under NCCPA. CDFG may authorize the Take of Covered Species pursuant to California
Fish and Game Code section 2835.
24.0

MISCELLANEOUS PROVISIONS
24.1

Calendar Days

Throughout this Agreement and the HCP/NCCP, the use of the term “day” or “days”
means calendar days, unless otherwise specified.
24.2

Response Times

Except as otherwise set forth herein or as statutorily required by CEQA, NEPA, CESA,
FESA, NCCPA or any other laws or regulations, the Wildlife Agencies and the
Permittees shall use reasonable efforts to respond to written requests from a Party within
a forty-five (45) day time period; provided, however, that the Parties acknowledge that
the Cities, the County, and the Flood Control District are subject to the Permit
Streamlining Act and that nothing in this Agreement shall be construed to require them to
violate that Act. In addition, the Wildlife Agencies will provide timely review of
proposals for Covered Activities to be implemented directly by the Permittees, where
such review is required by this Agreement, the HCP/NCCP, or the Permits.
24.2.1 Review of Third Party Participant Applications
Various conservation measures in the HCP/NCCP require Third Party Participants to
submit applications, plans or reports for approval by the County, a City, the
Implementing Entity or the Wildlife Agencies prior to carrying out a Covered Activity. In
all such circumstances, no later than sixty (60) days after receiving the application, the
point of contact for the relevant Party as identified in Section 24.3 of this Agreement will
provide either of the following in writing: (1) an approval of the application, plan or
report; (2) a conditional approval of the application, plan or report subject to specifically
identified additional information; or (3) a denial of the application, plan or report with a
written explanation of what changes can be made to receive approval if the application,
plan or report is resubmitted. For situations where approval is required from two or more
Parties to this Agreement, the Parties shall use reasonable efforts to provide a joint and/or
consistent response within the same time period.
24.3

Notices

The Implementing Entity shall maintain a list of individuals responsible for ensuring Plan
compliance for each of the Parties, along with addresses at which those individuals may
be notified (“Notice List”). The Notice List as of the Effective Date is provided below.
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Each Party shall report any changes of names or addresses to the Implementing Entity
and the other Parties in writing.
Any notice permitted or required by this Agreement shall be in writing, and delivered
personally, by overnight mail, or by United States mail, certified and postage prepaid,
return receipt requested. Notices may be delivered by facsimile or electronic mail,
provided they are also delivered by one of the means listed above. Delivery shall be to
the name and address of the individual responsible for each of the Parties, as stated on the
most current Notice List.
Notices shall be transmitted so that they are received within the specified deadlines.
Notices delivered personally shall be deemed received on the date they are delivered.
Notices delivered via overnight delivery shall be deemed received on the next business
day after deposit with the overnight mail delivery service. Notice delivered via certified
mail, return receipt requested, shall be deemed received as of the date on the return
receipt or five (5) days after deposit in the United States mail, whichever is sooner.
Notices delivered by facsimile or other electronic means shall be deemed received on the
date they are received.
The following Notice List contains the names and notification addresses for the
individuals currently responsible for overseeing and coordinating Plan compliance:
Ms. Donna Landeros, City Manager
City of Brentwood
708 Third Street
Brentwood, CA 94513
Mr. Gary Napper, City Manager
City of Clayton
6000 Heritage Trail
Clayton, CA 94517
Mr. Bryan Montgomery, City Manager
City of Oakley
3231 Main Street
Oakley, CA 94561
Mr. Marc Grisham, City Manager
City of Pittsburg
65 Civic Avenue
Pittsburg, CA 94565
Mr. John Cullen, County Administrator
Contra Costa County
651 Pine Street, 11th Floor
Martinez. CA 94553
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Mr. Dennis M. Barry, Secretary (pending formation of the Implementing Entity)
Implementing Entity
651 Pine Street, North Wing, 4th Floor
Martinez, CA 94553
Mr. Maurice M. Shiu, Chief Engineer
Contra Costa County Flood Control and Water Conservation District
255 Glacier Drive
Martinez, CA 94553
Mr. Pat O'Brien, General Manager
East Bay Regional Park District
2950 Peralta Oaks Court
Oakland, CA 94605-0381
Mr. Paul Henson, Assistant Manger, Ecological Services
California/Nevada Operations Office
United States Fish & Wildlife Service
2800 Cottage Way, Rm. W-2606
Sacramento, CA 95825-1846
Ms. Susan Moore, Field Supervisor
Sacramento Field Office
United States Fish and Wildlife Service
2800 Cottage Way, W-2605
Mr. Banky Curtis
Deputy Director, Habitat Conservation Division
California Department of Fish and Game
1416 9th Street, 12th Floor
Sacramento, CA 95814
Mr. Rob Floerke
Regional Manager, Central Coast Region
California Department of Fish and Game
P.O. Box 47
Yountville, CA 94599
With a copy to:
Mr. Silvano Marchesi, County Counsel
Contra Costa County
651 Pine Street, 9th Floor
Martinez, CA 94553
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Mr. Damien Brower, City Attorney
City of Brentwood
708 Third Street
Brentwood, CA 94513
Mr. Dan Adams, City Attorney
City of Clayton
6000 Heritage Trail
Clayton, CA 94517
Mr. Sky Woodruff, City Attorney
City of Oakley
3231 Main Street
Oakley, CA 94561
Ms. Ruthann Ziegler, City Attorney
City of Pittsburg
65 Civic Avenue
Pittsburg, CA 94565
Mr. Ted Radosevich, District Counsel
East Bay Regional Park District
2950 Peralta Oaks Court
Oakland, CA 94605-0381
Ms. Ann Malcolm, General Counsel
California Department of Fish and Game
1416 9th Street, 12th Floor
Sacramento, CA 95814
Regional Solicitor
Pacific Southwest Region
U.S. Department of the Interior
2800 Cottage Way, Rm. E-1712
Sacramento, CA 95825-1890
24.4

Entire Agreement

This Agreement, together with the HCP/NCCP and the Permits, constitutes the entire
agreement among the Parties. This Agreement supersedes any and all other agreements,
either oral or in writing, among the Parties with respect to the subject matter hereof and
contains all of the covenants and agreements among them with respect to said matters,
and each Party acknowledges that no representation, inducement, promise of agreement,
oral or otherwise, has been made by any other Party or anyone acting on behalf of any
other Party that is not embodied herein.
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24.5

Defense

Upon request, CDFG shall, to the extent authorized by California law, cooperate with the
Permittees in defending, consistent with the terms of the HCP/NCCP, lawsuits arising out
of the Permittees’ adoption of this Agreement and the HCP/NCCP.
24.6

Attorneys’ Fees

If any action at law or equity, including any action for declaratory relief is brought to
enforce or interpret the provisions of this Agreement, each Party to the litigation shall
bear its own attorneys’ fees and costs, provided that attorneys’ fees and costs recoverable
against the United States shall be governed by applicable federal law.
24.7

Elected Officials Not to Benefit

No member of, or delegate to, the California State Legislature, the United States
Congress, or the Board of Supervisors, City Councils or governing board of the
Permittees shall be entitled to any share or part of this Agreement or to any benefit that
may arise from it.
24.8

Availability of Funds

Implementation of this Agreement and the HCP/NCCP by USFWS is subject to the
requirements of the Anti-Deficiency Act and the availability of appropriated funds.
Nothing in this Agreement will be construed by the Parties to require the obligation,
appropriation, or expenditure of any money from the United States Treasury. The Parties
acknowledge and agree that USFWS will not be required under this Agreement to expend
any federal agency’s appropriated funds unless and until an authorized official of that
agency affirmatively acts to commit to such expenditures as evidenced in writing.
Implementation of this Agreement and the HCP/NCCP by CDFG is subject to the
availability of appropriated funds. Nothing in this Agreement shall be construed by the
Parties to require the obligation, appropriation, or expenditure of any money from the
Treasury of the State of California. The Parties acknowledge and agree that CDFG shall
not be required under this Agreement to expend any state appropriated funds unless and
until an authorized official of that agency affirmatively acts to commit such expenditure
as evidenced in writing.
Implementation of this Agreement and the HCP/NCCP by the Permittees is subject to the
availability of appropriated funds, including but not limited to the special purpose
revenues dedicated to implement the HCP/NCCP. Nothing in this Agreement will be
construed by the Parties to require the obligation, appropriation, or expenditure of any
money without express authorization by the County Board of Supervisors, appropriate
City Councils and/or governing boards of the Implementing Entity, Flood Control
District or Parks District.
Notwithstanding these requirements and limitations, the
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Permittees are required to fund their respective obligations under this Agreement, the
HCP/NCCP and the Permits pursuant to Section 14.1 of this Agreement. The Parties
acknowledge that if the Permittees fail to provide adequate funding for their respective
obligations under this Agreement, the HCP/NCCP and the Permits, the Permits may be
suspended or revoked pursuant to Sections 19.0 and 21.0 of this Agreement.
24.9

Governing Law

This Agreement shall be governed by and construed in accordance with the laws of the
United States and the State of California, as applicable.
24.10 Duplicate Originals
This Agreement may be executed in any number of duplicate originals. A complete
original of this Agreement shall be maintained in the official records of each of the
Parties hereto.
24.11 Relationship to the FESA, CESA, NCCPA and Other Authorities
The terms of this Agreement are consistent with and shall be governed by and construed
in accordance with FESA, CESA, NCCPA and other applicable state and federal law. In
particular, nothing in this Agreement is intended to limit the authority of the USFWS and
CDFG to seek penalties or otherwise fulfill its responsibilities under FESA, CESA and
NCCPA. Moreover, nothing in this Agreement is intended to limit or diminish the legal
obligations and responsibilities of the USFWS as an agency of the federal government or
CDFG as an agency of the State of California.
24.12 No Third Party Beneficiaries
Without limiting the applicability of rights granted to the public pursuant to FESA,
CESA, NCCPA or other applicable law, this Agreement shall not create any right or
interest in the public, or any member thereof, as a third party beneficiary thereof, nor
shall it authorize anyone not a Party to this Agreement to maintain a suit for personal
injuries or property damages under the provisions of this Agreement. The duties,
obligations, and responsibilities of the Parties to this Agreement with respect to third
party beneficiaries shall remain as imposed under existing state and federal law.
24.13 References to Regulations
Any reference in this Agreement, the HCP/NCCP, or the Permits to any regulation or rule
of the Wildlife Agencies shall be deemed to be a reference to such regulation or rule in
existence at the time an action is taken.
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24.14 Applicable Laws
All activities undertaken pursuant to this Agreement, the HCP/NCCP, or the Permits
must be in compliance with all applicable local, state and federal laws and regulations.
24.15 Severability
In the event one or more of the provisions contained in this Agreement is held invalid,
illegal or unenforceable by any court of competent jurisdiction, such portion shall be
deemed severed from this Agreement and the remaining parts of this Agreement shall
remain in full force and effect as though such invalid, illegal, or unenforceable portion
had never been a part of this Agreement. The Permits are severable such that revocation
of one does not automatically cause revocation of the other.
24.16 Due Authorization
Each Party represents and warrants that (1) the execution and delivery of this Agreement
has been duly authorized and approved by all requisite action, (2) no other authorization
or approval, whether of governmental bodies or otherwise, will be necessary in order to
enable it to enter into and comply with the terms of this Agreement, and (3) the person
executing this Agreement on behalf of each Party has the authority to bind that Party.
24.17 Assignment
Except as otherwise provided herein, the Parties shall not assign their rights or
obligations under this Agreement, the Permits, or the HCP/NCCP to any other individual
or entity. The Implementing Entity may assign its rights and obligations to a joint
exercise of powers agency with powers sufficient to carry out the Implementing Entity’s
obligations under this Agreement, the Permits and the HCP/NCCP. Thereafter, such
assignee shall be the Implementing Entity for all purposes under this Agreement.
24.18 Headings
Headings are using in this Agreement for convenience only and do not affect or define
the Agreement’s terms and conditions.
IN WITNESS WHEREOF, THE PARTIES HERETO have executed this
Implementing Agreement to be in effect as of the date last signed below.
[Include “approval as to form” signature lines]
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Exhibit A
Reproduction of Figure 1-1 from the ECCC HCP/NCCP
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Exhibit B
Reproduction of Table 3-9 from the ECCC HCP/NCCP
Common Name
Mammals
1. Townsend’s western big-eared bat
2. San Joaquin kit fox
Birds
3. Tricolored blackbird
4. Golden eagle
5. Western burrowing owl
6. Swainson’s hawk
Reptiles
7. Silvery legless lizard
8. Alameda whipsnake
9. Giant garter snake
Amphibians
10. California tiger salamander
11. California red-legged frog
12. Foothill yellow-legged frog
13. Western pond turtle
Invertebrates
14. Longhorn fairy shrimp
15. Vernal pool fairy shrimp
16. Midvalley fairy shrimp
17. Vernal pool tadpole shrimp
Plants
18. Mount Diablo manzanita
19. Brittlescale
20. San Joaquin spearscale
21. Big tarplant
22. Mount Diablo fairy lantern
23. Recurved larkspur
24. Round-leaved filaree
25. Diablo helianthella
26. Brewer’s dwarf flax
27. Showy madia
28. Adobe navarretia
1

Scientific name

Status1
State
Federal

Corynorhinus townsendii townsendii
Vulpes macrotus mutica

CSC
ST

–
FE

CSC-1
FP
CSC-1
ST

–
BGEPA
–
–

Anniella pulchra pulchra
Masticophis lateralis euryxanthus
Thamnophis gigas

CSC
ST
ST

–
FT
FT

Ambystoma californiense
Rana aurora draytonii
Rana boylii
Clemmys marmorata

CSC
–
CSC
CSC

FT
FT
–
–

Brachinecta longiantenna
Brachinecta lynchi
Brachinecta mesovallensis
Lepidurus packardi

–
–
–
–

FE
FT
–
FE

CNPS
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B
1B

–
–
–
–
–
–
–
–
–
–
–

Agelaius tricolor
Aquila chrysaetos
Athene cunicularia hypugea
Buteo swainsoni

Arctostaphylos auriculata
Atriplex depressa
Atriplex joanquiniana
Blepharizonia plumosa
Calochortus pulchellus
Delphinium recurvatum
Erodium macrophyllum
Helianthella castanea
Hesperolinon breweri
Madia radiata
Navarretia nigelliformis ssp.
nigelliformis

Status:
Federal
FE
Federally Endangered
FT
Federally Threatened
BGEPA Bald and Golden Eagle Protection Act
State
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SE
ST
CSC
CSC 1
FP
CNPS
1B

State Listed as Endangered
State Listed as Threatened
California Special Concern Species
Bird Species of Special Concern; First Priority
Fully Protected
California Native Plant Society, Rare or Endangered in California and Elsewhere

63

October 5, 2006
Exhibit C
HCP/NCCP Model Implementing Ordinance
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Appendix C

Preliminary Analysis of Potential Impacts
on Fish in Marsh Creek

[Note to Reader: The HCPA is currently in discussions with NOAA Fisheries regarding the
potential effects of the covered activities and what conservation measures could be incorporated
into the Plan to minimize effects and avoid taking these species. We provided this memorandum
to them to begin discussions about potential impacts. In preliminary discussions, NOAAFisheries has agreed with our conclusion that anadromous fish likely do not need to be covered
by this Plan.]

Memorandum
Date:

July 3, 2003

To:

Susan Boring, NOAA Fisheries

cc:

East Contra Costa County Habitat Conservation Plan Association, c/o John
Kopchik, Contra Costa County Community Development Department

From:
Subject:

Jim Robins and Warren Shaul
Preliminary Impact Analysis for Salmonids in the East Contra Costa
County HCP/NCCP

This memorandum summarizes the framework, methods, and results of the preliminary impact
analysis for salmonids in the East Contra Costa County Habitat Conservation Plan/Natural
Community Conservation Plan (HCP/NCCP). Specific species addressed in this analysis include
the Central valley fall-run chinook salmon (Onchorhynchus tshawytscha), a federal candidate
species, and the federally threatened Central California Coast steelhead (Oncorhynchus mykiss).
Prior to delving into the methods and results of the impact analysis, this memorandum also
provides an overview of the HCP/NCCP process and a discussion of both the known extent and
potential habitat for salmonids within the Inventory Area (see Appendix A for Inventory Area
boundaries).

HCP/NCCP Background
Eastern Contra Costa County is one of the fastest growing regions in the state, with a population
that is predicted to grow by 127,000 people by 20251. Much of this growth will occur on
rangelands and irrigated crop lands and will displace a variety of natural habitats, including
valley floor and foothill grassland, oak woodland, oak woodland savannah, chaparral, riparian
woodland, emergent wetland, and vernal pool habitat. Anticipated growth could also threaten
key habitat corridors needed to protect a variety of state and federally listed threatened and
1 ABAG, Projections 2002. By 2025, the populations of Brentwood, Oakley, Pittsburg, and Antioch are expected to grow
by 123%, 57%, 52%, and 30%, respectively.
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endangered species. Approximately 154 special-status species occur or could occur in the East
County area, including the San Joaquin Kit Fox, California Red-Legged Frog, Alameda
Whipsnake, Golden Eagle, Western Burrowing Owl, Vernal Pool Fairy Shrimp, and Diablo
Helianthella. The East County area is also home to productive agricultural lands, including
intensively cultivated areas with high quality soils in lower elevations and productive grazing
lands in the hills that cover a large part of the region. Agriculturalists depend on these lands for
income and as an important investment.
Conflict between these different land uses or community values is, to some extent, unavoidable.
However, coordinated conservation planning offers an opportunity to reduce the level of conflict
and to uncover mutually acceptable approaches to these problems.
In an effort to realize coordinated conservation planning, a number of key stakeholders in East
County have come together to develop the East Contra Costa County Habitat Conservation
Plan/Natural Community Conservation Plan. The mission statement, below, outlines the broad
goals of this effort.
The East Contra Costa County Habitat Conservation Plan/Natural Community
Conservation Plan will provide comprehensive species, wetlands and ecosystem
conservation and contribute to recovery of endangered species within East Contra Costa
County, while:
balancing open space, habitat, agriculture, and urban development;
reducing the cost and increasing the clarity and consistency of federal and state
permitting by consolidating and streamlining these processes into one, locally
controlled plan,
encouraging, where appropriate, the multiple use of protected areas, including
recreation and agriculture,
sharing the costs and benefits of the habitat conservation plan as widely and equitably
as possible, and
protecting the rights of private property owners.
In addition to these broad goals, the East Contra Costa County HCP/NCCP has also developed a
draft list of biological goals and objectives. The goals and objectives for wetlands and streams
habitats (Goal 1. Establish and maintain a reserve system that maintains and enhances the
processes, functions, and values of wetlands, ponds, and streams and the biological diversity
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they support) and riparian woodland/scrub habitats (Goal 5. Establish and maintain a reserve
system that maintains and enhances the processes and functions of the full variety of the riparian
woodland/scrub community and the biological diversity it supports) contained in the draft
HCP/NCCP are directly related to conservation of stream biota, and as such should frame the
following discussion of impacts on salmonids. See Appendix B for a complete list of Goal 1 and
Goal 5 objectives related to conservation of stream biota.
Background on Salmonid Issues in Eastern Contra Costa County
In November 2001, adult chinook salmon were observed in lower Marsh Creek, near Oakley in
Contra Costa County. Chinook salmon were also observed in lower Marsh Creek during fall and
winter 2002 (Walking, pers comm.). Prior to these observations, anecdotal evidence from local
fishermen and staff with the East Bay Regional Park District and Contra Costa Water District
indicated the presence of chinook salmon in lower Marsh Creek during the late fall and early
winter over the past decade.
After confirmation of Chinook salmon use in 2001, Erika Cleugh of the California Department
of Fish and Game documented the presence of juvenile Chinook salmon in Marsh Creek through
seining studies conducted in March 2002. The size of the juveniles collected (40–60mm)
indicates that these fish were likely fall-run progeny (Cleugh, pers. comm.).
Chinook salmon are likely to be restricted to the lower 4 miles of Marsh Creek by a dropstructure adjacent to the Brentwood Wastewater Treatment Plant between Delta and Sunset
Roads. Due to the size of this drop-structure (approximately 6 ft from stream invert to top), it is
possible that fish may be able to pass upstream during high flows. Lower Marsh Creek is a
channelized flood control channel and lacks riparian vegetation and/or instream habitat
complexity. Adjacent land uses include urban development, cropland, and open fields of ruderal
vegetation. Nonetheless, the lower reaches of Marsh Creek provide habitat for Central Valley
fall-run chinook salmon, possibly supporting adult migration, spawning, incubation, and rearing.
NOAA Fisheries has determined that listing of the Central Valley fall and late fall-run chinook
salmon ESU under the federal Endangered Species Act (ESA) is not warranted at this time; it
currently considers this ESU a candidate species (Federal Register: September 16, 1999).
Central Valley steelhead trout, listed as threatened under the federal ESA, may also use Marsh
Creek. However, steelhead have not been found in Marsh Creek or elsewhere in the Inventory
Area (Cleugh pers. comm.). Critical habitat for Central Valley steelhead includes all river
reaches accessible to listed steelhead in the Sacramento and San Joaquin Rivers and their
tributaries in California. Marsh Creek may be considered part of the designated critical habitat
for steelhead; however, the critical habitat designation is currently under review by NOAA
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Fisheries.
Covered activities under consideration for inclusion in the East Contra Costa County
HCP/NCCP do not include construction within the stream. However, covered activities within
the Marsh Creek watershed could affect chinook salmon and steelhead and their habitat.
Proposed development, particularly in Antioch and Brentwood, has the potential to adversely
affect the water quality (e.g., sediment load, temperature, chemical pollutants) and hydrology
(e.g., timing, duration, and magnitude of flows) of Marsh Creek. The HCP/NCCP will include
conservation measures and mitigation to address these potential impacts through stormwater
runoff control plans, flood attenuation strategies, and the development of stream buffers to
maintain opportunities for restoration and reduce future encroachment.
Our preliminary impact analysis indicates that implementation of the measure articulated in the
draft conservation strategy and adherence to the new C.3 Provisions of the County’s Regional
NPDES Permit would reduce the effects of HCP/NCCP-covered activities on Marsh Creek water
quality and hydrology such that take of any special-status fish would be avoided. The operating
assumption is that there will be no need to include steelhead or chinook salmon as covered
species in the HCP/NCCP.
This memorandum should be a springboard for informal discussions with NOAA Fisheries to
verify that the HCP/NCCP conservation/mitigation measures will adequately protect steelhead
and/or chinook salmon in the Marsh Creek watershed and that inclusion of these species in the
HCP/NCCP is unnecessary.

Overview of Current Habitat Conditions for Salmonids in Marsh Creek and
Its Main Tributaries, Deer Creek and Sand Creek
These observations represent a collection of field visits (approximately 20) by Jones & Stokes
resource ecologist, Jim Robins, and fisheries biologist, Francine Mejia. These visits occurred
between June 2000 and August 2002 and include observations of the lower and upper creek and
some sections of two tributaries of Marsh Creek: Deer Creek and Sand Creek.
Adult Migration

Marsh Creek is channelized with limited riffle-pool complexes. Current occurrence of
anadramous fish is restricted to the lower 4 miles of Marsh Creek from its mouth at Big Break to
the Brentwood Wastewater Treatment Plant. Upstream passage is currently blocked by the
approximately 6-foot-high drop-structure adjacent to the Brentwood Wastewater Treatment
Plant, between Delta and Sunset Roads. Conservative vertical limit for adult fish is 4.5 feet for
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steelhead and 3.0 feet for chinook salmon; fish passage is best facilitated by jumps of 1 foot or
less. If the drop-structure were removed or modified,2 chinook salmon and steelhead could
move farther upstream to the Marsh Creek Dam, providing 7 to 8 miles of additional stream
channel. Surface flows in the reaches just below Marsh Creek Dam are likely a result of leakage
and underflow from the dam. Although surface water was observed in this reach in August
2002, flow was intermittent during summer 2001.
Most of the flow in lower Marsh Creek is provided by return flows from agricultural lands
within the watershed. Water used for irrigation is diverted from the Delta and may contribute to
straying of hatchery chinook and steelhead from other systems (e.g., Feather River).
During the summer months, Sand Creek often provides upwards of 50 percent of the instream
flow in Marsh Creek. Like Marsh Creek flows, flow in Sand Creek is provided by agricultural
return flow. Due to limited instream barriers along Sand Creek, field reconnaissance was
conducted to ascertain whether suitable over-summering habitat for steelhead was available in
the upper reaches of Sand Creek. Field reconnaissance with East Bay Regional Park District
staff in Black Diamond Mines Regional Preserve indicated a lack of suitable habitat in the
headwaters of Sand Creek.
Summer water temperature in Marsh Creek, measured in August 2002 about 50 feet downstream
of the drop-structure, was about 78°F at approximately 3:00 PM.
Spawning and Incubation

Spawning gravel within the lower 4 miles of Marsh Creek is very limited. The streambed is
composed mainly of rip-rap and sand. The substrate immediately downstream and upstream of
Marsh Creek Dam appears more suitable for spawning. Gravel substrates ranging from 1 to 4
inches provide optimal spawning habitat (Raleigh et. al., 1986). At the John Marsh House,
approximately 1 mile downstream from the dam, the average diameter of gravels was greater
than 4 inches, but there were some small patches (less than 100 feet) with gravel of 1 to 2 inches
diameter. There were other locations upstream of Marsh Creek Dam that had substrate with
gravels of 1 to 2 inches in diameter.
Juvenile Rearing

Environmental conditions such as water temperature, substrate, area, water velocity, water depth,
and cover are major factors affecting the quantity and quality of rearing habitat.
2

Current efforts are underway with funding from NOAA Fisheries and American Rivers to assess the potential for
modification and/or removal of this structure
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Juvenile chinook salmon rear in riffles, runs, pools, and inundated floodplains before their
downstream migration. Juvenile steelhead are year-round residents and generally use riffles and
runs in the main and secondary channels, along with the heads and tails of pools. Shallow riffles
are the most important channel type for steelhead during their first year (Barnhart 1986).
The lower 4 miles of Marsh Creek are channelized with some riffle-pool complexes and limited
overhead and instream cover. Large vegetation has been removed for flood control. Scirpus,
marsh primrose, and tules are the most common type of emergent vegetation. Water depth is
approximately 1 to 4 feet in most of the channel, but there are also some shallower areas. Most
of the instream cover is provided by rip-rap. Water temperature at about 3:30 p.m. was between
72°F and 78°F, depending on location. Steelhead can show significant mortality at temperatures
exceeding 77ºF (25ºC) (Raleigh et. al., 1984, Myrick and Cech 2001). Steelhead would not be
expected to successfully rear in Marsh Creek because Marsh Creek exceeds steelhead water
temperature requirements during the summer months.
Juvenile Movement and Migration

Juvenile downstream movement does not seem to have any major barriers or any risks of being
entrained or diverted. The stream has been channelized and provides limited refugia from
predators. Rip-rap, tules, and scirpus species are the major sources of cover. Rip-rap is known
to provide habitat for non-native predatory fish species such as sunfish and largemouth bass.

Preliminary Impact Analysis
The impact analysis of an HCP or NCCP has two primary purposes: 1) to clearly identify the
impacts to covered species and natural communities from covered activities and projects, and 2)
to define what impacts must be mitigated in the conservation strategy. Impact analyses are
required components of HCPs and NCCPs, and the regulatory agencies will issue their permits
based, in part, on the adequacy of the impact analysis. This analysis will include a discussion of
types of impact, the relationship between impacts and take, and covered activities and draft
conservation measures.

Types of Impacts

The impact analysis in the HCP/NCCP will focus on three primary types of impacts: 1) direct
impacts, 2) indirect impacts, and 3) cumulative impacts.

268 Grand Avenue

Oakland, CA 94610

tel. 510
www.jonesandstokes.com

433.8962

fax

510 433.8961

DRAFT-July 2003
Page 7

Direct Impacts
Direct impacts are those that remove habitat for covered species or populations (or portions of
populations) of covered species. Direct impacts can be either permanent or temporary. Direct
impacts on salmonids resulting from covered activities could include the following:
Filling, rerouting, or culverting streams;
Removal of riparian vegetation and/or other types of stream cover;
Operation, maintenance, and construction of flood control channels; and
Temporary affects from riparian and/or stream restoration activities
Indirect Impacts.
The U.S. Fish and Wildlife Service (USFWS) defines indirect impacts as “those that are caused
by the proposed action and are later in time, but are still reasonably certain to occur” (50CFR
402.02). Our definition of indirect impacts also includes impacts that occur at the time of the
proposed action but occur beyond the footprint of a project or activity (i.e., beyond the area of
land disturbance). The HCP/NCCP must consider the indirect impacts in its impact analysis and
mitigate these impacts to the maximum extent practicable.
Potential indirect impacts to salmonids include:
Increased runoff from urban development that may contain pollutants,
Increased peak flows and resultant bank erosion from urban development,
Increased sediment (or other pollutant) inputs during construction,
Harassment or disturbance from the larger human population, and
Harassment from additional pet populations.
Cumulative Impacts
Cumulative impacts result from the proposed action’s incremental impacts added to the impacts
of other past, present, and reasonably foreseeable future actions, regardless of the agency or
person who undertakes them. Cumulative impacts can result from individually minor but
collectively significant actions that take place over time. The HCP/NCCP will consider the
cumulative effects of covered projects and activities because of the requirement to address this
issue under the California Environmental Quality Act (CEQA), the National Environmental
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Policy Act (NEPA), and Section 7 of the Endangered Species Act (ESA). For cumulative
impacts on salmonids, the HCP/NCCP covered activities will likely capture the vast majority of
potential impacts over the next 20 to 50 years. Moreover, the majority of future projects outside
of the direct scope of HCP/NCCP and within the range of the salmonids in east County are
restoration projects; such projects would likely have a net-positive impact on salmonids. These
projects include removal/modification of the Marsh Creek drop-structure, restoration of an active
floodplain and riparian gallery in central Brentwood at the confluence of Marsh and Sand creeks,
and acquisition and restoration of 1,200 acres of tidal marsh and floodplain habitat adjacent to
Marsh Creek just north of the Contra Costa Canal. Thus, analysis of cumulative impacts is
limited to expansion of accessible habitat from the existing 4 miles to the entire 11 miles of
stream downstream of the dam. A more in-depth analysis of cumulative impacts will be added to
the impact analysis for the administrative draft HCP/NCCP.
Relationship between Impacts and Take

This impact analysis focuses on ascertaining whether the potential impacts resulting from
covered activities rise to the level of “take” as defined by the Federal Endangered Species Act.
Take is defined under the ESA as to “harass, harm, pursue, hunt, shoot, wound, kill, trap,
capture, or collect, or to attempt to engage in any such conduct” (16 U.S.C. 1532[19]). The
potential impacts fall into three broad categories: 1) hydrograph modification, 2) degraded water
quality, and 3) removal/alteration of habitat. The resulting potential take would therefore likely
be “harm” or “kill.” While the definition of kill is self-explanatory, the definition of harm has
been controversial. NOAA Fisheries defines harms as, “…an act that actually kills or injures
fish or wildlife. Such an act may include significant habitat modification or degradation where it
actually kills or injures fish or wildlife by significantly impairing essential behavioral patterns,
including breeding, spawning, rearing, migrating, feeding, and sheltering” (National Marine
Fisheries 1999). Thus, for this impact analysis, an impact will rise to the level of take if it leads
to death or injury to salmonids occurring in the Inventory Area.
Covered Activities and Conservation Measures

A key component of the impact analysis is a clearly defined set of covered activities and covered
projects. In the best case scenario, the location, intensity, duration, and frequency of covered
activities and projects are well defined. This level of detail is typically not possible in a regional
HCP with a relatively long permit duration because of the uncertainty in future development
patterns on such a large scale. The permit duration for this HCP/NCCP is estimated to be 30
years, which is a relatively long period. Although the HCP Authority (HCPA) has not yet
clearly defined the location or type of activities that will be covered in this HCP/NCCP, the
preliminary activities listed in Table 1 will provide the basis for this impact analysis. Only a
limited subset of potential covered activities might impact salmonids in Eastern Contra Costa
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County. Although ambiguity remains regarding the extent and location of future growth in East
County, this impact analysis only addresses impacts to salmonids and thus has a discrete
geographic scope: Marsh Creek, downstream of the Marsh Creek Dam, and Sand Creek
(tributary to Marsh Creek).
Table 1. List of Likely Covered Activities
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Residential, commercial, and industrial development
Road and highway construction and maintenance
Water infrastructure construction and maintenance
Flood control project construction and maintenance
Population surveys, species relocation, habitat restoration, management, and scientific
research on preserve lands or potential preserve lands
Sanitary system infrastructure construction and maintenance
Rural recreational facility construction, maintenance, and operation
Recreational use of rural parks and preserves
Miscellaneous development outside the Urban Limit Line
Population surveys, species relocation, habitat restoration, management, and scientific
research on preserve lands or potential preserve lands

Although a number of the covered activities could potentially have an impact on riparian and/or
stream habitats, covered activities such as habitat restoration (Activity 5 in Table 1) will have a
net-positive effect on these habitats and consequently a net-positive effect on salmonids.
Specific restoration actions might include reestablishing channel sinuosity, reconnecting
channels and floodplains, removing fish passage barriers, and planting of woody riparian
vegetation. The HCP/NCCP will provide funding to support ongoing restoration efforts,
including removal of the Marsh Creek drop-structure and restoration of the floodplain at the
confluence of Marsh Creek and Sand Creek. In addition, draft conservation measures clearly
articulate protection of perennial streams such as Marsh Creek and Sand Creek. The following
measures avoid direct impacts to stream and riparian habitat.

268 Grand Avenue

Oakland, CA 94610

tel. 510
www.jonesandstokes.com

433.8962

fax

510 433.8961

DRAFT-July 2003
Page 10

Avoid all streams and riparian woodland/scrub within the Inventory Area to the maximum
extent practicable.
Avoid all unconfined, perennial creeks (Marsh Creek and Sand Creek).
Create a 100-foot stream setback for all new development on protected streams (Marsh
Creek, Sand Creek, and others), measured from the top of bank or outboard dripline of
existing riparian vegetation.
Implement 1:1 restoration goal to ensure no net loss of streams anywhere in the Inventory
Area.
Avoid temporary direct impacts on streams and riparian woodland/scrub during construction
or other temporal activities. This will be accomplished by staking of appropriate buffers by a
qualified biologist. Temporary fencing will be erected around these resources as well as a
suitable buffer zone depending on the resource extent, quality, site conditions, and planned
activity. For example, construction activities using heavy equipment will require a wider
buffer zone (e.g., 50 to 100 feet) than an on-going activity such as clearing vegetation for a
fuel brake (e.g., 20-foot buffer zone).
Implement a restoration timing window to ensure that restoration and enhancement efforts
along Marsh Creek, downstream of the dam, are conducted between April 30 and October 1
to avoid direct impacts on salmonids.
In addition to these conservation measures, the HCP/NCCP will require all covered activities to
meet the NDPES standards articulated in the county’s regional permit. This permit was reissued
by the Regional Water Quality Control Board (RWQCB) in February of 2003 and reflects
changes mandated by “Bellflower Decision.” In essence, this decision forced the regional
boards throughout the state to amend or reissue regional National Pollutant Discharge
Elimination System (NPDES) permits to incorporate measures to address increases in pollutant
load and both volume and velocity of stormwater runoff generated by urban development. These
new measures require the following:
treatment measures that capture and treat and/or infiltrate stormwater runoff (the permit
describes acceptable procedures for designing facilities);
development and implementation of an operations and maintenance verification program for
treatment measures;
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management of peak runoff flow and runoff volume for projects where increased flow and/or
volume is likely to cause increased erosion of creek beds and banks, silt pollution generation,
or other impacts to beneficial uses due to erosive force;
development and implementation of a Hydrograph Modification Management; and
amendments to general plans to ensure consistency with C.3. provisions.
In addition, these measures address infiltration and groundwater quality and provide guidance
and standards for reviewing and revising local site design criteria, guidance, and standards for
enhanced source control measures, and guidance for developing an alternative compliance
compensatory mitigation program. See Appendix C for a more detailed explanation of the
provisions of Contra Costa County’s new NDPES permit.
Although the NPDES permit provisions provide adequate protections to reduce the potential for
impacts of new development on salmonids, we have added a few additional measures to ensure
that all activities, not just new development and redevelopment, are implemented in a way that
reduces potential impacts. Draft measures include the following:
Parking construction vehicles and equipment on pavement, existing roads, and previously
disturbed areas;
Prompt and proper removal of all trash generated by covered activities from the site;
No vehicle refueling within 100 feet of wetlands, ponds, streams, or riparian woodland/scrub
unless a bermed and lined refueling area is constructed;
Creation of appropriate erosion control measures (e.g., hay bales, filter fences, vegetative
buffer strips) to reduce siltation and runoff of contaminants off-site and into wetlands, ponds,
streams, or riparian woodland/scrub;
Use of certifiably weed free hay bales for erosion control;
Application of seed mixtures for erosion control that do not intentionally contain invasive
non-native species, and that are composed of native species to the extent feasible;
Locating stream crossings in stream segments without riparian vegetation and building
bridge footings outside the ordinary high water mark of these streams;
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Prohibiting herbicide application, within 100 feet of wetlands, ponds, streams or riparian
woodland/scrub.
Lastly, new sewage treatment plants will need to obtain project-specific NPDES permits from
RWQCB. In fact, water quality measurement in Marsh Creek during fall 2001 revealed that
water discharged from the Brentwood Wastewater Treatment Facility had higher dissolved
oxygen, lower temperature, and lower total dissolved solids than samples from Marsh Creek
upstream from the outfall (Lindemuth, pers. comm.).
As such, the combination of stringent NPDES permit conditions for all new development and
redevelopment projects, the adherence to those standards for all covered activities in the
HCP/NCCP, and the additional conservation measures articulated above will result in complete
mitigation of any potential indirect impacts resulting from hydrograph modification and/or
degraded water quality.

Potential for Take of Salmonids
Preliminary synthesis of the potential impacts to salmonids resulting from covered activities in
this HCP/NCCP indicates that the majority of impacts could result from the following
mechanisms: direct impacts from habitat destruction or modification, and indirect impacts from
degradation of water quality and modifications to the local hydrograph. In addition to these
mechanisms, this impact analysis will be informed by three key pieces of information: 1)
species life history, 2) extent of potential suitable habitat, and 3) condition of existing habitat.
The two key salmonid species covered in this impact analysis differ in both their life history
strategies and their potential utilization of the Marsh Creek system. Therefore, impacts and the
potential for take will be addressed independently for each species.
Central Valley Steelhead Trout

Potential Impact
Central Valley steelhead trout are the only listed salmonid that may occur in the lower reaches of
Marsh Creek below the Marsh Creek drop-structure. Although limited fisheries surveys have
been conducted along the lower reach of Marsh Creek, there are no empirical data to support the
hypothesis that steelhead enter Marsh Creek. Anecdotal evidence suggests that adult steelhead
may occasionally enter lower Marsh Creek (Cleugh pers. comm., Robins pers. comm.), but no
conclusive observation have been made in this system. As described above, the lower reaches of
Marsh Creek are a trapezoidal earthen flood control channel, lacking riparian vegetation and
containing extremely limited instream cover (eroded rip-rap). This habitat is not suitable for
spawning or over-summering for steelhead.
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Regardless of whether this species does occasionally enter the lower part of this system,
extensive habitat surveys indicate that no suitable spawning, rearing, or over-summering habitat
would be accessible to steelhead trout once they enter the Marsh Creek system. If they were able
to pass the lower Marsh Creek drop-structure, Marsh Creek Dam, approximately 11 miles
upstream from the creek’s mouth, would still block passage to suitable habitat in the upper
watershed.
Resulting Potential for Take
Our preliminary impact analysis indicates that the potential impacts to Central Coast steelhead
trout (direct, indirect, or cumulative) resulting from covered activities in this HCP/NCCP would
not rise to the level of take as defined in ESA and applied by NOAA Fisheries.
Fall-Run Central Valley Chinook Salmon

Potential Impact
Unlike steelhead, fall-run Central Valley chinook salmon are not currently listed under the ESA.
However, fall-run Central Valley chinook are considered a federal candidate species. We
therefore we believe that potential take should be analyzed within the context of an HCP with a
permit duration of between 20 and 50 years.
To assess potential impacts to this species, it is important to understand the key life history
strategies of fall-run chinook. This species typically utilizes mainstem river channels and
associated floodplains for spawning and rearing. Unlike steelhead that over-summer in natal
streams, fall-run chinook adults will typically enter Central Valley systems between September
and November, and juveniles/smolts out-migrate between February and April. Central to this
life history strategy is the fact that successful reproduction of this species does not require oversummering habitat within the natal stream. Thus, although the currently accessible habitat in
lower Marsh Creek exhibits high summer water temperatures, limited in-stream cover, and nonexistent riparian cover, this degraded stream may provide suitable habitat for both spawning and
rearing (see discussion above under Spawning and Incubation for details on spawning). In
addition, if the lower Marsh Creek drop-structure were removed, fall-run chinook would have
access to suitable spawning habitat (e.g., inundated gravels, channel with average depth over 2.5
ft, and heavy riparian canopy) in the 2 plus miles of Marsh Creek directly downstream of the
Marsh Creek Dam. Therefore, for this analysis we define the habitat in the Marsh Creek system
as Marsh Creek downstream of the dam and Sand Creek.
Because of the presence of this species in the lower 4 miles of Marsh Creek, the potential for this
species to become federally listed during the permit term (20–50 years), and the high potential
for this species to gain access to suitable upstream habitat following modification/removal of the
Marsh Creek drop-structure, we believe that this species requires a full assessment of potential
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impacts.
Although the entire Marsh Creek channel downstream of Dry Creek (8 miles) is a highly
modified flood control channel, direct impacts on fall-run chinook salmon could result from
further channelization, culvert installation, and/or flood control activities. Any and all of these
modifications to the existing channel could impact the existing pockets of habitat in the lower 4
miles of Marsh Creek and/or reduce the potential for future upstream migration. Moreover,
modification and encroachment in the 2 plus miles of Marsh Creek between Dry Creek and the
Marsh Creek Dam could have an adverse impact on potential suitable spawning and rearing
habitat for Chinook salmon. Finally, efforts to restore and/or enhance sections of lower Marsh
Creek, downstream of Dry Creek (i.e. the flood control channel), could result in temporary direct
impacts to migration, spawning, and/or rearing habitat for this species.
Our analysis indicates that the draft conservation measures articulated above provide more than
adequate protection for lower Marsh Creek and Sand Creek. In addition, the draft conservation
measures specifically highlight Marsh Creek (below the dam) and Sand Creek as priority
receptor sites for restoration activities. We therefore conclude that the existing conservation
measures will reduce the potential for negative direct impacts to Chinook and in fact, provide a
net benefit the species.
Implementation of this HCP/NCCP will allow development on existing agricultural and open
space lands within the urban limit line in the Marsh Creek watershed. Because the Marsh Creek
Dam currently functions as a major hydraulic and hydrologic barrier between the upper
watershed and the lower watershed, it is unlikely that land use changes upstream of the Marsh
Creek Dam would have significant indirect downstream impacts on fall-run Chinook (Robins
and Cain 2002). On the other hand, development in the Deer Creek and Sand Creek watersheds
and in-fill of existing agricultural land along lower Marsh Creek can have negative indirect
impacts on downstream hydrology and water quality.
Increased development will result in increased impervious surfaces in the watershed. Increased
impervious surfaces can lead to increased peak flows during storm events as runoff is rapidly
conveyed across the landscape with limited potential for infiltration. Increased peak flows can
negatively affect chinook salmon in a number of ways. First, increased peak flows can destroy
or damage redds, leading to high levels of egg mortality. Second, increased peak flows can
increase instream erosion leading to channel simplification and the degradation of existing
pockets of potential habitat. Lastly, increased peak flows can result in injury and/or mortality of
juveniles. In addition to the potential effect on peak flows, an increase in impervious surfaces
generally leads to reduced infiltration and groundwater recharge. Reduced recharge can, in turn,
lead to lower baseflows, which might adversely affect migration of adult fish and reduce
potential spawning and rearing habitat in the system.
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Indirect impacts to fall-run chinook salmon can also result from degradation of water quality in
lower Marsh Creek. Particular water quality concerns include the introduction of urban and
residential contaminants (hydrocarbons, pesticides, herbicides, etc.) into Marsh Creek and its
tributaries, and increased sediment loading resulting from upland earth disturbance.
The final potential indirect impact to fall-run chinook salmon would be the effects of removal of
riparian habitat in the 2 plus mile stretch of Marsh Creek between Dry Creek and the Marsh
Creek Dam. Removal of this vegetation could lead to reduced bank stability, increased water
temperatures, sedimentation of gravels, and a general reduction in instream habitat complexity.
Although this reach is not currently accessible to salmonids, it is likely to become accessible
within the duration of the HCP permit.
Our analysis indicates that adherence to the C.3. provisions of the county’s NDPES permit will
ensure that potential indirect impacts are mitigated. In addition, restoration actions such as
reestablishing channel sinuosity, reconnecting channels and floodplains, and excavating and
revegetating floodplains and riparian areas will further reduce the potential impacts from covered
activities and will have a net-positive impact on both red survival (by reduced channel scouring)
and juvenile rearing (by access to refugia during high flows and increased rearing habitat).
Resulting Potential for Take
Incorporation of the conservation measures articulated above, together with the restoration
action included in the covered activities, will ensure that none of the potential direct and indirect
impacts resulting from this HCP/NCCP will rise to the level of take for fall-run Central Valley
Chinook salmon. In fact, this analysis indicates that implementation of the HCP/NCCP will
have a net-positive effect on fall-run Central Valley chinook salmon.

Conclusion
Although residential development and the associated infrastructure will result in the modification
or loss of existing wildland and agricultural habitat in Eastern Contra Costa County, this
HCP/NCCP has been designed to address species protection at a regional level and to provide
adequate protection for special-status species. To determine the potential impacts of covered
activities and the adequacy of the draft conservation measures on salmonid conservation, we
reviewed the known information on salmonid use of the Inventory Area, surveyed reaches that
could become accessible in the near future for suitable habitat, and analyzed the potential direct
and indirect impacts that could result from covered activities. Results indicate that Central Coast
steelhead are not likely to use any part of the Marsh Creek system downstream of the Marsh
Creek Dam. There is currently no suitable spawning or over-summering habitat for this species
downstream of the dam. Therefore, we do not believe that this species would be affected by any
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of the covered activities or conservation measures contained in the HCP/NCCP. Therefore, take
of steelhead will not result from implementation of this HCP.
However, we know that fall-run Central Valley chinook salmon currently migrate and rear in the
accessible lower 4 miles of Marsh Creek. Although juvenile fish were observed in lower Marsh
Creek during the out-migration season, there are no definitive data to suggest that these juveniles
were either rearing in their natal stream or out-migrants from a Central Valley fishery such as the
Feather River. Regardless of the origin of these juveniles, adult chinook salmon are attempting
to spawn in Marsh Creek and juveniles are using the creek for rearing. This impact analysis
identified potential positive and negative impacts to this species that could result from covered
activities. This impact analysis indicates that implementation of stream and riparian restoration
actions in lower Marsh Creek and Sand Creek, in combination with the draft conservation
measures, stringent NPDES requirements for all new development and redevelopment projects,
existing requirements for Streambed Alteration Permits, and project-specific NPDES Permits
will have a net-positive impact on chinook. As such, we do not believe that implementation of
this HCP/NCCP would constitute take of this species.
This document is a draft and all aspects of the HCP/NCCP are currently in draft form. We are
asking NOAA Fisheries to review this impact analysis and to provide feedback to the
HCP/NCCP team. We welcome any thoughts on additional impacts or mitigation.
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Townsend’s Western Big-Eared Bat (Corynorhinus townsendii townsendii)

Townsend’s Western Big-Eared
Bat (Corynorhinus townsendii
townsendii)
Status
State:
Federal:
Other:

Species of Concern
None
Western Bat Working Group
High Priority Species

Population Trend
Global: Declining (Pierson et al. 1999)
State:
Declining (Pierson 1988, Pierson and Rainey 1996)
Within Inventory Area: Unknown

Data Characterization
The location database for the Townsend’s western big-eared bat (Corynorhinus
townsendii townsendii) within its known range in California includes 20 data
records dated from 1987 to 2000. Of these records, 6 were documented within
the past 10 years; of these, 1 was of high precision and can be accurately located
within its survey area. None of these records are located within the inventory
area.
A moderate amount of literature is available for the Townsend’s western bigeared bat because of its rare and declining status. Most of the information
available is on the natural history, distribution, population status, and threats to
this species. A conservation assessment and conservation strategy has been
published.

Range
Townsend’s big-eared bats occur throughout most of western North America
from British Columbia to central Mexico, east to the Black Hills of South
Dakota, and across Texas to the Edwards Plateau (Hall 1981, Kunz and Martin
1982). Isolated, relictual populations of this species are found in the southern
Great Plains and the Ozark and Appalacian Mountains (Hall 1981, Kunz and
Martin 1982). The subspecies pallescens occurs in Washington, Oregon,
California, Nevada, Idaho, Arizona, Colorado, New Mexico, Texas, and
Wyoming. The subspecies townsendii occurs in Washington, Oregon, California,
Nevada, Idaho, and possibly southwestern Montana and northwestern Utah
(Hadley 1959, Hall 1981). In California, the boundary between pallescens and
townsendii runs north-south approximately through the center of the Central
Valley, with C. t. townsendii on the west side (Hall 1981). This species occurs
from near sea level to well above 3,160 meters above sea level (Pearson et al.
1952, Nagorsen and Brigham 1993).
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Occurrences within the ECCC HCP/NCCP Inventory Area
Townsend’s big-eared bat is found throughout California, but specific details on
its distribution within the central Coast Ranges are not well known. Records of
this species include sites in the coastal lowlands and agricultural areas of Marin,
Napa, Alameda, and San Mateo Counties and nearby hills (Pierson 1988).
However, there are no published records of Townsend’s big eared bat within
Contra Costa County. Because of the scarcity of suitable habitat including mines
and caves, it is unlikely that significant maternity roosts of this species occur in
the county. However, future research may show that small numbers of individual
bats roost in buildings, bridges, or other structures within the inventory area.

Biology
Habitat
Townsend’s big-eared bats occur in a variety of habitats throughout California,
but they are most commonly associated with desert scrub, mixed conifer forest,
and pinon-juniper or pine forest habitat. Within these communities, they are
specifically associated with limestone caves, mines, lava tubes, and buildings
(Dalquest, 1947, 1948; Graham 1966; Pearson et al. 1952; Kunz and Martin
1982; Pierson et al. 1991; Dobkin et al. 1995).
During hibernation, Townsend’s big-eared bats typically prefer habitats with
relatively cold (but above freezing) temperatures in quiet, undisturbed places.
These areas are often in the more interior, thermally stable portions of caves and
mines (Barbour and Davis 1969, Dalquest 1947, Humphrey and Kunz 1976,
Pearson et al. 1952, Zeiner et al. 1990). Hibernating bats are often found in
ceiling pockets (Pierson et al. 1991). In central California, solitary males and
small clusters of females are also known to hibernate in buildings (Pearson et al.
1952, Kunz and Martin 1982). Females may roost in colder places than males
during these periods (Pearson et al. 1952).
During spring and summer, females establish maternity colonies in the warm
parts of caves, mines, and buildings (Dalquest 1948, Pearson et al. 1952, Twente
1955, Pierson et al. 1991). In California, some maternity roost may reach 30ºC
(86ºF) (Pierson et al. 1991). Favored roost locations for females and young are
often in a ceiling pocket or along the walls just inside the roost entrance (Pierson
et al. 1991). Night roosts may include buildings or other structures, such as
bridges (Pierson et al. 1996, Rainy and Pierson unpublished manuscript).

Foraging
Townsend’s big eared bats feed primarily on small moths, but also take other
insects, including flies, lacewings, dung beetles, and sawflies (Whitaker et al.
1977; Kunz and Martin 1982). Radio-tracking studies in northern California
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have found Townsend’s big-eared bats foraging within forested habitats and
along heavily vegetated stream corridors, avoiding open, grazed pasture land
(Pierson and Fellers 1998, Pierson et al. 1999). Individuals may travel up to 13
kilometers from their day roost (Pierson et al. 1999).

Reproduction
Female Townsend’s big-eared bats arrive at maternity roost sites in early spring
and give birth to a single offspring in late spring or early summer after an
approximately 3-month gestation period (Pearson et al. 1952). In California,
young are born over a 3- to 5-week period beginning in late May. Maternity
colonies disperse in fall, and mating occurs in fall and winter. The peak of
copulations occurs from November through February, although some females
apparently mate before arriving at hibernacula (Kunz and Martin 1982). Females
are sexually mature and mate in their first autumn. However, as in most bats,
females store sperm, and ovulation does not occur until early spring (Pearson et
al. 1952). Ovulation may occur either before or after females leave hibernation.
Townsend’s big-eared bats are large at birth, weighing approximately 25% of the
mother’s postpartum mass (Kunz and Martin 1982). Young grow rapidly,
reaching adult size in approximately 1 month, and capable of flight in 2.5 to 3
weeks. They are fully weaned by 6 weeks (Pearson et al. 1952).

Demography
Band recoveries show longevity records of up to 16 years, 5 months (Paradiso
and Greenhall 1967) and 21 years, 2 months (Perkins 1994). Pearson et al.
(1952) estimated the annual survivorship for Townsend’s big-eared bats was
about 50% for young and 80% for adults.

Behavior
Townsend’s big-eared bat is a relatively sedentary species for which no longdistance migrations have been documented (Pearson et al. 1952, Barbour and
Davis 1969, Humphrey and Kunz 1976). The longest seasonal movements
recorded for this species are 32.2 kilometers in California (Pearson et al. 1952)
and 39.7 kilometers in Kansas (Humphrey and Kunz 1976).
Townsend’s big-eared bats hibernate in mixed-sex aggregations of 100 to 500
individuals. They periodically arouse during winter and move to alternate roosts.
Individuals actively forage and drink throughout winter (Brown et al. 1994).
Hibernation is prolonged in colder areas and intermittent where climate is
predominately not freezing (Kunz and Martin 1982).
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Ecological Relationships
Townsend’s big-eared bat is a lepidopteran specialist, with a diet consisting of
more than 90% moths (Pierson et al. 1999). Night roosts of this species often
include other bat species, including pallid bat (Antrozous pallidus), big brown bat
(Eptesicus fuscus), California myotis (Myotis californicus), small-footed myotis
(M. ciliolabrum), long-eared myotis (M. evotis), little brown bat (M. lucifugus),
fringed bat (M. thysanodes), long-legged bat (M. volans), and Yuma myotis (M.
yumanensis).

Threats
Townsend’s big-eared bats are highly sensitive to roost disturbance. Activities
that can result in significant disturbance or loss of habitat include mine
reclamation, renewed mining, water impoundments, recreational caving, loss of
building roosts, and bridge replacement (Kunz and Martin 1982, Pierson et al.
1999). Pesticide contamination may also threaten this species in agricultural
areas (Geluso et al. 1976).

Conservation and Management
Townsend’s big-eared bat has been classified as a High Priority species by the
Western Bat Working Group for all populations throughout its range. This
classification indicates that this species is imperiled or is at high risk of
imperilment. In 1994, a Townsend’s big-eared bat conservation strategy was
initiated as part of the Idaho Conservation Effort. This strategy was prepared by
a team of experts from 8 participating states and resulted in the publication of the
Species Conservation Assessment and Conservation Strategy for the Townsend’s
big-eared bat (Pierson et al. 1999). The species conservation assessment
summarizes the life history and habitat requirements, historical and current
distribution and abundance of this species throughout its range, its current status,
and threats to the species in each state. The conservation strategy is a plan that, if
successful, will remove or minimize identified threats and promote restoration or
recovery of the species.

Species Distribution Model
A species distribution model was not developed for Townsend’s big-eared bat
because the specific habitat features for this species could not be mapped on a
regional scale.
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San Joaquin Kit Fox
(Vulpes macrotus mutica)
Status
State:
Federal:

Threatened
Endangered

Population Trend
Global: Declining
State:
Declining
Within Inventory Area: Unknown

Data Characterization
The location database for the San Joaquin kit fox (Vulpes macrotus mutica)
within its known range in California includes 22 data records from 1975 to 1999.
Of these records, none of the 7 documented within the past 10 years were of
sufficient precision to be accurately located within the survey areas. Three of
these 7 records are located within the ECCC HCP/NCCP inventory area. These
records represent sighting within non-native grassland, grazed, and agricultural
habitat. This database includes records of individual sightings and locations of
occupied, vacant, and natal dens.
A moderate amount of literature is available for the San Joaquin kit fox because
of its endangered status. Long-term studies have been conducted on the ecology
and population dynamics of this species in core population centers at the Elk
Hills and Buena Vista Naval Petroleum Reserves in Kern County and on the
Carrizo Plain Natural Area in San Luis Obispo County. Numerous surveys have
been conducted in the northern portion of the range, including Contra Costa
County. Quantitative data are available on population size, reproductive
capacity, mortality, dispersal, home-range movement patterns, and habitat
characteristics and requirements. A number of models have been developed to
describe the species’ population dynamics. A recovery plan for the San Joaquin
kit fox has been published.

Range
The San Joaquin kit fox is found only in the Central Valley area of California.
Kit foxes currently inhabit suitable habitat in the San Joaquin valley and in
surrounding foothills of the Coast Ranges, Sierra Nevada, and Tehachapi
Mountains, from southern Kern County north to Contra Costa; Alameda and San
Joaquin counties on the west; and near La Grange, Stanislaus County on the east.
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Occurrences within the ECCC HCP/NCCP Inventory Area
Fifty-three occurrences of San Joaquin kit foxes have been documented within
the inventory area between 1967 and 1997 (Duke et al. 1997). These records
were located from the Black Diamond Mines area and Lone Tree Valley in the
north to Round Valley, Los Vaqueros Reservoir, and Brushy Creek in the south
(Duke et al. 1997). Fifteen of these records were documented since 1986. The
greatest density of occurrences is located in the southern portion of the inventory
area. There were two additional records from May 2001 and June 2002 from
Vasco Caves Regional Preserve (Clark et al. 2003).
A recent survey of Contra Costa County and Alameda Counties within the known
range of the San Joaquin kit fox found no evidence of recent occupancy (Clark et
al. 2003). This study used a combination of ground surveys on public lands
using trained dogs to find fox scat, and aircraft surveys over the entire area in
search of active dens. Detection dogs have been found to be extremely effective
and efficient at locating scat of San Joaquin kit fox1. The identity of all scat
found was verified with DNA testing. Despite a total of 139.4 km surveyed by
the detection dog in 2002 in Contra Costa and Alameda Counties (81.0 km in
Contra Costa County), no sign of San Joaquin kit fox was found. Nine dens were
observed on the 4 days of aerial surveys that had the potential to be kit fox dens.
Of the six dens that could be field checked, none were active; the remaining dens
were on private land or in inaccessible areas. These results do not prove absence
of kit fox from the inventory area (e.g., no private land was surveyed with
detection dogs), but do suggest that kit fox density is low or their occurrence is
periodic in the inventory area.

Biology
Habitat
San Joaquin kit foxes occur in a variety of habitats, including grasslands,
scrublands, vernal pool areas, alkali meadows and playas, and an agricultural
matrix of row crops, irrigated pastures, orchards, vineyards, and grazed annual
grasslands (U.S. Fish and Wildlife Service 1998). They prefer habitats with
loose-textured soils (Grinnell et al. 1937, Hall 1946, Egoscue 1962) that are
suitable for digging, but they occur on virtually every soil type. Dens are
generally located in open areas with grass or grass and scattered brush, and
seldom occur in areas with thick brush. Preferred sites are relatively flat, welldrained terrain (U.S. Fish and Wildlife Service 1998, Roderick and Mathews
1999). They are seldom found in areas with shallow soils due to high water
tables (McCue et al. 1981) or impenetrable bedrock or hardpan layers (O’Farrell
and Gilbertson 1979, O’Farrell et al. 1980). However, kit foxes may occupy
soils with a high clay content where they can modify burrow dug by other
animals, such as ground squirrels (Spermophilus beecheyi) (Orloff et al. 1986).
1

In tests within the southern portion of their range (where kit fox are more abundant), detection dogs were found to
be 100% accurate in species identification (n = 1,298) using DNA tests for confirmation (Smith et al. In Press).
Detection dogs are also 4 times more likely to find kit fox scat than trained humans.
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In the northern part of its range (including San Joaquin, Alameda and Contra
Costa Counties) where most habitat on the valley floor has been eliminated, kit
foxes now occur primarily in foothill grasslands (Swick 1973, Hall 1983, U.S.
Fish and Wildlife Service 1998), valley oak savanna, and alkali grasslands (Bell
1994). Less frequently they occur adjacent to and forage in tilled and fallow
fields and irrigated row crops (Bell 1994). These foxes will den within small
parcels of native habitat that is surrounded by intensively maintained agricultural
lands (Knapp 1978) and adjacent to dryland farms (Jensen 1972, Orloff et al.
1986, U.S. Fish and Wildlife Service 1998).

Foraging Requirements
The diet of kit foxes varies, with season and geographic locality based on local
availability of potential prey. In the northern portion of their range, kit foxes
most commonly prey on California ground squirrels, cottontails (Sylvilagus
auduboni), black-tail jackrabbits (Lepus californicus), pocket mice (Perognathus
spp.), and kangaroo rats (Dipodomys spp.) (Hall 1983, Orloff et al. 1986, U.S.
Fish and Wildlife Service 1998). Secondary prey taken opportunistically may
include ground-nesting birds, reptiles, and insects (Laughrin 1970).

Reproduction
Kit foxes can, but do not necessarily, breed their first year. Sometime between
February and late March, 2 to 6 pups are born per litter (Egoscue 1956, Zoellick
et al. 1987a, Cypher et al. 2000). The annual reproductive success for adults can
range between 20 and 100% (mean: 61%;) and 0 and 100% for juveniles (mean:
18%) (Cypher et al. 2000). Population growth rates generally vary positively
with reproductive success and kit fox density is often positively related to both
current and the previous year’s prey availability (Cypher et al. 2000). Prey
abundance is generally strongly related to the previous year’s effective (October
to May) precipitation.

Longevity
Kit foxes in the wild can live as long as 8 years, but such longevity is rare (U.S.
Fish and Wildlife Service 1998). Annual survival rates of juvenile foxes
generally range between 21 and 41% (Berry et al. 1987, Ralls and White 1995).
In captivity, kit foxes can live up to 10 years (McGrew 1979). The annual
natural mortality rate of adults is approximately 50% (Berry et al. 1987, Ralls
and White 1995), but is closer to 70% for juveniles (Berry et al. 1987). Coyotes
(Canis latrans) and other predators (red foxes [Vulpes vulpes], domestic dogs,
bobcats [Lynx rufus] and large raptors) are the primary sources of mortality for
adult and juvenile foxes (Hall 1983, Betty et al. 1987b, Ralls and White 1995,
Warrick et al. 1999, White et al. 2000, Cypher et al. 2000), and vehicles are
usually the secondary cause (Cypher et al. 2000).
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Population Dynamics
In a long-term study of kit fox population dynamics at the Naval Petroleum
Reserves in California, Cypher et al. (2000), showed that population growth rates
vary positively with reproductive success, and population density is positively
related to both the current and the previous year’s prey availability. Prey
abundance was strongly related to the previous year’s effective precipitation
(October to May).
White and Garrott (1999) note that 2 density-dependent mechanisms appear to
regulate kit fox population patterns. The first, the rate of juvenile recruitment, is
inversely related to the density of adult foxes because higher proportions of
juveniles are generally killed by coyotes at higher fox densities. The mortality
rates of adult foxes are apparently independent of population density. The
second is that populations of kit foxes are bounded by their territorial spacing
behavior, which limits recruitment at higher densities. These mechanisms,
therefore, may act together to curtail population growth at high densities,
whereas decreased juvenile mortality by coyotes can act independently to
increase population growth at low densities.
Density-independent factors, particularly unpredictable fluctuations in
precipitation that contribute to high-frequency, high-amplitude fluctuations in the
abundance of kit fox prey, can also result in variations in reproductive rates that
cause population crashes or eruptions (White and Garrott 1999). Unpredictable
short-term fluctuations in precipitation, and in turn, prey abundance could
therefore generate longer-term, aperiodic fluctuations in the density of foxes that
are independent of special or persistent causes such as predation or disease.

Dispersal
The pups emerge above ground at approximately 1 month of age and some
disperse after 4 to 5 months, usually between July and September. In a study of
209 dispersing juveniles, Koopman et al. (2000) found that 33% dispersed from
their natal territory, significantly more males (49%) than females (24%). The
percentage of male dispersal was weakly related to mean annual litter size, and
the percentage of female dispersal was weakly and inversely related to annual
small-mammal prey abundance. Most of the dispersing juveniles (65%) died
within 10 days of leaving their natal range. However, survival tended to be
higher for dispersing males than for males that remained within their natal area.
There was no difference in survival for dispersing and philopatric females. Nondispersing offspring of both sexes may remain with their parents through the
following year and help raise the next litter (White and Ralls 1993), but this
behavior is not always observed (Koopman et al. 2000).
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Behavior
Den Use
San Joaquin kit foxes use numerous dens throughout the year. They are used for
temperature regulation, shelter from inclement weather, reproduction, and escape
from predators. Hall (1983) documented a family of 7 kit foxes that used 43 dens
in 1 year, while 1 other individual used 70 dens (K Ralls, pers. comm. in
Williams et al. 1998). Koopman et al. (1998) found that individual foxes within
the Naval Petroleum Reserves use an average of 11.8 different dens each year,
and den use does not differentiate between sexes. The number of dens used
varied among seasons, with more dens used during the dispersal season than
during the breeding or pup-rearing seasons. On average, kit foxes used an
individual den 10% of the time throughout the year, but favored dens were used
32% of the time. Approximately 50% of the dens used by a kit fox in a 1-year
period had not been used by that fox during the previous year. Male and female
pups up to 18 months of age denned equally with either adult parent. They
denned with siblings for up to 21 months of age. Radio telemetry studies of kit
fox movement on the Carrizo Plain Natural Area (White and Ralls 1993) indicate
that foxes use individual dens for an average of 3.5 days before moving to a
different den. Den changes are believed to be primarily in response to a need to
avoid coyotes, although local depletion of prey and increases in external parasites
in the dens may also influence this behavior (Egoscue 1956 in Williams et al.
1998).
Movement
Kit foxes may range up to 20 miles at night (Girard 2001) during the breeding
season and somewhat less (6 miles) during the pup-rearing season. Home ranges
vary from less than 1 square mile up to approximately 12 square miles (Knapp
1978, Spiegel and Bradbury 1992, White and Ralls 1993). The home ranges of
pairs or family groups of kit foxes generally do not overlap (White and Ralls
1993). This behavior may be an adaptation to periodic drought-induced scarcity
in prey abundance.
Social Structure
Genetic and field studies of kit foxes on the Carrizo Plains Natural Area (Ralls et
al. 2001) showed that foxes living in adjacent home ranges tended to be more
closely related than foxes from more distant home ranges. This pattern emerged
largely because females on adjacent home ranges were often closely related.
Foxes that shared the same den were usually members of the same social group,
but occasionally foxes from different social groups shared dens, possibly during
pair formation. San Joaquin kit foxes can maintain enduring social relationships
with adult offspring or siblings that have dispersed to new home ranges and
found a mate.

Ecological Relationships
San Joaquin kit foxes prey upon a variety of small mammals, ground-nesting
birds, and insects. They are in turn subject to predation or killing by such species
as coyote, non-native red foxes, domestic dog, eagles, and large hawks (Hall
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1983, Berry et al. 1987, Ralls and White 1995). White et al. (2000) determined
that coyotes were responsible for 59% of kit fox deaths during a 4-year telemetry
study at Camp Roberts in southern Monterey County.

Threats
Loss, fragmentation, and degradation of habitat by agricultural, urban, and
industrial development continues to decrease the remaining habitat and carrying
capacity of San Joaquin kit foxes throughout its range. Livestock grazing is not
thought to be detrimental to kit foxes (Morrell 1975, Orloff et al. 1986), but it
may affect the number of prey species available, depending on the intensity of
grazing (U.S. Fish and Wildlife Service 1998). In some areas, livestock grazing
may benefit kit foxes by reducing shrub cover and maintaining grassland habitat.
Continued fragmentation of habitat is a serious threat to this species. Increasing
isolation of populations and social groups through habitat degradation and
barriers to movement, such as aqueducts and busy highways, can limit dispersal
to and habitation of existing and former lands. This isolation also favors
inbreeding depression in populations, as well as making the smaller populations
susceptible to extinction from stochastic environmental events such as droughts,
flooding, fire, and periodic declines in prey abundance. Invasion of fragmented,
occupied kit fox habitat by coyotes, red foxes, and feral dogs can contribute to
increased mortality of kit foxes.
The use of pesticides to control rodents and other pests also threatens kit fox in
some areas, either directly through poisoning or indirectly through reduction of
prey abundance. Historically, measures such as hunting and rodenticides have
been used extensively in the inventory area to control rodents and reduce
conflicts with livestock. This has greatly decreased the populations of these
species, reducing prey availability for their predators. In 1975, California ground
squirrel, which is the main prey item for San Joaquin kit fox in Contra Costa
County, was thought to have been eradicated countywide after extensive rodent
eradication efforts (Bell et al. 1994; U.S. Fish and Wildlife Service 1998).
California ground squirrel populations have been increasing in Contra Costa
County since then; however, their abundance may still limit San Joaquin kit fox
presence and abundance in the eastern portion of the County (Orloff pers.
comm.).

Conservation and Management
The San Joaquin kit fox is listed as both state and federally endangered. A
recovery plan for this species was completed in 1983 that outlines objectives to
halt the decline of the species and increase population sizes above the 1981 level
(U.S. Fish and Wildlife Service 1998). Subsequent conservation actions have
included acquisition of important habitat by the U.S. Bureau of Land
Management (BLM), California Department of Fish and Game (CDFG),
California Energy Commission, Bureau of Reclamation, U.S. Fish and Wildlife
Service (USFWS), and Nature Conservancy. Substantial long-term research has
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been conducted on populations in the Naval Petroleum Reserves and in the
Carrizo Natural Area in southern California. These studies have provided
important information on kit fox habitat requirements, behavior, demographics,
and threats.
In 1998, a recovery plan for upland species of the San Joaquin Valley was
completed (U.S. Fish and Wildlife Service 1998), which included a revised
recovery strategy for the San Joaquin kit fox. The goal of this recovery plan is to
maintain a viable metapopulation of kit foxes on private and public lands
throughout the species’ range. This will include preservation of existing core and
satellite populations. Areas where core populations are found include the Carrizo
Plain Natural Area in San Luis Obispo County; the natural lands of western Kern
County, including the Naval Petroleum Reserves, the Lokern Natural Area, and
adjacent natural lands inhabited by kit foxes; and the Ciervo-Panoche Natural
Area of western Fresno and eastern San Benito Counties. Camp Roberts and Fort
Hunter Liggett also provide important habitat for kit foxes in the Salinas and
Pajaro river watersheds. Additional lands in the San Joaquin Valley that have kit
foxes or the potential to have them include refuges and other lands managed by
the CDFG, California Department of Water Resources, Center for Natural Lands
Management, Lemoore Naval Air Station, Bureau of Reclamation, and USFWS,
as well as various private lands in these areas. While kit foxes have been
documented in numerous locations in East Contra Costa County, no conservation
areas were identified for this species in the 1998 recovery plan. However, the
recovery plan identifies the protection of existing kit fox habitat in the northern
portion of its range and protection of existing connections between habitat in
Contra Costa County and habitat farther south as primary recovery actions.

Status Assessment
San Joaquin kit foxes are known to occur within the ECCC HCP/NCCP
inventory area, with greater numbers occurring in the southern portion of the
area. However, compared with populations in southern California, little is known
about the ecology and habitat needs of kit foxes in the northern part of their
range. Researchers have consistently indicated that the behavioral ecology of kit
foxes in this region is poorly known and may be different from the ecology of
foxes in the southern part of their range (Laughrin 1970, Swick 1973, Morrell
1975, Orloff et al. 1986, Sproul and Flett 1993, Bell 1994). The northern
populations of kit foxes appear to use different prey (ground squirrels instead of
kangaroo rats), and their denning habitat appears different (Orloff et al. 1986). In
addition, habitat (ground cover, dominant vegetation, land use practices, rainfall,
and in some cases relief) is substantially different in the north than in the south,
where kit foxes are more abundant and well studied. Because of these
differences, some geographic differences may exist in the demographic
characteristics of these populations. However, the threats of habitat loss;
degradation and fragmentation; predation by coyotes, red foxes, feral dogs, and
other predators; and vehicular mortality are likely to be comparable in both
regions of their range.

Species Accounts ♦ Mammals
East Contra Costa County HCP/NCCP

October 2006
7

Mammals

San Joaquin Kit Fox (Vulpes macrotus mutica)

Modeled Species Distribution
Model Description
Assumptions
1. The following land cover types were considered core habitat for the San
Joaquin kit fox:
Annual grassland suitable for all kit fox activities including foraging,
denning, shelter and movement corridors that is connected to known kit fox
movement routes;
Oak savanna contiguous with annual grassland;
Alkali grassland within annual grassland;
Seasonal wetland within annual grassland or oak savanna;
Ruderal areas within annual grassland or oak savanna; and
All wind turbine areas within annual grassland.
2. The following land cover types were considered low use habitat for San
Joaquin kit fox:
Cropland, pasture, and orchard land cover types within 1 mile of core habitat
as defined above;
Ruderal areas contiguous with low-use cropland, pasture, or orchard habitat;
and
100-feet from suitable core habitat into oak woodlands.
3. Grassland and oak savanna patches isolated from large contiguous tracts of
annual grassland by oak woodland or chapparal/scrub were considered nonhabitat.
Rationale
Core Habitat: In the northern part of its range (including Contra Costa County),
where most habitat on the valley floor has been eliminated, kit foxes now occur
primarily in foothill grasslands (Swick 1973, Hall 1983, U.S. Fish and Wildlife
Service 1998), valley oak savanna and alkali grasslands (Bell 1994). They prefer
habitats with loose-textured soils (Grinnell et al 1937, Hall 1946, Egoscue 1962,
Morrell 1972), suitable for digging, but occur on virtually every soil type. Dens
are generally located in open areas with grass or grass and scattered brush, and
seldom occur in areas with thick brush (Morrell 1972). Preferred sites are
relatively flat, well-drained terrain (U.S. Fish and Wildlife Service 1998,
Roderick and Mathews 1999). They are seldom found in areas with shallow soils
due to high water tables (McCue et al. 1981) or impenetrable bedrock or hardpan
layers (Morrell 1975, O’Farrell and Gilbertson 1979, O’Farrell et al. 1980).
However, kit foxes may occupy soils with a high clay content where they can
modify burrow dug by other animals such as ground squirrels (Spermophilus
beeychii) (Orloff et al. 1986).
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The geographical separation of suitable and unsuitable habitat of annual
grassland and oak savanna was based on the location of large tracts of oak
woodland separating large contiguous tracts of these land cover types from
smaller isolated patches at higher elevations to the west. While kit foxes may
occasionally use oak woodland habitat, at least along the margins adjacent to
core grassland habitat (Orloff, pers. comm.), they are not likely to frequently pass
through these areas due to higher predation potential from other canids (coyotes,
gray foxes, red foxes) and reduced prey availability. Isolated patches of
grassland and oak savanna beyond these oak woodland tracts were therefore
considered not suitable habitat for this species.
Low Use Habitat: San Joaquin kit foxes also less frequently occur adjacent to and
forage in tilled and fallow fields and irrigated row crops (Bell 1994, Williams et al.
1997). These foxes will den within small parcels of native habitat that is
surrounded by intensively maintained agricultural lands (Knapp 1978) and adjacent
to dryland farms (Jensen 1972, Orloff et al. 1986, U.S. Fish and Wildlife Service
1998). Kit foxes are known to use agricultural areas within the inventory area in
these ways.

Model Results
Figure 2 shows the modeled potential habitat of the San Joaquin kit fox within
the ECCC HCP/NCCP inventory area. The habitat includes approximately twothirds of the inventory area and is primarily located within the low elevation
grassland areas between the agricultural/urban areas in the east and north and the
higher elevation foothill areas around Mt. Diablo to the west. The documented
occurrences of San Joaquin kit foxes in this area correspond well to locations
within the modeled core area habitat.
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Tricolored Blackbird (Agelaius tricolor)

Tricolored Blackbird (Agelaius tricolor)
Status
State:
Federal:

Bird Species of Special Concern, Priority 1
None

Population Trend
Global: Declining
State:
Declining (Beedy and Hamilton 1997, 1999)
Within Inventory Area: Possibly declining (Beedy and Hamilton 1997).
The first systematic surveys of tricolored blackbird population status and
distribution were conducted by Neff (1937, 1942). During a 5-year interval, he
found 252 breeding colonies in 26 California counties; the largest colonies were
in rice-growing areas of the Central Valley. He observed as many as 736,500
adults per year (1934) in just eight Central Valley counties. The largest colony he
observed was in Glenn County; it contained more than 200,000 nests (about
300,000 adults) and covered almost 24 hectares (60 acres). Several other
colonies in Sacramento and Butte Counties contained more than 100,000 nests
(about 150,000 adults).
DeHaven et al. (1975a) estimated that the overall population size in the
Sacramento and northern San Joaquin valleys had declined by more than 50%
since the mid-1930s. They performed intensive surveys and banding studies in
the areas surveyed by Neff (1937) and observed significant declines in tricolored
blackbird numbers and the extent of suitable habitat in the period since Neff’s
surveys. Orians (1961a) and Payne (1969) observed colonies of up to 100,000
nests in Colusa, Yolo, and Yuba Counties, but did not attempt to survey the
entire range of the species.
The U.S. Fish and Wildlife Service, the California Department of Fish and Game,
and California Audubon cosponsored intensive, volunteer tricolored blackbird
surveys in suitable habitats throughout California in 1994, 1997, 1999, and 2000
(Hamilton et al. 1995; Beedy and Hamilton 1997; Hamilton 2000). Local,
regional, and statewide tricolored blackbird populations have experienced major
declines since 1994. Statewide totals of adults in four late-April surveys
covering all recently known colony sites were: 369,359 (1994); 237,928 (1997);
104,786 (1999); and 162,508 (2000). These surveys also identified several
important distribution and population trends for tricolored blackbirds.
Local, regional, and statewide populations and distributions vary from year
to year.
Sixty percent of all tricolored blackbirds located in all years were found in
the 10 largest colonies.
Seventy percent of all tricolored blackbird nests and 86% of all foraging by
nesting birds were on private agricultural lands.
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In some portions of their range, tricolored blackbirds have declined or been
eliminated; the species has been subject to local extirpation in most of Yolo
County and portions of southern Sacramento County.

Data Characterization
Statewide surveys were conducted for tricolored blackbirds (Agelaius tricolor) in
California during 1994 and 1997 (Beedy and Hamilton 1999). Additional
surveys include data on local distribution and population trends (Neff 1937,
DeHaven et al. 1975a). Because this species is nomadic with erratic movement
behavior, local occurrence data provides only limited information on long-term
small area use patterns. This species forages and breeds in specific locations the
inventory area with freshwater marshes dominated by cattails of bulrushes, or in
areas with suitable willow, blackberry, thistle, or nettle habitat.
A moderate amount of literature is available for the tricolored blackbird because
it is a highly visible colonial bird species commonly associated with wetland
habitat. Beedy and Hamilton (1999) provide a comprehensive review of
information available on general natural history, behavior, distribution and
population changes, known demographics and population regulation, and
conservation and management. No rangewide management plan has been
developed.

Range
Tricolored blackbirds are largely endemic to California, and more than 99% of
the global population occurs in the state. In any given year, more than 75% of
the breeding population can be found in the Central Valley (Hamilton 2000).
Small breeding populations also exist at scattered sites in Oregon, Washington,
Nevada, and western coastal Baja California (Beedy and Hamilton 1999).
The species’ historical breeding range in California included the Sacramento and
San Joaquin valleys, lowlands of the Sierra Nevada south to Kern County, the
coast region from Sonoma County to the Mexican border, and sporadically on the
Modoc Plateau (Dawson 1923; Neff 1937; Grinnell and Miller 1944).
Population surveys and banding studies of tricolored blackbirds in the Central
Valley from 1969 through 1972 concluded that their geographic range and major
breeding areas were unchanged since the mid-1930s (DeHaven et al. 1975a).
Since 1980, active breeding colonies have been observed in 46 California
counties, including Alameda County. In recent decades, breeding colonies have
been observed in all Central Valley counties and east into the foothills of the
Sierra Nevada (Beedy and Hamilton 1997, 1999; Hamilton 2000). The species
also breeds locally along the California coast from Humboldt to San Diego
Counties; on the Modoc Plateau and western edge of the Great Basin (mostly
Klamath Basin); in lowlands surrounding the Central Valley; and in western
portions of San Bernardino, Riverside, and San Diego Counties. The species also
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breeds in marshes of the Klamath Basin in Siskiyou and Modoc Counties and
Honey Lake Basin in Lassen County (Figure 1). During winter, virtually the
entire population of the species withdraws from Washington; Oregon (although a
few remain); Nevada; and Baja California, and wintering populations shift
extensively within their breeding range in California (Beedy and Hamilton 1999).

Occurrences within the ECCC HCP/NCCP Inventory Area
The tricolored blackbird is a sporadic resident within the inventory area.
California Natural Diversity Database records document 2 breeding colony
occurrences along the northern border of the Los Vaqueros watershed. The
Contra Costa County Breeding Bird Atlas shows additional breeding locations
east and north of these areas (http://www.flyingemu.com/ccosta).

Biology
Habitat
Tricolored blackbirds have three basic requirements for selecting their breeding
colony sites: open accessible water; a protected nesting substrate, including
either flooded or thorny or spiny vegetation; and a suitable foraging space
providing adequate insect prey within a few miles of the nesting colony
(Hamilton et al. 1995; Beedy and Hamilton 1997, 1999). Almost 93% of the 252
breeding colonies reported by Neff (1937) were in freshwater marshes dominated
by cattails and bulrushes (Schoenoplectus spp.). The remaining colonies in
Neff's study were in willows (Salix spp.), blackberries (Rubus spp.), thistles
(Cirsium and Centaurea spp.), or nettles (Urtica sp.). In contrast, only 53% of
the colonies reported during the 1970s were in cattails and bulrushes (DeHaven
et al. 1975a).
An increasing percentage of tricolored blackbird colonies in the 1980s and 1990s
were reported in Himalayan blackberries (Rubus discolor) (Cook 1996), and
some of the largest recent colonies have been in silage and grain fields (Hamilton
et al. 1995, Beedy and Hamilton 1997, Hamilton 2000). Other substrates where
tricolored blackbirds have been observed nesting include giant cane (Arundo
donax); safflower (Carthamus tinctorius) (DeHaven et al. 1975a); tamarisk trees
(Tamarix spp.); elderberry/poison-oak (Sambucus spp. and Toxicodendron
diversilobum); and riparian scrublands and forests (e.g., Salix, Populus,
Fraxinus) (Beedy and Hamilton 1999).
Foraging habitats in all seasons include annual grasslands; wet and dry vernal
pools and other seasonal wetlands; agricultural fields (e.g., large tracts of alfalfa
with continuous mowing schedules and recently tilled fields); cattle feedlots; and
dairies. Tricolored blackbirds also forage occasionally in riparian scrub habitats
and along marsh borders. Weed-free row crops and intensively managed
vineyards and orchards do not serve as regular foraging sites (Beedy and
Hamilton 1997, 1999). High-quality foraging areas include irrigated pastures,
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lightly grazed rangelands, dry seasonal pools, mowed alfalfa fields feedlots, and
dairies (Beedy and Hamilton 1999). Lower quality foraging habitats include
cultivated row crops, orchards, vineyards, and heavily grazed rangelands.

Foraging Requirements
Foods delivered to tricolored blackbird nestlings include beetles and weevils;
grasshoppers; caddisfly larvae; moth and butterfly larvae (Orians 1961a; Crase
and DeHaven 1977; Skorupa et al. 1980); and, especially in current rice-growing
areas, dragonfly larvae (Beedy and Hamilton 1999). Breeding-season foraging
studies in Merced County showed that animal matter makes up about 91% of the
food volume of nestlings and fledglings, 56% of the food volume of adult
females, and 28% of the food volume of adult males (Skorupa et al. 1980).
Adults may continue to consume plant foods throughout the nesting cycle but
also forage on insects and other animal foods. Immediately before and during
nesting, adult tricolored blackbirds are often attracted to the vicinity of dairies,
where they take high-energy items from livestock feed rations. Adults with
access to livestock feed, such as cracked corn, begin providing it to nestlings
when they are about 10 days old (Hamilton et al. 1995). More than 88% of all
winter food in the Sacramento Valley is plant material, primarily seeds of rice
and other grains but also weed seeds (Crase and DeHaven 1978). In winter,
tricolored blackbirds often associate with other blackbirds, but flocks as large as
15,000 individuals (almost all tricolored blackbirds) may congregate at one
location and disperse to foraging sites (Beedy and Hamilton 1999).

Reproduction
Tricolored blackbirds are closely related to Red-winged Blackbirds (Agelaius
phoeniceus), but the two species differ substantially in their breeding ecology.
Red-winged Blackbird pairs defend individual territories, while tricolored
blackbirds are among the most colonial of North American passerine birds (Bent
1958; Orians 1961a, 1961b, 1980; Orians and Collier 1963; Payne 1969; Beedy
and Hamilton 1999). As many as 20,000 or 30,000 tricolored blackbird nests
have been recorded in cattail marshes of 4 hectares (9 acres) or less (Neff 1937;
DeHaven et al. 1975a), and individual nests may be built less than 0.5 meter (1.5
feet) apart (Neff 1937). Tricolored blackbird’s colonial breeding system may
have adapted to exploit a rapidly changing environment where the locations of
secure nesting habitat and rich insect food supplies were ephemeral and likely to
change each year (Orians 1961a; Orians and Collier 1963; Collier 1968; Payne
1969).
Tricolored blackbird nests are bound to upright plant stems from a few
centimeters to about 1.8 meters (6 feet) above water or ground (Baicich and
Harrison 1997); however, nests in the canopies of willows and ashes may be
more than 3.7 meters (12 feet) high (Hamilton pers. comm.). Their nests are
rarely built on the ground (Neff 1937). Deep cup nests are constructed with outer
layers of long leaves (e.g., cattail thatch, annual grasses, or forbs) woven tightly
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around supporting stems. The inner layers are coiled stems of grasses lined with
soft plant down, mud, or algal fibers. Nest building takes about 4 days (Payne
1969).
Egg laying can begin as early as the second day after nest initiation but ordinarily
starts about 4 days after the local arrival of tricolored blackbirds at breeding sites
(Payne 1969). One egg is laid per day, and clutch size is typically three to four
eggs (Payne 1969; Hamilton et al. 1995). Emlen (1941) and Orians (1961b)
estimated the incubation period at 11 or 12 days, while Payne (1969) estimated it
to be 11–14 days. About 9 days generally elapse from hatching until the oldest
nestling is willing to jump from the nest when disturbed. Young require about 15
days from this prefledging date until they are independent of their parents. Thus,
one successful nesting effort for a reproductive pair takes about 45 days
(Hamilton et al. 1995). Synchronized second broods within a colony may be
initiated as little as 30 days after the first brood. Individual pairs may nest 2 or
more times per year.

Demography
Banding studies, summarized by Neff (1942) and DeHaven and Neff (1973),
indicated that tricolored blackbirds can live for at least 13 years, but most live for
much shorter periods. There are no annual survivorship studies of tricolored
blackbird, and available banding data are inadequate to provide this information
(Beedy and Hamilton 1999).

Behavior
During the breeding season, tricolored blackbirds exhibit itinerant breeding,
commonly moving to different breeding sites each season (Hamilton 1998). In
the north Central Valley and northeastern California, individuals move after first
nesting attempts, both successful and unsuccessful (Beedy and Hamilton 1997).
Banding studies indicate that significant movement into the Sacramento Valley
occurs during the postbreeding period (DeHaven et al. 1975b).
In winter, numbers of tricolored blackbirds decrease in the Sacramento Valley
and increase in the Sacramento–San Joaquin River Delta and north San Joaquin
Valley (Neff 1937; Orians 1961a; Payne 1969; DeHaven et al. 1975b). By late
October, large flocks also congregate in pasturelands in southern Solano County
and near dairies on Point Reyes Peninsula in Marin County (Beedy and Hamilton
1999). Other birds winter in the central and southern San Joaquin Valley.
Concentrations of more than 15,000 wintering tricolored blackbirds may gather
at one location and disperse up to 32 kilometers (20 miles) to forage (Neff 1937;
Beedy and Hamilton 1999). Individual birds may leave winter roost sites after
less than 3 weeks and move to other locations (Collier 1968), suggesting winter
turnover and mobility. In early March/April, most birds vacate the wintering
areas in the Central Valley and along the coast and move to breeding locations in
the Sacramento and San Joaquin Valleys (DeHaven et al. 1975b).
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Tricolored blackbirds are highly colonial and sometimes polygynous, with 1 to 4
females pairing with 1 male (Payne 1969). Historic colonies of over 200,000
pairs have been documented occupying a 24 hectares of cattail marsh (Neff
1937). This social cohesion is retained during the nonbreeding season with birds
forming large foraging and roosting flocks. These flocks may be all tricolors, or
mixed flocks with Red-winged Blackbirds, Brewer’s Blackbirds, Brown-headed
Cowbirds, and European Starlings (Beedy and Hamilton 1999).
Males defend only the immediate areas around the nests. Male territory size
ranges from 1.8 square meter (m2) (19.38 square feet) (Lack and Emlen 1939) to
3.25 m2 (35 square feet) (Orians 1961b). Average size of recently established
territories of six banded males at two different colonies was 3.25 m2 (35 square
feet); volumetric territories in willows were calculated to be 8.5–11.3 cubic
meters (300–400 cubic feet) (Collier 1968). Some Himalayan blackberry
colonies have nesting densities up to six nests/m2 (0.56 nest/square foot) (Cook
and Hamilton pers. comms.). After 1 week of nest-building and egg-laying,
males may cease territorial defense (Orians 1961b).
Most tricolored blackbirds forage within 5 kilometers (3.1 miles) of their colony
sites (Orians 1961a), but commute distances of up to 15 kilometers (9.3 miles)
have been reported (Beedy and Hamilton 1999). Short-distance foraging (i.e.,
within sight of the colony) for nestling provisioning also is common. Both sexes
are known to provision the nestlings (Beedy and Hamilton 1999).
Proximity to suitable foraging habitat appears to be extremely important for the
establishment of colony sites, as tricolored blackbirds always forage, at least
initially, in the field containing the colony site (Cook 1996). However, usually
only a minor fraction of the area within the commuting range of a colony
provides suitable foraging habitat. For example, within a 5-kilometer (3-mile)
radius there may be low-quality foraging habitats such as cultivated row crops,
orchards, vineyards, and heavily grazed rangelands in association with highquality foraging areas such as irrigated pastures, lightly grazed rangelands, vernal
pools, and recently mowed alfalfa fields (Beedy and Hamilton 1999; Cook 1999).

Ecological Relationships
Tricolored blackbirds occupy a unique niche in the Central Valley/coastal
marshland ecosystems. In areas where numbers are high, they are both
aggressively and passively dominant to, and often displace, sympatric marsh
nesting species, including red-winged and yellow-headed blackbirds (Orians and
Collier 1963, Payne 1969).

Threats
The greatest threats to this species are the direct loss and alteration of habitat, but
other human activities and predation also threaten tricolored blackbird
populations in the Central Valley (Beedy and Hamilton 1999).
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Habitat Loss and Alteration
Most native habitats that once supported nesting and foraging tricolored
blackbirds in the Central Valley have been altered by urbanization and unsuitable
agricultural uses, including vineyards, orchards, and row crops (Frayer et al.
1989; Wilen and Frayer 1990). In Sacramento County, a historic breeding center
of the species, the conversion of grassland and pastures to vineyards expanded
from 3,050 hectares (7,536 acres) in 1996 to 5,330 hectares (13,171 acres) in
1998 (DeHaven 2000). Many former agricultural areas within the historical
range of tricolored blackbird are now being urbanized; in western Placer County,
where tricolored blackbirds forage in the ungrazed annual grasslands associated
with rural subdivisions, suitable habitat will be largely eliminated as current land
conversion patterns continue.
In some places, most historical tricolored blackbird breeding and foraging
habitats have been eliminated and there is currently little or no breeding effort
where there once were large colonies (Orians 1961a; Beedy et al. 1991).
Elsewhere, tricolored blackbirds have shifted from cattails as a primary nesting
substrate (Neff 1937) to Himalayan blackberries (DeHaven et al. 1975a), and
more recently to cereal crops and barley silage (Hamilton et al. 1995).

Other Human Activities
Nests and nest contents in cereal crops and silage are often destroyed by
agricultural operations (Hamilton et al. 1995; Beedy and Hamilton 1997).
Harvesting of silage and plowing of weedy fields are currently the most common
reasons tricolored blackbird nesting colonies are destroyed on agricultural lands.
Other factors that may affect the nesting success of colonies in agricultural areas
include herbicide and pesticide applications and spraying for mosquito abatement
(Beedy and Hamilton 1999).

Predation
Predation is at present (i.e., 1985–2002) a major cause of complete nesting
failure at some tricolored blackbird colonies in the Central Valley. Historical
accounts documented the destruction of nesting colonies by a diversity of avian,
mammalian, and reptilian predators. Recently, especially in permanent
freshwater marshes of the Central Valley, entire colonies (>50,000 nests) have
been lost to Black-crowned Night-Herons, Common Ravens, coyotes, and other
predators (Beedy and Hamilton 1999).

Conservation and Management
The tricolored blackbird is a bird species of special concern in California
(California Department of Fish and Game and Point Reyes Bird Observatory
2001). Management goals that have been proposed include maintaining a viable
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self-sustaining population throughout the species’ current geographic range,
avoiding losses of colonies and their associated habitats, increasing breeding
populations on suitable public and private lands managed for this species, and
enhancing public awareness and support for protection of habitat and active
colonies. A California Department of Fish and Game and U.S. Fish and Wildlife
Service program for purchasing portions of crops to preserve several large
colonies of tricolors in Kings, Fresno, and Tulare Counties was implemented in
1993 and 1994 with significant conservation results. These actions and
participation by landowners in delaying harvest to protect active nesting colonies
resulted in an addition of an estimated 37,000 and 44,000 first-year added to the
1994 and 1995 breeding seasons (Beedy and Hamilton 1999). Similar
conservation measures could be used in the inventory area to enhance
populations.

Modeled Species Distribution
Model Description
Assumptions
1. Core Breeding Habitat: Wetland, pond, and sloughs/channels in grassland,
alkali grassland, cropland, pastures, ruderal, urban, and oak savanna land-cover
types.
2. Primary Foraging Habitat: Pastures, grassland, seasonal wetlands, cropland.
3. Secondary Foraging Habitat: Orchards, vineyards.
Rationale
Tricolored blackbirds historically occurred within the Central Valley associated
with emergent freshwater marshes dominated by cattails or bulrushes, with some
colonies occurring in willows, blackberries, thistles, and nettles associated with
sloughs and natural channels (Neff 1937). More recent colonies have been
observed in a diversity of upland and agricultural areas (Collier 1968, Cook
1996), riparian scrublands and woodlands Orians 1961a; DeHaven et al 1975a;
Beedy et al. 1991; Hamilton et al. 1995; Beedy and Hamilton 1999).
Small breeding colonies have been documented at public and private lakes,
reservoirs, and parks surrounded by shopping centers, subdivisions, and other
urban development. Adults from these colonies generally forage in nearby
undeveloped upland areas. Beedy and Hamilton (1999) predict that these small,
urban wetlands and upland foraging habitats may continue to accommodate
tricolored blackbirds in the future unless they are eliminated entirely by
development. High-quality foraging areas include irrigated pastures, lightly
grazed grasslands, dry seasonal pools, mowed alfalfa fields feedlots, and dairies
(Beedy and Hamilton 1999). Lower quality foraging habitats include cultivated
row crops, orchards, vineyards, and heavily grazed rangelands.
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Model Results
Figure 2 shows the modeled potential habitat of the tricolored blackbird within
the inventory area. The modeled habitat is extensive because it includes a wide
range of land-cover types. The documented occurrences of tricolored blackbirds
in east Contra Costa County clearly are limited, in part due to the nomadic
behavior of the species, but are consistent with the modeled habitat. The model
may overestimate suitable core habitat in urban areas. It is likely that a small
subset of ponds within urban areas actually provide suitable habitat due to
requirements of suitable foraging habitat nearby. We conservatively assumed
that all urban ponds are potentially suitable because of the lack of data on pond
conditions. The model may overestimate suitable core habitat outside urban area
because the condition of ponds (e.g, vegetation, ponding duration, etc.) is
unknown. The model does not include reservoirs as suitable habitat, although
tricolored blackbird may use emergent vegetation around the margins of some
reservoirs (e.g., Contra Loma, Antioch, Marsh Creek, but not Los Vaqueros) for
breeding. We did not map emergent vegetation around the margins of reservoirs
because it fell below our minimum mapping unit.
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Golden Eagle (Aquila
chrysaetos)
Status
State:
Federal:

Fully Protected
species
Protected under
the Bald Eagle and
Golden Eagle
Protection Act

Population Trend

Gerald and Buff Corsi © California Academy of Sciences

Global:
State:

Apparently stable in most areas of western U.S.; unknown elsewhere
Declining in southern California; common and presumably stable
elsewhere in California
Within Inventory Area: Unknown

Data Characterization
Extensive long-term studies have been conducted on the distribution,
demographics, and general biology of golden eagles (Aquila chrysaetos) in the
vicinity of the ECCC HCP/NCCP inventory area as part of investigations on the
impact of wind turbine operation on this species (see Hunt et al. 1998). These
studies provide detailed information on the distribution and habitat-use patterns
of resident and non-resident golden eagles, population structure, reproductive
rates, survival rates, and population equilibrium dynamics.
A moderate amount of additional literature is available for the golden eagle
outside the inventory area because it is a highly visible, fully protected bird of
prey and top avian predator within its range. Most of the literature pertains to
general natural history, behavior, distribution, and population changes in the past
30 to 40 years. Some information is available on demographics and population
trends. Limited species-specific management information is available.

Range
The golden eagle is Holarctic in distribution. In North America, it breeds from
northern and western Alaska east to the Northwest Territories, Canada, and south
to southern Alaska, Baja California, the highlands of northern Mexico, westcentral Texas, western portions of Oklahoma, Nebraska, and the Dakotas, and
irregularly in eastern North America. The golden eagle winters in North
America from south-central Alaska and the southern portions of the Canadian
provinces south throughout the western breeding range and more rarely eastward
(Johnsgard 1990).
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Occurrences within the ECCC HCP/NCCP Inventory Area
The golden eagle is a resident breeder and migrant within the ECCC HCP/NCCP
inventory area. The reproductive status of numerous nesting pairs has been
monitored regularly within this general area (Hunt et al. 1998). The Contra
Costa County Breeding Bird Atlas (http://www.flyingemu.com/ccosta/) shows
additional breeding locations east and north of these areas.

Biology
Habitat
Golden eagles use nearly all terrestrial habitats of the western states except
densely forested areas. In the interior central Coast Ranges of California, golden
eagles favor open grasslands and oak savanna, with lesser numbers in oak
woodland and open shrublands (Hunt et al. 1998). Secluded cliffs with
overhanging ledges and large trees are used for nesting and cover. Nest trees
include several species of oak (Quercus spp.), foothill pine (Pinus sabianiana
and P. coulteri), California bay laurel (Umbellularia californica), eucalyptus
(Eucalyptus spp.), and western sycamore (Plantanus racemosa) (Hunt et al.
1998). Preferred territory sites include those that have a favorable nest site, a
dependable food supply (medium to large mammals and birds), and broad
expanses of open country for foraging. Hilly or mountainous country where
takeoff and soaring are supported by updrafts is generally preferred to flat
habitats (Johnsgard 1990). Deeply cut canyons rising to open mountain slopes
and crags are ideal habitat (Beebe 1974).
Breeding densities are directly related to territorial spacing and foraging
requirements for the species. Territory size has been estimated to average 124
square kilometers (sq km) in northern California (Smith and Murphy 1973), but
can vary largely with habitat conditions. Hunt et al. (1998) report an 820-sq-km
area near Livermore supported at least 44 pairs of golden eagles in 1997, with a
density of 1 pair per 19 sq km. This density is among the highest reported for the
species.

Foraging
Golden eagles prey mostly on rabbits, hares, and rodents, but also take other
mammals, birds, reptiles, and some carrion (Olendorff 1976, Hunt et al. 1998).
California ground squirrels (Spermophilus beecheyii) and black-tailed jackrabbits
(Lepus californicus) are the 2 most important prey species for the golden eagle
within the inventory area (Hunt et al. 1998). Eagles typically hunt by using
favorite perches located near areas that have regular updrafts to facilitate soaring
to heights from which they can scan their hunting areas (Johnsgard 1990).
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Reproduction
Nest building can occur almost any time of year (Brown 1976). Golden eagles
prefer to locate their nests on cliffs or trees near forest edges or in small stands
near open fields (Bruce et al. 1982, Hunt et al. 1995, 1998). Mating occurs from
late January through August, with peak activity in March through July. Eggs are
laid from early February to mid-May. Clutch size varies from 1 to 4 eggs, but 2
is the most common size (Brown 1976, Johnsgard 1990, Hunt et al. 1995).
Incubation lasts 43–45 days (Beebe 1974), and the fledging period is about 72–
84 days (Johnsgard 1990). The young usually remain dependent on their parents
for as long as 11 weeks afterward. Breeding success tends to be variable
depending upon local prey abundance. In a 15-year study of golden eagles in
Oregon, Thompson et al. (1982) calculated a mean of 1.08 young fledged per
breeding territory, 1.7 young fledged per successful nest, and 51% overall nesting
success. Beecham and Kochert (1975) showed a similar average of 1.1 young
fledged per nesting attempt, 1.8 young fledged per successful nest, and 65%
overall nesting success in Idaho. More recently, Hunt et al. (1998) reported
natality estimates of 0.64 and 0.58 young per pair for 57 and 59 pairs,
respectively, in 1996 and 1997, within a 190-sq km wind resource area, a portion
of which is within the ECCC HCP/NCCP inventory area. Brood sizes for this
study varied from 1.44 to 1.62 fledglings per nest.

Demography
There are no published reports of the longevity of golden eagles in the wild.
Captive golden eagles have lived to 48 years, but it is not likely that they live that
long in the wild (Brown and Amadon 1968).

Behavior
Movement and Dispersal
Breeding golden eagles in the central Coast Ranges of California are mostly
resident; juveniles may remain in the vicinity of their natal area until evicted by
the parents. Floater non-breeding birds (adults without breeding territories)
commonly move about regionally until they find a suitable vacant territory or are
able to evict a territorial owner (Brown 1969, Hunt et al. 1995, 1998). Some
migrants may temporarily move into areas used by resident birds during the
winter.
Social
Healthy golden eagle populations include 4 population segments: breeders,
juveniles, subadults, and floaters (Hunt et al. 1998). Breeders are individuals 4
years old or older that defend territories containing a potentially successful nest.
Breeding pairs partition the landscape into a mosaic of territories that define the
population density and size. Territorial boundaries tend to remain fairly stable
from year to year (Marzluff et al. 1997). The size and density of territories is a
function of either food or nest-site availability. During years of low prey
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availability, eagles may forgo breeding but still occupy and maintain their
territories.
Juveniles are eagles less than 1 year old; subadults are 1, 2, and 3 years of age.
The existence of floaters is an indication that all habitat suitable for breeding is
occupied by territorial pairs (Hunt et a1. 995, 1998). Floaters act to maintain the
breeding segment of the population by replacing breeders that have died.
However, if the number of floaters is large relative to the number of breeders,
floater competition for nesting territories may reduce the reproductive rate
(Hansen 1987).

Ecological Relationships
Golden eagles are the top avian predator in the grassland/savanna ecosystem of
the central Coast Range in California. They may directly compete with
ferruginous and other smaller hawks for small mammals, and with California
condors (Gymnogyps californianus) for carrion. Territorial interactions with
other golden eagles may result in some fatalities.

Threats
Existing threats to golden eagle survival in the central Coast Ranges of California
include both foraging- and nesting-habitat loss; human disturbance of nesting
birds; and direct fatalities from wind turbine strikes, electrocution, and poisoning.
An analysis of the causes of fatalities of 61 golden eagles radio-tagged and
recovered in the Diablo Range from January 1994 to December 1997 (Hunt et al.
1998) showed that 37% were killed by turbine strikes, 16% by electrocution, and
5% by lead poisoning (Hunt et al. 1998). The remaining birds were lost due to
shootings (2%), car strikes (5%), botulism (2%), territorial fights with other
eagles (5%), collision with fences (3%), fledging mishaps (10%), and other
unknown factors (15%)

Conservation and Management
Golden eagle management and conservation generally includes habitat
management, population enhancement, hazard management, controlling human
activity in sensitive raptor areas, and education. Cattle ranching throughout the
central Coastal Ranges can benefit and be beneficial to the golden eagle if
grazing is maintained at moderate levels that stimulate growth of herbaceous
foods used by primary prey species, including ground squirrels and rabbits (Hunt
et al. 1995). In this area, ground squirrel populations are reported to reach their
highest densities in areas of low grass height typical of grazed lands. Cattle
ranching also provides eagles a source of carrion from dead cows, stillborn
calves, and placentas.
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Hazard management efforts that are being implemented to reduce wind turbine
strikes include replacement of turbine models with fewer larger, but slower, ones
that are less likely to strike soaring or hunting eagles.

Modeled Species Distribution
Model Description
Assumptions
1. Foraging habitat: All land cover areas except urban, aqueduct, aquatic, turf,
orchards and vineyards.
2. Nesting habitat: Traditional nesting sites identified by researchers. Secluded
cliffs with overhanging ledges and large trees adjacent to suitable foraging
habitat. (not mapped)
Rationale
In the interior central Coast Ranges of California, Golden eagles use nearly all
terrestrial habitats except urban, aquatic, turf, orchards, vineyards, and densely
forested areas. Golden eagles favor open grasslands and oak savanna, with lesser
numbers in oak woodland and open shrublands (Hunt et al. 1998). In Contra
Costa County, there are numerous traditional and stable nesting sites and
territories of Golden eagles (T. Hunt, pers. comm.).

Results
Figure 2 shows the modeled potential habitat of the golden within the inventory
area. The habitat is very large, encompassing most of the inventory area. The
documented occurrences of golden eagle include both verified nesting sites and
estimated territory areas. Foraging ranges greatly exceed these areas. The
known occurrences of golden eagles in east Contra Costa County fall within the
modeled habitat.
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Western Burrowing Owl
(Athene cunicularia hypugaea)
Status
State:
Federal:

Species of Special Concern
None

Population Trend
Global: Declining
State:
Declining
Within Inventory Area: Unknown

Data Characterization
The location database for the western burrowing owl within the inventory area
includes 17 data records dated from 1989 to 2000. Of these records, 13 were
documented within the past 10 years; of these, 5 are of high precision and may be
accurately located within the inventory area. Approximately 1 of these high
precision records is located within developed areas. The remainder of the records
occur within nonnative annual grassland habitats, or adjacent to roads or
irrigation canals in agricultural fields.
The California Department of Fish and Game has recently been petitioned to list
the western burrowing owl as endangered or threatened under the State
Endangered Species Act. A large amount of peer-reviewed literature is available
for the western burrowing owl. This species is declining throughout its range;
therefore, most of the research studies emphasize nest site selection, passive
relocation, use of artificial burrows, reproductive success, dispersal, and foraging
behavior. Common management efforts employed to conserve existing
burrowing owl colonies include prevention of all disturbance during the nesting
season, installation of permanent artificial burrows, and management of the
vegetation around the burrows by mowing or controlled grazing.

Range
The western burrowing owl, the western race of the burrowing owl, is found
throughout western North America, west of the Mississippi River and south into
Mexico. Other burrowing owl races occur in arid, open habitats from the
provinces of southern and southwestern Canada to southern Florida and South
America (Haug et al. 1993).
In California the range of western burrowing owl extends through the lowlands
south and west from north central California to Mexico, with small, scattered
populations occurring in the Great Basin and the desert regions of the
southwestern part of the state (DeSante et al. 1996). Burrowing Owls are absent
from the coast north of Sonoma County and from high mountain areas such as
the Sierra Nevada and the ranges extending east from Santa Barbara to San
Bernardino. Burrowing Owl populations have been greatly reduced or extirpated

Species Accounts ♦ Birds
East Contra Costa County HCP/NCCP

October 2006
1

Birds

Western Burrowing Owl (Athene cunicularia hypugea)
from the San Francisco Bay Area (Trulio 1997) and along the California coast to
Los Angeles. They have also apparently disappeared from the Coachella Valley.
The remaining major population densities of Burrowing Owls in California are in
the Central and Imperial Valleys (DeSante et al. 1996).
The western burrowing owl is distributed over most of the Central Valley.
Suitable foraging and breeding habitat for burrowing owl, such as grasslands,
vernal pool grasslands, fallow agricultural fields, and open oak woodlands occur
throughout most of the Central Valley and are represented in the inventory area.
The potential to extend owl habitat use into suitable areas is limited by land
management practices that reduce ground squirrel populations, thereby limiting
the number of suitable owl nesting burrows.

Occurrences within the ECCC HCP/NCCP Inventory Area
The western burrowing owl occurs in the southeast portion of the inventory area
(Glover pers. comm.) and likely occurs in potential habitat throughout other
portions of the inventory area. Potential habitat is defined as habitat that could
support burrowing owls, based on a general classification of land cover types
(e.g., grassland, vernal pool grassland, grassland pasture) developed for the
HCP/NCCP. Because a comprehensive survey for the burrowing owl has not
been conducted in the inventory area, neither the current population size nor the
locations of all occurrences are known.

Biology
Habitat
Burrowing owls require habitat with 3 basic attributes: open, well-drained
terrain; short, sparse vegetation; and underground burrows or burrow facsimiles
(Klute et al. 2003). During the breeding season, they may also need enough
permanent cover and taller vegetation within their foraging range to provide them
with sufficient prey, such as small mammals (Wellicome 1997). Burrowing owls
occupy grasslands, deserts, sagebrush scrub, agricultural areas (including
pastures and untilled margins of cropland), earthen levees and berms, coastal
uplands, and urban vacant lots, as well as the margins of airports, golf courses,
and roads.
Burrowing owls select sites that support short vegetation, even bare soil,
presumably because they can easily see over it. However, they will tolerate tall
vegetation if it is sparse. Owls will perch on raised burrow mounds or other
topographic relief, such as rocks, tall plants, fence posts, and debris piles, to
attain good visibility (Haug et al. 1993).
The most important habitat consideration for the western burrowing owl is the
availability of underground burrows throughout their life cycle. Although the
owls nest and roost in these burrows, they do not (contrary to their name) create
them. Rather, the owls rely on other animals to dig their burrows. Throughout
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their range, they use burrows excavated by fossorial (i.e., digging) mammals or
reptiles, including prairie dogs, ground squirrels, badgers, skunks, armadillos,
woodchucks, foxes, coyotes, and gopher tortoises (Karalus and Eckert 1987).
Where the number and availability of natural burrows is limited (e.g., where
burrows have been destroyed or ground squirrels eradicated), owls will occupy
drainage culverts, cavities under piles of rubble, discarded pipe, and other tunnellike structures (Haug et al. 1993).
For western burrowing owls, what constitutes an isolated habitat patch and the
minimum size of a viable patch of habitat (i.e., habitat capable of sustaining a
population over a long time period) are not well documented. These parameters
are affected by habitat quality, the juxtaposition of the site relative to other
suitable habitat, surrounding land uses, and prey availability. Burrowing owls
have been observed in small (i.e., 1 acre) lots nearly surrounded by development,
and owls will fly through urban areas to forage in nearby areas. However, the
type and minimum extent of development that constitutes a movement barrier
between occupied patches and nearby foraging areas are not known.
It is assumed that corridors between small habitats and other suitable areas would
partly offset the insular effects of small or isolated habitats on owl populations by
increasing foraging potential and facilitating dispersal or colonization. The size
and dimensions of corridors that would be adequate to facilitate movements of
burrowing owls between suitable habitats has not been studied. Also, these
requirements probably vary with the distance between suitable habitats,
surrounding land uses, and the type and quality of habitat within the corridor.

Foraging Requirements
This opportunistic feeder will consume arthropods, small mammals, birds,
amphibians, and reptiles. Insects are often taken during the day, while small
mammals are taken at night. In California, crickets and meadow voles were
found to be the most common food items (Thomsen 1971). In urban areas,
burrowing owls are often attracted to street lights, where insect prey congregates.
Owls have been detected foraging out to 1 mile from their burrows (Johnson
pers. comm.). Inter-nest distances, which indicate the limit of an owl’s territory,
have been found to average between 61 and 214 meters (198 and 695 feet)
(Thomsen 1971, Haug and Oliphant 1990). Nocturnal foraging can occur up to
several kilometers away from the burrow, and owls concentrate their hunting
uncultivated fields, ungrazed areas, and other habitats with an abundance of
small mammals (Haug and Oliphant 1990).

Reproduction
Burrowing owls in California typically begin pair formation and courtship in
February or early March, when adult males attempt to attract a mate. Like other
owls, western burrowing owls breed once per year in an extended reproductive
period, during which most adults mate monogamously. Both sexes reach sexual
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maturity at 1 year of age. Clutch sizes vary, and the number of eggs laid is
proportionate to prey abundance (the more prey that is available, the more eggs
owls tend to lay). Clutches in museum collections in the western United States
contain 1 to 11 eggs (Murray 1976). The incubation period is 28–30 days. The
female performs all the incubation and brooding and is believed to remain
continually in the burrow while the male does all the hunting. The young fledge
at 44 days but remain near the burrow and join the adults in foraging flights at
dusk (Rosenberg et al. 1998). Additional information on reproductive behavior
is described below in “Behavior.”
There is little information on lifetime reproductive success (Haug 1993).
Females supplemented with food will have higher reproductive success than
females without supplemented food, which may explain poor reproductive
success in areas with low-quality foraging habitat (Wellicome 1997). Depending
on assumptions about migration, the probability that juvenile burrowing owls
will survive to 1 year of age (the age of first breeding) has been estimated
between 0.23 and 0.93, and annual adult survivorship between 0.42 and 0.93
(Johnson 1997).

Demography
The maximum life span recorded for a banded bird in the wild is about 8.5 years
(Rosenberg et al. 1998). Collisions with vehicles are the most common cause of
mortality in this species (Haug et al. 1993). Other sources of owl mortality
include disease, exposure, and human activity around nests (digging or disking)
(Johnson 1992). Predators of Burrowing Owls include Prairie Falcon (Falco
mexicanus), Red-tailed Hawk (Buteo jamaicensis), Swainson’s Hawk (Buteo
swainsoni), Ferruginous Hawk (Buteo regalis), Northern Harrier (Circus
cyaneus), Golden Eagle (Aquila chrysaetos), coyote (Canis latrans), and
domestic dogs and cats. Many owls are killed at night by traffic when flying low
over roads. Attempts to exterminate rodents by the use of poisons may also kill
Burrowing Owls (Rosenberg et al. 1998).

Dispersal
Burrowing Owls tend to be resident where food sources are stable and available
year-round. They disperse or migrate south in areas where food becomes
seasonally scarce. In northern California, owls migrate south during September
and October. Southern California populations are not migratory. In resident
populations, nest-site fidelity is common, with many adults renesting each year in
their previous year’s burrow; young from the previous year often establish nest
sites near (<300 m) their natal sites (Rosenberg et al. 1998). Burrowing Owls in
migratory populations also often renest in the same burrow, particularly if the
previous year’s breeding was successful (Belthoff and King 1997). Other birds
in the same population may move to burrows near their previous year’s burrow.
The spatial requirements of burrowing owls are not well understood. Breeding
pairs of western burrowing owls may require a minimum of 6.5 acres of
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contiguous grassland of high foraging quality to persist (California Department
of Fish and Game 1995). However, burrowing owl pairs have been observed in
isolated habitat patches as small as 1 acre. An area this size does not support the
foraging requirements of most burrowing owls, and individuals occurring at sites
this small must forage offsite. Reproductive success and long-term persistence in
small and isolated habitats are unknown. Although the relationship between
habitat area and population viability of this species is not well documented, small
and isolated habitat patches are not likely to sustain high reproductive success or
long-term persistence (see “Threats” below).

Behavior
During the breeding season, burrowing owls spend most of their time within 50
to 100 meters (162 to 325 feet) of their nest or satellite burrows (Haug and
Oliphant 1990). During the day, they forage in the vicinity of the natal burrow,
where they find it easy to prey on insects in low, open vegetation. Burrowing
owls will nest in loose colonies, although owls display intraspecific territoriality
immediately around nest burrow (Haug et al. 1993).
Burrowing owls in California typically begin pair formation and courtship in
February or early March, when adult males attempt to attract a mate. Loud “coocooing” at dusk indicates that this stage of the breeding cycle has begun.
Beginning in April, eggs are laid at least 1 day apart and are incubated by both
adults for about 3 to 4 weeks. Young owlets are brooded underground for
another 3 to 4 weeks, at the end of which they may sometimes be seen at the
burrow entrance in their natal-down plumage. Nestlings emerge asynchronously
and tentatively in early June. They gradually become bolder, eventually
spending more time outside, near the burrow entrance. During this period,
nestlings can range widely on foot, even before they can fly. The adults guard
their brood tenaciously, attacking intruders if provoked. Older nestlings or
fledglings may move to nearby satellite burrows as the natal burrow becomes
crowded.

Ecological Relationships
Western burrowing owls most commonly live in burrows created by California
ground squirrels (Spermophilis beecheyi). Accordingly, the quality of burrowing
owl habitat in the inventory area is closely and positively related to the
occurrence and population health of ground squirrels in an area. Burrowing owls
and ground squirrels can co-inhabit the same burrow system (Johnson pers.
comm.), but the frequency with which this occurs has not been measured, and
underground interactions have not been studied. Burrowing owls may compete
incidentally with other predators such as coyote, other owls and hawks, skunks,
weasels, and badgers for rodents and a variety of insects. (Rosenberg et al. 1998).
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Threats
An immediate threat to the burrowing owl is the conversion of grassland habitat
to urban and agricultural uses, and the loss of suitable agricultural lands to
development. Equally important is the loss of fossorial rodents, such as prairie
dogs and ground squirrels, across much of the owl’s historical habitat.
Eradication programs have decimated populations of these rodents and have in
turn disrupted the ecological relationships on which owls depend—because
western burrowing owls need other animals to dig their burrows, the loss of
fossorial rodents limits the extent of year-round owl habitat.
Another cause of population declines is thought to be pesticide use (especially
organophosphates in southern Canada), but evidence does not clearly indicate
that other contaminants are reducing populations (Gervais et al. 1997). Habitat
fragmentation (Remsen 1978) probably increases foraging distances, making
hunting less efficient and potentially reducing reproductive success.
Fragmentation may reduce the chances that a male owl will attract a mate and
could decrease reproductive success.
In urban settings, owls occurring in isolated habitats may experience frequent
disturbances from adjacent land uses (e.g., habitat degradation, predation) and
barriers to foraging areas. Important biotic interactions between owls and rodent
populations may be disrupted because some rodent populations are sensitive to
habitat area and surrounding land uses as well. For example, the availability of
rodent prey may be limited in isolated habitats, and ground squirrels may
abandon or be eradicated from small parcels of habitat in urban settings. Also,
small and isolated occurrences are more likely to experience random local
extirpation as a result of natural disturbances (Goodman 1987), and
recolonization of small or isolated habitat patches is less likely than
recolonization of large habitat areas.
The population of western burrowing owls in the Central Valley is threatened by
conversion of habitat to urban uses and agriculture, particularly the conversion of
grasslands to vineyards. Agricultural lands provide much lower quality habitat
for burrowing owls than grasslands. Suitable habitat in agricultural areas is
usually restricted to peripheral bands along the edges of plowed fields. These
areas are often frequently disturbed and subject to loss from agricultural
activities. Also, the loss of suitable agricultural land to development has reduced
the extent of suitable habitat. Control of ground squirrels has reduced the extent
and quality of potentially suitable burrowing owl habitat by reducing the number
of suitable nesting burrows. The use of rodenticides and insecticides may have
reduced prey populations, resulting in lowered survivorship and reproductive
success.

Conservation and Management
In North America, the burrowing owl is experiencing population declines
throughout the northern half of the Great Plains and general population increases
in the northwest interior and some southwestern deserts (Klute et al. 2003). In
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Canada, its numbers are rapidly declining, and, in 1995, the Committee on the
Status of Endangered Wildlife in Canada listed it as endangered. In Mexico, it is
officially considered threatened. The burrowing owl has disappeared from much
of its historical range in California (Klute et al. 2003). Nearly 60% of California
burrowing owl “colonies” that existed in the 1980s had disappeared by the early
1990s (DeSante and Ruhlen 1995, DeSante et al.1997). In the San Francisco Bay
Area and the central portion of the Central Valley (from Yolo and Sacramento
Counties to Merced County), the burrowing owl population has declined by at
least 65% since 1986 (DeSante pers. comm.). The primary factors cited in the
decline are habitat loss, pesticides, predators, harassment, reduced burrow
availability, and vehicle collisions.
Common management efforts employed to conserve existing burrowing owl
colonies include prevention of all disturbance during the nesting season,
installation of permanent artificial burrows, and management of the vegetation
around the burrows by mowing or controlled grazing.

Modeled Species Distribution
Model Description
Assumptions
1. All annual grassland, alkali grassland, wind turbine, seasonal wetland, ruderal
and turf land cover types within the inventory area were considered suitable
breeding and foraging habitat for western burrowing owl.
2. All pasture and cropland land cover was considered occasional or limited use
areas for western burrowing owl.
Rationale
Western burrowing owls typically occur in dry, open, shortgrass, treeless plains
often associated with burrowing mammals (Haug et al. 1993). Golf courses,
cemeteries, road allowances within cities, levees, and ruderal borders around
agricultural fields, airports, and vacant lots in residential areas are also used for
both breeding and foraging. Within the ECCC HCP/NCCP inventory area these
habitats are represented by the annual grassland, alkali grassland, wind turbine,
seasonal wetland, ruderal and turf land cover types.
Burrowing owls are also known to use agricultural areas occasionally when they
are fallow or continually in the margins of these fields. Many patches of ruderal
land-cover type less than 10 acres in size (i.e., less than the minimum mapping
unit) occur within areas mapped as cropland or pasture. These small patches are
suitable for burrowing owls. To account for the occasional use by owls of fallow
agricultural fields, and the low density use by owls of patches of ruderal areas,
we mapped habitat as “occasional or limited use” in all cropland and pasture
land-cover types.
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Model Results
Figure 2 shows the modeled potential habitat of the western burrowing owl
within the ECCC HCP/NCCP inventory area. The habitat includes large areas of
grassland and ruderal habitat throughout the inventory area, and extensive areas
of occasional or limited use in cropland and pasture. Most of the available
occurrence records are included within the model boundaries. Those outside the
model are most likely in suitable habitat areas, but in areas smaller than the 10acre resolution of the model. Suitable habitat smaller than 10 acres outside model
boundaries (e.g., patches associated in residential areas and around airports),
were not mapped and are therefore potentially under-represented. However, the
model may compensate for this potential bias by conservatively estimating the
amount of grassland, ruderal, cropland, and pasture habitat available to
burrowing owls for breeding and foraging.
Western burrowing owls are almost certainly undersurveyed and underreported
in the inventory area. Actual densities of owls may be low because of historic or
current rodent control programs that reduce their prey base.
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Personal Communications
DeSante, D. Ornithologist. Email correspondence with Ed West, February 2002.
Glover, Steve. Ornithologist, Contra Costa County Breeding Bird Atlas Project.
Email correspondence with Ed West, March 2002.
Johnson, Brenda. Ornithologist and western burrowing owl expert, California
Department of Fish and Game, Sacramento, CA. Email correspondence with
Ed West, March 2002.
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Swainson’s Hawk (Buteo swainsoni)

Swainson’s Hawk (Buteo
swainsoni)
Status
State:
Federal:

Threatened
None

Population Trend
Global: Declining
State:
Declining
Within Inventory Area: Unknown

Data Characterization
The location database for the Swainson’s hawk (Buteo swainsoni) within
the inventory area includes 4 data records from the California Natural
Diversity Database (CNDDB) (2001), dated 1987 to 2000, and
approximately 7 nest site locations from 1998 to 2002 (Steve Glover
pers. comm). An additional 12 occurrences were added in 2006 from
observations by Micheal Bradbury (Bradbury 2006). Of these 23
records, 20 were documented within the last 10 years. All records except
two are assumed to be extant and mapped at high precision (where
applicable, nest may be accurately located within 80 meters). The record
farthest west in Brentwood is thought to be erroneous (Janice Gan, pers.
comm.) and the occurrence in Brentwood along SR 4 is assumed to be
extirpated.
A considerable amount of literature is available for the Swainson’s hawk.
Most of the literature pertains to habitat requirements, niche
determination, competition with congeners, population trends, migration,
and mortality from insecticide use on the wintering grounds.

Range
This diurnal raptor is a complete migrant, highly mobile, and has a large
home range. Swainson’s hawks breed in desert, shrubsteppe, grassland,
and agricultural habitats in areas throughout most of the western U.S.
and Canada, and in northern Mexico (England et al. 1995). They are
locally common to rare breeders in California. Historically, breeding
populations probably occurred throughout the state of California, except
in bioregions characterized by mountainous forested terrain (Bloom
1980). Breeding populations in California currently occur in 2 locations,
the Great Basin and the Central Valley. The largest population of
breeding Swainson’s hawks in California is located in the middle of the
Central Valley between Sacramento and Modesto, and in the northern
San Joaquin Valley. Swainson’s hawks arrive on the breeding grounds
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in late February and early March in the Central Valley and in mid-April
in the Great Basin. In September, most Swainson’s hawks migrate to the
Pampas of southern South America. However, the Central Valley
population winters in Central Mexico and to a lesser extent throughout
Central and South America (Bradbury et al. in prep.).

Occurrences within the ECCC HCP Inventory Area
Swainson’s hawks have been documented nesting in the inventory area;
however, they are not regular breeders there. The core breeding
population occurs along the Central Valley floor, outside of the inventory
area. In the inventory area, most pairs have been observed nesting in
small clumps of eucalyptus trees (Glover, pers. comm. 2002). There are
4 CNDDB (2001) records of Swainson’s hawk nesting in the northeast
section of the ECCC HCP/NCCP inventory area.

Biology
Habitat
In general, Swainson’s hawks inhabit a wide variety of open habitats. In
California’s Central Valley, suitable habitat consists of 2 primary
elements: suitable nest trees and proximity to high-quality foraging
habitat. This species nests within riparian forest or in remnant riparian
trees and forages in agricultural lands (such as fallow fields and alfalfa
fields) (Estep 1989, Babcock 1995). Swainson’s hawks also use clumps
of eucalyptus trees, and a variety of large trees near old farm houses.
Agricultural patterns and cover types influence suitability of foraging
and home-range habitat. Overall, Swainson’s hawk home range sizes are
variable and apparently influenced by cropping patterns, including crop
changes during the breeding season (Estep 1989). Habitat with the
highest foraging value includes ruderal fields, fallow fields, grain crops,
and safflower fields. In the Central Valley, extensive areas of unsuitable
agricultural cover types may be the reason Swainson’s hawks have large
home-range sizes (mean 40.4 sq km) in this region (Babcock 1995).
Breeding
In the Central Valley, nest trees commonly used by Swainson’s hawk
include Fremont cottonwood (Populus fremontia), willow (Salix spp.),
sycamore (Plantanus racemosa), Valley Oak (Quercus lobata), and
walnut (Juglans spp.). Occasionally planted trees, such as eucalyptus
(Eucalyptus spp.), pine (Pinus spp.) and Coast Redwood (Sequoia
sempervirens), are also used for nesting. Most of the known nests occur
in stringers of remnant riparian forest along drainages (England et al.
1997).
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Density of Swainson’s hawks within their breeding territories is
influenced by land use and availability of nest trees (Estep 1989). Nest
trees may be isolated or in a riparian forest (England et al. 1997).
Breeding habitat suitability is also dependent on surrounding landscape
and abundance of prey. Nest placement tends to be in the upper canopy
and semi-exposed, which may provide birds with a panoramic view of
the territory. Tree and nest heights are higher in the Central Valley
compared to nest trees in the western United States (Estep 1989).
Foraging
Historically, the Swainson’s hawk probably foraged in upland and
seasonally flooded perennial grasslands (Woodbridge 1998). Currently,
Swainson’s hawks forage in low-growing crops and are more abundant
in areas of moderate cultivation than in either grassland areas or areas of
extensive cultivation (Schmutz 1987). When ranking various habitats
used by Swainson’s hawks in the Central Valley, Estep (1989) found that
perennial grassland and alfalfa fields ranked highest for foraging habitat
suitability.
Central Valley Swainson’s hawks prey on small mammals, birds, toads,
crayfish, and insects. California voles (Microtus spp.), pocket gophers
(Thomomys bottae), and deer mice (Peromyscus maniculatus) account
for the majority of the mammalian prey species during the breeding
season. Immediately after the breeding season and prior to migration,
the majority of the diet consists of grasshoppers and crickets (Estep
1989). There is no data on diet for wintering Swainson’s hawks (for the
Central Valley population), but diet composition is probably made up of
insects and to a lesser degree small mammals (Bradbury et al. in prep.).

Reproductive Capacity
During the breeding season, Swainson’s hawks form monogamous pairs
and will defend territories against conspecifics (Estep 1989). A clutch
size is typically 1 to 4 eggs (Fitzner 1980, England et al. 1997). In
general, Central Valley Swainson’s hawks will have a single clutch,
which will be completed by mid-April (Estep 1989). Rarely does this
species attempt to renest if first nest attempt fails. The female does the
majority of incubating, and the incubation period lasts 34 to 35 days
(Fitzner 1980). In addition, the female does most of the brooding and
shading of nestlings, while the male feeds the young for their first 2 to 3
weeks (England et al. 1997). Young fledge at approximately 38 to 46
days (England et al. 1997). The Central Valley population exhibits low
reproductive success compared to populations in other areas. This is
probably due to the complete alteration of native foraging habitat into
cultivated fields and urban development (Estep 1989).
Breeding density is influenced by availability of nest trees and land use.
High densities of breeding birds are associated with alfalfa fields, while
low densities are associated with irrigated pasture and weedy fields
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(Woodbridge 1991). A mean breeding density of 30.23 pair/100 sq km
was recorded in the Central Valley (Estep 1989).

Demography
There is little information on survival rates or longevity in this species
(England et al. 1997). In Washington State, Swainson’s hawks are
thought to be long-lived (15–20 years) (Fitzner 1980). Mortality in
nestlings is primarily due to starvation and predation from nest predators
(England et al. 1997). Adult mortality results from human-caused
sources, such as collisions with vehicles, gunshot, and pesticide
application used to control grasshopper outbreaks (especially in South
America) (England et al. 1997).

Dispersal
Juveniles remain with adults for 2 to 4 weeks after fledging, at which
point they depart parental territories and form groups in areas where food
is abundant. Adults also congregate at this time (in August) and forage
on insects in fields (Fitzner 1980, Estep 1989). Juveniles and adults
leave the breeding ground in September (Bradbury et al. in prep.).

Behavior
Swainson’s hawks build nests out of sticks, plant parts, and other weeds.
Woodbridge (1998) found that some nests appeared flimsy and might not
last the winter. Courtship displays occur near the nest site. They involve
circling and steep dives (England et al. 1997).
During the breeding season, Swainson’s hawks travel up to 29 km in
search of prey (Estep 1989, Woodbridge 1991). This species spends
large amounts of time foraging while soaring over open habitats.
Foraging behavior in the Central Valley is associated with cultivation
activities that expose prey (e.g. flood irrigation, burning, and disking).
Large flocks of non-breeding individuals will forage and roost
communally during the breeding season, eating a variety of prey that
ranges from bats to flying insects (England et al. 1997, Woodbridge
1998).
Home-range size is dependent on proximity to foraging sites and the
distribution of high-quality foraging habitat. The home-range size for
pairs nesting in the Central Valley ranged from 336 to 8,718 hectares
(Estep 1989) in one study, and from 724 to 7,659 hectares (Babcock
1995) in another study. The smallest home ranges were observed in
areas where nest sites in riparian forest habitat were close to alfalfa or
similar, recently harvested row crops (Estep 1989).
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Ecological Relationships
There is no information on predation of adults (England et al. 1997).
Researchers have observed egg and nestling predation by American
crows (Corvus brachynchos), great horned owls (Bubo virginianus), and
golden eagles (Aquila chrysaetos).

Threats
Loss of high-quality foraging habitat is probably the most significant
threat to the species’ population within the inventory area. Loss of
nesting habitat (remnant riparian) may be a threat to this species
statewide. In addition, nest sites on private lands are vulnerable to
changes in development and agricultural practices.
Swainson’s hawks show a strong association with riparian forests.
Protection and restoration of these habitats may therefore be important to
the recovery of the species. As mentioned above, presence of suitable
nest trees combined with proximity to high-quality foraging habitat is
necessary for the reproduction of this species.
Current DFG guidelines for mitigation of loss of foraging habitat are not
sufficient because the guidelines allow for losses of foraging habitat
throughout the remainder of the region (Estep pers. comm.). The
guidelines do not consider cumulative effects of agricultural
intensification and conversion of crops that provide high-quality foraging
habitat to crops that provide low-quality foraging habitat (e.g. alfalfa to
vineyards).

Conservation and Management
The majority of the state’s breeding sites are located in 2 disjunct
populations: 1 in the Great Basin in the northeast corner of the state, and
the other in the Central Valley. The largest population of this species is
located within the Central Valley between Sacramento and Modesto.
Estep (pers comm.) estimates that the Central Valley population includes
approximately 900 breeding pairs.
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Modeled Species Distribution
Model Description
Assumptions
1. Potential breeding habitat included all riparian woodland scrub and
non-native woodland land cover types within the inventory area in or
east of Marsh Creek and below 150 feet in elevation.
2. All cropland and pasture, within 10 miles of existing breeding sites or
potential breeding habitat were considered potential Swainson’s hawk
foraging habitat. Cropland or pasture within the Urban Limit Line and
surrounded by development is not considered suitable because of
substantial disturbance.
3. Annual grassland, alkali grassland, seasonal wetland, and alkali
wetland land-cover types below 150 feet in elevation are also considered
potential foraging habitat. The same land cover types were considered
suitable above 150 feet if they were contiguous with suitable land cover
types below 150 and with low to moderate slope (<20%).
Rationale
Breeding Habitat: In California, Swainson’s hawks typically nest at the
edge of narrow bands of riparian vegetation, in isolated oak woodland
and in lone trees, roadside trees, or farmyard trees, as well as in adjacent
urban residential areas (Estep 1989; England et al. 1995, 1997). There
are no breeding records of Swainson’s hawk west of Marsh Creek
despite the occurrence of high-quality riparian habitat (e.g., Kirker
Creek). The western extent of the breeding range of this species was
considered to be Marsh Creek (Estep, pers. comm.; Sterling, pers.
comm.).
Foraging Habitat: Historically, Swainson’s hawks are believed to have
foraged in upland and seasonally flooded perennial grasslands
(Woodbridge 1998). In the Central Valley, Swainson’s hawks now
forage primarily in low-growing crop areas and perennial grasslands
(Estep 1989, pers. comm. 2002). Preferred foraging habitats include
alfalfa, fallow fields, beet, tomato, and other low-growing row or field
crops, dry-land and irrigated pasture, rice land during the non-flooded
period, and cereal grain crops (Estep 1989). Individual birds or nesting
pairs may use over 15,000 acres of habitat or range up to 18 miles from
the nest in search of prey (Estep 1989, Babcock 1993). The California
Department of Fish and Game considers a 10-mile flight distance
between active nest sites and suitable foraging habitats as a standard for
direct impact analysis. This distance was used to identify all potential
foraging Swainson’s hawk foraging habitat within the ECCC
HCP/NCCP inventory area. Swainson’s hawks in the inventory are
unlikely to forage above approximately 150 feet in elevation except in
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areas with gentle slopes adjacent to agricultural areas; foraging west of
Marsh Creek is also highly unlikely (Glover, pers. comm.; Sterling, pers.
comm.; Estep, pers. comm. Swainson’s Hawk Technical Advisory
Committee, pers. comm.). The filter was used in this model to exclude
these areas based on the guidelines provided by Swainson’s hawk
experts.

Results
Figure 2 shows the modeled potential habitat of the Swainson’s hawk
within the inventory area. Potential breeding habitat is restricted to
riparian areas along Marsh Creek below the Marsh Creek Reservoir and
isolated stands of non-native woodland. Potential foraging habitat
includes extensive areas of row-crop and pasture land cover within the
eastern portion of the inventory area. All occurrence records assumed to
be extant fall within the modeled foraging habitat in the northeast corner
of the inventory area.
Numerous other sites within agricultural and urban areas may also
provide suitable breeding habitat for this species in the form of small
woodlands and isolated trees. However, these areas could not be
identified in this model because these small-scale features were not
mapped.
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Silvery Legless Lizard
(Anniella pulchra pulchra)
Status
State:
Federal:

Species of Concern
None

Population Trend
Global: Declining
State:
Declining
Within Inventory Area:
Unknown
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Data Characterization
The location database for the silvery legless lizard (Anniella pulchra pulchra)
within its known range in California includes 14 data records dated from 1988 to
2000. Of these records, 12 were documented within the past 10 years; of these, 9
are of high precision and may be accurately located. One of these records is
located within the inventory area, at the East Bay Regional Park District Legless
Lizard Preserve.
A small amount of literature is available for the silvery legless lizard because of
its cryptic behavior and general difficulty to find. Most of the available literature
pertains to natural history and reproductive patterns.

Range
The silvery legless lizard is nearly endemic to California. It ranges from Antioch
in Contra Costa County south through the Coast, Transverse, and Peninsular
Ranges, along the western edge of the Sierra Nevada Mountains and parts of the
San Joaquin Valley and Mojave Desert to El Consuelo in Baja California (Hunt
1983, Jennings and Hayes 1994). Its elevation range extends from near sea level
on the Monterey Peninsula to approximately 1,800 meters above sea level in the
Sierra Nevada foothills.

Occurrences within the ECC HCP Inventory Area
The East Bay Regional Park District Legless Lizard Preserve is located east of
the intersection of Highway 4 and Big Break Road north of Oakely. This is the
only California Natural Diversity Database record for this species in the
inventory area, but other occurrences are likely to exist within the inventory area
due to the presence of suitable habitat.

Species Accounts ♦ Reptiles
East Contra Costa County HCP/NCCP

October 2006
1

Reptiles

Silvery Legless Lizard (Anniella pulchra pulchra)

Biology
Habitat
Silvery legless lizards occur primarily in areas with sandy or loose loamy soils
such as under sparse vegetation of beaches, chaparral, or pine-oak woodland; or
near sycamores, cottonwoods, or oaks that grow on stream terraces (Gorman
1957, Cunnignham 1959), Banta and Morafka 1968, Stebbins 1985, Jennings and
Hayes 1994). The sandy loam soils of stabilized dunes seem to be especially
favorable habitat (Grinnel and Camp 1917, Miller 1944, Smith 1946, Bury 1985).
The species is often found under or in the close vicinity of logs, rocks, old
boards, and the compacted debris of woodrat nests (Jennings and Hayes 1994).
Rocky soils or areas disturbed by agriculture, sand mining, or other human uses
are not suitable for legless lizards (Miller 1944, Bury 1972, Hunt 1983, Stebbins
1985). Soil moisture is essential for legless lizards to conserve energy at high
temperatures; it also allows shedding to occur (Jennings and Hayes 1994).

Foraging Requirements
Adult and juvenile lizards are insectivorous and subsist largely on larval insects
(especially moths and beetles), adult beetles, termites, and spiders (Jennings and
Hayes 1994).

Reproduction
Silvery legless lizards are live-bearing and are believed to breed between early
spring and July (Goldberg and Miller 1985). Oviductal eggs are observed in
females from July through October (Goldberg and Miller 1985), and litters of
1 to 4 (normally 2) young are born from September to November (Miller 1944).
Gestation lasts about 4 months (Goldberg and Miller 1985). Young lizards
typically reach sexual maturity in 2 to 3 years (for males and females,
respectively).

Demography
The longevity of the silvery legless lizard populations in the wild is unknown.
However, sexually mature adults have lived for almost 6 years under laboratory
conditions (Jennings and Hayes 1994).

Behavior
Legless lizards are fossorial animals that construct burrows in loose sandy soil
(Miller 1944, Stebbins 1954). They appear to be active mostly during the
morning and evening, when they rest just beneath the surface of sunlight-warmed
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substrate. They may also be active on the surface at night when substrate
temperatures remain warm for extended intervals.

Ecological Relationships
Known predators of legless lizards include ring neck snakes (Diadophis
punctatus), common king snakes (Lampropeltis getulus), deer mice (Peromyscus
maniculatus), long-tailed weasels (Mustela frenata), domestic cats (Felis
sylvestris), California thrashers (Toxostomea redivivum), American robins
(Turdus migratorius), and loggerhead shrikes (Lanius ludovicianus) (Jennings
and Hayes 1994).

Threats
The legless lizard’s specialization for a fossorial existence in substrates with a
high sand fraction makes it vulnerable to many types of habitat loss and
disturbance. Legless lizards cannot survive in urbanized, agricultural, or other
areas where a loose substrate in which to burrow has been removed or altered
(e.g., disturbed by blowing or bulldozing) (Jennings and Hayes 1994). Other
factors can alter the substrate such that the species cannot survive in the area any
longer. These factors include livestock grazing, off-road vehicles activities, sand
mining, beach erosion, excessive recreational use of coastal dunes, and the
introduction of exotic plant species, such as ice plants (Carpobrotus edulis and
Mesembryanthemum crystallinum), Marram grass (Ammophila arenaria), veldt
grass (Ehrharata calycina) and eucalyptus trees (Eucalyptus spp.). These factors
decrease soil moisture or alter the conformation of the substrate, which may act
to limit the food base or make the substrate physically unsuitable for legless
lizards (Jennings and Hayes 1994). Pesticides may also threaten legless lizards
because of the species’ insectivorous diet (Honegger 1975). Increasing numbers
of feral cats associated with residential areas also threaten extant populations of
this species (Miller 1944, Jennings and Hayes 1994).

Conservation and Management
Detailed studies of legless lizard habitat requirements need to be conducted to
determine the distribution and ecological needs of this species more precisely.
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Modeled Species Distribution
Model Description
Model Assumptions
Suitable Habitat: Sandy to sandy loam soil areas1 (Soil Conservation Service
1977) in chaparral/scrub, oak woodland, ruderal, and riparian woodland/scrub
land-cover types.
Rationale
Silvery legless lizards occur primarily in areas with sandy or loose loamy soils
such as under sparse vegetation of beaches, chaparral, or oak woodland; or near
sycamores, cottonwoods, or oaks that grow on stream terraces (Gorman 1957,
Cunnignham 1959, Banta and Morafka 1968, Stebbins 1985, Jennings and Hayes
1994). The sandy loam soils of stabilized dunes seem to be especially favorable
habitat (Grinnel and Camp 1917, Miller 1944, Smith 1946, Bury 1985). See the
profile on this species in the final HCP/NCCP for more details on its ecology.

Results
Figure 2 shows the modeled potential habitat of the silvery legless lizard within
the inventory area. The habitat is largely defined by the presence of suitable soils
within chaparral/scrub, oak woodland, riparian woodland land cover areas. The
only documented occurrence of this species in the inventory area is at the East
Bay Regional Park District Legless Lizard Preserve east of the intersection of
Highway 4 and Big Break Road in Oakley. This record is included in modeled
habitat.
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1

Any soil type that mentioned “sand” or “sand and loam” was considered a sandy loam soil potentially suitable for
silvery legless lizard.
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Alameda Whipsnake
(Masticophis lateralis
euryxanthus)
Status
State:
None
Federal: Threatened
Critical Habitat: Designated in
2000 (USFWS
2000), but rescinded
in 2003; proposed again in 2005
(USFWS 2005)

© Gary Nafis

Population Trend
Global: Unknown
State:
Unknown
Within Inventory Area: Unknown

Data Characterization
There are 19 California Natural Diversity Database (CNDDB) records within the
inventory area. The precision of these records ranges from an 80-meter circle to
a 1-mile-radius circle (Darlene McGriff, pers comm.). Of these 19 records, only
5 were recorded within the last 10 years, and the remaining 14 were documented
as early as 1980. All of these CNDDB records are considered extant.
The USFWS published a draft recovery plan for the Alameda whipsnake in
November 2002. The USFWS designated critical habitat for this species in
March 2000 (65 FR 12155). The critical habitat designation was challenged in
court and withdrawn as a result in May 2003. A revised critical habitat proposal
was published in October 2005 (USFWS 2005).

Range
The Alameda whipsnake is a subspecies of the California whipsnake
(Masticophis lateralis). The North American distribution for the California
whipsnake includes Northern California west of the Sierran Crest and desert to
central Baja California. This species is absent from the floor of the Central
Valley, and its California distribution parallels that of chaparral habitat (Stebbins
1985). The Alameda whipsnake’s range is restricted to the inner Coast Range in
western and central Contra Costa and Alameda Counties (U.S. Fish and Wildlife
Service 2000). The historical range of the Alameda whipsnake has been
fragmented into 5 disjunct populations (U.S. Fish and Wildlife Service 1997):
Tilden–Briones, Oakland–Las Trampas, Hayward–Pleasanton Ridge, Sunol–
Cedar Mountain, and the Mount Diablo–Black Hills (U.S. Fish and Wildlife
Service 1997).
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Occurrences within the ECCC HCP/NCCP Inventory Area
Of the 48 CNDDB (2001) records for the Alameda whipsnake in the state, 19
records occur within the ECCC HCP/NCCP inventory area. A large portion of
the Mount Diablo–Black Hills population of the Alameda whipsnake occurs
within the ECCC HCP/NCCP inventory area.

Biology
Habitat
The Alameda whipsnake occurs primarily in coastal scrub and chaparral
communities, but also forages in a variety of other communities in the inner
Coast Range, including grasslands and open woodlands (Swaim 1994). Rock
outcrops with deep crevices or abundant rodent burrows are important habitat
components for overnight dens, refuges from predators and excessive heat, and
foraging (Swaim 1994). According to USFWS (2000), suitable habitat for this
species includes communities that support mixed chaparral, coastal scrub, and
annual grassland and oak woodlands that are adjacent to scrub habitats.
Grassland areas that are linked to scrub by rock outcrops or river corridors are
also considered primary constituent elements (U.S. Fish and Wildlife Service
2000).
The Alameda whipsnake requires open and partially open, low-growing shrub
communities for many of its biological needs. This habitat provides cover for
snakes during dispersal, cover from predators, and a variety of microhabitats
where whipsnakes can move to regulate their body temperature (Swaim 1994).
Whipsnakes exhibit a high degree of stability and a high mean activity in body
temperature (33.4 degrees centigrade). Whipsnake habitat must consist of a mix
of sunny and shadey sites in order to provide a range of temperatures for the
snake’s activities (Swaim 1994, U.S. Fish and Wildlife Service 2000). A sparse
shrub canopy is ideal because it also provides a visual barrier from avian
predators (Swaim 1994).
Other important habitat features include small mammal burrows, rock outcrops,
talus, and other forms of shelter that provide snakes with alternative habitats for
temperature regulation, protection from predators, egg-laying sites, and winter
hibernaculum (winter residence where the snakes hibernate). Alameda
whipsnakes spend November through March in a winter hibernaculum (U.S. Fish
and Wildlife Service 2000).
Home-range size for male snakes in Alameda and Contra Costa counties (Tilden
Park and Moller Ranch) varies in size from 1.9 to 8.7 hectares (ha) (mean = 5.5
ha). Home-range size for female snakes was 3.9 and 2.9 hectares (Swaim 1994).
When movements of individual snakes were monitored (2 males and 1 female) in
these areas, results indicated that most of the home range was not used. Both
male and female snakes repeatedly returned to core retreat areas within their
home range after intervals of non-use. These snakes did exhibit overlap in use of
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these relatively large home ranges, and there was no evidence of territorial
behavior in this species (Swaim 1994).
Breeding Habitat Requirements
Mating occurs from late March through mid-June (U.S. Fish and Wildlife Service
2000). Whipsnakes lay a clutch of 6 to 11 eggs (Stebbins 1985), probably in
loose soil or under logs or rocks (Zeiner et al. 1988). According to Swaim
(1994), female Alameda whipsnakes will use grassland habitat for egg laying.
Little else is known about habitat requirements for breeding and egg laying
(Zeiner et al. 1988). Swaim (1994) documented that courtship and mating occur
near the female’s hibernaculum. During the breeding season, male snakes
exhibit more movement throughout their home range, while female snakes
remain sedentary from March until egg laying (Swaim 1994).
Foraging Requirements
In general, whipsnakes prey on a variety of vertebrate species, including frogs,
lizards, nestling birds, and rodents (Zeiner et al. 1988). Studies indicate that the
Alameda whipsnake prefers lizard prey and may be an example of a feeding
specialist. Occupied areas usually support a prey base of at least 2 lizard species,
especially the western fence lizard (Sceloporus occidentalis) (Stebbins 1985),
and whipsnake populations thrive when lizards are abundant (McGinnis 1992 in
USFWS 2002).
Rock outcrops are particularly important foraging habitat for the Alameda
whipsnake because they support many of the species’ prey (U.S. Fish and
Wildlife Service 2000). Additionally, the Alameda whipsnake has been observed
foraging in grassland habitats adjacent to native Diablan sage scrub habitats
(Swaim 1994).

Demography
There have been no studies of the demography or longevity of Alameda
whipsnakes.

Dispersal
The Alameda whipsnake is non-migratory. There is little information on site
fidelity and patterns of dispersal in this species; however, Swaim (1994)
observed evidence of individual snakes using the same home range in successive
years.

Behavior
The Alameda whipsnake is a fast moving, diurnal predator that forages actively
on the surface (Zeiner et al. 1988). Alameda whipsnakes have 2 seasonal peaks
in activity, 1 during the spring mating season and the other during late
summer/early fall. During the first peak in activity males will move throughout

Species Accounts ♦ Reptiles
East Contra Costa County HCP/NCCP

October 2006
3

Reptiles

Alameda Whipsnake (Masticophis lateralis euryxanthus)
their home range, while females remain close to their hibernaculum. Male
movement appears to be associated with foraging and searching for mates.
Females exhibit a peak in activity only for a few days during the spring when
they move to an area outside their normal range, presumably to find egg-laying
sites (Swaim 1994). After reproductive activities are completed, male and
female movements resume similar patterns. In mid-June, both males and females
exhibit decreased activity levels, though evidently this species does not estivate
during the summer months (Swaim 1994). The second peak in seasonal activity
occurs in late summer/fall. During this time, Swaim (1994) recorded activity in
both hatchling and adult snakes, possibly in response to an increase in the
availability of prey (hatchling lizards).

Ecological Relationships
Diurnal predators, especially raptors, prey on adult Alameda whipsnakes.
Nocturnal mammals likely prey on Alameda whipsnake eggs (Zeiner et al. 1988).
Basking in open terrain may expose snakes to predators such as red-tailed hawks
(Fitch 1949 in Swaim 1994).

Threats
Alameda whipsnake populations have declined from loss of habitat resulting
from urban expansion (U.S. Fish and Wildlife Service 2000). Urban
development, particularly road and highway construction, has also fragmented
Alameda whipsnake populations and made them more vulnerable to extinction
(U.S. Fish and Wildlife Service 1997). Urban development adjacent to
whipsnake habitat increases the likelihood of predation from feral cats and injury
or death from public recreational use. Other significant threats to this species’
recovery include inappropriate grazing practices and alteration of habitat through
fire suppression (U.S. Fish and Wildlife Service 1997).
Fire suppression alters suitable Alameda whipsnake habitat in 2 important ways.
First, fire suppression increases the chances of large catastrophic fires occurring
in areas where vegetation has become overgrown. A buildup of flammable fuel
loads in Alameda whipsnake habitat can lead to high intensity fire events that
may be detrimental to this species. Second, fire suppression leads to a closed
scrub canopy which tends to reduce the diversity of microhabitats that
whipsnakes require(Swaim 1994).

Conservation and Management
The USFWS lists the Mount Diablo–Black Hills population of the Alameda
whipsnake as having a high potential for recovery if threats from urban
development, catastrophic wildfire, and grazing practices can be managed well
(U.S. Fish and Wildlife Service 2000). As of August 2003, there had been no
approved HCPs that cover the Alameda whipsnake or its habitat . At least three
HCPs that cover the species are in development:
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Alameda Watershed HCP (San Francisco Public Utilities Commission);
Mount Diablo State Park HCP (California Department of Parks and
Recreation); and
East Bay Watershed Lands HCP (East Bay Municipal Utilities District).
According to the recovery plan, recovery of Alameda whipsnake populations will
require a combination of long-term research/management and immediate
management actions. Incompatible land uses include fire suppression, off-road
vehicle use, grazing practices, unauthorized collecting and mining.

Federal Critical Habitat
A final rule on critical habitat for Alameda whipsnake was issued in October
2000 by USFWS (USFWS 2000). This critical habitat designation included a
significant portion of the HCP/NCCP inventory area. However, in May 2003,
during preparation of the HCP/NCCP, Judge Anthony Ishii of the U.S. District
Court for the Eastern District of California invalidated the critical habitat
designation in response to a lawsuit filed by the Homebuilders Association of
Northern California. The Alameda whipsnake critical habitat designation was
remanded to USFWS for further consideration, including more detailed scientific
and economic analyses. It is unknown if and when critical habitat for Alameda
whipsnake will be reissued by USFWS.

Modeled Species Distribution in HCP Study Area
Model Description
Model Assumptions
All chaparral and scrub land cover within the inventory area was considered core
habitat for Alameda whipsnake. In addition, a perimeter zone of all adjacent
grassland, oak savanna and oak woodland within 500 feet of the scrub areas was
also considered core habitat for this species. Core habitat for Alameda
whipsnake is defined as home range areas in which individuals find shelter,
breed, hibernate, and spend the majority of their time foraging.
All areas of annual grassland, oak woodland, oak savannah, riparian
woodland/scrub and stream channels within a 1-mile radius of core Alameda
whipsnake habitat were considered suitable movement habitat for this species.
Rationale
Core Habitat: Direct observations of Alameda whipsnakes and radio telemetry
data on their movement patterns have shown that individuals tend to establish
home ranges primarily within coastal scrub habitat, but also frequently move into
adjacent grassland, oak savanna and occasionally oak woodland (Jennings 1983,
Stebbins 1985, Swaim 1994). Most telemetry locations are within 170 feet of
scrub habitat, but individuals have been tracked out to 500 feet (Swaim 1994).
Whipsnakes can remain in grasslands for periods ranging from a few hours to
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several weeks. Male whipsnakes use grasslands primarily during the mating
season in spring; females use these areas mostly after mating, possibly in their
search for suitable egg-laying sites (Swaim 1994). Rock outcrops are also
important habitat to whipsnakes in providing sites for efficient thermoregulation,
shelter retreats, and foraging. Within the core areas, Alameda whipsnakes most
commonly occur on east, south, southeast and southwest facing slopes (Swaim
1994), but may also use north facing slopes in more open stands of scrub habitat
(McGinnis 1990, Swaim, pers. comm. in USFWS 2000).
Movement habitat and corridors: Adult male whipsnakes commonly move
long distances away from their core areas during the breeding season (Swaim
2000). Also juveniles and hatchlings disperse annually away from their natal
core areas in search of new habitats. A recent review of Alameda whipsnake
locality data revealed that numerous Alameda whipsnakes have been observed at
distances significantly greater than 500 feet from scrub habitat (Swaim 2000).
These distances range from 0.1 mile to 4 miles. The 4 mile records appears to be
anomalous; the next longest distance being 1.5 miles and all other records (9)
were less than 1mile (mean for the 10 values = 0.46 miles).
Because the data on these whipsnake movements is limited (Swaim 2000), for
the purposes of this model we used a conservative estimate of 1.0 mile to define
the potential dispersal/movement distance of whipsnakes away from core coastal
scrub habitat. Within this radius, however, it is unknown what pathways the
snakes may take. Rock outcrops probably facilitate these long distance
movements in these areas, but are apparently not essential (Swaim 1994, 2000).
Individual whipsnakes have been located over 3,000 feet from scrub in areas
where no significant rock outcrops were present between the closet patch of
scrub and the location where the snake was found. Stream channels also are
probably used as movement corridors between core areas (Swaim 2000). For
these reasons we included all grassland and oak savanna areas within a 1-mile
radius of all coastal scrub area in the inventory area as suitable Alameda
whipsnake movement habitat. Furthermore, we considered all stream channels in
and networked with channels within this 1-mile radius as potential
dispersal/movement corridors for this species.

Model Results
Figure 2 shows the modeled potential habitat of the Alameda whipsnake within
the HCP/NCCP inventory area. The habitat includes the eastern slopes of Mt.
Diablo and much of the surrounding foothills in the western and southwestern
portions of the inventory area. The documented occurrences of Alameda
whipsnakes in this area correspond well to locations within core areas or in
adjacent movement habitat and corridors. Two recently documented occurrences
are located in grassland habitat north and northeast of Los Vaqueros Reservoir
approximately 4 miles from the nearest potential chaparral/scrub habitat. We
closely examined the aerial photos at these locations and found no visible
features (e.g., small patch of scrub, small rock outcrop, etc.) that might explain
the occurrences. The California Department of Fish and Game (CDFG) has
funded a trapping study of whipsnakes at those locations to verify them and to
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develop a better understanding of whipsnake habitat away from chaparral and
coastal sage scrub stands. CDFG staff agreed that the model could not be refined
any more based on our current understanding of suitable habitat for this species
and the data available (C. Wilcox, pers. comm.).
A small area southeast of Mt. Diablo is not shown as suitable habitat for the
Alameda whipsnake. This area is likely suitable movement habitat because of
the proximity (less than 1 mile) of chaparral and scrub habitat outside the
inventory that was not mapped.
The minimum home range size of adult male Alameda whipsnakes in coastal
scrub habitat is approximately 5 acres. Habitat patches of this size within the
inventory area could not be mapped due to the 10-acre minimum resolution of
the model. Rock outcrop areas, which are important to the Alameda whipsnake
within core areas and movement corridors, were not mapped if they were less
than one acre in size. If small patches of these habitat occurred to the east of
mapped suitable habitat, the dispersal range of this species would extend farther
into the urban limit line. A close examination of the aerial photos found no such
small patches within the grassland in or near the urban limit line that would
extend the model to the north or east. The model provides reasonable and
conservative estimates for both core habitat and movement corridors/dispersal
habitat.
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Giant Garter Snake
(Thamnopsis gigas)
Status
State:
Federal:

Threatened
Threatened

Population Trend
Global: Declining
State:
Declining
Within Inventory Area: Unknown

Data Characterization
The location database for the giant garter snake (Thamnopsis gigas) within its
known range in California includes 142 data records from 1908 to 2000. Of
these, 30 were documented within the past 10 years, 12 or which are of high
precision and may be accurately located. Two of these records are located
outside but near the ECCC HCP/NCCP inventory area. This database includes
records of individual sightings and locations of occupied, vacant, and natal dens.
A moderate amount of literature is available for the giant garter snake because of
its threatened status. Most of the literature pertains to habitat requirements,
distribution, population demographics, threats, and management activities. A
recovery plan for the giant garter snake has been published (U.S. Fish and
Wildlife Service 1999).

Range
The giant garter snake is endemic to the valley floor of the Sacramento and San
Joaquin Valleys of California. Records coincide with the historical distribution
of large flood basins, freshwater marshes, and tributary streams of the Central
Valley of California (Hansen and Brode 1980). The historic distribution of the
giant garter snake extended from Sacramento and Contra Costa Counties
southward to Buena Vista Lake near Bakersfield in Kern County. Some experts
consider Contra Costa County outside the current range of giant garter snake;
however the lack of records from the County may be due to a lack of survey
effort (Hansen pers. comm.) (see below).

Occurrences within the ECCC HCP/NCCP Inventory Area
One historic record of giant garter snake was documented within the ECCC
HCP/NCCP inventory area near Antioch (Hansen pers. comm.). Although this
species may have occurred in the inventory area historically, it may have been
extirpated there due to predation by sport fish (e.g., striped bass, black bass).
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Areas in the inventory area west of Marsh Creek are not considered within the
range of giant garter snake (Hansen pers. comm.).
Suitable habitat occurs in the slough areas and drainage network associated with
agricultural fields in the northeast section of the County (U.S. Fish and Wildlife
Service 1999). The lack of records from this area may be due to a lack of survey
effort. For example, recent studies of giant garter snake distribution and genetics
have not focused on Contra Costa County (Hansen pers. comm.).

Biology
Habitat
The giant garter snake inhabits agricultural wetlands and associated waterways,
including irrigation and drainage canals, rice fields, marshes, sloughs, ponds,
small lakes, low-gradient streams, and adjacent uplands (U.S. Fish and Wildlife
Service 1999). Important features of these habitats include: 1) sufficient water
during the snake’s active season (early spring through mid–fall) to maintain an
adequate prey base; 2) emergent vegetation, such as cattails (Typha spp.) and
bulrushes (Scirpus spp.), for escape cover and foraging habitat; 3) upland habitat
with grassy banks and openings to waterside vegetation for basking; and 4)
higher elevation upland areas for cover and refuge from flood waters during the
snake’s inactive season (Hansen 1980, 1988, Brode and Hansen 1992, Hansen
and Brode 1993). Giant garter snakes are absent from the larger rivers; wetlands
with sand, gravel, or rock substrates; and riparian areas lacking suitable basking
sites or suitable prey populations (Hansen 1980, Rossman and Stewart 1987,
Brode 1988, Hansen 1988, U.S. Fish and Wildlife Service 1999).

Foraging Requirements
Giant garter snakes feed primarily on fish and amphibians and take advantage of
pools that trap and concentrate prey (Brode 1988, R. Hansen 1980, G. Hansen
1988, Hansen and Brode 1993). Prey species include bullfrogs (Rana
catesteiana), Pacific chorus frogs (Pseudacris regilla), carp (Cyprinus carpio),
mosquito fish (Gambusia affinis), and blackfish (Othodox microlepidotus) (Fitch
1941, Fox 1952, Cunningham 1959, R. Hansen 1980, Brode 1988, Hansen and
Brode 1993, Rossman et al. 1996).

Reproduction
The breeding season for the giant garter snake extends from March through May
and resumes briefly during September (G. Hansen pers. comm. in U.S. Fish and
Wildlife Service 1999). Males begin searching for females immediately after
emergence from overwintering sites. Females brood young internally and
typically give birth to 10 to 46 young (mean = 23) from late July through early
September (Hansen and Hansen 1990). The young immediately disperse to
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dense cover where they absorb their yolk sac, then start feeding independently.
The young will typically have doubled in size by 1 year of age (G. Hansen pers.
comm. in U.S. Fish and Wildlife Service 1999), and sexual maturity usually takes
3 years in males and 5 years in females.

Demography
No studies of the longevity of giant garter snakes have been conducted.

Behavior
Giant garter snakes are most active from early spring through mid-fall; activity
being dependent on local weather conditions (Brode 1990, Hansen and Brode
1993). During the winter, giant garter snakes are generally inactive, although
some individuals may bask or move short distances on warmer days (U.S. Fish
and Wildlife Service 1999). During the active season, giant garter snakes
generally remain in close proximity to wetland habitats but can move over 800
feet from the water (G. Hansen 1988, Wylie et al. 1997) during the day. Some
individuals may move up to 5 miles over a period of several days, if the
conditions of their habitat become unsuitable (Wylie et al. 1997).

Ecological Relationships
Giant garter snakes prey on a variety of fish and amphibians available within
their habitat and are in turn prey for raccoons (Procyon lotor), striped skinks
(Mephitis mephitis), opossum (Didelphis virginiana), red foxes (Vulpes vulpes),
gray foxes (Urocyon cinereoargenteus), hawks (Buteo spp.), northern harriers
(Circus cyaneus), great egret (Ardea alba), snowy egret (Egretta thula),
American bittern (Botaurus lentiginosus), and great blue herons (Ardea
herodias). Giant garter snakes may coexist with 2 other species of garter snake:
the valley garter snake (T. sirtalis fitichi) and the western terrestrial garter snake
(T. elegans) (R. Hansen 1980, G. Hansen 1986). This coexistence may be
possible because of differences in foraging behavior (U.S. Fish and Wildlife
Service 1999).

Threats
Habitat loss, degradation, and fragmentation are the primary threats to giant
garter snake population viability (U.S. Fish and Wildlife Service 1999).
Conversion of wetlands for agricultural, urban, and industrial development has
resulted in the loss of over 90% of suitable habitat for this species in the Central
Valley. Degradation of habitat—including maintenance of flood control and
agricultural waterways, weed abatement, rodent control, discharge of
contaminants into wetlands and waterways, and overgrazing in wetland or
streamside habitats—may also cumulatively threaten the survival of some giant
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garter snake populations (Brode and Hansen 1992, California Department of Fish
and Game 1992, G. Hansen 1988, Hansen and Brode 1993).
Introduction of non-native predators, including the bullfrog, largemouth bass
(Micropterus salmoides) and catfish (Ictalurus spp.), has been responsible for
eliminating many species of native fishes and aquatic vertebrates in the western
United States (Minkley 1973, Moyle 1976, Holland 1992). Exotic species
probably had detrimental effects on the giant garter snake through direct
predation (sensu Bury and Whelan 1984, Treanor 1993) and competition for
smaller forage fish (California Department of Fish and Game 1992, G. Hansen
1986, Schwalbe and Rosen 1989).
Toxic contamination, particularly from selenium, and impaired water quality
have also been identified as threats to some populations of the giant garter snake
(Ohlendorf et al. 1988, Saiki and Lowe 1987, U.S. Fish and Wildlife Service
1993). Preliminary studies have documented potential bioaccumulative effects of
agriculturally derived contaminants on giant garter snakes or their prey species
(see Saiki et al. 1992, 1993). Disease and parasitism, (potentially related to
reduced immune response ability from contaminants), may also pose a threat to
this species (U.S. Fish and Wildlife Service 1999).

Conservation and Management
The giant garter snake was listed as threatened in California in 1971 and
federally in 1993. Subsequent conservation actions have included the
establishment of guidelines and mechanisms to minimize and mitigate take (U.S.
Fish and Wildlife Service 1999), habitat and population surveys (G. Hansen
1982,1986, 1996, Hansen and Brode 1980), and development of management
plans for public lands and land acquisitions (U.S. Fish and Wildlife Service
1999). A draft recovery plan for the giant garter snake was completed in 1999
(U.S. Fish and Wildlife Service 1999).

Modeled Species Distribution
Model Description
Assumptions
1. The slough/channel, pond, and stream land-cover type east of Marsh Creek
and within or adjacent to pasture and cropland were considered core habitat
for the giant garter snake.
2. Pasture, cropland, and ruderal land-cover types within 900 feet of core habitat
were considered potential movement and foraging habitat for the giant garter
snake.
3. Core or movement habitat that was not linked to the San Joaquin River
through other core or movement habitat was omitted from the model.
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Rationale
Core Habitat: The giant garter snake inhabits agricultural wetlands and
associated waterways, including sloughs, irrigation and drainage canals, ponds,
low-gradient streams, and adjacent uplands (U.S. Fish and Wildlife Service
1999). Areas in the inventory area west of Marsh Creek are not considered
within the range of giant garter snake (Hansen pers. comm.). Suitable habitat
(both core and movement) was defined only as areas accessible from the San
Joaquin River, which provides the only link with known populations outside the
inventory area.
Movement Habitat: During the active season, giant garter snakes generally
remain in close proximity to wetland habitats but can move over 800 feet from
the water during the day (G. Hansen 1988, Wylie et al. 1997). Because the actual
movement patterns of garter snakes are not known, we used a conservative
estimate of 900 feet to define the potential movement habitat requirements for
this species.

Model Results
Figure 2 shows the modeled potential habitat of the giant garter snake within the
inventory area. No occurrence records for this species were found within the
inventory area. The only known records in the vicinity of the inventory area are
to the north in the Sacramento/San Joaquin Delta. However, few surveys have
been conducted for this species within the inventory area, but suitable habitat is
known to occur there. Suitable core and movement habitat is largely restricted to
the sloughs and surrounding agricultural areas in the eastern edge of the
inventory area.
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Data Characterization
The location database for the western pond turtle (Clemmys marmorata) within
the inventory area includes 27 data records dated from 1981 to 2002. Of the 27
records, all are considered extant, and 9 are mapped at a “specific” precision
level (within 80 meters) (CNDDB 2004).
All populations are recognized as western pond turtle, with two recognized
subspecies: northwestern pond turtle (C. m. marmorata) and southwestern pond
turtle (C. m. pallida). Genetic research supports the distinctiveness of the two
subspecies (Gray 1995; Janzen et al. 1997). In this report, information applicable
to the species overall is signified by the epithet western pond turtle.
There is ample information on the ecology of the western pond turtle and many
peer-reviewed research studies; however current sizes and densities of western
pond turtle populations in California are not well known. Information on
dispersal, population structure, population dynamics, and the nature and
dynamics of environmental factors affecting populations (including edge effects)
is needed to effectively design and implement conservation plans. In addition,
the current genetic diversity of existing populations should be investigated to
determine metapopulation status, gene flow between populations, and long-term
population viability.

Range
Western pond turtle is the only species in its genus that occurs in the western
United States (Figure 1). Northwestern pond turtle occurs from Puget Sound in
Washington south through the Oregon River drainage in central California,
generally west of the Cascade-Sierra crest to the American River. The area of
the Central Valley of California between the American River drainage and the
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Transverse Ranges is considered a zone of intergradation between the two
subspecies (Seeliger 1945; U.S. Fish and Wildlife Service [USFWS] 1999).
Today, western pond turtle occurs in 90% of its historic range in the Central
Valley and west of the Sierra Nevada, but in greatly reduced numbers (Jennings
and Hayes 1994).

Occurrences within the ECCC HCP/NCCP Inventory Area
Extant populations of the western pond turtle occur within the ECCC
HCP/NCCP inventory area. This species is commonly found in Marsh Creek
through Round Valley south to Morgan Territory. Within the inventory area the
western pond turtle is also known from Black Diamond Mines and potential
habitat occurs in ponds throughout the Vasco Caves area (S. Bobzien pers.
comm.). According to the California Natural Diversity Database (CNDDB) there
are 27 documented observations of western pond turtle within the inventory area,
primarily in the Marsh Creek Watershed and in Kellogg Creek at Los Vaqueros
Watershed (CNDDB 2004).

Biology
Habitat
Western pond turtles occur in a variety of aquatic habitats from sea level to
elevations of 1,980 meters (6,500 feet). They are found in rivers, streams, lakes,
ponds, wetlands, reservoirs, and brackish estuarine waters. (Holland 1994;
Jennings and Hayes 1994.) Western pond turtles use aquatic habitats primarily
for foraging, thermoregulation, and avoidance of predators. They prefer habitats
with large areas for cover (logs, algae, vegetation) and basking sites (boulders or
other substrates) and have been observed to avoid areas of open water lacking
these habitat features (Holland 1994). The turtles use basking sites for
thermoregulation. Western pond turtles can be found in waters with temperatures
as low as 1ºC (34ºF) or as high as 39–40ºC (102–104ºF) (Jennings and Hayes
1994).
Western pond turtles overwinter in both aquatic and terrestrial habitats. Aquatic
refugia consist of rocks, logs, mud, submerged vegetation, and undercut areas
along banks. Terrestrial overwintering habitat consists of burrows in leaf litter or
soil. The presence of a duff layer seems to be a general characteristic of
overwintering habitat.

Foraging Requirements
Western pond turtles are omnivorous feeders, opportunistic predators, and
occasional scavengers (Holland 1985a, 1985b, Bury 1986). The majority of their
diet consists of crustaceans, midges, dragonflies, beetles, stoneflies, and
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caddisflies, but pond turtles also feed on mammal, bird, reptile, amphibian, and
fish carrion. Western pond turtles will eat plant matter and have been observed
foraging on willow and alder catkins and on ditch grass inflorescences (Holland
1991b). Partial herbivory in adults may provide an important source of readily
available nutrients and some proteins when animal food is unavailable. Adults,
especially females, consume a greater percentage of plant material than juveniles
(Bury 1986).

Reproduction
Western pond turtles first breed at 10–14 years of age (USFWS 1999). Most
females lay eggs in alternate years. Clutch size ranges from one to 13 eggs, with
larger females generally laying larger clutches (Holland 1985a, 1991a). Gravid
females leave drying creeks from May through July to oviposit in sunny upland
habitats, including grazed pastures. Nesting has been reported to occur up to 402
meters (1,391 feet) from water (Jennings and Hayes 1994), but is usually closer,
averaging 28 meters (92 feet) from aquatic habitat (Rathbun et al. 2002).
Incubation lasts 80–100 days, and the normal hatch success is approximately
70%. Nest predation rates are high and complete failure of nests is common.

Demography
Survivorship in western pond turtles is apparently dependent on age and sex.
Hatchlings and first-year juveniles average only 8–12% survivorship; this rate
may not increase significantly until turtles are 4–5 years old (USFWS 1999).
Once the turtles reach adult size, survivorship increases dramatically, with an
average adult turnover rate of only 3–5%. Adult males generally have a higher
probability of survivorship than adult females, with skewed sex ratios reaching
4:1 (males to females). The apparent cause for this difference is a higher
mortality experienced by females from predation during overland nesting
attempts (Holland 1991a).

Behavior
Western pond turtles are not known to be territorial, but aggressive encounters—
including gesturing and physical combat (Bury and Wolfheim 1973)—are
common, and may function to maintain spacing on basking sites and to settle
disputes over preferred spots. Competing individuals may push and ram each
other, threaten one another with open-mouthed gestures, and occasionally bite
one another.
Measured home ranges of western pond turtles average 1 hectare (2.5 acres) for
males, 0.3 hectare (0.7 acre) for females, and 0.4 hectare (1 acre) for juveniles
(Bury 1972). Males generally move farther than females or juveniles (Bury
1972), but there is little movement between drainages (Holland 1991b).
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Western pond turtles commonly forage in late afternoon or early evening. They
also bask intermittently throughout the day to maintain a body temperature of
24–32ºC (75–90ºF). In general, these turtles typically become more active in
water that consistently reaches 15ºC (60ºF) (Jennings and Hayes 1994). They
avoid extreme heat by moving to cooler areas on the bottom of pools.
In some parts of their range, western pond turtles are seasonally active,
overwintering from October and November through March and April. However,
in the Central Valley and along the California coast, they may be active
throughout the year (Holland 1991a).

Ecological Relationships
Introduced species have altered the ecological conditions of many areas inhabited
by western pond turtles. Sunfish compete for invertebrate prey and carp can
cause turbidity (Lampman 1946), which can influence the densities of
zooplankton important in the diet of hatchlings and young turtles (Holland
1985b). Introduced turtles, such as sliders (Pseudemys scripta), snapping turtles
(Chelydra serpentina), and painted turtles (Chrysemys picta) may compete with
pond turtles, exposing them to diseases for which they have no resistance (Hayes
et al. 1999). In California, Oregon, and Nevada, 17 species of exotic aquatic or
semiaquatic turtles have been found in pond turtle habitats (Holland and Bury
1998). Hatchlings and juveniles are preyed upon by a variety of vertebrate
predators including certain fishes, bullfrogs, garter snakes, wading birds, and
some mammals. Competitive interactions with other species have not been
reported (Zeiner 1988).

Threats
Numerous factors, including loss, degradation, and fragmentation of habitat;
disease; introduced predators and competitors; and other natural and
anthropogenic conditions present ongoing threats to western pond turtle
throughout 75–80% of its range (USFWS 1999; Holland 1991a).
Recent studies describe populations that have adults but few juveniles, indicating
that little or no recruitment is taking place. Because pond turtles are long-lived,
nonreproducing populations may persist in isolated wetlands long after
recruitment of young has ceased (Holland 1991a; USFWS 1999).
Threats to this species specific to the ECCC HCP/NCCP inventory area include
agricultural activities, habitat conversion in upland nesting habitats, and presence
of non-native predators. Western pond turtle nesting sites could be affected
during the incubation period by agricultural activities, leading to annual nesting
failures (Jennings and Hayes 1994). In addition, cattle may trample and eat
aquatic vegetation that serves as habitat for hatchlings, and they may crush pond
turtle nests (Hayes et al. 1999). Bullfrogs, large mouth bass, and catfish are
significant predators on hatchlings and small juvenile western pond turtles within
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the inventory area (S. Bobzien pers. comm.). Stock ponds are common in the
inventory area and likely provide important breeding sites for the species. A lack
of maintenance of stock pond spillways can lead to ponds drying up silting in,
reducing available habitat for western pond turtles.

Conservation and Management
The western pond turtle is a species of special concern in California. There are
no recovery plans for this species. Recruitment is one of the major limiting
factors for this species within the inventory area, therefore measures should be
taken to protect upland nesting habitat from agricultural activities and habitat
conversion. Suitable nest sites include sunny slopes within 150-feet of perennial
aquatic habitat and containing egg laying substrate. Some biologists believe that
grazing practices within the inventory area do not significantly reduce suitability
of nesting habitat for pond turtles (S. Bobzien pers. comm.), but others believe
cattle can reduce survivorship through trampling of eggs (Hayes et al. 1999).
To further improve the survival of juvenile turtles, effort should be made toward
the removal of non-native predators such as bullfrogs and warm water fish from
all aquatic habitats within the ECCC HCP/NCCP inventory area.

Modeled Species Distribution in HCP Study Area
Model Description
Model Assumptions
1. Core Habitat. All perennial streams, ponds, sloughs/channels and wetlands
in all land cover types within the inventory area are considered core breeding
habitat for western pond turtle. In addition, areas within a 150-foot radius of
perennial aquatic and wetland habitats, excluding rock outcrops, vineyard,
orchard and developed land cover types are considered suitable (core) nesting
habitat for western pond turtles. Seasonal wetlands may not provide suitable
breeding habitat for western pond turtles. However, these features were not
separated from perennial wetlands in the land cover mapping so all wetlands are
considered suitable breeding habitat.
2. Movement Habitat. All intermittent streams within the inventory area
provide suitable movement habitat for western pond turtles. In addition, areas
within 100-feet of seasonal streams provide suitable overwintering habitat for
this species, excluding those seasonal streams and wetlands found in cropland,
orchard, vineyard, and all developed land cover types.
Rationale
Core Habitat: The western pond turtle is a thoroughly aquatic turtle of ponds,
marshes, rivers, streams and irrigation ditches with aquatic vegetation (CNDDB
2004). Gravid females oviposit in sunny upland habitats, on grassy banks and in
grazed pastures. Nesting has been reported to occur up to 402 meters (1,391 feet)
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from water (Jennings and Hayes 1994), but is usually closer, averaging 28
meters (92 feet) from aquatic habitat (Rathbun et al. 2002). Nests have been
observed in many soil types from sandy to very hard. Soil must usually be at
least 10 cm (4 in) deep for nesting and nests must have a relatively high internal
humidity for eggs to develop and hatch properly (Zeiner 1988). A female was
observed laying eggs in grassland habitat approximately 150-meters (492-feet)
from Marsh Creek in Round Valley (S. Bobzien pers. comm.).
Movement and overwintering habitat: Pond turtles overwinter in both aquatic
and terrestrial habitats. Although the turtles need to live around water bodies,
they can survive drought in the more arid regions by digging into the mud in
dried up riverbeds. Terrestrial overwintering habitat consists of burrows in leaf
litter or soil. In woodland and sage scrub habitats along coastal streams in central
California, most pond turtles leave the drying creeks in late summer and return
after winter floods. These turtles spend an average of 111 days at upland refuges
that are an average of 50 meters (164 feet) from the creeks (Rathbun et al. 2002).

Model Results
Figure 2 shows the modeled potential habitat of the western pond turtle within
the HCP/NCCP inventory area. Core habitat includes large reaches of Marsh
Creek and Kellogg Creek, and the many ponds throughout the inventory area.
Movement habitat is found throughout the western and central portions of the
inventory area in intermittent streams. The documented occurrences of western
pond turtle in this area correspond well to locations within core areas or in
adjacent movement habitat and corridors.
Results of the habitat distribution model are based on application of the
assumptions provided above using GIS. The model provides reasonable and
conservative estimates for both core habitat and movement and overwintering
habitat.
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California Tiger Salamander
(Ambystoma californiense)
Status
State:
Federal:

Species of Special Concern
Threatened (U.S. Fish and
Wildlife Service 2004a,
2004b, 2005)

Population Trend
Global: California State endemic; declining (Jennings and Hayes 1994)
State:
Declining (Jennings and Hayes 1994)
Within Inventory Area: Unknown

Data Characterization
The location database for the California tiger salamander (Ambystoma
californiense) within the inventory area includes 96 data records dated from 1920
to 1999. Of these records, 45 were documented within the past 10 years. Of the
45 records, all are considered extant, and 37 are mapped at a “specific” precision
level (within 80 meters).
There is a moderate amount of general information on the ecology of the
California tiger salamander and several peer-reviewed research studies.
Available literature includes research on reproductive ecology, burrowing ability,
dispersal from breeding area, habitat use and migratory behavior. There are
many gaps in data for the California tiger salamander, including habitat and
population distribution, and differentiating between introduced tiger salamanders
and California tiger salamanders. The lack of certain types of data may be due to
the fact that this species spends most of its life underground in small mammal
burrows (U.S. Fish and Wildlife Service 2000). The California tiger salamander
was not recognized as distinct species until 1991 (U.S. Fish and Wildlife Service
2000).

Range
The California tiger salamander is endemic to California. Historically, the
California tiger salamander probably occurred in grassland habitats throughout
much of the state. Although this species still occurs within much of its range, it
has been extirpated from many historic localities (Fisher and Shaffer 1996,
Stebbins 1985). The loss of California tiger salamander populations has been
due primarily to habitat loss within its historic range (Fisher and Shaffer 1996).
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Currently, the California tiger salamander occurs in six populations from the
Central Valley and Sierra Nevada foothills, from Yolo County south to Tulare
County, and in the coastal valleys and foothills, from Sonoma County south to
Santa Barbara County (Zeiner et al. 1988).
The six populations of California tiger salamander are found in Sonoma County,
Santa Barbara County, the Bay Area (central and southern Alameda County,
Santa Clara County, western Stanislaus and Merced Counties, and San Benito
County), the Central Valley (Yolo County, Sacramento County, East Contra
Costa County, northeast Alameda County, San Joaquin County, Stanislaus
County, Merced County and northwest Madera County), southern San Joaquin
Valley (Madera County, central Fresno County, northern Tulare County, and
Kings County), and the Central Coast Range (south Santa Cruz County,
Monterey County, northern San Luis Obispo County, western San Benito, Fresno
and Kern Counties) (U.S. Fish and Wildlife Service 2003a). Isolated populations
are found at the Gray’s Lodge Wildlife Area in Butte County and at Grass Lake
in Siskiyou County (Zeiner et al. 1988). Most populations occur at elevations
below 1,500 feet, but tiger salamanders have been recorded at elevations up to
4,500 feet. Although populations have declined, the species continues to breed at
a large number of locations within its current range (59 FR 18353–18354, April
18, 1994). At most historic breeding sites below 200 feet elevation, ponds
remain present but no longer support California tiger salamanders. These sites
are typically occupied by non-native species (Fisher and Shaffer 1996).

Occurrences within the ECCC HCP Inventory Area
Because a comprehensive survey for the California tiger salamander has not been
conducted in the HCP inventory area, neither the current population size nor the
locations of all occurrences are known.

Biology
Habitat
California tiger salamanders require 2 major habitat components: aquatic
breeding sites and terrestrial estivation or refuge sites. California tiger
salamanders inhabit valley and foothill grasslands and the grassy understory of
open woodlands, usually within 1 mile of water (Jennings and Hayes 1994). The
California tiger salamander is terrestrial as an adult and spends most of its time
underground in subterranean refugia. Underground retreats usually consist of
ground-squirrel burrows and occasionally human-made structures. Adults
emerge from underground to breed, but only for brief periods during the year.
Tiger salamanders breed and lay their eggs primarily in vernal pools and other
ephemeral ponds that fill in winter and often dry out by summer (Loredo et al.
1996); they sometimes use permanent human-made ponds (e.g., stock ponds),
reservoirs, and small lakes that do not support predatory fish or bullfrogs (see
“Ecological Relationships” discussion below) (Stebbins 1972, Zeiner et al. 1988).
Streams are rarely used for reproduction.
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Adult salamanders migrate from upland habitats to aquatic breeding sites during
the first major rainfall events of fall and early winter and return to upland habitats
after breeding. This species requires small-mammal (e.g., California ground
squirrel) burrows for cover during the non-breeding season and during migration
to and from aquatic breeding sites (Zeiner et al. 1988). Petranka (1998)
estimated that 83% of California tiger salamanders utilize rodent burrows for
upland refugia (in U.S. Fish and Wildlife Service 2003). California tiger
salamanders also use logs, piles of lumber, and shrink-swell cracks in the ground
for cover (Holland et al. 1990). California tiger salamanders can overwinter in
burrows up to 1 mile from their breeding sites (Jennings and Hayes 1994).
The California tiger salamander is particularly sensitive to the duration of
ponding in aquatic breeding sites. Because tiger salamanders have a long
developmental period, the longest lasting seasonal ponds or vernal pools are the
most suitable type of breeding habitat for this species; these pools are also
typically the largest in size (Jennings and Hayes 1994). Because at least 10
weeks are required to complete metamorphosis (see “Demography” below)
(Feaver 1971), aquatic sites that are considered suitable for breeding should at
least pond or retain water for a minimum of 10 weeks. Moreover, large vernal
pool complexes, rather than isolated pools, probably offer the best quality
habitat; these areas can support a mixture of core breeding sites and nearby
refuge habitat (Shaffer et al. 1994, Jennings and Hayes 1994).
The suitability of California tiger salamander habitat is proportional to the
abundance of upland refuge sites that are near aquatic breeding sites. California
tiger salamanders primarily use California ground squirrel burrows as refuge sites
(Loredo et al. 1996; Trenham 2001); Botta’s pocket gopher burrows are also
frequently used (Barry and Shaffer 1994, Jennings and Hayes 1994). The
presence and abundance of tiger salamanders in many areas are limited by the
number of small-mammal burrows available; salamanders are typically absent
from areas that appear suitable other than their lack of burrows. Loredo et al.
(1996) emphasized the importance of California ground squirrel burrows as
refugia for California tiger salamanders, and suggested that a commensal
relationship existed between the California tiger salamander and California
ground squirrel in which tiger salamanders benefit from the burrowing activities
of squirrels. In a study conducted near Concord, California, Loredo et al. (1996)
found that California ground squirrel burrows were used almost exclusively as
refuge sites by California tiger salamanders. Also, tiger salamanders apparently
do not avoid burrows occupied by ground squirrels (Loredo et al. 1996).
The proximity of refuge sites to aquatic breeding sites also affects the suitability
of salamander habitat. Although the variation in distances between breeding and
refuge sites is poorly studied (Jennings and Hayes 1994), juvenile salamanders
are known to migrate distances up to 1 mile (1.6 km) from breeding sites (Austin
and Shaffer 1992, Mullen in U.S. Fish and Wildlife Service 2000 ). Loredo et al.
(1996) found that tiger salamanders may use burrows that are first encountered
during movements from breeding to upland sites. In their study area, where the
density of California ground squirrel burrows was high, the average migration
distances between breeding and refuge sites for adults and juveniles was 118 feet
(35.9 m) and 85 feet (26.0 m), respectively. Therefore, although salamanders
may migrate up to 1 mile, migration distances are likely to be less in areas
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supporting refugia closer to breeding sites. Also, habitat complexes that include
upland refugia relatively close to breeding sites are considered more suitable
because predation risk and physiological stress in California tiger salamanders
probably increases with migration distance.

Reproduction
Adult California tiger salamanders migrate to and congregate at aquatic breeding
sites during warm rains, primarily between November and February (Shaffer and
Fisher 1991, Barry and Shaffer 1994). Tiger salamanders are rarely observed
except during this period (Loredo et al. 1996). During this period, tiger
salamanders breed and lay eggs primarily in vernal pools and other shallow
ephemeral ponds that fill in winter and often dry by summer (Loredo et al. 1996).
Spawning usually occurs within a few days after migration, and adults probably
leave the breeding sites at night soon after spawning (Barry and Shaffer 1994
citing Storer 1925).
Eggs are laid singly or in clumps on both submerged and emergent vegetation
and on submerged debris in shallow water (Stebbins 1972, Shaffer and Fisher
1991, Barry and Shaffer 1994, Jennings and Hayes 1994). Larvae develop
rapidly, and metamorphosis begins in late spring or early summer (LoredoPrendeville 1995). At least 10 weeks are required to complete metamorphosis
(Feaver 1971). Juveniles disperse from aquatic breeding sites to upland habitats
after metamorphosis (Storer 1925, Holland et al. 1990).
California tiger salamanders breed in vernal pools and other temporary rainwater
ponds. This species will also use permanent human-made ponds, without
predatory fish, for reproduction. Females lay eggs on submerged vegetation in
shallow water. In ponds without vegetation, females will lay eggs on objects on
the pond bottom (Jennings and Hayes 1994). After breeding, adults leave the
breeding ponds and return to small mammal burrows.
After approximately 2 weeks, the salamander eggs begin to hatch into larvae.
Once larvae reach a minimum body size they metamorphose to the terrestrial
juvenile salamander. Larvae in small ponds develop faster, while larvae
inhabiting ponds that retain water for longer will be larger at time of
metamorphosis. In general, salamanders require 10 weeks living in ponded water
for complete metamorphosis. If a pond dries prior to metamorphosis, the larvae
will desiccate and die (U.S. Fish and Wildlife Service 2000).
The California tiger salamander breeds primarily in vernal pools and swales—
unique ecosystems that fill with winter rains and dry completely by summer—
and then spends most of its lifecycle estivating underground in adjacent valley
oak woodland or grassland habitat, primarily in abandoned rodent burrows.
Research has shown that dispersing juveniles can roam up to 1 mile from their
breeding ponds and that a minimum of 480 acres of uplands habitat is needed
surrounding a breeding pond in order for the species to survive over the long
term. Reserves of multiple breeding ponds surrounded by 1000 acres or more of
habitat are recommended to ensure the persistence of the species.
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Foraging Requirements
Aquatic larvae feed on algae, small crustaceans, and small mosquito larvae for
about 6 weeks after hatching (U.S. Fish and Wildlife Service 2000). Larger
larvae feed on zooplankton, amphipods, mollusks, and smaller tadpoles of pacific
treefrogs, red-legged frogs, western toads and spadefoot toads (Zeiner et al. 1988,
U.S. Fish and Wildlife Service 2000). During estivation, California tiger
salamanders eat very little (Shaffer et al. 1994 in U.S. Fish and Wildlife Service
2000). During the fall and winter, adult salamanders emerge from underground
retreats during rain events and on nights of high relative humidity to feed and
migrate to breeding ponds (U.S. Fish and Wildlife Service 2000). Adults eat
earthworms, snails, insects, fish, and small mammals (Stebbins 1972).

Demography
Local populations of California tiger salamanders may not reproduce during
years of low rainfall when ephemeral pools do not fill (Barry and Shaffer 1994,
Jennings and Hayes 1994). However, it is presumed that the longevity of this
species allows local populations to persist through all but the longest drought
periods (Barry and Shaffer 1994). Individuals have been known to live for more
than 10 years (Trenham et al. 2000 in U.S. Fish and Wildlife Service 2000).
Trenham et al. (2001) showed that pool complexes occupied by California tiger
salamander fit a metapopulation model. Also, long-term demographic data
suggest that there are source-sink relationships between pools in a complex
(Trenham et al. 2000, 2001) (see “Dispersal” below).

Dispersal
Adult California tiger salamanders migrate to and congregate at aquatic breeding
sites during warm rains, primarily between November and February (Shaffer and
Fisher 1991, Barry and Shaffer 1994). Tiger salamanders are rarely observed
except during this period (Loredo et al. 1996). Dispersal of juveniles from natal
ponds to underground refugia occurs during summer months, when breeding
ponds dry out. Juveniles disperse from breeding sites after spending a few hours
or days near the pond margin (Jennings and Hayes 1994). Dispersal distance
varies and may increase with an increase in precipitation (Trenham in revision in
U.S. Fish and Wildlife Service 2000). Juveniles have been found more than
1,200 feet away from breeding ponds (Mullen in U.S. Fish and Wildlife Service
2000), yet most juveniles tend to remain closer to breeding ponds (U.S. Fish and
Wildlife Service 2000; Shaffer and Trenham in press).
Some genetic data suggest low rates of California tiger salamander migration
between vernal pool complexes (Shaffer et al. 1994, Irschick and Shaffer 1997)
or metapopulations; this suggests that natural colonization after a local
extirpation event may be unlikely (Fisher and Shaffer 1994). Trenham et al.
(2001) showed that pool complexes occupied by California tiger salamander fit a
metapopulation model, and dispersal rates between ponds may be high for both
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first-time and experienced breeders; and dispersal rates are probably high enough
to prevent local extirpations within a pool complex.

Ecological Relationships
California tiger salamander larvae and embryos are susceptible to predation by
fish (Stebbins 1972, Zeiner et al. 1988, Shaffer et al. 1994), and tiger salamander
larvae are rarely found in aquatic sites that support predatory fish (Shaffer and
Fisher 1991, Shaffer and Stanley 1992, Shaffer et al. 1994). Aquatic larvae are
taken by herons and egrets and possibly garter snakes (Zeiner et al. 1988).
Shaffer et al. (1993) also found a negative correlation between the occurrence of
California tiger salamanders and the presence of bullfrogs; however, this
relationship was detected only in unvegetated ponds. This suggests that
vegetation structure in aquatic breeding sites may be important for survival.
Because of their secretive behavior and limited periods above ground, adult
California tiger salamanders have few predators (U.S. Fish and Wildlife Service
2000).

Threats
California tiger salamander populations have experienced dramatic declines
throughout the historical range of the species, particularly in the Central Valley.
California tiger salamander populations have declined as a result of 2 primary
factors: widespread habitat loss and habitat fragmentation. These factors have
both been caused by conversion of valley and foothill grassland and oak
woodland habitats to agricultural and urban development (Stebbins 1985). For
example, residential development and land use changes in the California tiger
salamander’s range have removed or fragmented vernal pool complexes,
eliminated refuge sites adjacent to breeding areas, and reduced habitat suitability
for the species over much of the Central Valley (Barry and Shaffer 1994,
Jennings and Hayes 1994). Grading activities have probably also eliminated
large numbers of salamanders directly (Barry and Shaffer 1994). Overall,
approximately 75% of habitat for California tiger salamander within its historic
range has been lost (Fisher and Shaffer 1996).
The introduction of bullfrogs, Louisiana red swamp crayfish, and non-native
fishes (mosquitofish, bass, and sunfish) into aquatic habitats has also contributed
to declines in tiger salamander populations (Jennings and Hayes 1994; 59 FR
18353–18354, April 18, 1994, U.S. Fish and Wildlife Service 2000). These nonnative species prey on tiger salamander larvae and may eliminate larval
populations from breeding sites (Jennings and Hayes 1994). At sites where
aquatic vegetation is present, exotic fish appear more likely to result in California
tiger salamander extirpation than bullfrogs (Fisher and Shaffer 1996). At most
historic breeding sites below 200 feet elevation, ponds remain present but no
longer support California tiger salamanders. Instead, these sites are typically
occupied by non-native species (Fisher and Shaffer 1996).
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Burrowing-mammal control programs are considered a threat to California tiger
salamander populations. Rodent control through destruction of burrows and
release of toxic chemicals into burrows can cause direct mortality to individual
salamanders and may result in a decrease of available suitable habitat (U.S. Fish
and Wildlife Service 2000).
Vehicular related mortality is an important threat to California tiger salamander
populations (Barry and Shaffer 1994, Jennings and Hayes 1994). California tiger
salamanders will readily attempt to cross roads during migration, and roads that
sustain heavy vehicle traffic or barriers that impede seasonal migrations may
have impacted tiger salamander populations in some areas (Shaffer and Fisher
1991, Shaffer and Stanley 1992, Barry and Shaffer 1994). Therefore,
establishing artificial structures that could impede movements or maintaining
roads that support a considerable amount of vehicle traffic in areas that support
California tiger salamander populations can severely degrade salamander habitat
(see Jennings and Hayes 1994).
Hybridization between California tiger salamander and an introduced congener,
A. tigrinum, has been documented and may be extensive (Riley et al. 2003). A.
tigrinum was introduced to California for use as fishing bait; and both taxa cooccur in ponds and vernal pools. Hybridization between native and exotic taxa,
due to lack of reproductive isolation, can threaten native taxa by causing genetic
swamping, reduced genetic diversity, and reduced genetic purity of native
populations. In rare species such as California tiger salamander, hybridization
can also lead to population extirpation. In a study of tiger salamander
hybridization conducted in the Salinas Valley, Riley et al. (2003) found that the
degree of genetic mixing between California tiger salamander and A. tigrinum
depended on breeding habitat type. In artificial ponds, there appeared to be no
barriers to gene exchange between California tiger salamander and A. tigrinum.
However, in vernal pools, significantly fewer hybrid genotypes and more pure
parental genotypes were found. These results suggest that the potential for
reproductive isolation between the two taxa may be higher in native habitats.

Conservation and Management
The California tiger salamander is a Federal threatened species and California
Species of Special Concern within the ECCC HCP/NCCP inventory area (U.S.
Fish and Wildlife Service 2004a). The recently listing by the U.S. Fish and
Wildlife Service strongly indicates the imperiled nature of this species. The East
Bay and Livermore Valley populations comprise a genetically distinct region
within the California tiger salamander’s distribution (Shaffer et al. 1994; U.S.
Fish and Wildlife Service 2005). Also, the East Bay and Sacramento Valley
populations may be the most genetically diverse populations, suggesting that
those regions may comprise the core of the species’ distribution, and are of
particularly high conservation value (Shaffer et al. 1994; U.S. Fish and Wildlife
Service 2005).
Existing conservation measures for this species include preservation of occupied
habitat, replacement or enhancement of lost breeding habitat, and prevention of
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contamination of aquatic habitat used by the species. Research has shown that
dispersing juveniles can roam up to 1 mile from their breeding ponds and that a
minimum of 480 acres of uplands habitat is needed surrounding a breeding pond
in order for the species to survive over the long term. Reserves of multiple
breeding ponds surrounded by 1,000 acres or more of habitat are recommended
to ensure the persistence of the species (Center for Biological Diversity 2002).

Modeled Species Distribution
Model Description
Assumptions
1. All ponds, wetlands, seasonal wetlands, and alkali wetlands within annual
grassland, oak savanna, and oak woodland were considered potential breeding
habitat for California tiger salamander.
2. All non-urban, non-aquatic land cover types within 1 mile of potential
breeding sites were considered potential migration and aestivation habitat for this
species.
Rationale
California tiger salamanders require 2 major habitat components: aquatic
breeding sites and terrestrial aestivation or refuge sites. California tiger
salamanders inhabit valley and foothill grasslands and the grassy understory of
open woodlands, usually within 1 mile of water (Jennings and Hayes 1994). The
California tiger salamander is terrestrial as an adult and spends most of its time
underground in subterranean refugia. Underground retreats usually consist of
ground-squirrel burrows and occasionally human-made structures. Adults
emerge from underground to breed, but only for brief periods during the year.
Tiger salamanders breed and lay their eggs primarily in vernal pools and other
ephemeral ponds that fill in winter and often dry out by summer (Loredo et al.
1996); they sometimes use permanent human-made ponds (e.g., stock ponds),
reservoirs, and small lakes that do not support predatory fish or bullfrogs (see
“Ecological Relationships” discussion below) (Stebbins 1972, Zeiner et al. 1988).
Streams are rarely used for reproduction.
Adult salamanders migrate from upland habitats to aquatic breeding sites during
the first major rainfall events of fall and early winter and return to upland habitats
after breeding. This species requires small-mammal (e.g., California ground
squirrel) burrows for cover during the non-breeding season and during migration
to and from aquatic breeding sites (Zeiner et al. 1988). California tiger
salamanders also use logs, piles of lumber, and shrink-swell cracks in the ground
for cover (Holland et al. 1990) California tiger salamanders can overwinter in
burrows up to 1 mile from their breeding sites (Jennings and Hayes 1994).
The proximity of refuge sites to aquatic breeding sites also affects the suitability
of salamander habitat. Although the variation in distances between breeding and
refuge sites is poorly studied (Jennings and Hayes 1994) juvenile salamanders
are known to migrate distances up to 1 mile (1.6 km) from breeding sites (Austin
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and Shaffer 1992, Mullen in U.S. Fish and Wildlife Service 2000. Research has
shown that dispersing juveniles can roam up to 1 mile from their breeding ponds.

Model Results
Figure 2 shows the modeled potential habitat of the California tiger salamander.
The habitat includes approximately two-thirds of the inventory area and is largely
located in the hilly portions of the western side of this area. All documented
occurrences of this species fit well within the boundaries of the model.
The large proportion of the modeled habitat within non-urban areas is due to the
large number of ponds that provide potential breeding habitat and the potential
dispersal distance of this species. Loredo et al. (1996) found that tiger
salamanders may use burrows that are first encountered during movements from
breeding to upland sites. In their study area, where the density of California
ground squirrel burrows was high, the average migration distances between
breeding and refuge sites for adults and juveniles was 118 feet (35.9 m) and 85
feet (26.0 m), respectively. Therefore, although salamanders may migrate up to 1
mile, migration distances are likely to be less in areas supporting refugia closer to
breeding sites. However, because the actual movement patterns of the
salamanders away from breeding sites is not known within the inventory area, we
used a conservative estimate of 1 mile to define the potential movement/dispersal
habitat requirements for this species. Also, due to the 10 acre minimum
resolution function of the model, vernal pools and seasonal wetlands could not be
delineated within the modeled distribution areaand their abundance is likely to
have been underestimated.
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California Red-Legged Frog
(Rana aurora draytonii)
Status
State:

Federal:

Meets requirements as
a “rare, threatened or
endangered species”
under CEQA
Threatened

Critical Habitat: Designated in 2001 (USFWS 2001) but rescinded in 2002 by
court order except for one unit in the Sierra Nevada;
designated again in 2005 (USFWS 2005)

Population Trend
Global:
State endemic; declining
State:
Declining
Within Inventory Area: Apparently stable in some areas

Data Characterization
The location database for the California red-legged frog (Rana aurora draytonii)
within its known range in California includes 419 data records dated from 1919
to 2001. Of these records, 344 were documented within the past 10 years; of
these, 203 are of high precision and may be accurately located within the
inventory area. Approximately 81 of these high-precision records are located
within or near the inventory area. These records occur within non-native
grassland, riparian forest, riparian woodland, riparian scrub, freshwater marsh,
and wetland.
A moderate amount of literature is available regarding the California red-legged
frog because of its threatened status and the recent trend in global decline in
amphibians. Most of the literature pertains to habitat requirements, population
trends, ecological relationships, threats, and conservation efforts. A final
recovery plan for the California red-legged frog has been published by the U.S.
Fish and Wildlife Service (2002).

Range
The historical range of the California red-legged frog extended along the coast
from the vicinity of Point Reyes National Seashore, Marin County, California
and inland from Redding, Shasta County southward to northwestern Baja
California, Mexico (Jennings and Hayes 1985, Hayes and Krempels 1986). The
current distribution of this species includes only isolated localities in the Sierra
Nevada, northern Coast and Northern Traverse Ranges. It is still common in the
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San Francisco Bay area and along the central coast. It is now believed to be
extirpated from the southern Transverse and Peninsular Ranges (U.S. Fish and
Wildlife Service 2002).

Occurrences within the ECC HCP/NCCP Inventory Area
Contra Costa and Alameda Counties contain the majority of known California
red-legged frog occurrences in the San Francisco Bay Area (U.S. Fish and
Wildlife Service 2002). However, this species seems to have been nearly
eliminated from the western lowland portions of these counties, particularly near
urbanization. Eighty-one occurrences of California red-legged frogs have been
documented within the inventory area (California Natural Diversity Database
2001). Numerous ponds and creeks in Simas Valley support California redlegged frogs (Dunne 1995). Sizeable breeding populations are also found at
Sand Creek (Black Diamond Mines Regional Park) and Round Valley (Round
Valley Regional Preserve) (S. Bobzien in litt. 1900 cited in U.S. Fish and
Wildlife Service 2002). Some of the highest densities of California red-legged
frog occur in many of the stock ponds within the Los Vaqueros watershed.

Biology
Habitat
Within their range, California red-legged frogs occur from sea level to about
5,000 feet above sea level (U.S. Fish and Wildlife Service 2002). Almost all of
the documented occurrences of this species, however, are located below
3,500 feet. Breeding sites include a variety of aquatic habitats—larvae, tadpoles
and metamorphs use streams, deep pools, backwaters within streams and creeks,
ponds, marshes, sag ponds, dune ponds, and lagoons. Breeding adults are
commonly found in deep (more than 2 feet), still or slow-moving water with
dense, shrubby riparian or emergent vegetation (Hayes and Jennings 1988).
Adult frogs have also been observed in shallow sections of streams that are not
shrouded by riparian vegetation. Generally, streams with high flows and cold
temperatures in spring are unsuitable for eggs and tadpoles. Stock ponds are
frequently used by this species if they are managed to provide suitable
hydroperiod, pond structure, vegetative cover, and control of nonnative
predators.
During dry periods, California red-legged frogs are seldom found far from water.
However, during wet weather, individuals may make overland excursions
through upland habitats over distances up to 2 miles. These dispersal movements
are generally straight-line, point-to-point migrations rather than following
specific habitat corridors. Dispersal distances are believed to depend on the
availability of suitable habitat and prevailing environmental conditions. Very
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little is known about how California red-legged frogs use upland habitats during
these periods.
During summer, California red-legged frogs often disperse from their breeding
habitat to forage and seek summer habitat if water is not available (U.S. Fish and
Wildlife Service 2002). This habitat may include shelter under boulders, rocks,
logs, industrial debris, agricultural drains, watering troughs, abandoned sheds, or
hay-ricks. They will also use small mammal burrows, incised streamed channels,
or areas with moist leaf litter (Jennings and Hayes 1994; U.S. Fish and Wildlife
Service 1996, 2002). This summer movement behavior, however, has not been
observed in all California red-legged frog populations studied.

Foraging Requirements
California red-legged frogs consume a wide variety of prey. Adult frogs
typically feed on aquatic and terrestrial insects, crustaceans and snails (Stebbins
1985, Hayes and Tennant 1985), as well as worms, fish, tadpoles, smaller frogs
(e.g. Hyla regilla), and occasionally mice (Peromyscus californicus) (U.S. Fish
and Wildlife Service 2002). Aquatic larvae are mostly herbivorous algae grazers
(Jennings et al. in litt. 1992). Feeding generally occurs along the shoreline of
ponds or other watercourses and on the water surface. Juveniles appear to forage
during both daytime and nighttime, whereas subadults and adults tend to feed
more exclusively at night (Hayes and Tennant 1985).

Reproduction
California red-legged frogs breed from November through April (Storer 1925,
U.S. Fish and Wildlife Service 2002). Males usually appear at the breeding sites
2 to 4 weeks before females. Females are attracted to calling males. Females lay
egg masses containing about 2,000 to 5,000 eggs, which hatch in 6 to 14 days,
depending on water temperatures (U.S. Fish and Wildlife Service 2002). Larvae
metamorphose in 3.5 to 7 months, typically between July and September (Storer
1925, Wright and Wright 1949, U.S. Fish and Wildlife Service 2002). Sexual
maturity is usually attained by males at 2 years of age and females at 3 years of
age.

Demography
Adult California red-legged frogs can live 8 to 10 years (Jennings et al. 1992),
but the average life span is probably much lower (Scott pers. comm. in U.S. Fish
and Wildlife Service 2002). Most mortality occurs during the tadpole stage
(Licht 1974). No long-term studies have been conducted on the population
dynamics of red-legged frogs.
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Ecological Relationships
California red-legged frogs are primary, secondary, and tertiary consumers in the
aquatic/terrestrial food web of their habitat. As described above, they prey on a
wide variety of invertebrates and vertebrates, as well as algae as larvae.
Numerous predators prey on these frogs, including racoons (Procyon lotor), great
blue herons (Ardea herodias), American bitterns (Botaurus lentiginosus), blackcrowned night herons (Nycticorax nycticorax), red-shouldered hawks (Buteo
lineatus), opossums (Didpephis virginiana), striped skunks (Mehpitis mephitis),
spotted skunks (Spilogale pituorius), and garter snakes (Thamnophis spp.) (Fitch
1940, Fox 1952, Jennings and Hayes 1990, Rathbun and Murphy 1996). In some
areas, introduced aquatic vertebrates and invertebrates also prey on one or more
of the life stages of California red-legged frogs. These predators include
bullfrogs (Rana catesteiana), African clawed frogs (Xenopus laevis), red swamp
crayfish (Procambarus clarkii), signal crayfish (Pacifastacus leniusculus), bass
(Micropterus spp.), catfish (Ictalurus spp.), sunfish (Lepomis spp.), and
mosquitofish (Gambusia affinis) (Hayes and Jennings 1986).

Threats and Reasons for Decline
The viability of existing California red-legged frog populations is threatened by
numerous human activities that often act synergistically and cumulatively with
natural disturbances (i.e. droughts or floods) (U.S. Fish and Wildlife Service
2002). These activities include those that result in the degradation,
fragmentation, and loss of habitat through agriculture, urbanization, mining,
overgrazing, recreation, timber harvesting, nonnative plants, impoundments,
water diversions, degraded water quality, and introduced predators.
Over 90% of the historic wetlands in the Central Valley have been lost due to
conversion for agriculture or urban development (U.S. Fish and Wildlife Service
1978, Dahl 1990). This has resulted in a significant loss of frog habitat
throughout the species’ range (U.S. Fish and Wildlife Service 2002). Habitat
along many stream courses has also been isolated and fragmented, resulting in
reduced connectivity between populations and lowered dispersal opportunities.
These isolated populations are now more vulnerable to extinction through
stochastic environmental events (i.e. drought, floods) and human-caused impacts
(i.e., grazing disturbance, contaminant spills) (Soulé 1998). In a comprehensive
evaluation of prevailing hypotheses on the causes of declines in the California
red-legged frog populations, Davidson et al. (2001) determined that there is a
strong statistical correlation between locations where frog numbers had declined
and upwind agricultural land use. They concluded that wind-borne
agrochemicals may be an important factor in these declines.
Increasing urbanization in the Central Valley is also resulting in the continuing
loss and fragmentation of California red-legged frog habitat and creates barriers
to dispersal by frogs to neighboring populations. Isolated populations are subject
to increased predation from nonnative predators, changes in hydroperiod due to
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variable wastewater outflows, and increased potential for toxic runoff from
developments. All of these conditions can reduce the viability of affected frog
populations. Similarly, agricultural expansion in the Central Valley has resulted
in habitat loss and fragmentation, the introduction of fertilizers, fungicides,
pesticides, and herbicides into riparian ecosystesm and water diversions and
impoundments that can reduce historic flows necessary to support adequate
aquatic habitat for frogs and other species (U.S. Fish and Wildlife Service 2002).
Poorly managed recreation, mining, timber harvest, and infrastructure
maintenance activities, such as road construction and repair, trail development
and facilities development, can also have significant detrimental effects on
remaining California red-legged habitat through disturbance, contamination, and
introduction of nonnative species that prey on or compete with the frogs.

Conservation and Management
The California red-legged frog was federally listed as threatened in 1996. Since
then, numerous conservation efforts have been undertaken by various federal,
state, and local and private organizations to minimize impacts and establish
preserves and protective policies to ensure the viability of this species (U.S. Fish
and Wildlife Service 2002). A final recovery plan for the California red-legged
frog was completed in May 2002 that calls for the preservation of all known
populations and their habitat, the establishment of a viable metapopulation,
development of effective land use policies and guidelines, continued research on
the ecological requirements of California red-legged frogs necessary for
conservation, continued monitoring, and the establishment of an outreach
program.

Federal Critical Habitat
In March of 2001, USFWS designated critical habitat for California red-legged
frog in areas supporting biological and physical features essential to the
conservation of the species within a 4 million–acre region (USFWS 2001).
USFWS defined these essential features as aquatic and upland areas where
suitable breeding and non-breeding habitat are interconnected by continuous
dispersal habitat. In response to a lawsuit brought by the Home Builders
Association of Northern California, a federal court remanded all but 200,000
acres of the critical habitat designation (a unit in the Sierra Nevada range) back to
USFWS for reconsideration and additional economic analysis.
USFWS designated critical habitat again for the red-legged frog in 2005
(USFWS 2005), dramatically reducing the area from the original designation in
2001. Critical habitat was excluded from eastern Contra Costa County because
of the pending HCP/NCCP.
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Modeled Species Distribution
Model Description
Assumptions
1. Ponds and streams in riparian woodland/scrub, wetland or seasonal wetland,
annual grassland, alkali grassland, oak savanna, oak woodland, chaparral, nonurban ruderal (ruderal land cover areas outside existing urban land cover areas)
and turf land-cover types were considered potential breeding habitat for
California red-legged frog.
2. Streams in urban areas that are connected hydrologically to suitable breeding
streams were also considered potential breeding habitat for this species.
Underground streams were considered movement habitat only.
3. All non-urban non-aquatic land cover types within 1 mile of potential
breeding sites were considered potential migration and aestivation habitat for this
species. Ponds in urban areas with substantial areas of suitable aestivation
habitat intact (>50% of 1-mile buffer) were considered to be suitable breeding
habitat unless absence is verified by recent surveys.
Rationale
Breeding habitat: Breeding sites used by California red-legged frogs include a
variety of aquatic habitats (Stebbins 1985, Hayes and Jennings 1988, USFWS
2000b). Larvae, tadpoles and metamorphs use streams, deep pools, backwaters
within streams and creeks, ponds, and marshes. Breeding adults are commonly
found in deep (more than 2 feet), still or slow-moving water with dense, shrubby
riparian or emergent vegetation (Hayes and Jennings 1988). Adult frogs have
also been observed in shallow sections of streams that are not shrouded by
riparian vegetation. Generally, streams with high flows and cold temperatures in
spring are unsuitable for eggs and tadpoles. Within the ECCC HCP/NCCP
inventory area stock ponds are frequently used as breeding sites by this species if
the ponds are managed to provide suitable hydroperiod, pond structure,
vegetative cover, and control of nonnative predators. All existing ponds and
streams within the inventory area were, therefore, considered potential suitable
breeding habitats for California red-legged frogs.
Migration and aestivation habitat: During dry weather, California red-legged
frogs are seldom found far from water. However, as ponds dry out these frogs
disperse from their breeding sites to other areas with water or to temporary
shelter or aestivation sites. This latter habitat may include small mammal
burrows, incised stream channels, shelter under boulders, rocks, logs, leaf litter,
agricultural drains, watering troughs, abandoned sheds or unused farm equipment
(Jennings and Hayes 1994, USFWS 2000b). Movements of up to 1 mile from
breeding sites to aestivation sites are apparently typical (Stebbins 2002), although
some individual frogs have been found up to 2 miles away (USFWS 2000b).
These dispersal and migration movements are generally straight-line, point-topoint migrations rather than following specific habitat corridors (USFWS 2000b,
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Stebbins 2002). They may be along long-established historic migratory
pathways that provide specific sensory cues that guide the seasonal movement of
the frogs (Stebbins 2002). Dispersal distances are believed to depend on the
availability of suitable habitat and prevailing environmental conditions.
However, because the actual movement patterns of California red-legged frogs in
these habitats is generally not known, for this model we conservatively estimated
that all non-urban land cover areas within a radius of 1 mile from all potential
breeding sites were potential migration and/or aestivation habitats for California
red-legged frogs.

Model Results
Figure 1 shows the modeled potential habitat of the California red-legged frog
within the ECCC HCP/NCCP inventory area. The habitat includes approximately
two-thirds of the inventory area, and is primarily located along the hilly portions
of the western side of this area. All documented occurrence locations fit well
within the boundaries of the model.
The large size of the habitat is due to the high number of ponds that provide
potential breeding habitat and the potential dispersal distance of this species.
Because the actual movement patterns of the frogs away from breeding sites is
not known (but is believed to often be line-of-sight), we used conservative
estimates of the movement/dispersal habitat requirements based on known
distances of movement of individuals provided in available reports. We then
included all potentially suitable habitats within a radius based on the mode of
long-range distances moved by the frogs and classified these areas as suitable
movement habitat for the species. Although the model underestimates the extent
of ponds and other aquatic features, it is unknown whether the model
underestimates or overestimates the extent of suitable breeding habitat for the
California red-legged frog because, with the exception of the Los Vaqueros
watershed and East Bay Regional Park lands, the suitability of these ponds (both
mapped and unmapped) for this species is unknown.
Two aquatic sites in Brentwood are surrounded by urban development but may
still support this species. The DFG and the U.S. Fish and Wildlife Service
(FWS) have agreed to field verify these sites to determine if California redlegged frog are present. Until these surveys are complete, we will assume
presence at these sites.

Literature Cited
Dahl, T. E. 1990. Wetland losses in the United States, 1978s to 1980s. U.S.
Fish and Wildlife Service, Washington, DC.

Species Accounts ♦ Amphibians
East Contra Costa County HCP/NCCP

October 2006
7

Amphibians

California Red-Legged Frog (Rana aurora draytonii)

Davidson, C., H. B. Shaffer, and M. R. Jennings. 2001. Declines of the
California red-legged frog: climate, UV-B, habitat, and pesticides
hypotheses. Ecological Applications 11(2):464–479.
Fitch, H. S. 1940. A biogeographical study of the ordinoides Artenkreis of
garter snakes (genus Thamnophis). University of California Publications in
Zoology 44(1):1–150.
Fox, W. 1952. Notes on feeding habits of Pacific coast garter snakes.
Herpetologica 8(1):4–8.
Hayes, M. P. and M. R. Jennings. 1986. Decline of ranid frog species in western
North America: Are bullfrogs (Rana catesbeiana) responsible? Journal of
Herpetology 20(4):490–509.
Hayes, M. P. and D. M. Krempels. 1986. Vocal sac variation among frogs of the
genus Rana from western North America. Copeia 1986(4):927–936.
Hayes, M. P. and M. R. Tennant. 1985. Diet and feeding behavior of the
California red-legged frog Rana aurora draytonii (Ranidae). The
Southwestern Naturalist 30(4):601–605.
Jennings, M. R. and M. P. Hayes. 1985. Pre- 1900 overharvest of California
red-legged frogs (Rana aurora draytonii): The inducement for bullfrog (Rana
catesbeiana) introduction. Herpetological Review 32(1):94-103.
———. 1990. Final report on the status of the California red-legged frog (Rana
aurora draytonii) in the Pescadero Marsh Natural Preserve. Prepared for the
California Department of Parks and Recreation under contract No. 4-8239018 with the California Academy of Sciences.
———. 1994. Amphibian and reptile species of special concern in California.
Report prepared for the California Department of Fish and Game, Inland
Fisheries Division, Rancho Cordova, CA.
Licht, L. E. 1974. Survival of embryos, tadpoles, and adults of the frogs Rana
aurora aurora and Rana pretiosa pretiosa sympatric in southwestern British
Columbia. Canadian Journal of Zoology 52(5):613–627.
Rathbun, G. B. and T. G. Murphy. 1996. Evaluation of a radio-belt for ranid
frogs. Herpetological Review 27(4):197–189.
Soulé, M. 1998. Viable Populations for Conservation. Cambridge University
Press, Great Britain.
Stebbins, R. C. 1985. A field guide to western reptiles and amphibians.
Houghton Mifflin Company, Boston, MA.

Species Accounts ♦ Amphibians
East Contra Costa County HCP/NCCP

October 2006
8

Amphibians

California Red-Legged Frog (Rana aurora draytonii)

Storer, T. I. 1925. A synopsis of the amphibia of California. University of
California Publications in Zoology 27:1–342.
U. S. Fish and Wildlife Service. 1978. Concept plan for waterfowl wintering
habitat preservation, Central Valley, California. Region 1, Portland, OR.
———. 1996. Endangered and threatened wildlife and plants: determination of
threatened status for the California red-legged frog. Federal Register
61(101):25813–25833. May 23.
———. 2001. Endangered and threatened wildlife and plants: final
determination of critical habitat for the California red-legged frog. Federal
Register 66(49):14626–14670. March 13.
———. 2002. Recovery plan for the California red-legged frog (Rana aurora
draytonii). U.S. Fish and Wildlife Service, Portland, OR.
———. 2005. Endangered and threatened wildlife and plants: designation of
critical habitat for the California red-legged frog. Final Rule. Federal
Register 70(212):66905–67064. November 3.
Wright, A. H., and A. A. Wright. 1949. Handbook of frogs and toads of the
United States and Canada. Comstock Publishing Company, Ithaca, N.Y.

Species Accounts ♦ Amphibians
East Contra Costa County HCP/NCCP

October 2006
9

0

50

100

01478.01 006

Miles
(approximate)

Source: Adapted USFWS 2002 Recovery Plan for the CRLF.

Jones & Stokes

California Red-Legged Frog (Rana aurora draytonii)
Distribution

App. D-12c California red-legged frog Modelled Habitat Distribution - East Contra Costa County HCP/NCCP
Legend

þ
}
|
·
160

Inventory Area
County Urban
Limit Line
Potential Breeding
Habitat

þ
}
|
·
4

Potential Migration and
Aestivation Habitat
(Streams Underground
or on Agricultural Land)

!
!

!

Occurrence Records
!

!!

þ
}
|
·
4

!

!
!

!

!
!

þ
}
|
·
4

!
!

!

!
!

!

!
!
!

!
!!

!
! !
!

!

!
!

!

!

!!

!

!
!
!

!

!

!
!!

O

!

!
!

!

!

!

!

!

!

!
!

!

680

!!
!!
!

!!

!
!

!
!

!

!

!

! !

!

!

§
¦
¥

!

!

!
!

!
!

J4

6
5
4

!

This map presents outcomes
of a draft model that is described
in the Species Profiles of the
HCP/NCCP. The purpose of the
model is to identify areas within the
inventory area where the species
occurs or could occur based on
known habitat requirements.
The data on which this map is
based are regional in scale. This
map should not be used for site
planning and should be verified
in the field. Occurrence data are
limited by where field surveys have
been conducted; some occurrence
points may be geographically
inaccurate.

!

!
!
!

Miles

!

!

!
!
!

!

2

!
!

!
!

1

0

2

!

!

!

!

§
¦
¥
580

!

02/15/2006

Amphibians

Foothill Yellow-Legged Frog (Rana boylii)

Foothill Yellow-Legged Frog
(Rana boylii)
Status
State:
Federal:

Species of Concern
None

Population Trend
Global: Declining
State:
Declining
Within Inventory Area: Unknown

Data Characterization
The location database for the foothill yellow-legged frog (Rana boylii) within its
known range in California includes 288 occurrence records dated from 1958 to
2001. None was documented for the inventory area, but Jennings and Hayes
(1994) show 11 occurrence records of foothill yellow-legged frog in Contra
Costa County. Eight of these populations are believed to be extinct. The 3
remaining records are concentrated in the Mount Diablo region.
A moderate amount of literature is available for the foothill yellow-legged frog
because of its local availability for study and the recent trend in global decline in
amphibians. Most of the literature pertains to habitat requirements, population
trends, ecological relationships, threats, and conservation efforts.

Range
Historically, foothill yellow-legged frogs occurred from west of the crest of the
Cascade Mountains in Oregon south to the Transverse Ranges in Los Angeles
County, and in the Sierra Nevada foothills south to Kern County (Zweifel 1955;
Stebbins 1985). An isolated population was reported in Sierra San Pedro Martir,
Baja Mexico (Loomis 1965). The current range excludes coastal areas south of
northern San Luis Obispo County and foothill areas south of Fresno County
where the species is apparently extirpated (Jennings and Hayes 1994). Its known
elevation range extends from near sea level to approximately 2,040 meters above
sea level (Stebbins 1985).

Occurrences within the ECCC HCP/NCCP Inventory Area
Foothill yellow-legged frogs occur in numerous perennial streams throughout the
inventory area. As described above, there 11 documented occurrence records of
foothill yellow-legged frog in Contra Costa County—8 believed to be extinct and
3 concentrated in the Mount Diablo region.
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Biology
Habitat
Foothill yellow-legged frogs require shallow, flowing water in small to
moderate-sized streams with at least some cobble-sized substrate (Hayes and
Jennings 1988, Jennings 1988). This habitat is believed to favor oviposition
(Storer 1925, Fitch 1936, Zweifel 1955) and refuge habitat for larvae and
postmetamorphs (Hayes and Jennings 1988, Jennings 1988). This species has
been found in streams without cobble (Fitch 1938, Zweifel 1955), but it is not
clear whether these habitats are regularly used (Hayes and Jennings 1988,
Jennings and Hayes 1994). Foothill yellow-legged frogs are usually absent from
habitats where introduced aquatic predators, such as various fishes and bullfrogs,
are present (Hayes and Jennings 1986, 1988; Kupferberg 1994). The species
deposits its egg masses on the downstream side of cobbles and boulders over
which a relatively thin, gentle flow of water exists (Storer 1925, Fitch 1936,
Zweifel 1955). The timing of oviposition typically follows the period of high
flow discharge from winter rainfall and snowmelt (Jennings and Hayes 1994).
The embryos have a critical thermal maximum temperature or 26ºC
(Zweifel 1955).

Foraging Requirements
Adult foothill yellow-legged frogs feed primarily on both aquatic and terrestrial
insects (Fitch 1936); tadpoles preferentially graze on algae (Jennings and
Hayes 1994). Postmetamorphs eat aquatic and terrestrial insects (Storer 1925,
Fitch 1936).

Reproduction
Foothill yellow-legged frogs in California generally breed between March and
early June (Storer 1925, Grinnell et al. 1930, Wright and Wright 1949, Jennings
and Hayes 1994). Masses of eggs are deposited on the downstream side of
cobbles and boulders. After oviposition, a minimum of approximately 15 weeks
is required to reach metamorphosis, which typically occurs between July and
September (Storer 1925, Jennings 1988). Larvae attain adult size in 2 years
(Storer 1925).

Demography
Masses of 300 to 1,200 eggs are deposited during oviposition by each breeding
female. Juvenile and adult survivorship is unknown. Adult longevity is
unknown.
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Ecological Relationships
Garter snakes are considered one of the most prominent predators of foothill
yellow-legged frog tadpoles (Fitch 1941, Zweifel 1955, Lind 1990, Jennings and
Hayes 1994). Salamanders, including the rough-skinned newt (Taricha tarosa),
are believed to prey on the species’ eggs.

Threats
Habitat loss and degradation, introduction of exotic predators, and toxic
chemicals (including pesticides) pose continued and increasing threats to the
long-term viability amphibians throughout California (Jennings and Hayes 1994).
In addition, poorly timed water releases from upstream reservoirs can scour egg
masses of this species from their oviposition substrates (Jennings and
Hayes 1994), and decreased flows can force adult frogs to move into permanent
pools, where they may be more susceptible to predation (Hayes and
Jennings 1988)

Conservation and Management
The principal conservation measures necessary for maintaining viable
populations of this species include habitat preservation, restoration, and
management to retain ecological conditions necessary for survival and population
growth. However, information on the range of ecological conditions that can be
tolerated by this species is limited. Studies on the habitat requirements of the
foothill yellow-legged frog larvae and early postmetamorphic states are urgently
needed (Jennings and Hayes 1994). An understanding of the variation in flow
and shear conditions that egg masses and larvae will tolerate is needed, as well as
a more precise understanding of the critical thermal maxima of the embryonic
stages (Jennings and Hayes 1994). In managed streams, Jennings and Hayes
(1994) recommend avoiding water releases that create excess flow and shear
conditions when egg masses and the more-fragile younger larval stages are
present.

Modeled Species Distribution
Model Description
Model Assumptions
Core Habitat: Perennial streams in riparian woodland/scrub, grassland, oak
savanna, and oak woodland land cover types.
Low-use habitat: Other streams in riparian woodland/scrub, grassland, oak
savanna, and oak woodland land cover types.
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Rationale
Foothill yellow-legged frogs are stream-dwelling amphibians that require
shallow, flowing water in small to moderate-sized perennial streams with at least
some cobble-sized substrate (Hayes and Jennings 1988, Jennings 1988). This
species has also been found in perennial streams without cobble (Fitch 1938,
Zweifel 1955), but it is not clear whether these habitats are regularly used (Hayes
and Jennings 1988, Jennings and Hayes 1994).

Model Results
Figure 2 shows the modeled potential habitat of the foothill yellow-legged frog
within the inventory area. Suitable breeding habitat appears to be present in six
distinct areas in the inventory area that maintain perennial stream flows and pass
through suitable land-cover types:
Upper Marsh Creek upstream of Round Valley Regional Park and the Los
Vaqueros Watershed;
A small section of lower Marsh Creek below Marsh Creek Reservoir;
Kellogg Creek downstream of the Los Vaqueros Dam;
Lower Sand Creek just before it becomes a constructed early channel;
Tributaries to Mount Diablo Creek in Clayton: Mitchell Creek, Donner
Creek, and an unnamed tributary; and
Lower Kirker Creek in Pittsburg.
The small section of lower Marsh Creek is likely perennial due to agricultural
runoff and may not provide suitable habitat for foothill yellow-legged frog.
Kellogg Creek has become perennial below the Los Vaqueros Dam since the
construction of Los Vaqueros Reservoir; future releases below the dam are
uncertain. It is unlikely that lower Kirker Creek provides suitable breeding
habitat for foothill yellow-legged frog because the reach is surrounded by dense
urban development. Thus, the only stable and naturally-occurring potential
habitat for the species occurs in upper Marsh Creek, lower Sand Creek,
tributaries to Mount Diablo Creek in Clayton. Most other stream reaches above
the urban and agricultural lowlands are shown as potential low use habitat. There
are no documented occurrences of foothill yellow-legged frogs in the inventory
area but the species is expected to occur in suitable habitat.
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Longhorn Fairy Shrimp (Branchinecta longiantenna)
Status
State:

Meets the requirements as a “rare, threatened, or endangered
species” under CEQA
Federal: Endangered
Critical Habitat: Designated 2006 (USFWS 2006)

Population Trend
Global:

Declining due to habitat loss and fragmentation (Eriksen and Belk
1999)
State:
As above
Within Inventory Area: Unknown

Data Characterization
The location database for the longhorn fairy shrimp (Branchinecta longiantenna)
within the inventory area includes 2 records from 1982 and 1990 near the Los
Vaqueros Reservoir (Eng et. al. 1990, California Natural Diversity Database
2001). These 2 locations are shallow, sandstone-rock-outcrop vernal pools
within non-native grassland. Other natural and artificial habitats have a high
probability of being occupied by additional populations of the longhorn fairy
shrimp throughout the grassland habitats within the ECCC HCP/NCCP inventory
area.
In addition to the original description (Eng et. al. 1990), Eriksen and Belk (1999)
presented a brief discussion of the longhorn fairy shrimp and provided a
distribution map. Hill and Shepard (1997) produced a scanning electron
micrograph of the cyst (resting egg), and Helm (1997) provided some generalized
natural history data. No other peer-reviewed technical literature has been
published concerning the longhorn fairy shrimp.

Range
Only 8 populations of the longhorn fairy shrimp are known (U.S. Fish and
Wildlife Service 1996). Longhorn fairy shrimp occurrences are rare and highly
disjunct with specific pool characteristics largely unknown (USFWS 2003). The
Altamont pass subunits of the species occur within clear depression pools in
sandstone outcrops (Eriksen and Belk 1999; EBRPD 2001; CNDDB 2002).
Other populations in the middle and southern range of the species occur in loam
and shallow alkaline soil, respectively (USFWS 2003).

Occurrences within the ECCC HCP/NCCP Inventory Area
Two records for this species exist in the ECCC HCP/NCCP inventory area:
sandstone outcrops on both the Souza Ranch (type locality), and in Vasco Caves
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Regional Preserve. The paucity of data points within the inventory area may be
due to a lack of survey effort. Critical habitat has been designated for the species
in Vasco Caves Regional Preserve (U.S. Fish and Wildlife Service 2006).

Biology
Habitat
Typical habitat for listed fairy shrimp in California include vernal pools,
seasonally ponded areas within vernal swales, and ephemeral freshwater habitats
(USFWS 2003). Other kinds of depressions that hold water of a similar volume,
depth, and area, and for a similar duration and seasonality as vernal pools and
ponded areas within swales also may be potential habitat. These other
depressions--typically artificial habitats and partially or completely unvegetated-may be suitable for this species. Examples of artificial habitats that may be
suitable for this species are railroad toe-drains, roadside ditches, abandoned
agricultural drains, ruts left by heavy construction vehicles, and depressions in
firebreaks (Eng et al. 1990).
Longhorn fairy shrimp in Contra Costa and Alameda Counties are primarily
reported from water pooled in sandstone depressions. Vernal pools in other parts
of California that support these fairy shrimp are either loam and sandy loam or
shallow, alkaline pools (USFWS 1994). The seasonal pool habitat is subject to
seasonal variations, and longhorn fairy shrimp are dependent on the ecological
characteristics of such variations. These characteristics include duration of
inundation and presence or absence of water at specific times of the year (U.S.
Fish and Wildlife Service 1994). The longhorn fairy shrimp is capable of living
in vernal pools of relatively short duration (pond 6 to 7 weeks in winter and 3
weeks in spring) (Eriksen and Belk 1999).

Feeding
Longhorn fairy shrimp are omnivorous filter-feeders. Fairy shrimp
indiscriminately filter particles from the surrounding water, including bacteria,
unicellular algae, and micrometazoa (Eriksen and Belk 1999). The precise size
of items these fairy shrimp are capable of filtering is currently unknown.
However, fairy shrimp will attempt to consume whatever material they can fit
into their feeding groove and do not discriminate based upon taste, as do some
other crustacean groups (Eriksen and Belk 1999).

Ecology
Longhorn fairy shrimp are a component of the planktonic crustacea within
seasonal temporary pools and can occur in densities as high as 200 per liter of
water. Planktonic crustacea are important in the food web, as they represent a
high-fat, high-protein resource for migratory waterfowl. Mallard, Green-winged
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Teal, Greater Yellowlegs, and Killdeer all forage actively in Central Valley
vernal pools on the invertebrate and amphibian fauna during the winter months.
Predator consumption of fairy shrimp cysts (resting eggs) aids in distributing
populations of fairy shrimp. Predators expel viable cysts in their excrement,
often at locations other than where they were consumed (e.g., Wissinger et al.
1999). If conditions are suitable, these transported cysts may hatch at the new
location and potentially establish a new population. Cysts can also be
transported in mud carried on the feet of animals, including livestock, that may
wade through their habitat (Eriksen and Belk 1999).
Beyond inundation of the habitat, the specific cues for hatching are unknown
(Eriksen and Belk 1999), although temperature is believed to play a large role.
Typically, midvalley fairy shrimp mature in about 16 days when water
temperatures reach at least 20 degrees Celsius (Eriksen and Belk 1999).
Longhorn fairy shrimp have been reported to co-occur with the vernal pool fairy
shrimp (Branchinecta lynchi).

Threats
Longhorn fairy shrimp are threatened by the same activities as other vernal pool
invertebrates. These threats include the conversion of vernal pool habitat to
agricultural lands and urban development, and extinction because of the small
and isolated nature of remaining populations (U.S. Fish and Wildlife Service
1994). The limited and disjunct distribution of vernal pools, coupled with the
even more limited distribution of the longhorn fairy shrimp, means that any
reduction in vernal pool habitat could adversely affect this species.
Habitat fragmentation can isolate and reduce population size, resulting in a
process of progressive population extinction. Small or isolated populations are
more susceptible to extinction from random environmental disturbance.
Recolonization opportunities are also diminished when physical barriers, such as
development or lack of vernal pool habitat, isolate populations from one another
or inhibit transport of cysts. Isolated populations are potentially more susceptible
to inbreeding depression, which can result in local extinction or reduced fitness
(Gilpin and Soule 1986, Goodman 1987a, 1987b). However, this has never been
demonstrated for branchiopod crustaceans.
Activities that alter the suitability of habitat may impact the special-status
crustaceans dependent on these habitats. These activities include damaging the
impermeable clay and /or hardpan layers of the habitat bottom, filling in the
habitat, altering (e.g. through contaminants) or destroying the watershed that
conveys overland flow into the habitat. Additionally, introduction of non-native
plants, destruction or degradation of the surrounding upland habitat, introduction
of fish (such as Gambusia spp.) into special-status shrimp habitats, and activities
that would discourage or prevent waterfowl and waders from feeding at occupied
habitats and thereby restrict gene-flow between populations would also
significantly affect longhorn fairy shrimp populations.

Species Accounts ♦ Invertebrates
East Contra Costa County HCP/NCCP

October 2006
3

Invertebrates

Longhorn Fairy Shrimp (Branchinecta longiantenna)

Conservation and Management
Because comprehensive surveys for the longhorn fairy shrimp in the ECCC
HCP/NCCP inventory area have not been conducted and known occurrences
throughout the species range are based mostly on incidental observations (e.g.,
CNDDB), the population size and locations of this species in the ECCC
HCP/NCCP inventory area are not known. Also, suitable habitat for the
longhorn fairy shrimp in the ECCC HCP/NCCP inventory area was identified
based on a general classification of land-cover types. Field evaluation of the
habitat classification has not been conducted, and the extent to which vernal
pools in the inventory area meet the habitat requirements of longhorn fairy
shrimp is unknown. Also, the importance of artificial habitats that may support
longhorn fairy shrimp in the ECCC HCP/NCCP inventory area has not been
evaluated.
However, the dependency of this species on vernal pool habitats provides some
useful information on the types of impacts that can occur to longhorn fairy
shrimp from covered activities. Based on its restricted distribution, the current
USFWS conservation requirement for this species is that no take (individuals or
habitat) will be allowed.

Species Distribution Model
No species distribution model could be developed for the longhorn fairy shrimp
because suitable microhabitats (sandstone vernal pools) occur at too small a scale
to be mapped in the inventory area.
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Vernal Pool Fairy Shrimp (Branchinecta lynchi)

Vernal Pool Fairy Shrimp
(Brachinecta lynchi)
Status
State:

Meets the
requirements as
a “rare,
threatened, or
endangered
species” under
CEQA
Federal: Threatened
Critical Habitat: Designated 2006 (USFWS 2006)

Population Trend
Global:

Declining due to habitat loss and fragmentation (Eriksen and Belk
1999)
State:
As above
Within Inventory Area: Unknown

Data Characterization
The location database for the vernal pool fairy shrimp (Brachinecta lynchi)
within the inventory area includes 6 records from 1993, 1997, and 1999. The
majority of locations are vernal pools within non-native grassland. Other natural
and artificial habitats have a high probability of being occupied by additional
populations of the vernal pool fairy shrimp throughout the grassland habitats
within the ECCC HCP/NCCP inventory area.
Beyond the original description (Eng et al. 1990), a scanning electron micrograph
of the cyst (resting egg) (Hill and Shepard 1997), and some generalized natural
history data (Helm 1997), no peer-reviewed technical literature has been
published concerning the vernal pool fairy shrimp. Eriksen and Belk (1999)
presented a brief discussion of the vernal pool fairy shrimp and provided a
distribution map.

Range
The vernal pool fairy shrimp is found from Jackson County near Medford,
Oregon, throughout the Central Valley, and west to the central Coast Ranges.
Isolated southern populations occur on the Santa Rosa Plateau and near Rancho
California in Riverside County (Eng et al.1990, Eriksen and Belk 1999, Jones &
Stokes file information). In 1996, the U.S. Fish and Wildlife Service reported
that there were 32 known populations of the vernal pool fairy shrimp, ranging
from the Stillwater Plain in Shasta County through most of the length of the
Central Valley to Paisley in Tulare County, and along the central Coast Range
from northern Solano County to Pinnacles National Monument in San Benito
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County. Disjunct populations were also reported to occur in San Luis Obispo
County, Santa Barbara County, and Riverside County.
Vernal pool fairy shrimp have been observed in the western portions (Central
Valley region) of Tehama, Butte, Yuba, Placer, Stanislaus, Madera, Fresno, and
Tulare Counties (Eriksen and Belk 1999). This species has also been observed in
the eastern portions of Alameda, Yolo, and Glenn Counties (Eriksen and Belk
1999). It has been observed in Sacramento, Colusa, and Merced Counties as
well.

Occurrences within the ECCC HCP/NCCP Inventory Area
Six records for this species exist in the ECCC HCP/NCCP inventory area.
Vernal pool fairy shrimp may also be found elsewhere throughout the inventory
area in appropriate habitats. The paucity of data points within the open-space
areas is probably due to a lack of survey effort.
Existing vernal pool fairy shrimp records include numerous occupied pools on
the Cowell Ranch on the northeast side of Mount Diablo, artificial pools in a
railroad access road near Pittsburgh, and pools in the Byron Hot Springs area
(e.g., Stromberg and Ford 2003). Critical habitat for the species includes the
Altamont Hills Unit 19, which is the only known location that supports vernal
pool fairy shrimp in sandstone outcrop pools . This unit lies north of Corral
Hollow Road, west of Clifton Court Forebay, east of Danville, southeast of
Concord, and south of Antioch (U.S. Fish and Wildlife Service 2003).)

Biology
Habitat
Vernal pool fairy shrimp are distributed from southern Oregon to southern
California in a wide variety of habitat types (Eriksen and Belk 1999). Soil types
associated with vernal pool fairy shrimp vary greatly with geography and
influence the ecology of the species. This species is usually associated with
vernal pools (79%) but can also be found in association with other ephemeral
habitats including alkali pools, seasonal drainages, stock ponds, vernal swales
and rock outcrops (Vollmar 2002). Critical habitat within the inventory area
contain the only known location of vernal pool fairy shrimp in sandstone outcrop
pools (USFWS 2003). Examples of artificially created ephemeral habitats include
railroad toe-drains, roadside ditches, abandoned agricultural drains, ruts left by
heavy construction vehicles, and depressions in firebreaks (Eng et al. 1990).
Vernal pools are subject to seasonal variations, and vernal pool fairy shrimp are
dependent on the ecological characteristics of such variations. These
characteristics include duration of inundation and presence or absence of water at
specific times of the year (U.S. Fish and Wildlife Service 1994). The vernal pool
fairy shrimp is capable of living in Central Valley vernal pools of relatively short
duration (pond 6 to 7 weeks in winter and 3 weeks in spring) (Eriksen and Belk
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1999). Other factors contributing to the suitability of pools for vernal pool fairy
shrimp include alkalinity, total dissolved solids (TDS), and pH (U.S. Fish and
Wildlife Service 1994; Eriksen and Belk 1999). This fairy shrimp occurs in
pools with alkalinity ranging from 22 to 274 ppm (parts per million), 48 to 481
ppm TDS, and a pH range from 6.3 to 8.5 (Eriksen and Belk 1999). U.S. Fish
and Wildlife Service (1994) described the water in pools occupied by vernal pool
fairy shrimp as having low conductivity and chloride, though specific numbers
were not given. Vernal pool fairy shrimp have been found in pools ranging from
0.1 acre to 0.05 acre (Eriksen and Belk 1999). However, Platenkamp (1998)
found that at Beale Air Force Base in Yuba County vernal pool fairy shrimp
occurred more frequently in small, deep pools. Specific descriptions of the size
and depth of occupied vernal pools were not reported in this paper

Feeding
Vernal pool fairy shrimp are omnivorous filter-feeders. Fairy shrimp
indiscriminately filter particles from the surrounding water, including bacteria,
unicellular algae, and micrometazoa (Eriksen and Belk 1999). The precise size
of items these fairy shrimp are capable of filtering is currently unknown.
However, fairy shrimp will attempt to consume whatever material they can fit
into their feeding groove and do not discriminate based upon taste, as do some
other crustacean groups (Eriksen and Belk 1999). Vernal pool fairy shrimp will
also rasp periphyton from sticks, stems, and slender leaves (Rogers in prep.).

Ecology
Vernal pool fairy shrimp are a component of the planktonic crustacea within
seasonal temporary pools and can occur in densities as high as 200 per liter of
water. Planktonic crustacea are important in the food web, as they represent a
high-fat, high-protein resource for migratory waterfowl. Mallard, Green-winged
Teal, Bufflehead, Greater Yellowlegs, and Killdeer all forage actively in Central
Valley vernal pools on the invertebrate and amphibian fauna during the winter
months.
Predator consumption of fairy shrimp cysts (resting eggs) aids in distributing
populations of fairy shrimp. Predators expel viable cysts in their excrement,
often at locations other than where they were consumed (e.g. Wissinger et al.
1999). If conditions are suitable, these transported cysts may hatch at the new
location and potentially establish a new population. Cysts can also be
transported in mud carried on the feet of animals, including livestock, that may
wade through the habitat (Rogers in prep.).
Beyond inundation of the habitat, the specific cues for hatching are unknown
(Eriksen and Belk 1999), although temperature is believed to play a large role.
Typically, midvalley fairy shrimp mature in about 16 days when water
temperatures reach at least 20 degrees Celsius (Eriksen and Belk 1999).
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Vernal pool fairy shrimp commonly co-occur with the California linderiella
(Linderiella occidentalis) (Eriksen and Belk 1999). This species has also been
reported co-occurring with the midvalley pool fairy shrimp (Branchinecta
mesovallensis) on 3 occasions, in which the midvalley fairy shrimp was probably
washed into the vernal pool fairy shrimp habitat by abnormally high rainfall
(Eriksen and Belk 1999). In most cases, however, the vernal poor fairy shrimp
does not co-occur with other fairy shrimp species and when it is does it is not the
numerically dominant one (Eng et al. 1990).

Threats
Vernal pool fairy shrimp are threatened by the same activities as other vernal
pool invertebrates. These threats include the conversion of vernal pool habitat to
agricultural lands and urban development, and stochastic extinction because of
the small and isolated nature of remaining populations (U.S. Fish and Wildlife
Service 1994). The limited and disjunct distribution of vernal pools, coupled
with the even more limited distribution of the vernal pool fairy shrimp, means
that any reduction in vernal pool habitat quantity could adversely affect this
species.
Habitat fragmentation can isolate and reduce population size, resulting in a
process of progressive population extinction. Small or isolated populations are
more susceptible to extinction from random environmental disturbance.
Recolonization opportunities are also diminished when physical barriers, such as
development or lack of vernal pool habitat, isolate populations from one another
or inhibit transport of cysts. Isolated populations are potentially more susceptible
to inbreeding depression, which can result in local extinction or reduced fitness
(Gilpin and Soule 1986, Goodman 1987a, 1987b). However, this has never been
demonstrated for branchiopod crustaceans.
Activities that alter the suitability of habitat may impact the special-status
crustaceans dependent on these habitats. These activities include damaging the
impermeable clay and /or hardpan layers of the habitat bottom, filling in the
habitat, and altering (e.g. through contaminants) or destroying the watershed that
conveys overland flow into the habitat. Additionally, introduction of non-native
plants, destruction or degradation of the surrounding upland habitat, introduction
of fish (such as Gambusia spp.) into special-status shrimp habitats, and activities
that would discourage or prevent waterfowl and waders from feeding at occupied
habitats and thereby restrict gene flow between populations would also
significantly affect midvalley fairy shrimp populations.

Conservation and Management
The conservation of vernal pool fairy shrimp is directly tied to the conservation
of suitable vernal pool habitat. However, because comprehensive surveys for the
vernal pool fairy shrimp in the ECCC HCP/NCCP inventory area have not been
conducted and because known occurrences throughout the species range are
based mostly on incidental observations (e.g., CNDDB), the population size and
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locations of this species in the ECCC HCP/NCCP inventory area are not known.
Also, suitable habitat for the vernal pool fairy shrimp in the ECCC HCP/NCCP
inventory area was identified based on a general classification of land cover
types. Field evaluation of the habitat classification has not been conducted, and
the extent to which vernal pools in the inventory area meet the habitat
requirements of vernal pool fairy shrimp is unknown. Also, the importance of
artificial habitats that may support vernal pool fairy shrimp in the ECCC
HCP/NCCP inventory area has not been evaluated.

Species Distribution Model
No species distribution model could be developed for the vernal pool fairy
shrimp because vernal pools and other suitable microhabitats occur at too small a
scale to be mapped in the inventory area (e.g., vernal pools are subsumed within
“seasonal wetlands”).
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Midvalley Fairy Shrimp
(Branchinecta mesovallensis)
Status
State:
Federal:

Meets the requirements as a “rare, threatened or endangered species”
under CEQA
None; petitioned for endangered status (U.S. Fish and Wildlife
Service 2003) but rejected for listing (U.S. Fish and Wildlife Service
2004)

Population Trend
Global:

Declining due to habitat loss and fragmentation (Center for
Biological Diversity 2001, Eriksen and Belk 1999, Belk & Fugate
2000)
State:
As above
Within Inventory Area: Unknown

Data Characterization
The location database for the midvalley fairy shrimp (Branchinecta
mesovallensis) within the study area includes a single data record from 1997 near
the Byron Airport and can be accurately located within the inventory area. The
single location is a shallow vernal pool within nonnative grassland. Additional
natural and artificial habitats have a high probability of being occupied by the
midvalley fairy shrimp throughout the grassland habitats within the inventory
area.
Except for the original description (Belk and Fugate 2000), a scanning electron
micrograph of the cyst (resting egg) (Hill and Shepard 1997), and overgeneralized natural history data (Helm 1997), no peer-reviewed technical
literature has been published concerning the midvalley fairy shrimp. However, a
U.S. Fish and Wildlife Service study is currently in progress, and the data from
that study is available. In addition, Eriksen and Belk (1999) have presented a
brief discussion of the midvalley fairy shrimp and provided a distribution map.

Range
Midvalley fairy shrimp is endemic to California Central Valley grassland vernal
pools (Belk and Fugate 2000). Known occurrences include scattered populations
from the Mather Field area of Sacramento south through Galt from Sacramento
County; the Jepson Prairie, Travis Air Force Base, and Vacaville areas in Solano
County; from Lodi north to the county border in San Joaquin County; the Byron
Airport in Contra Costa County; the Virginia Smith Trust (Haystack Mountain)
and Arena Plains National Wildlife Reserve in Merced County; 1 location in
central Madera County; and 1 in northern Fresno County (Erickson and Belk
1999, Belk and Fugate 2000, Rogers in prep.).
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Occurrences within the ECCC HCP/NCCP Inventory Area
Midvalley fairy shrimp could be found throughout the inventory area in
appropriate habitats. A single record for this species exists near the Byron
Airport. The paucity of data points within open space areas is due to a lack of
survey effort. Because this species has a brief life cycle and inhabits shallow
temporary pools and artificial habitats that may only pond between 4 and 14
days, it is very likely that this species would be missed during typical U.S. Fish
and Wildlife Service protocol-level surveys (U.S. Fish and Wildlife Service
1996).

Biology
Habitat
Typical habitat for special-status fairy shrimp in California includes vernal pools,
seasonally ponded areas within vernal swales, rock outcrop ephemeral pools,
playas, and alkali flats (Eng et al. 1990). Other kinds of depressions that hold
water of a similar volume, depth, and area, and for a similar duration and
seasonality to vernal pools and ponded areas within swales may also be potential
habitat. These other depressions, however, are typically artificial habitats and are
partially or completely unvegetated. Examples include railroad toe-drains,
roadside ditches, abandoned agricultural drains, ruts left by heavy construction
vehicles, and depressions in fire breaks (Eng et al. 1990).
Midvalley fairy shrimp require seasonally ephemeral aquatic habitats that pool in
winter and spring. This species most commonly occurs in small to medium
grassy or clay-bottomed vernal pools, roadside ditches, and railroad toe-drains
(Rogers in prep.). The midvalley fairy shrimp is adapted to habitats that are
inundated for short periods and can complete its life cycle (cyst to adult with
fertilized eggs) in as little as 4 days, especially under extreme circumstances,
such as years with below-average rainfall (Rogers in prep.). The ability to
rapidly complete its life cycle allows the midvalley fairy shrimp to use habitats
that are extremely hydrologically unstable (i.e., fill and dry quickly).
Little is known about midvalley fairy shrimp habitat requirements. Typically, the
midvalley fairy shrimp is found in small, shallow, “flashy” vernal pools that only
pond for 4 days, but it also can also be found in artificial habitats, such as
railroad toe-drains, that may be up to 20 centimeters deep and pond for 3 months
(Rogers in prep.). Further study may reveal that the species occurs in a wider
range of conditions and pool types.

Feeding
Midvalley fairy shrimp are omnivorous filter-feeders. Fairy shrimp
indiscriminately filter particles from the surrounding water, including bacteria,
unicellular algae, and micrometazoa (Eriksen and Belk 1999). The precise size
of items the fairy shrimp are capable of filtering is currently unknown (Eriksen
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and Belk 1999), but fairy shrimp will attempt to consume whatever material they
can fit into their feeding groove and do not discriminate based on taste like other
crustacean groups (Eriksen and Belk 1999). Midvalley fairy shrimp will also
rasp periphyton from sticks, stems and slender leaves (Rogers in prep.).

Ecology
Midvalley fairy shrimp are a component of the planktonic crustacea within
seasonal temporary pools and can occur in densities as high as 200 per liter of
water. Planktonic crustacea are important in the food web because they represent
a high-fat, high-protein resource for migratory waterfowl. Mallard, greenwinged teal, bufflehead, greater yellowlegs, and killdeer all forage actively in
Central Valley vernal pools on the invertebrate and amphibian fauna during
winter.
Predator consumption of fairy shrimp cysts (resting eggs) aids in distributing
populations of fairy shrimp. Predators expel viable cysts in their excrement,
often at locations other than where they were consumed (Wissinger et. al. 1999).
If conditions are suitable, these transported cysts may hatch at the new location
and potentially establish a new population. Cysts are also be transported in mud
carried on the feet of animals, including livestock, that may wade through the
habitat (Rogers in prep.).
Other than inundation of the habitat, the specific cues for hatching are unknown
(Eriksen and Belk 1999), although temperature is believed to play a large role.
Typically, midvalley fairy shrimp mature in about 16 days once water
temperatures reach at least 20ºC (Eriksen and Belk 1999). However, midvalley
fairy shrimp can hatch, mature, and produce viable cysts in 4 days under extreme
circumstances (Rogers in prep.).
Midvalley fairy shrimp have been found co-occurring with the fairy shrimp
Linderiella occidentalis in the Lodi and Galt areas (Rogers in prep.). This
species has also been reported co-occurring with the vernal pool fairy shrimp
(Branchinecta lynchi) on 3 occasions, where it was likely washed into the vernal
pool fairy shrimp habitat by abnormally high rainfall (Eriksen and Belk 1999).

Threats
Midvalley fairy shrimp are threatened by the same activities as other vernal pool
invertebrates. These threats include the conversion of vernal pool habitat to
agricultural lands and urban development, and stochastic extinction because of
the small and isolated nature of remaining populations (U.S. Fish and Wildlife
Service 1994). Although only recently described, midvalley fairy shrimp has
probably declined over its range as a result of agricultural, suburban, and
industrial conversion of its habitat (Eriksen and Belk 1999, Belk and Fugate
2000). Because of the limited and disjunct distribution of vernal pools, coupled
with the even more limited distribution of the midvalley fairy shrimp, any
reduction in vernal pool habitat quantity could adversely affect this species.
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Habitat fragmentation can isolate and reduce population size, resulting in a
process of progressive population extinctions. Small or isolated populations are
more susceptible to extinction from random environmental disturbance.
Recolonization opportunities are also diminished when physical barriers, such as
development or lack of vernal pool habitat, isolate populations from one another
or inhibit transport of cysts. Isolated populations are potentially more susceptible
to inbreeding depression, which can result in local extinction or reduced fitness
(Gilpin and Soule 1986, Goodman 1987a, 1987b), although this has never been
demonstrated for branchiopod crustaceans.
Activities that alter the suitability of habitat may impact the special-status
crustaceans dependent on these habitats. These activities include damaging the
impermeable clay and/or hardpan layers of the habitat bottom, filling in the
habitat, and altering (e.g., through contaminants) or destroying the watershed that
conveys overland flow into the habitat. In addition, introducing nonnative plants,
destroying or degrading the surrounding upland habitat, introducing fish (e.g.,
Gambusia sp.) into special-status shrimp habitats, and activities that would
discourage or prevent waterfowl and waders from feeding at occupied habitats
(thereby restricting gene-flow between populations), would also significantly
affect midvalley fairy shrimp populations.

Conservation and Management
Conservation of the midvalley fairy shrimp is directly tied to conservation of
suitable vernal pool habitat. However, because comprehensive surveys for the
midvalley fairy shrimp in the inventory area have not been conducted and
because known occurrences throughout the species range are based mostly on
incidental observations (e.g., the California Natural Diversity Database), the
population size and locations of this species in the inventory area are not known.
Also, suitable habitat for the midvalley fairy shrimp in the inventory area was
identified based on a general classification of land cover types. Field evaluation
of the habitat classification has not been conducted, and the extent to which
vernal pools in the study area meet the habitat requirements of midvalley fairy
shrimp is unknown. Further, the importance of artificial habitats that may
support midvalley fairy shrimp in the inventory area has not been evaluated.
However, the primary data gap concerning suitable habitat for the midvalley fairy
shrimp is the lack of understanding of what defines suitable habitat.
The rapid life cycle of this species (as little as 4 days) can also result in a lack of
detections even while conducting protocol surveys. The U.S. Fish and Wildlife
Service (1996) protocol special-status shrimp survey guidelines require that
surveys are conducted in 2-week intervals, from initial inundation of the habitat
in winter to its subsequent drying in spring. Therefore, standard special-status
shrimp surveys according to the required protocols may not detect populations of
the midvalley fairy shrimp during years with reduced rainfall.
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Species Distribution Model
No species distribution model could be developed for the midvalley fairy shrimp
because vernal pools and other suitable microhabitats occur at too small a scale
to be mapped in the inventory area (e.g., vernal pools are subsumed within
“seasonal wetlands”).
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Vernal Pool Tadpole Shrimp
(Lepidurus packardi)
Status
State:

Meets the requirements as
a “rare, threatened or
endangered species” under
CEQA
Federal: Endangered
Critical Habitat: Designated, but none occurs in inventory area (USFWS
2006)

Population Trend
Global:

Declining due to habitat loss and fragmentation (Eriksen and Belk
1999).
State:
Same as above
Within Inventory Area: Unknown

Data Characterization
The location database for the vernal pool tadpole shrimp (Lepidurus packardi)
within the inventory area does not include any records from within the ECCC
HCP/NCP inventory area. However, this species commonly co-occurs with the
vernal pool fairy shrimp, which is known to occur within the inventory area, and
is also recorded from areas adjacent to the inventory area. Other natural and
artificial habitats throughout the grassland habitats within the inventory area have
a high probability of being occupied by additional populations of the vernal pool
tadpole shrimp. Systematic, distribution, and ecological data are presented in
Rogers (2001).

Range
The vernal pool tadpole shrimp is a California Great Central Valley endemic
species, with the majority of the populations occurring in the Sacramento Valley.
This species has also been reported from the Sacramento River Delta to the east
side of San Francisco Bay, and from a few scattered localities in the San Joaquin
Valley from San Joaquin County to Madera County (Rogers 2001).

Occurrences within the ECCC HCP/NCCP Inventory Area
The vernal pool tadpole shrimp is not known to be present within the ECCC
HCP/NCCP inventory area. However, due to the presence of suitable habitat and
populations within close proximity to the inventory area, unrecorded populations
may be present in vernal pool and swale habitat of the non-native annual
grassland and in other depressions that seasonally collect rainwater. Since a
comprehensive survey for the vernal pool tadpole shrimp has not been conducted
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in the inventory area, the current population distribution within the inventory area
is unknown. As of January 2001, the California Natural Diversity Database
listed 5 occurrences of vernal pool tadpole shrimp adjacent to the inventory area.
The lack of data points within the open-space areas is probably due to a lack of
survey effort.

Biology
Habitat
Vernal pool tadpole shrimp occur in a wide variety of seasonal habitats,
including vernal pools, clay flats, alkaline pools, ephemeral stock tanks, roadside
ditches, and road ruts (Rogers 2001, California Natural Diversity Database
2001). Habitats where vernal pool tadpole shrimps have been observed range in
size from small, clear, well-vegetated vernal pools to highly turbid, alkali scald
pools to large winter lakes (Rogers 2001). Tadpole shrimp cysts (resting eggs)
must dry out before they will hatch.
Typically the vernal pool tadpole shrimp is found in habitats that are deeper than
12 centimeters, pond for 15 to 30 days, and do not suffer wide daily temperature
fluctuations. The vernal pool tadpole shrimp has not been reported as utilizing
strongly saline habitats. This species is found in seasonal wetlands and other
winter/springtime temporarily ponded areas of sufficient size (depth and area)
and seasonality that pond for a sufficient duration to maintain conducive water
temperatures to allow the vernal pool tadpole shrimp to complete their life cycles
(Rogers 2001).

Feeding
Tadpole shrimp are omnivores. Typically, they forage while digging through
sediments at the bottom of their habitats, feeding on plants as well as metazoans.
Tadpole shrimp are cannibalistic and have been observed consuming newly
molted fellow tadpole shrimp (Rogers pers. comm.). In addition, vernal pool
tadpole shrimp will consume fairy shrimp, including both vernal pool fairy
shrimp and midvalley fairy shrimp. Though they do not actively seek out these
species, they will consume them if the fairy shrimp are present at the bottom of
the pool where the tadpole shrimp is foraging.

Ecology
Vernal pool tadpole shrimp are either hermaphroditic or parthenogenic (Rogers
2001). All animals produce cysts (resting eggs), which are typically shed as the
animal moves about (Rogers in press). These cysts diapause (enter into a
quiescent, dormant stage), remaining in the soil through the drying phase of the
habitat, and then hatching as the subsequent rainy season inundates the habitat.
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Cysts may hatch at various times, anywhere from 1 hour to 3 weeks after the
pools are inundated. The exact hatching stimuli are unknown. The vernal pool
tadpole shrimp mature more slowly than fairy shrimp, and are longer lived.
Typically, adults will survive until the vernal pool dries or until temperatures of
10 to 15 degrees Celsius are reached (Rogers pers. comm.). Vernal pool tadpole
shrimp can begin shedding cysts in as little as 15 days.
Vernal pool tadpole shrimp are prey to amphibians and waterfowl. Predator
consumption of tadpole shrimp cysts aids in distributing populations of tadpole
shrimps. Predators expel the cysts in their excrement, often at a location other
than where they were consumed (Rogers in prep.). If conditions are suitable,
these transported cysts may hatch at the new location and potentially establish a
new population. Cysts can also be transported in mud carried on the feet of
animals that may wade through the habitat, such as tule elk, (Cervus elaphus
nelsoni) feral pigs, and livestock (Rogers in prep.).
Vernal pool tadpole fairy shrimp have been found co-occurring with the fairy
shrimp Linderiella occidentalis, Branchinecta lynchi, Branchinecta coloradensis,
Branchinecta lindahli, and Branchinecta conservatio (Rogers in prep.).

Threats
Vernal pool tadpole shrimp are threatened by the same activities as other vernal
pool invertebrates. These threats include the conversion of vernal pool habitat to
agricultural lands and urban development, and stochastic extinction because of
the small and isolated nature of remaining populations (U.S. Fish and Wildlife
Service 1994). The limited and disjunct distribution of vernal pools, coupled
with the even more limited distribution of the vernal pool tadpole shrimp, means
that any reduction in vernal pool habitat quantity could adversely affect this
species.
Habitat fragmentation can isolate and reduce population size, resulting in a
process of progressive population extinctions. Small or isolated populations are
more susceptible to extinction from random environmental disturbance.
Recolonization opportunities are also diminished when physical barriers, such as
development or lack of vernal pool habitat, isolate populations from one another
or inhibit transport of cysts. Isolated populations are potentially more susceptible
to inbreeding depression, which can result in local extinction or reduced fitness
(Gilpin and Soule 1986, Goodman 1987a, 1987b). However this has never been
demonstrated for branchiopod crustaceans.
Activities that alter the suitability of habitat may impact the special-status
crustaceans dependent on these habitats. These activities include damaging the
impermeable clay and/or hardpan layers of the habitat bottom, filling in the
habitat, and altering (e.g. through contaminants) or destroying the watershed that
conveys overland flow into the habitat. Additionally, introducing non-native
plants, destroying or degrading the surrounding upland habitat, introducing fish
(such as Gambusia spp.), into special-status shrimp habitats, and engaging in
activities that discourage or prevent waterfowl and waders from feeding at
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occupied habitats and thereby restricting gene-flow between populations may
also significantly affect midvalley fairy shrimp populations.

Conservation and Management
Conservation of the vernal pool tadpole shrimp is directly tied to conservation of
suitable vernal pool habitat. However, because comprehensive surveys for the
vernal pool tadpole shrimp in the ECCC HCP/NCCP inventory area have not
been conducted, the population size and locations of this species in the inventory
area are not known. Also, suitable habitat for the vernal pool tadpole shrimp in
the inventory area was identified based on a general classification of land-cover
types. Field evaluation of the habitat classification has not been conducted, and
the extent to which vernal pools in the inventory area meet the habitat
requirements of vernal pool tadpole shrimp is unknown. The importance of
artificial habitats that may support vernal pool tadpole shrimp in the inventory
area has not been evaluated.

Species Distribution Model
No species distribution model could be developed for the vernal pool tadpole
shrimp because vernal pools and other suitable microhabitats occur at too small a
scale to be mapped in the inventory area (e.g., vernal pools are subsumed within
“seasonal wetlands”).
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Mount Diablo Manzanita
(Arctostaphylos
auriculata)
Status
Federal:
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CNPS:

None
None
List 1B

Population Trend
Global: Unknown
State:
Unknown
Within Inventory Area: Unknown
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Data Characterization
The location database for Mount Diablo manzanita (Arctostaphylos auriculata)
includes 19 data records dated from 1889 to 1995 (California Natural Diversity
Database 2005). Only 2 occurrences were documented in the last 10 years, but
all occurrences except 1 are believed to be extant (California Natural Diversity
Database 2005). Fifteen of the occurrences are of high precision and may be
accurately located within the inventory area.
Very little ecological information on Mount Diablo manzanita is available. The
literature on the species pertains primarily to its taxonomy. The main sources of
general information are the Jepson Manual (Hickman 1993) and the California
Native Plant Society (2005). Specific observations on habitat and plant
associates, threats, and other factors are summarized in the California Natural
Diversity Database (2005).

Range
Mount Diablo manzanita is endemic to Contra Costa County, where it occurs
only on Mount Diablo and in the adjacent foothills. It is found between 700 and
1,860 feet above sea level.

Occurrences within the ECCC HCP/NCCP Inventory Area
Fourteen occurrences of Mount Diablo manzanita are known within the inventory
area (12 of these have locational data). Ten of these occurrences are in Mount
Diablo State Park, on East Bay Regional Park District lands, or on other public
lands.
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Biology
Physical Description
Mount Diablo manzanita is an evergreen, perennial shrub, generally between 1
and 4.5 meters tall (Hickman 1993). Its blooming period is from January to
March (California Native Plant Society 2005).

Habitat
Mount Diablo manzanita occurs primarily in chamise or manzanita chaparral. It
can also be found as an understory shrub in coast live oak woodland (California
Natural Diversity Database 2005).
Species Associated with Mount Diablo Manzanita
Adenostoma fasciculate

chamise

Arctostaphylos glandulosa

Eastwood manzanita

Arctostaphylos manzanita

common manzanita

Artemisia californica

California sagebrush

Baccharis pilularis

coyote bush

Ceanothus cuneatus

wedge-leaf ceanothus

Ericameria linearifolia

narrowleaf goldenbush

Eriodictyon californica

yerba santa

Eriogonum nudum

naked-stem wild buckwheat

Galium porrigens

climbing bedstraw

Helianthella castanea

Diablo helianthella

Heteromeles arbutifolia

toyon

Mimulus aurantiacus

bush monkeyflower

Pickeringia montana

chaparral pea

Pinus attenuate

knob-cone pine

Pinus coulteri

Coulter pine

Pinus sabiniana

gray pine

Quercus agrifolia

coast live oak

Quercus chrysolepis

canyon live oak

Quercus durata

leather oak

Rhus trilobata

skunkbrush

Salvia mellifera

black sage

Zigadenus fremontii

Fremont’s death-camas
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Threats
Mount Diablo manzanita is restricted to a few occurrences in a limited area, but it
does not appear to be endangered (California Native Plant Society 2005).
Potential threats to Mount Diablo manzanita include direct loss of plants and
disturbance that could alter the stand composition. Direct loss of plants could
occur from clearing for firebreaks, trail maintenance, road maintenance, and
facilities development (California Natural Diversity Database 2005). Activities
such as grazing, off-road vehicle use, and dumping cause disturbances that could
alter the interaction between chaparral and the adjacent plant communities or
allow invasion by exotic species.

Conservation and Management
The long-term maintenance of Mount Diablo manzanita stands will likely depend
on fire management practices in the area in which the stands occur. Periodic
fires have had a major role in shaping the structure and composition of chaparral
stands. Stands are affected by fire intensity and frequency, and by the response
to fire by individual plant species. Mount Diablo manzanita does not resprout
after fire (Jepson 1922); instead, stands regenerate by recruiting new individuals
from seed. In older stands, much of the aboveground biomass consists of dead
stems and litter from fallen leaves and twigs. Fire is necessary to allow the
establishment of new plants from seeds by removing the overtopping vegetation;
it may also stimulate seed germination. Prescription fire plans may need to be
created that include conservation measures for Mount Diablo manzanita, such as
let-burn areas, controlled burns, and fire intervals.

Species Distribution Model
Model Description
Model Assumptions
Suitable habitat is assumed to be chaparral/scrub between 700 and 1,860 feet in
elevation.
Rationale
Mount Diablo manzanita is endemic to Contra Costa County, where it occurs
only on Mount Diablo and in the adjacent foothills. It is found in chaparral/scrub
land cover areas between 700 and 1,860 feet above sea level.

Model Results
Figure 2 shows the modeled Mount Diablo manzanita habitat within the ECCC
HCP/NCCP inventory area. The habitat is restricted to the eastern and northern
flanks of Mt. Diablo. Most of the 12 documented occurrences of this species are
consistent with the predicted suitable habitat in the model. One occurrence in
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northern Antioch is historical and may have been a misidentification. Four
occurrences occur outside of the modeled suitable habitat. Two occurrences fall
within patches of chaparral or scrub smaller than the minimum mapping unit of
10 acres (one was mapped as oak woodland, the other as grassland). The other
two occurrences are within grassland with no shrubs or trees visible on the aerial
photos. These records may be imprecisely located; the actual site may be within
up to a mile of the record location.
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Brittlescale (Atriplex
depressa)
Status
Federal:
State:
CNPS:

None
None
List 1B

Population Trend
Global: Unknown
State:
Unknown
Within Inventory Area: Unknown
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Data Characterization
The California Natural Diversity Database (2005) reports 58 occurrences of
brittlescale (Atriplex depressa), but only 41 of the occurrences are brittlescale
populations; 17 of the reported occurrences in central and southern San Joaquin
Valley are based on misidentifications of lesser saltscale (Atriplex minuscula)
populations (Preston pers. comm.). The records are dated from 1920 to 2004.
Twenty-five of the occurrences were documented within the last 10 years. All of
the occurrences are believed to be extant (California Natural Diversity Database
2005). Nine of the occurrences are within the inventory area. The occurrences
were mapped with high precision and may be accurately located, including those
within the inventory area.
Very little information is available on the ecology of brittlescale. The literature
on the species pertains primarily to its taxonomy. The main sources of general
information on this species are the Jepson Manual (Hickman 1993) and the
California Native Plant Society (2005). Specific observations on habitat and
plant associates, threats, and other factors are summarized in the California
Natural Diversity Database (2005) and in Jones & Stokes file records.

Range
Brittlescale occurs along the western side of the Great Valley from Glenn County
to Merced County and in the small valleys of the inner Coast Ranges, including
the Livermore Valley. It occurs in the broad flood basins of the valley floor and
on alluvial fans associated with the major streams draining from the inner Coast
Range foothills. It is generally found at low elevations but has been collected up
to 1,055 feet above sea level.

Occurrences within the ECCC HCP/NCCP Inventory Area
Nine occurrences of brittlescale are present in the inventory area (California
Natural Diversity Database 2005; Mundie & Associates and City of Antioch
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2002). Four occurrences are on Contra Costa Water District lands at Los
Vaqueros Reservoir or other public lands. One occurrence is on private lands
near Antioch; all others are on private lands south and west of Byron.

Biology
Physical Description
Brittlescale is a diminutive annual herb that generally grows prostrate and rarely
exceeds 20 centimeters in height (Hickman 1993).

Habitat
Brittlescale occurs on alkali soils of the Pescadero and Solano series. Brittlescale
typically occurs in barren areas within alkali grassland, alkali meadow, and alkali
scrub. It is occasionally found on the margins of alkali vernal pools.

Species Associated with Brittlescale
Atriplex cordulata

heartscale

Atriplex coronata

crownscale

Atriplex fruticulosa

ball saltscale

Atriplex joaquiniana

San Joaquin spearscale

Centromadia pungens

common spikeweed

Distichlis spicata

saltgrass

Frankenia salina

alkali heath

Hordeum depressum

low barley

Hordeum marinum ssp. gussoneanum

Mediterranean barley

Nitrophila occidentalis

western niterwort

Salicornia subterminalis

Parish's pickleweed

Spergularia macrotheca

large-flowered sand-spurry

Suaeda moquinii

bush seepweed

Threats
Brittlescale is known from only a limited number of occurrences and is
endangered in a portion of its range (California Native Plant Society 2005).
Population trends are unknown (California Natural Diversity Database 2005), but
are likely stable or declining. The principal threat to brittlescale has been the
historic conversion of much of the alkali grassland to agriculture. Present threats
include flooding of alkali grassland to create waterfowl habitat, grazing,

Species Accounts ♦ Plants
East Contra Costa County HCP/NCCP

October 2006
2

Plants

Brittlescale (Atriplex depressa)
trampling, and urban development (California Natural Diversity Database 2005,
California Native Plant Society 2005).

Conservation and Management
Areas with alkali soils are prepared for agriculture by treating the soils with
gypsum or other substances that allow sodium salts to be leached from the soil by
irrigation. This practice alters the soil chemistry, making restoration of former
brittlescale habitat impractical.

Species Distribution Model
Model Description
Model Assumptions
Suitable Habitat: All alkali grasslands and alkali wetlands on soils of the
Pescadero or Solano soil series (Soil Conservation Service 1977).
Rationale
Brittlescale occurs on alkali soils of the Pescadero and Solano series. Brittlescale
typically occurs in barren areas within alkali grassland, alkali meadow, and alkali
scrub. It is occasionally found on the margins of alkali vernal pools. It occurs in
the broad flood basins of the Central Valley floor and on alluvial fans associated
with the major streams draining from the inner Coast Range foothills. It is
generally found at low elevations but has been collected up to 1,055 feet above
sea level.

Model Results
Figure 2 shows the modeled brittlescale habitat within the ECCC HCP/NCCP
inventory area. The habitat is restricted to alkali soils in the southeastern region
of the inventory area. Some suitable habitat is found in the Los Vaqueros
Watershed and on the Byron Airport conservation easements. The majority of
suitable habitat is found on private lands. The documented occurrences of this
species are mostly consistent with the predicted suitable habitat in the model.
Two occurrences fall outside modeled habitat and may occur on patches of
alkaline soil not mapped by the Soil Conservation Service.
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California Native Plant Society (CNPS). 2005. Inventory of Rare and
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Sacramento, CA. Accessed on Mon, Dec. 26, 2005 from
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Hickman, J. C. (ed.). 1993. The Jepson Manual. University of California Press,
Berkeley, CA.
Mundie & Associates and City of Antioch. 2002. Draft environmental impact
report. Sand Creek specific plan and four associated development plans,
Antioch, California. August. State Clearinghouse No. 2001122004.
Soil Conservation Service. 1977. Soil survey of Contra Costa County,
California. Concord, CA.

Personal Communications
Preston, R. E. Botanist, Jones & Stokes. May 2001—visit to the University of
California and Jepson Herbaria to examine Atriplex specimens.
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San Joaquin Spearscale (Atriplex
joaquiniana)
Status
Federal:
State:
CNPS:

None
None
List 1B

Population Trend
Global: Unknown
State:
Unknown
Within Inventory Area: Unknown

Data Characterization
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The location database for San Joaquin spearscale (Atriplex joaquiniana) includes
50 data records dated from 1891 to 2003 (California Natural Diversity Database
2005). All of the occurrences are presumed to be extant, but 5 occurrences are
historic and have not been surveyed to determine whether the populations are still
present. Most of the occurrences are of high precision and may be accurately
located, including those in the inventory area.
Very little information is available on the ecology of San Joaquin spearscale.
The literature on the species pertains primarily to its taxonomy. The main
sources of general information on this species are the Jepson Manual (Hickman
1993) and the California Native Plant Society (2005). Specific observations on
habitat and plant associates, threats, and other factors are summarized in the
California Natural Diversity Database (2005).

Range
San Joaquin spearscale occurs along the western side of the Great Valley from
Glenn County to Merced County and in the small valleys of the inner Coast
Ranges, including the Livermore Valley. It occurs in the broad flood basins of
the valley floor and on alluvial fans associated with the major streams draining
from the inner Coast Ranges foothills. It is generally found at low elevations, but
has been collected up to 1,055 feet above sea level.

Occurrences within the ECCC HCP/NCCP Inventory Area
Thirty-three occurrences of San Joaquin spearscale are found within the
inventory area (California Natural Diversity Database 2005; Jones & Stokes
Associates 1989; Mundie & Associates and City of Antioch 2002, Lake 2004).
Most of the occurrences are within the Los Vaqueros Watershed. Some
occurrences are on private lands in the central portion of the inventory area,
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including within the Sand creek watershed, Lone Tree Valley, Briones Valley,
and the Brushy Creek watershed south of Byron.

Biology
Physical Description
San Joaquin spearscale is an annual herb between 1 and 3 feet tall (Hickman
1993). It blooms from April to October (California Native Plant Society 2005).

Habitat
San Joaquin spearscale typically occurs in alkali grassland and alkali meadow, or
on the margins of alkali scrub. It occurs on clay soils, often in areas of high
alkalinity.

Species Associated with San Joaquin Spearscale
Allenrolfea occidentalis

iodine bush

Atriplex coronata

crownscale

Atriplex depressa

brittlescale

Centromadia pungens

common spikeweed

Cordylanthus palmatus

palmate bird’s-beak

Distichlis spicata

saltgrass

Frankenia salina

alkali heath

Hordeum depressum

low barley

Hordeum marinum ssp. gussoneanum

Mediterranean barley

Lolium multiflorum

Italian ryegrass

Nitrophila occidentalis

western niterwort

Salicornia subterminalis

Parish’s pickleweed

Spergularia macrotheca

large-flowered sand-spurry

Suaeda moquinii

bush seepweed

Threats
San Joaquin spearscale is known from only a limited number of occurrences and
is endangered in a portion of its range (California Native Plant Society 2005).
Population trends are unknown (California Natural Diversity Database 2005), but
are likely stable or declining. The principal threat to San Joaquin spearscale has
been the historic conversion of much of the alkali grassland to agriculture.
Present threats include habitat conversion to urban use, overgrazing, and impacts
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associated with road and utility line construction and maintenance (California
Natural Diversity Database 2005).

Conservation and Management
Areas with alkali soils are prepared for agriculture by treating the soils with
gypsum or other substances that allow sodium salts to be leached from the soil by
irrigation. This practice alters the soil chemistry, making restoration of former
San Joaquin saltscale habitat impractical.
This species is being closely monitored at five locations in the Los Vaqueros
Watershed every other year (Bainbridge 1999, 2000). Plant density, cover, fruit
production, and seed production are assessed each survey period in order to
determine the potential effects of livestock grazing and other factors on this
species.

Species Distribution Model
A species distribution model was developed that had the same assumptions as the
model developed for brittlescale (all alkali grasslands and alkali wetlands on soils
of the Pescadero or Solano soil series [Soil Conservation Service 1977]). Many
occurrences, however, fell outside of the modeled habitat. Comparison with
detailed mapping of San Joaquin spearscale populations in the Los Vaqueros
Watershed (Jones & Stokes Associates 1989) showed that this species is not
restricted to soils of the Solano and Pescadero soil series. Other soil series on
which the species was found were too widespread to provide a useful prediction
of the species’ distribution in the inventory area. Therefore, the original species
model was discarded. If feasible, a habitat distribution model for San Joaquin
spearscale should be developed during the early phases of Plan monitoring and
adaptive management.
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Big Tarplant (Blepharizonia plumosa)
Status
Federal:
State:
CNPS:

None
None
List 1B

Population Trend
Global: Unknown
State:
Unknown
Within Inventory Area: Unknown
© 2002 John Game

Data Characterization
The location database for big tarplant includes 36 data records dated from 1916
to 2001 (California Natural Diversity Database 2005). Twenty-nine of the
occurrences were documented within the last 10 years. Seven of the occurrences
have not been observed for over 60 years, but all the other occurrences are
believed to be extant (California Natural Diversity Database 2005). Most of the
occurrences are of high precision and may be accurately located, including those
within the inventory area.
Very little ecological information is available for big tarplant. The published
literature on the species pertains primarily to its taxonomy. The main sources of
general information on this species are the Jepson Manual (Hickman 1993) and
the California Native Plant Society (2005). Specific observations on habitat and
plant associates, threats, and other factors are summarized in the California
Natural Diversity Database (2005).

Range
Big tarplant is endemic to the Mount Diablo foothills and is found primarily in
eastern Contra Costa, eastern Alameda, and western San Joaquin Counties
(Hoover 1937).

Occurrences within the ECCC HCP/NCCP Inventory Area
In the inventory area, big tarplant is known from 4 occurrences on Cowell Ranch,
west of Brentwood, 7 occurrences on Roddy Ranch, south of Antioch, and one
occurrence in Mount Diablo State Park, southeast of Clayton (California Natural
Diversity Database 2005, Lake 2004). The historic occurrences in Antioch are
likely to have been extirpated, although at least 1 population is present at Black
Diamond Mines Regional Park (Preston pers. comm.). Big tarplant may also be
present in the hills south of Pittsburg, where it was collected in 1937 and last
seen in 1992 (Preston pers. comm.).
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Biology
Physical Description
Big tarplant is an herbaceous annual that grows to between 1 and 3 feet tall.
Seedlings appear in early spring, but the plants do not begin to bloom until midsummer. The blooming period, during which the plants produce many heads
with white flowers, generally occurs between August and October.
Two species of big tarplant are present in the inventory area: big tarplant and
viscid big tarplant (Blepharizonia laxa). Viscid big tarplant is the more widely
distributed species, ranging throughout most of the south Coast Ranges and
reaching its northern limit in Contra Costa County. The two species, which often
occur in adjacent populations, can be differentiated by their branching patterns,
the amount and color of the simple and glandular hairs on the stems and leaves,
the chemical compounds produced by the glands, and by genetic markers
(Hickman 1993, Baldwin et al. 2001, Preston pers. comm.). The two species can
hybridize, but the hybrids are infertile (Baldwin et al. 2001).

Habitat
Big tarplant occurs in annual grassland on clay to clay-loam soils, usually on
slopes and often in burned areas, below 1,500 feet (California Natural Diversity
Database 2005). In Contra Costa County, the occurrences are primarily on soils
of the Altamont series.
Species Associated with Big Tarplant
Avena species

wild oats

Bromus species

brome grasses

Epilobium brachycarpum

panicled willow-herb

Eriogonum angulosum

angle-stemmed wild buckwheat

Eriogonum gracile

slender woolly wild buckwheat

Grindelia camporum

Great Valley gumplant

Holocarpha obconica

San Joaquin tarplant

Holocarpha virgata

virgate tarplant

Lagophylla ramosissima

common hareleaf

Lolium multiflorum

Italian ryegrass

Nassella pulchra

purple needlegrass

Threats
Big tarplant occurs in only a few highly restricted populations and is endangered
throughout its range (California Native Plant Society 2005). The primary threat
to big tarplant has been habitat loss from conversion to urban development.
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Ground disturbance and erosion caused by cattle grazing and competition from
invasive exotics such as yellow star-thistle (Centaurea solstitialis) may also pose
a threat to populations (California Natural Diversity Database 2005).

Conservation and Management
Big tarplant may require management of nonnative annual grasses for long-term
population viability. Prescribed burns may be an effective method for managing
grasslands in which big tarplant occurs. Such burns should be conducted under
conditions that favor low-intensity fire because high plant mortality appears to
result from high-intensity fires. Gregory and his colleagues (2001) found that
disc seeds of big tarplant germinate at much higher frequencies than ray seeds,
and advise that only disc seeds should be used in the creation of new populations.

Species Distribution Model
Model Description
Model Assumptions
Primary habitat: Annual grassland below 1,500 feet on the Altamont soil series
(Soil Conservation Service 1977).
Secondary habitat: all other annual grassland below 1,500 feet.
Rationale
Big tarplant occurs in annual grassland on clay to clay-loam soils, usually on
slopes and often in burned areas, below 1,500 feet (California Natural Diversity
Database 2005). In Contra Costa County, the occurrences are primarily on soils
of the Altamont series (Soil Conservation Service 1977).

Results
Figure 2 shows the modeled big tarplant habitat within the ECCC HCP/NCCP
inventory area. The distribution of known occurrences is consistent with the
predicted suitable habitat of the model.
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Mount Diablo Fairy-Lantern
(Calochortus pulchellus)
Status
Federal:
State:
CNPS:

None
None
List 1B

Population Trend
Global: Unknown
State:
Unknown
Within Inventory Area: Unknown
Robert Potts © California Academy
of Sciences

Data Characterization
The location database for Mount Diablo fairy-lantern (Calochortus pulchellus)
includes 29 data records dated from 1940 to 2003 (California Natural Diversity
Database 2005). Over half of the occurrences were documented in the previous
10 years, and all of the occurrences are believed to be extant. Most of the
occurrences are of high precision and may be accurately located, including those
within the inventory area.
Very little information is available on the ecology of Mount Diablo fairy-lantern.
The literature on the species pertains primarily to its taxonomy. The main
sources of general information on the species are the Jepson Manual (Hickman
1993) and the California Native Plant Society (2005). Specific observations on
habitat and plant associates, threats, and other factors are summarized in the
California Natural Diversity Database (2005).

Range
Mount Diablo fairy-lantern is endemic to the Diablo Range in Contra Costa
County, ranging in elevation between 650 and 2,600 feet (Hickman 1993). These
occurrences are mostly located on lands managed by the California Department
of Parks and Recreation, East Bay Recreation and Park District, and City of
Walnut Creek, with several populations occurring on privately owned land or
land of unknown ownership (California Natural Diversity Database 2005).

Occurrences within the ECC HCP/NCCP Inventory Area
Twelve occurrences of Mount Diablo fairy-lantern are within the inventory area,
11 of which are on public lands. At least five of the occurrences are either in
Mount Diablo State Park or East Bay Regional Park District lands.
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Biology
Physical Description
Mount Diablo fairy-lantern, a member of the lily family (Liliaceae), is a
bulbiferous perennial herb that grows 10 to 30 centimeters tall (Hickman 1993).
It blooms from April through June, producing bright yellow, pendant flowers.
Population Biology
Fiedler (1987) reported that the Mount Diablo fairy lantern has low seed survival
and seedling establishment, low adult mortality and slow growth. Fiedler (1987)
found two size-classes of reproductive individuals in this species.

Habitat
Mount Diablo fairy-lantern grows on grassy slopes and in openings in chaparral
and oak woodland communities (California Natural Diversity Database 2005).
Species Associated with Mount Diablo Fairy-Lantern
Arctostaphylos species

Manzanita

Quercus species

Oaks

Pinus sabiniana

foothill pine

Aesculus californica

California buckeye

Toxicodendron diversiloba

poinson-oak

Melica torreyana

Torrey melic

Festuca californica

California fescue

Dodecatheon species

shooting-stars

Phacelia species

Phacelia

Threats
Mount Diablo fairy-lantern is known from only a limited number of occurrences
and is endangered in a portion of its range (California Native Plant Society
2005). Population trends are unknown (California Natural Diversity Database
2005), but are likely stable. Threats to Mount Diablo fairy-lantern include
grazing, road and trail maintenance, excessive erosion, feral pigs, and collecting
(California Native Plant Society 2005, California Natural Diversity Database
2005).
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Conservation and Management
There are no measures being taken in the inventory area to conserve or manage
populations of Mount Diablo fairy-lantern.

Species Distribution Model
Model Description
Model Assumptions
Suitable Habitat: Annual grassland, chaparral/scrub, oak woodland, and oak
savannah between 650 feet and 2,600 feet in elevation.
Rationale
Mount Diablo fairy-lantern is endemic to the Diablo Range in Contra Costa
County, ranging in elevation between 650 and 2,600 feet (Hickman 1993).
Mount Diablo fairy-lantern grows on grassy slopes and in openings in chaparral
and oak woodland communities (California Natural Diversity Database 2005).

Model Results
Figure 2 shows the modeled Mount Diablo fairy-lantern habitat within the ECCC
HCP/NCCP inventory area. All modeled suitable occurs within the western third
of the inventory area. All known occurrences with location data are within
modeled suitable habitat.

Literature Cited
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Recurved Larkspur (Delphinium
recurvatum)
Status
Federal:
State:
CNPS:

None
None
List 1B

Population Trend
Global: Unknown
State:
Unknown
Within Inventory Area: Unknown

Data Characterization

© 1998 Dean Wm. Taylor

The location database for recurved larkspur (Delphinium recurvatum) includes
63 data records dated from 1902 to 2001 (California Natural Diversity Database
2005). Thirteen of the occurrences are more than 50 years old, and only 20 of the
occurrences were documented in the previous 10 years, but most of the
occurrences are assumed to be extant. Twenty-seven of the occurrences are of
high precision and may be accurately located, including 2 of 4 located within the
inventory area.
Very little ecological information is available for recurved larkspur. The
literature on the species pertains primarily to its taxonomy. The main sources of
general information on this species are the Jepson Manual (Hickman 1993) and
the California Native Plant Society (2005). Specific observations on habitat and
plant associates, threats, and other factors are summarized in the California
Natural Diversity Database (2005).

Range
Historically, recurved larkspur was widely distributed in California’s Great
Valley, ranging from Butte County to Kern County. Most of the known
occurrences are in Kern, Tulare, and San Luis Obispo Counties. The species now
appears to be very rare outside the southern San Joaquin Valley (California
Natural Diversity Database 2005).

Occurrences within the ECCC HCP/NCCP Inventory Area
Four occurrences are reported from the inventory area, 3 of which are on private
land southeast of Byron.
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Biology
Physical Description
Recurved larkspur is a perennial herb and a member of the buttercup family
(Ranunculaceae). Recurved larkspur is distinguished from other larkspur species
by its pale blue, recurved sepals (Hickman 1993). The flowering period for
recurved larkspur is generally from March through May (California Native Plant
Society 2005).

Habitat
Recurved larkspur occurs on sandy or clay alkaline soils, generally in annual
grasslands or in association with saltbush scrub or valley sink scrub habitats,
ranging in elevation from 100 to 2,000 feet above sea level (California Natural
Diversity Database 2005).
Species Associated with Recurved Larkspur
Atriplex polycarpa

allscale

Atriplex spinifera

spinescale

Bromus madritensis ssp. rubens

red brome

Centromadia pungens

common spikeweed

Distichlis spicata

saltgrass

Erodium cicutarium

red filaree

Frankenia salina

alkali heath

Isocoma acradenia var. bracteosa

alkali goldenbush

Lasthenia californica

California goldfields

Sporobolus airoides

alkali sacaton

Suaeda moquinii

bush seepweed

Threats
Recurved larkspur is known from only a limited number of occurrences and is
endangered in a portion of its range (California Native Plant Society 2005).
Population trends are unknown (California Natural Diversity Database 2005), but
are likely stable or declining. The principal threat to recurved larkspur has been
the historic conversion of much of the alkali habitat of the Great Valley to
agriculture. At present, the primary threat to recurved larkspur is overgrazing.
Other threats include road and utility line construction and competition from
invasive exotics (California Natural Diversity Database 2005)
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Conservation and Management
Areas with alkali soils are prepared for agriculture by treating the soils with
gypsum or other substances that allow the sodium salts to be leached from the
soil by irrigation. This practice alters the soil chemistry, making restoration of
former recurved larkspur habitat impractical.

Species Distribution Model
Model Description
Model Assumptions
All alkali grassland within the inventory area was considered suitable habitat for
recurved larkspur (i.e., on soils of the Pescadero or Solano soil series [Soil
Conservation Service 1977]).
Rationale
Recurved larkspur occurs on sandy or clay alkaline soils, generally in annual
grasslands or in association with saltbush scrub or valley sink scrub habitats,
ranging in elevation from 100 to 2,000 feet above sea level (California Natural
Diversity Data Base 2005).

Results
Figure 2 shows the modeled potential habitat of the recurved larkspur within the
inventory area. Modeled suitable habitat is restricted to the alkali grassland in
the southeast and central portion of the inventory area. Three of the four known
occurrences fit well within the boundaries of the model. The record outside the
model occurs in a patch of alkali grassland that was below the 10-acre minimum
resolution of the land cover mapping.

Literature Cited
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Round-Leaved Filaree (Erodium macrophyllum)
Status
Federal:
State:
CNPS:

None
Meets requirements as a rare, threatened, or endangered species
under CEQA
List 2

Population Trend
Global: Declining
State:
Declining
Within Inventory Area: Unknown

Data Characterization
Estimates of the number of populations of round-leaved filaree in California
range from 75 (California Natural Diversity Database 2005) to approximately
100 (Gillespie 2003). The records range from 1846 to 2004. Eighteen
occurrences have been documented in the previous 10 years. All but two
occurrences are believed to be extant (California Natural Diversity Database
2005), although many of the populations are known from historic collections and
have not been documented recently. Eight occurrences are located within the
inventory area. These are general occurrences, mostly historic, that cannot be
located precisely.
Very little information is available for round-leaved filaree; the literature on the
species pertains to its taxonomy. Gillespie (2003) completed a doctoral
dissertation on the ecology of round-leaved filaree and the effects of different
methods to restore the species. The main sources of general information on this
species are The Jepson Manual (Hickman 1993), the California Native Plant
Society (2005), and the California Natural Diversity Database (CNDDB) (2005).
Specific observations on habitat and plant associates, threats, and other factors
appear in the CNDDB occurrence records and in Gillespie (2003).

Range
Round-leaved filaree ranges from southern Oregon through California into
northern Mexico (Gillespie 2003). In California, it is known from scattered
occurrences in the Great Valley, southern North Coast Ranges, San Francisco
Bay Area, South Coast Ranges, Channel Islands, Transverse Ranges, and
Peninsular Ranges (Taylor 1993; California Natural Diversity Database 2005).
Most of the populations occur in California: one historic collection is recorded
from southern Oregon, and three historic collections are recorded from Baja
California (Gillespie 2003). Most of the recently documented occurrences are in
the interior foothills of the South Coast Ranges (Gillespie 2003).
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Occurrences within the ECCC HCP/NCCP Inventory Area
Eight occurrences of round-leaved filaree are listed within the inventory area, in
the Mount Diablo foothills south of Antioch. Six of the occurrences are only
known from collections made in or before 1941; at least one of these may be
extirpated (California Natural Diversity Database 2005). One of the occurrences
is known to be on public lands, in the EBRPD’s Black Diamond Mines Regional
Preserve (CalFlora 2005).

Biology
Physical Description
Round-leaved filaree is an annual herb that generally grows prostrate. The plants
bloom between March and May (California Native Plant Society 2005),
producing small (1 cm) white flowers. The flowers are self-pollinating (Gillespie
2003). Seeds are produced and dispersed following the blooming period.

Habitat
Round-leaved filaree occurs in grasslands on friable clay soils (California Native
Plant Society 2005; California Natural Diversity Database 2005), although it may
historically have been common on other soil types (Gillespie 2003). It has been
found in nonnative grassland on clay soils with relatively low cover of annual
grasses (Jones & Stokes 2002, 2003). It most often occurs in foothill locations at
elevations between 200 and 2,000 feet, but is has been collected from locations
as low as 30 feet and as high as 4,000 feet.
Species Associated with Round-leaved Filaree
Achyrachaena mollis

blow-wives

Allium munzii

Munz’ onion

Apiastrum angustifolium

wild celery

Convolvulus simulans

small-flowered morning-glory

Deinandra halliana

Hall’s tarplant

Hirschfeldia incana

Mediterranean mustard

Lupinus succulentus

arroyo lupine

Madia radiata

showy madia

Threats
Population trends are not known for any of the occurrences (California Natural
Diversity Database 2005). However, round-leaved filaree is presumed to be
declining in southern California due to loss of its friable clay microhabitat
(Reiser 1994). Because information about the species is so limited, no specific
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threats have been documented, although urbanization, vehicles, overgrazing, and
competition from nonnative species are cited as threats (California Native Plant
Society 2005; Gillespie and Allen 2004). Other potential threats include
recreation activities, illegal dumping, and erosion (California Natural Diversity
Database 2005; Gillespie 2003). Because most populations are small (<1,000
plants), the populations are vulnerable to natural events (e.g., drought) as well as
human disturbances, both of which reduce the number of seeds produced.

Special Biological Considerations
The cause for rarity of round-leaved filaree is uncertain. The cause may be
abiotic, such as the loss of habitat by urbanization, or biotic, such as competition
from nonnative grasses (Gillespie 2003; Gillespie and Allen 2004). Populations
need to be located, secured, and protected, and research is needed to determine
the cause of the species’ rarity, to identify actual threats, and to determine
management measures, if needed. The friable clay soils on which the species
occurs are uncommon and may occur as small inclusions within larger soil map
units, making it difficult to locate areas for potential preservation or mitigation.
Observations of round-leaved filaree on fire trails suggest that disturbance may
benefit the populations (Jones & Stokes 2002, 2003). The nature of this benefit
is not clear, but could range from uncovering buried, dormant seeds to providing
a micro-site free from competing nonnative grasses. Gillespie (2003) studied the
effects of hand removal of exotic species and controlled burns on round-leaved
filaree. He found that hand removal of exotic species enhanced the successful
establishment of round-leaved filaree in grassland test plots. He found that
controlled burns have mixed effects, reducing establishment but enhancing seed
production (Gillespie and Allen 2004).

Species Distribution Model
Model Description
Model Assumptions
1. Primary habitat: Nonnative grassland between 200 and 2,000 feet on clay or
clay loam soils (Soil Conservation Service 1977).
2. Secondary habitat: All other nonnative grassland below 4,000 feet on clay or
clay loam soils (Soil Conservation Service 1977).
Model Rationale
The CNDDB records indicate that round-leaved filaree generally occurs in
grasslands on friable clay soils (California Native Plant Society 2005; California
Natural Diversity Database 2005). It has been found in nonnative grassland on
clay soils with relatively low cover of annual grasses (Jones & Stokes 2002,
2003). It most often occurs in foothill locations at elevations between 200 and
2,000 feet, but it has been collected from locations as low as 30 feet and as high
as 4,000 feet (California Natural Diversity Database 2005). For the purpose of
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the model, clay or clay loam soils were defined as those soils described in the
Contra Costa soil surveys as having a clay or clay loam component in the upper
16 inches of the soil profile (Welch 1977).
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Diablo Helianthella
(Helianthella castanea)
Status
Federal:
State:
CNPS:

None
None
List 1B

Population Trend
Global: Unknown
State:
Unknown
Within Inventory Area: Unknown

Charles Webber © California Academy of Sciences

Data Characterization
The location database for Diablo helianthella (Helianthella castanea) includes 71
data records dated from 1920 to 2004 (California Natural Diversity Database
2005). Forty-two of the occurrences were documented in the last 10 years, and
most of the occurrences were documented in the last 20 years. All of the
occurrences are believed to be extant. Most of the occurrences are of high
precision and may be accurately located, including those within the inventory
area.
Very little ecological information is available for Diablo helianthella. The
literature on the species pertains primarily to its taxonomy. The main sources of
general information on this species are the Jepson Manual (Hickman 1993) and
the California Native Plant Society (2005). Specific observations on habitat and
plant associates, threats, and other factors are summarized in the California
Natural Diversity Database (2005).

Range
Diablo helianthella is endemic to the San Francisco Bay Area, occurring in the
Diablo Range, Berkeley Hills, and San Bruno Mountain (California Natural
Diversity Database 2005).

Occurrences within the ECCC HCP/NCCP Inventory Area
Thirty occurrences are reported from the inventory area: 28 in Mount Diablo
State Park, Los Vaqueros Watershed, East Bay Regional Park District lands; and
2 on private land.
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Biology
Physical Description
Diablo helianthella is a perennial herb of the sunflower family (Asteraceae) that
grows 10 to 50 centimeters tall (Hickman 1993). It blooms from April through
June (California Native Plant Society 2005).

Habitat
Diablo helianthella associated with thin, rocky, well-drained soils. It is found in
grassy openings in woodlands, chaparral, and coastal scrub, often at the transition
zone between woodland and chaparral (California Natural Diversity Database
2005). It most often occurs at elevations below 2,400 feet but it has been
collected from locations as high as 3,800 feet. The species may prefer north
facing slopes. Of the 63 specific occurrences, 38 (60%) were on N-facing slopes
(NW to NE), which is significantly more than would be expected by chance
alone.
Species Associated with Diablo Helianthella
Adenostoma fasciculata

chamise

Artemisia californica

California sage

Avena species

wild oats

Baccharis pilularis

coyote brush

Bromus species

brome grasses

Heteromeles arbutifolia

toyon

Mimulus aurantiacus

bush monkeyflower

Nassella species

needlegrass

Quercus agrifolia

coast live oak

Quercus douglasii

blue oak

Salvia species

sage

Toxicodendron diversilobum

poison-oak

Umbellularia californica

California bay

Wyethia species

mule-ears

Threats
Diablo helianthella is known from only a limited number of occurrences and is
endangered in a portion of its range (California Native Plant Society 2005).
Population trends are unknown (California Natural Diversity Database 2005), but
are likely stable. Many of the occurrences on park lands are subject to impacts
from recreation and associated activities, such as trail construction and
maintenance, road maintenance, brush-clearing, and off-trail travel (California
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Natural Diversity Database 2005). Diablo helianthella grows in openings in
chaparral and at chaparral margins; because chaparral species can invade these
open areas in the absence of fire, fire suppression may lead to the loss of suitable
habitat. Other threats include urban development, road and utility line
construction, grazing, and competition from invasive exotics (California Natural
Diversity Database 2005). Grazing and other ground-disturbing activities can
also lead to erosion in habitat areas.

Conservation and Management
The long-term maintenance of Diablo helianthella may depend on fires that
create openings in the woody overstory of scrub and woodland habitats in which
the species occurs.

Species Distribution Model
Model Description
Model Assumptions
Suitable habitat is assumed to be oak savannah, oak woodland, chaparral/scrub
above 650 feet.
Rationale
Diablo helianthella is endemic to the San Francisco Bay Area, occurring in the
Diablo Range, Berkeley Hills, and San Bruno Mountain (California Natural
Diversity Database 2005). Diablo helianthella is associated with thin, rocky,
well-drained soils. It is found in grassy openings in woodlands, chaparral, and
coastal scrub, often at the transition zone between woodland and chaparral
(California Natural Diversity Database 2005).

Model Results
Figure 2 shows the modeled Diablo helianthella habitat within the inventory area.
All records fall within modeled suitable habitat. This model likely overestimates
the extent of suitable habitat for this species because the model does not limit
suitable habitat to east-facing slopes.
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Brewer’s Dwarf Flax (Hesperolinon
breweri)
Status
Federal:
State:
CNPS:

None
None
List 1B

Population Trend
Global: Unknown
State:
Unknown
Within Inventory Area: Unknown

Data Characterization
The location database for Brewer’s dwarf flax (Hesperolinon breweri) includes
26 data records dated from 1885 to 2003 (California Natural Diversity Database
2005, Calflora 2005). Only 4 occurrences were documented in the last 10 years,
but all occurrences are believed to be extant (Calflora 2005, California Natural
Diversity Database 2005). Fourteen of the occurrences are of high precision and
may be accurately located, including 8 occurrences within the inventory area.
Very little ecological information is available for Brewer’s dwarf flax. The
literature on the species pertains primarily to its taxonomy. The main sources of
general information on this species are the Jepson Manual (Hickman 1993) and
the California Native Plant Society (2005). Specific observations on habitat and
plant associates, threats, and other factors are summarized in the California
Natural Diversity Database (2005).

Range
Brewer’s dwarf flax is endemic to California, where it is restricted to the Mount
Diablo and adjacent foothills in the east San Francisco Bay Area and to the Vaca
Mountains of the southern interior North Coast Ranges (Hickman 1993,
California Natural Diversity Database 2005). It occurs below 2,900 feet above
sea level.

Occurrences within the ECCC HCP/NCCP Inventory Area
Fourteen occurrences of Brewer’s dwarf flax occur within the inventory area.
Three of the occurrences are in Mount Diablo State Park, 3 in East Bay Regional
Park District lands, and 7 within the Los Vaqueros Watershed. One occurrence
in Antioch is historic; this population has been extirpated.
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Biology
Physical Description
Brewer’s dwarf flax, a member of the flax family (Linaceae), is an annual herb
that grows 5 to 20 centimeters tall (Hickman 1993). It blooms from May through
July (California Native Plant Society 2005).

Habitat
The species grows on rocky soils on serpentine, sandstone, or volcanic substrates.
It is associated with grassland, oak woodland, and chaparral communities. It
typically appears in areas with low vegetative cover, such as the transition zone
between grassland and chaparral or open areas in chaparral.
Species Associated with Brewer’s Dwarf Flax
Adenostoma fascicularis

Chamise

Arctostaphylos species

Manzanita

Avena species

wild oat

Calochortus species

fairy-lantern

Ceanothus cuneatus

Buckbrush

Heteromeles arbutifolia

Toyon

Nassella species

Needlegrass

Navarretia pubescens

downy navarretia

Perideridia kelloggii

Kellogg's yampah

Pinus sabiniana

foothill pine

Quercus species

Oak

Streptanthus species

Jewelflower

Threats
Brewer’s dwarf flax is known from only a limited number of occurrences and is
reported to be endangered in a portion of its range (California Native Plant
Society 2005). Population trends are unknown (California Natural Diversity
Database 2005), but are likely stable. Brewer’s dwarf flax generally occurs on
public lands with few identifiable threats. Populations adjacent to trails may be
subject to foot traffic or trail maintenance (California Natural Diversity Database
2005).
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Conservation and Management
There are no known conservation or management activities occurring in the
inventory area to address Brewer’s dwarf flax.

Species Distribution Model
Model Description
Model Assumptions
Suitable Habitat: Oak woodland and chaparral/scrub + 500 feet buffer into
annual grasslands
Rationale
Brewer’s dwarf flax occurs below 2,900 feet above sea level on rocky soils on
serpentine, sandstone, or volcanic substrates. It is associated with grassland, oak
woodland, and chaparral communities. It typically appears in areas with low
vegetative cover, such as the transition zone between grassland and chaparral or
open areas in chaparral.

Model Results
Figure 2 shows the modeled Brewer’s dwarf flax habitat within the inventory
area. All known occurrences fall within modeled suitable habitat for this species
(the occurrence in Antioch is assumed to be extirpated).

Literature Cited
CalFlora. 2005. CalFlora: Information on California plants for education,
research and conservation. [web application]. Berkeley, California: The
CalFlora Database [a non-profit organization]. Available:
http://www.calflora.org/. (Accessed: Dec 19, 2005)
California Native Plant Society (CNPS). 2005. Inventory of Rare and
Endangered Plants (online edition, v6-05d). California Native Plant Society.
Sacramento, CA. Accessed on Mon, Dec. 26, 2005 from
http://www.cnps.org/inventory
California Natural Diversity Database. 2005. RareFind 3, Version 3.0.3
(September 30, 2005 update). California Department of Fish and Game,
Sacramento, CA.
Hickman, J. C. (ed.). 1993. The Jepson Manual. University of California Press,
Berkeley, CA.

Species Accounts ♦ Plants
East Contra Costa County HCP/NCCP

October 2006
3

0

50

100

01478.01 004

Miles
(approximate)

Brewer's Dwarf Flax (Hesperolinon breweri) Range

App. D-26c Brewer's Dwarf Flax Modelled Habitat Distribution - East Contra Costa County HCP/NCCP
Legend

þ
}
|
·
160

Inventory Area
County Urban
Limit Line
Suitable Habitat

þ
}
|
·
4

Suitable Low
Potential Habitat

!

Occurrence Records

þ
}
|
·
4

!
!

þ
}
|
·
4

!

!

!

J4

6
5
4

!
!
!

This map presents outcomes
of a draft model that is described
in the Species Profiles of the
HCP/NCCP. The purpose of the
model is to identify areas within the
inventory area where the species
occurs or could occur based on
known habitat requirements.
The data on which this map is
based are regional in scale. This
map should not be used for site
planning and should be verified
in the field. Occurrence data are
limited by where field surveys have
been conducted; some occurrence
points may be geographically
inaccurate.

!
!!

!

O

!
!!
!!

!!

!

Miles

!!

2

!

1

0

2

§
¦
¥
680

§
¦
¥
580

02/15/2006

Plants

Showy Madia (Madia radiata)

Showy Madia (Madia
radiata)
Status
Federal:
State:
CNPS:

None
None
List 1B

Population Trend
Global: Unknown
State:
Unknown
Within Inventory Area: Possibly extirpated

© 1995 Dean Wm. Taylor

Data Characterization
The location database for showy madia (Madia radiata) includes 32 data records
from 1930 to 1998 (California Natural Diversity Database 2005). Only 3
occurrences were documented in the previous 10 years. Except for the most
recent observations, the occurrences are general and may not be accurately
located.
Very little information is available for showy madia. The literature on the
species pertains primarily to its taxonomy. The main sources of general
information on this species are the Jepson Manual (Hickman 1993) and the
California Native Plant Society (California Native Plant Society 2005). Specific
observations on habitat and plant associates, threats, and other factors are present
in the California Natural Diversity Data Base (California Natural Diversity
Database 2005).

Range
Showy madia is known from scattered populations in the interior foothills of the
South Coast Ranges found between 80 and 3,700 feet elevation (Hickman 1993;
California Natural Diversity Database 2005).

Occurrences within the ECCC HCP/NCCP Inventory Area
Showy madia has been collected historically near Antioch and between Antioch
and Lone Tree Valley (California Natural Diversity Database 2005). The last
observation of this species in Contra Costa County was in 1941 (California
Natural Diversity Database 2005).
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Biology
Physical Description
Showy madia is an annual herb that blooms from March to May (California
Native Plant Society 2005).

Habitat
Showy madia grows in grasslands and oak woodlands on heavy clay soils
(California Natural Diversity Database 2005). The species is typically found in
openings rather than under closed canopy.
Species Associated with Showy Madia
Ancistrocarphus filagineus

woolly fishhooks

Astragalus didymocarpus

two-seeded milkvetch

Eremalche parryi

Parry’s mallow

Guillenia flavescens

yellow-flowered guillenia

Layia heterotricha

pale-yellow layia

Lupinus microcarpus

chick lupine

Monolopia major

cupped monolopia

Phacelia ciliate

Great Valley phacelia

Salvia columbariae

chia

Threats
General threats reported for showy madia include grazing, road maintenance, offroad vehicle traffic, and competition from non-native invasive plant (California
Native Plant Society 2005; California Natural Diversity Database 2005).
Occurrences in the vicinity of Antioch may have been extirpated by urban
development, although 2 of the occurrences are on rural lands that have not yet
been developed (California Natural Diversity Database 2005).

Conservation and Management
No populations of showy madia are currently known in the ECCC HCP/NCCP
inventory area, although suitable habitat is likely to be present. Any populations
rediscovered in the inventory area should be preserved and protected. Areas of
suitable habitat could be preserved and protected that may harbor undetected
occurrences of showy madia or that could be used for potential reintroduction.
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Species Distribution Model
No species distribution model could be developed for showy madia because of a
lack of data on the species’ habitat requirements.
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Adobe Navarretia (Navarretia nigelliformis ssp.
nigelliformis)
Status
Federal:
State:
CNPS:

None
None
List 1B

Population Trend
Global: Unknown
State:
Unknown
Within Inventory Area: Unknown

Data Characterization
Location databases include 12 data records for adobe navarretia from 1898 to
2003 (CalFlora 2005; Lake 2004; California State University Chico 2002). Four
of these occurrences were documented in the previous 10 years. All of the
occurrences are of general precision and may not be accurately located.
Very little information is available for adobe navarretia. The literature on the
species pertains primarily to its taxonomy. The main sources of general
information on this species are the Jepson Manual (Hickman 1993) and the
location data records.

Range
Adobe navarretia is reported to occur in the Sierra Nevada foothills, the Central
Valley, and the inner South Coast Ranges, between 325 and 3,300 feet elevation
(Hickman 1993).

Occurrences within the ECCC HCP/NCCP Inventory Area
Five occurrences of adobe navarretia have been documented in the inventory area
since 1987. These occurrences are located in Cowell Ranch, Horse Valley, Sand
Creek, Byron Hot Springs, and the Los Vaqueros watershed. Two of these
occurrences (Cowell Ranch and Los Vaqueros Watershed) are on public lands
(Contra Costa Water District and East Bay Regional Park District).
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Biology
Physical Description
Adobe navarretia is an annual herb that blooms in April and May (Munz 1959).
The small flowers are yellow with brown spots below the petal lobes (Hickman
1993).

Habitat
Adobe navarretia occurs in heavy clay soils of vernal pools and other low,
seasonally moist areas in grasslands (Hickman 1993). Adobe navarretia appears
to be restricted to areas with a vernally moist, summer-dry hydrologic regime.
Species Associated with Adobe Navarretia
Achyrachaena mollis

blow-wives

Bromus hordeaceus

soft chess

Deschampsia danthonioides

Annual hairgrass

Epilobium pygmaeum

smooth spike-primrose

Eryngium sp.

coyote-thistle

Gastridium ventricosum

Nitgrass

Hordeum marinum ssp. gussoneanum

Mediterranean barley

Juncus bufonius

toad rush

Plagiobothrys acanthocarpus

adobe popcorn-flower

Vulpia bromoides

foxtail fescue

Threats
Specific threats to adobe navarretia are not known, although general threats to the
species would be similar to those for other vernal pool species, including habitat
conversion.

Species Distribution Model
No species distribution model could be developed for adobe navarretia because
of a lack of data on the species’ habitat requirements.
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Background
The purpose of the HCP/NCCP is to protect and enhance ecological diversity
within the rapidly urbanizing region of eastern Contra Costa County.
Development of a comprehensive Preserve System, designed and managed to
protect and contribute to the recovery of covered species, is central to the Plan’s
Conservation Strategy.
Because the Plan is necessitated by the increasing development and urbanization
of eastern Contra Costa County, some of the preserves will be bordered by land
use types that are unsuitable for covered species; these include single-family
homes with back or side yards, residential streets, and parking lots. The
adjacency of such areas to planned future preserves poses potential hazards to the
protection and recovery of covered species. These urban land uses could result in
damaging effects on covered species and habitats, including trampling, mountain
bicycle use, and off-road vehicle use; runoff from adjacent streets and landscaped
areas containing lawn fertilizer, pesticides, and vehicle waste (petroleum
byproducts); introduction of invasive species (e.g., pampas grass, French broom,
Argentine ants, giant reed); light and noise from nearby development;
unregulated movement of domestic animals; and movement of covered species
into developed areas.
The Conservation Strategy includes measures to create buffer zones between
incompatible land uses and the Preserve System. However, creation of such
buffer zones may not always be possible if habitats with high biological value
occur adjacent to or existing development. Furthermore, the width of the buffer
zone can be reduced (saving the Plan money) if the indirect effects of adjacent
development are reduced through good design practices.
The urban-wildland interface is defined as the narrow zone (<100 feet) between
urban development and natural land cover in which structures can be built to
minimize the damaging indirect effects on covered species or habitats of
activities within urban areas. To minimize the damaging indirect effects of urban
development, the urban-wildland interface should be carefully designed and
managed. While it is not practicable to retrofit existing urban and developed
areas that border planned preserves, it is possible to incorporate features into the
design of proposed projects to mitigate the potential risks mentioned above.
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Conceptual Approach
The final location and configuration of the Preserve System is unknown; it is,
therefore, not possible to prescribe site-specific design features for interface
areas. Rather, a set of guidelines should inform the design process as individual
preserves are established and individual development projects implemented.
Covered wildlife species of particular interest in developing the guidelines for
urban-wildland interface design are San Joaquin kit fox, western burrowing owl,
Alameda whipsnake, California red-legged frog, and California tiger salamander.
Amphibians and reptiles can disperse from preserve areas into surrounding
developed areas, where they can fall prey to domestic animals; human-habituated
wildlife species (e.g., raccoons, opossums) that thrive in urban and residential
areas; and motor vehicles. Additionally, domestic and wild predators can forage
into adjacent preserves, where they can inflict severe damage on populations of
covered species. Domestic dogs and cats can cause physical harm and behavioral
stress to native birds, amphibians, and mammals including California red-legged
frog, California tiger salamander, and San Joaquin kit fox; moreover, lighting and
noise from adjacent development can adversely affect many native species.
Beyond minimizing such direct and immediate impacts, the design of the urbanwildland interface should consider indirect and long-term effects, such as runoff
from developed areas1 that can transport harmful substances (e.g., pesticides,
automotive fluids, sediment) into preserves; establishment of invasive nonnative
species that can disperse from nearby landscaped areas; and structural and
biological damage (e.g., soil compaction, creation of unauthorized trails,
disturbance of sensitive species) that can result from unmanaged human access
and use.
The interface design should address the following key questions, which are based
on those proposed by Kelly and Rotenberry (1993) for urban reserves in
California.
1. What external forces or processes may have a negative impact on covered
species and habitats at or near the preserve boundary? (What vectors are
present?)
2. To what extent are those external forces likely to penetrate the boundary and
result in negative impacts on covered species and habitats? (How permeable
is the boundary?)
3. Which covered species are likely to exit the preserve and expose themselves
to increased risk of injury or death?
4. What structures can be built or programs implemented to prevent or mitigate
these impacts? For example, how can boundary permeability be altered?
1

In general, development in the inventory area will occur downslope from HCP/NCCP preserves, so runoff should
flow away from preserves. However, because construction grading often alters local drainage patterns, some runoff
could flow into preserves if precautions are not taken.
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With these questions in mind, site-specific interface design elements should serve
the functions listed below; it should be noted that not all the listed objectives will
be appropriate for all interface areas. The wildland-urban interface should be
designed to accomplish the following functions.
Control or restrict pet and human access (e.g., fencing, signage).
Reduce the chance of covered amphibians, reptiles, and mammals entering
urban/residential areas.
Reduce attractions for pets and attractions for urban-tolerant wildlife species
within the preserve (e.g., cat feeding stations, open trash containers that
attract opossums or racoons).
Divert urban runoff from preserve boundaries.
Allow limited and controlled recreational use in appropriate locations and
restrict existing uncontrolled recreational uses (e.g., hiking, mountain biking,
off-highway vehicle use, dog walking) that currently take place in sensitive
habitats.
Serve as a firebreak.
Act as a buffer zone to reduce risk of incursion by nonnative species used in
urban landscaping.
Minimize disturbance (e.g., noise, glare) from adjacent land to covered
wildlife species.
Provide areas for public education and interpretation of the preserves’ natural
resources in order to generate local support for the HCP/NCCP and the
Preserve System.
Provide an aesthetically appealing visual transition between development and
the preserves.

Specific Design Elements
Fencing
A fundamental objective of the urban-wildlife interface design should be
reduction of the unwarranted exchange of biota between the preserve and
adjacent developed areas. The creation of a physical barrier between these two
habitats is the most basic element of achieving this objective.
Fencing should be designed to exclude undesired species from entering the
preserve and covered species from leaving the preserve. The design and
installation of the optimum fencing are intimately connected with the design of
proposed developments. For example, in theory, it might appear that frontloading residential lots—that is, positioning dwelling units and infrastructure
nearest the street, while leaving the rear portion of the lots undeveloped with a
East Contra Costa County HCP/NCCP

E-3

October 2006
01-478

East Contra Costa County
Habitat Conservation Plan Association

Appendix E
Urban-Wildland Interface Design Guidelines

sound, approved fence separating the development from the preserve—might be
the most desirable design solution. While this approach reduces some of the
risks of roadways immediately adjacent to the preserve and can reduce
development-related disturbances (e.g., lighting, noise), it is dependent on longterm owner compliance with and maintenance of prescribed design features (e.g.,
drainage patterns, species selected for landscaping, upkeep of appropriate fencing
design and materials). Such individual landowner decisions may be difficult or
impossible to monitor and enforce.
On the other hand, placement of minor roads (e.g., internal subdivision roads)
immediately outside preserve boundaries allows the Implementing Entity to
retain management authority of perimeter areas. Fences can be properly
monitored and maintained; landscaping can be monitored to ensure that
appropriate species are used; drainage infrastructure can be monitored and
maintained to ensure that it is performing according to desired specifications.
Such placement of minor roads also simplifies communication in the event of
problems. Fencing, landscaping, and other structures along public roads are
more clearly the responsibility of a homeowner association or public agency than
of individuals (as in the case of backyard fences). Therefore, if remedial
measures are needed to repair damaged or ineffective structures, the
Implementing Entity has a single point of contact rather than multiple
homeowners. If perimeter fencing is properly designed and installed, and if the
roadways placed along these perimeters are designed such that they are not likely
to convey heavy traffic, vehicle-related mortality should be minimized.
Moreover, any wildlife species (e.g., amphibians, reptiles) moving from preserve
areas into development areas are at high risk, whether the area entered is a
roadway or a residential yard.
Fences should accomplish all the goals described above. Designs elements that
should be considered and combined in a single fence are listed below.
A solid or fine-mesh fence several feet high to exclude amphibians (not all
individuals will be excluded, but 100% success is likely not feasible2).
A low, solid masonry fence buried in the ground (e.g., 1 foot deep) to
discourage burrowing rodents (e.g., California ground squirrels) from
digging tunnels beneath it and allowing amphibians to circumvent the barrier.
Use of a slick surface on the preserve-side of the fence to discourage
amphibians from climbing the wall.
A fence that is tall enough (e.g., > 5 feet tall) to discourage pets from
entering the preserve and San Joaquin kit fox from exiting the preserve.
A fence that allows people to see into the preserve, encouraging a sense of
ownership and stewardship.

2

It should be noted that regulatory agencies generally discourage the use of amphibian exclusion fencing for
temporary construction sites because they may create more hazards than they prevent. However, for permanent
hazards in dense urban development, amphibian exclusion fencing may be effective at reducing injury or mortality.
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Lighting
Lighting is an important urban “pollutant” into adjacent open space. Longcore
and Rich (2004) define “ecological light pollution” to include chronic or
periodically increased illumination, unexpected changes in illumination, and
direct glare, all from artificial sources. Species react differently to ecological
light pollution depending on the distance from the source and the type of
lighting; many of these ecological effects are well documented (Longcore and
Rich 2004). Effects range from disorientation, attraction to artificial lighting,
entrapment in or near lighting, repulsion from artificial lighting, altered
reproduction, altered communication, and altered interactions with competitors or
predators.
The amount of light pollution must be minimized adjacent to preserves. Lighting
requirements should be incorporated into the Homeowner Association
regulations using the following guidelines.
Outdoor lighting should be low-intensity, focused, and directional to reduce
night illumination of the adjacent preserve.
Outdoor lighting should be placed as far from the preserve boundary as
possible given safety constraints.
Housings of outdoor lights should be sealed to prevent insects from
becoming trapped inside.
Public facilities such as ballparks and fields that require high-intensity night
lighting (i.e., flood lights) should be sited as far from the preserve boundary
as possible. High-intensity lighting facing the preserve should be as low to
the ground as possible to minimize long-distance glare.

Trails
Recreational trails can be a useful feature incorporated into the urban-wildland
interface. A recreational trail along an urban boundary provides public access to
open space while minimizing the adverse effects of this access on sensitive
biological resources that might occur nearby. Recreational trails can easily be
combined with other interface elements such as wildlife-exclusion fencing,
drainage controls, and firebreaks. Interpretive signs placed along recreational
trails can inform the public about the adjacent preserve and create a sense of
ownership and stewardship among local residents. These residents can then
serve as informal patrols for the Implementing Entity to help ensure that
resources within the preserves are protected.
Paved trails may be preferable to gravel or dirt trails because paved trails require
less long-term maintenance than unsurfaced trails. Paved trails also reduce the
amount of runoff or erosion that occurs as a result of the trail itself. However,
paved trails attract basking reptiles, increasing their risk of injury or death from
bicycles or pedestrians. Trails through particularly sensitive areas can be
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designed to minimize impacts through the use of boardwalks, bridges, or raised
platforms.
Buffering vegetation can be effectively used adjacent to trails to serve as a
physical and visual barrier between the trail and the preserve. For example,
native drought-tolerant and fire-resistant shrubs could be planted between a trail
and a low barrier fence to discourage entry into sensitive areas of the preserve.
Noninvasive ornamental shrubs could also be used if necessary (Jones & Stokes
2001).

Development Guidelines
While the physical boundaries of individual preserves can be designed,
monitored, and maintained by the Implementing Entity, some features of the
wildland-urban interface are necessarily dependent upon the design specifications
of development projects. The design approach described above would allow
roadways and adjacent rights-of-way (or other public spaces that may be
incorporated into project designs) to be utilized as buffer zones to help reduce
incursion of nonnative plant species into preserve areas, to serve as firebreaks,
and to manage runoff from urban areas that might adversely affect sensitive
habitats within the preserves.
Accordingly, it is recommended that the HCP/NCCP include terms requiring that
project proponents incorporate design specifications to ensure that the portions of
developed areas adjoining preserves contribute to Plan objectives. Such
requirements could include those listed below.
Landscaping with native species or with nonnative species that are unlikely
to colonize preserve areas. Lists of approved landscaping species to plant,
and invasive species not to plant, could be developed through consultation
with the California Exotic Pest Plant Council, the California Department of
Agriculture, the County Agricultural Commission, and the California Native
Plant Society. In addition, a list could be developed for pest control methods
that are recommended and not recommended for use.
Design of areas adjoining preserve boundaries to meet fuel modification
requirements. Such an approach would obviate the necessity to implement
fuel modification activities, which can have adverse effects on covered
species and habitats, within the preserve.
Specifications prescribing that grading plans, drainage infrastructure, and
roadway construction ensure that urban runoff be directed away from
preserve boundaries or, in the event that topography renders such an
approach infeasible, that appropriate filtration provisions are incorporated
into project designs.
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August 25, 2006
A MODEL ORDINANCE OF THE
[CITY OF __________]
[COUNTY OF CONTRA COSTA]
TO IMPLEMENT THE
EAST CONTRA COSTA COUNTY HABITAT CONSERVATION PLAN /
NATURAL COMMUNITY CONSERVATION PLAN

The [City Council of the City of ___________][Board of Supervisors of the County of
Contra Costa] does ordain as follows:
SECTION I
TITLE
This Ordinance shall be known as the “East Contra Costa County Habitat Conservation
Plan / Natural Community Conservation Plan Implementation Policy.”
SECTION II
FINDINGS
[Note: the following findings exemplify the appropriate substance of the findings
that the County and each city may make in support of this Ordinance, but the
County and each city may adapt the findings as necessary to reflect its independent
review of the facts.]
The [Council][Board] finds as follows:
A. The [City Council (“Council”)][Board of Supervisors (“Board”)] finds that there
is a need to establish a comprehensive framework to protect and conserve species,
wetlands, natural communities and ecosystems in East Contra Costa County,
while improving and streamlining the environmental permitting process for
impacts of future development on rare, threatened and endangered species.
B. To meet the need identified in Section II-A, the [City of _______
(“City”)][County of Contra Costa (“County”)] participated as a member of the
East Contra Costa County Habitat Conservation Planning Agency, a joint exercise
of powers agency, to develop the East Contra Costa County Habitat Conservation
Plan/Natural Community Conservation Plan (“HCP/NCCP”) and the
Implementing Agreement for the HCP/NCCP. The [Council][Board] finds that the
HCP/NCCP, implemented in accordance with the Implementing Agreement, will:
provide comprehensive species, wetlands, and ecosystem conservation and
contribute to the recovery of endangered species within East Contra Costa
County; balance open space, habitat, and urban development; reduce the cost and
increase the clarity and consistency of federal and state permitting; consolidate
and streamline these processes into one, locally controlled plan; encourage, where
appropriate, multiple uses of protected areas; share the costs and benefits of the
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C.

D.

E.

F.

HCP/NCCP as widely and equitably as possible; and protect the rights of private
property owners.
The [Council][Board] finds that adoption and implementation of this Ordinance
will enable the [City][County] to promote the health, safety and welfare of all of
its citizens by helping to achieve the conservation goals set forth in the
HCP/NCCP, to implement the associated Implementing Agreement executed by
the [City][County] on _____________, 2006, and to preserve the ability of
affected property owners to make reasonable use of their land consistent with the
requirements of the National Environmental Policy Act (“NEPA”), the California
Environmental Quality Act (“CEQA”), the Federal Endangered Species Act
(“FESA”), the California Endangered Species Act (“CESA”), the California
Natural Community Conservation Planning Act (“NCCPA”), and other applicable
laws.
The [Council][Board] finds that there is a reasonable relationship between the use
of the HCP/NCCP implementation fee imposed by this Ordinance and the type of
development project on which the fee is imposed. As set forth in the
Implementing Agreement, the HCP/NCCP, including but not limited to Chapter
9.3.1, and data and analyses referenced therein, the HCP/NCCP implementation
fee will be used to implement the HCP/NCCP by funding actions to preserve,
enhance, restore, create and manage habitat in order to mitigate for impacts to
open space and covered species. The HCP/NCCP implementation fee will apply
only to development projects that impact open space or habitat suitable for one or
more covered species. The HCP/NCCP implementation fee will therefore be used
for purposes reasonably related to the development projects that will be subject to
the fee.
The[Council][Board] further finds that there is a reasonable relationship between
the need for the public facilities to be funded by the HCP/NCCP implementation
fee imposed by this Ordinance and the type of development project on which the
fee is imposed. As set forth in the Implementing Agreement, the HCP/NCCP,
including but not limited to Chapter 9.3.1, and data referenced therein, the fee will
be used to fund actions to preserve, enhance, restore, create and manage open
space and habitat in order to mitigate for impacts to open space and covered
species. The need for such mitigation actions arises from the development
projects to which the fee will apply, i.e., development projects that disturb open
space and habitat. The HCP/NCCP implementation fee will therefore be used to
establish and manage mitigation areas that are reasonably related to the mitigation
needs of the development projects that will be subject to the fee.
The [Council][Board] finds that there is a reasonable relationship between the
amount of the HCP/NCCP implementation fee imposed by this Ordinance and the
cost of the public facilities or portion of the public facilities attributable to the
development projects on which the fee will be imposed. As set forth in the
Implementing Agreement and the HCP/NCCP, including but not limited to
Chapters 2, 5, 9 and Appendix G of the HCP/NCCP, the costs for mitigation of
cumulative impacts from development projects subject to the fee were estimated
by projecting the extent of future development impacts, calculating the acres of
mitigation required, and estimating the overall costs of mitigation. The method for
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calculating the fee amount for individual development projects reflects the
mitigation cost attributable to individual development projects based on:
a. area, as the cost of acquiring sufficient open space or habitat land to
mitigate for the impacts of development is directly proportional to the
acreage of the development; and
b. location, as the mitigation needed varies in proportion to the intrinsic
habitat or open space value of the land impacted. Thus fees are tiered so
that the highest fee amounts are imposed in areas (zones) deemed to have
the highest intrinsic value per acre, a fee equal to 50% of the highest fee
amount is imposed in areas deemed to have substantial but lower intrinsic
value per acre, and a fee equal to 25% of that amount is required in areas
deemed to have the lowest intrinsic value per acre.
G. The findings set forth herein are based on the Implementing Agreement, the
HCP/NCCP, and studies and data referenced therein, including data indicating the
estimated cost to provide the facilities and services for which the HCP/NCCP
implementation fees herein are levied, and the anticipated revenue sources, which
have been available for public inspection and review in the office of the
[City][County] Clerk for more than ten (10) days prior to the date of this public
hearing.
H. At least fourteen (14) days prior to the public hearing at which this ordinance was
adopted, [City][County] mailed notice of the time and place of the hearing and of
the availability of data indicating the estimated cost required to provide the
services and amenities for which the fees established herein are levied, and the
anticipated revenue sources therefore, to all interested parties who filed written
requests with the [Council][Board] for mailed notice of meetings on new or
increased fees. Notice of this hearing was also given by publication in accordance
with section 6062(a) of the California Government Code.
SECTION III
APPLICATION OF ORDINANCE
A. This Ordinance shall apply to all development projects, i.e., any project
undertaken for the purpose of development, including a project involving the
issuance of a permit for construction or reconstruction, but not a permit to
operate, as further described in Chapter 2.3.1 of the HCP/NCCP, within the
[City’s][County’s] land use jurisdiction that are within the Urban Development
Area shown on Figure 2-3 of the HCP/NCCP, attached as Exhibit A, as it may be
amended, and to those rural infrastructure projects and activities that are
specifically defined as Covered Activities in the HCP/NCCP [OPTIONAL “,
except for any in-fill project with a total footprint of less than one acre or any infill project where new development is replacing existing development”]. This
Ordinance establishes an application procedure for the proponents of all such
development projects, through which the applicant may receive authorization for
the incidental take of certain Covered Species listed as threatened or endangered
under state and federal law and identified in the HCP/NCCP, subject to the
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applicant’s compliance with all terms and conditions required by the HCP/NCCP,
the Implementing Agreement, and this Ordinance.
B. This Ordinance shall not apply if the [City][County] determines its application
would result in the property owner being deprived of all reasonable economic use
of the property in violation of federal or state constitutional prohibitions against
taking of property without just compensation.
SECTION IV
PROCEDURES
[Note: the Ordinance must contain application procedures substantially similar to
those outlined in the Implementing Agreement and further described in Chapter 6.2
of the HCP/NCCP, but such procedures may be adapted for purposes of
administrative efficiency based on each city’s and the County’s policies and
procedures.]
SECTION V
HCP/NCCP IMPLEMENTATION FEE OR DEDICATION OF LAND IN LIEU
OF FEE
To help fund the acquisition, management and monitoring of the Preserve System, and
all other implementation and administration of the HCP/NCCP, the [City][County] shall
condition the approval of any and all development projects that this Ordinance applies to
upon the collection of the HCP/NCCP implementation fees, and/or, on a case-by-case
basis, a dedication of land in lieu of some or all of the fee, as follows:
A. Development Fees
1. The [City][County] shall determine in which of the three Fee Zones the
project or activity is located, pursuant to Chapter 9.3.1 of the HCP/NCCP.
2. The development fee for each development project shall be calculated by
multiplying the fee for the applicable Fee Zone by the number of acres
permanently removed from an undeveloped or habitat-providing state by the
development project, pursuant to Chapter 9.3.1, as verified by [City or County
official otherwise responsible for such calculations, e.g., for purposes of
environmental review].
3. As of the Effective Date, the development fee for each of the three Fee Zones
is as follows: Zone I (Eastern Agricultural Zone) is $11,919 per acre; Zone II
(Natural Area Zone) is $23,838 per acre; and Zone III (Infill) is $5,960 per
acre, as further described in Table 9-4 of the HCP/NCCP, attached as Exhibit
B, and as those amounts are adjusted pursuant to Section V.D below. [Note:
the County and each city may also elect to set the amount of the fees by
resolution and/or may incorporate the text of Exhibit B within the
ordinance itself.]
4. At the time the grading permit or first construction permit is issued, whichever
comes first, the applicant shall pay the entire development fee or, with the
approval of the [County][City], may pay at least 67% of the fee and execute
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an agreement with the [County][City] to arrange for up to 33% of the
development fee to be paid through fees or assessments imposed by the
applicant on the subject parcels through deed restrictions or similar means,
pursuant to Chapter 9.3.1.
B. Wetlands Fee
1. For any development project that will fill, dredge, or remove wetlands,
streams, ponds, or riparian areas, the applicant shall concurrently pay a
wetlands fee in addition to the development fee.
2. Wetlands fees vary by wetland type. The [City][County] shall determine
which of the wetland types will be affected by the project activity, according
to Table 9-5 of the HCP/NCCP, attached as Exhibit C, as verified by [City or
County official otherwise responsible for such calculations, e.g., for purposes
of environmental review].
C. The development and wetlands fees shall each be adjusted automatically for
inflation or deflation and also be adjusted periodically through outside audits.
1. The development fees established by this Ordinance shall automatically be
increased or decreased effective March 15 of each year as provided in Table
9-7 of the HCP/NCCP, attached as Exhibit D, and based on the formula in
Exhibit E, which are further explained in Chapter 9.3.1 of the HCP/NCCP.
As shown in Exhibit D and Exhibit E, one portion of the fee amount in effect
before March 15 of each year shall be increased or decreased by the same
percentage as the percentage of increase or decrease in the Office of Federal
Housing Enterprise Oversight Annual Home Price Index for the OaklandFremont-Hayward, California Metropolitan Division for the twelve-month
period ending with the September index of the immediately preceding
calendar year, and another portion of the fee shall be increased or decreased
by the same percentage as the percentage of increase or decrease in the
Consumer Price Index for the San Francisco-Oakland-San Jose Combined
Statistical Area (U.S. Bureau of Labor Statistics) for the twelve-month period
ending with the September index of the immediately preceding calendar year.
2. The wetlands fees established by this Ordinance shall on March 15 of each
year be automatically increased or decreased from the amount then applicable
by the same percentage as the percentage of increase or decrease in the
Consumer Price Index for the San Francisco-Oakland-San Jose Combined
Statistical Area (U.S. Bureau of Labor Statistics) for the twelve-month period
ending with the September index of the immediately preceding calendar year.
3. As provided in the Implementing Agreement and the HCP/NCCP, the
HCP/NCCP Implementing Entity may periodically arrange for an outside
audit of the operating costs of the HCP/NCCP to ensure that the fees are
keeping pace with costs of implementing the HCP/NCCP. Within sixty (60)
days after any formal recommendation of the Implementing Entity, the
[City][County] shall consider amending this Ordinance and Exhibits B and C
to conform the development and wetlands fees according to that
recommendation.
4. Any amendment of this Ordinance to increase the HCP/NCCP implementation
fees pursuant to Section V.D.3 shall be made only upon the same notice and
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hearing, and only upon the [Council][Board] reaching the same findings, with
respect to the fee increase, as the [Council][Board] made herein at Section II,
with respect to the fees imposed by this Ordinance. Any such amendment to
increase the HCP/NCCP implementation fees pursuant to Section V.D.3 shall
not be adopted as an urgency measure.
D. All fees collected hereunder shall be transmitted to the [City][County] AuditorController quarterly, within thirty (30) days of the end of the quarter within which
the fee was collected, for deposit into a separate account or fund, and for
investment, accounting and expenditure in accordance with the provisions of this
Ordinance.
E. On a case-by-case basis, and upon a voluntary offer by the applicant, a dedication
of land may be accepted in lieu of some or all of the development fees. Upon any
such offer, the [City][County] shall coordinate with the Implementing Entity,
which has the authority to approve such offers for purposes of compliance with
the HCP/NCCP, including the amount of the development fee for which such
dedication would substitute. Dedication of land in lieu of fees will not be
accepted for lands that do not contribute to the biological goals and objectives of
the HCP/NCCP or are not in areas designated as high or moderate priorities for
acquisition, pursuant to Chapter 8.6.7 of the HCP/NCCP. The [City][County]
shall not approve a development project for which a dedication of land in lieu of
fees has been offered unless and until the Implementing Entity determines that the
applicant has satisfied all fee requirements under the HCP/NCCP after taking into
consideration the dedication in lieu of fees.
F. On a case-by-case basis, an applicant that possesses separate and final approval
from the United States Fish and Wildlife Service and/or California Department of
Fish and Game for incidental take of all federally or state listed species that may
be adversely affected by the project may apply to the Implementing Entity to pay
a fee, the amount to be negotiated by the applicant with the Implementing Entity,
to support the conservation of habitat and open space under the HCP/NCCP
instead of the standard development, wetlands or rural road fees. If the mitigation
and conservation requirements under the separate approval are equivalent to or
exceed what would be required under this ordinance, then the Implementing
Entity may determine that no further fees are required for purposes of complying
with the HCP/NCCP, in which case the HCP/NCCP implementation fee described
herein shall not be required.
SECTION VI
DEFINITIONS
For purposes of this Ordinance, the following terms shall have the meaning set forth
herein:
A. “HCP/NCCP” means the East Contra Costa County Habitat Conservation
Plan/Natural Community Conservation Plan and the Federal and State Permits
issued under FESA and the NCCPA, as those documents may be amended from
time to time.

{00026178.DOC.6}

6

August 25, 2006
B. “Implementing Agreement” means the Implementing Agreement for the East
Contra Costa County Habitat Conservation Plan/Natural Community
Conservation Plan by and between East Contra Costa County Habitat
Conservation Plan Implementing Entity, Contra Costa County, City of Pittsburg,
City of Clayton, City of Oakley, City of Brentwood, Contra Costa County Flood
Control and Water Conservation District, East Bay Regional Park District, United
States Fish and Wildlife Service, and California Department of Fish and Game.
C. “Implementing Entity” means the East Contra Costa County Habitat
Conservancy, a joint exercise of powers agency whose members are the cities
participating in the HCP/NCCP and the County, or its successor, which is
responsible for overseeing the implementation of the HCP/NCCP.
D. “Urban Development Area” means the areas designated for urban development
that are either a) within the unincorporated areas of the County and within the
Urban Limit Line (“ULL”) as it may be amended during the term of the
HCP/NCCP, or b) within the jurisdictional limits of the City as they may be
amended during the term of the HCP/NCCP, provided those boundary
amendments are consistent with the assumptions supporting the changes to the
Urban Development Area provided in Chapter 2.3.1 of the HCP/NCCP.
SECTION VII
EFFECTIVE DATE
This Ordinance becomes effective sixty (60) days after passage, and within fifteen
(15) days after passage shall be published once with the names of the supervisors
voting for and against it in the [newspaper], a newspaper.
PASSED AND ADOPTED on _______________, 2006, by the following vote:
AYES:
NOES:
ABSENT:
ABSTAIN:
ATTEST: [City][County] Clerk
By: ____________________________________
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Exhibit A
Figure 2-3
Urban Development Area
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Exhibit B
Table 9-4
HCP/NCCP Development Fee
Table 9-4. HCP/NCCP Development Fee
Fee Zone1
Zone I: Cultivated
and Disturbed
Lands

Zone II:
Natural Areas

Zone III: Small
Vacant Lots

Development Fee per Acre
at Start of Permit Term2

$11,919

$23,838

$5,960

Estimated Cost per Housing
Unit3

$2,980

$5,960

$1,490

Total

Estimated Areas of Impact in Fee Zones (Excludes Rural Road
Activities)5
2,306

1664

8,685

7,533

4,180

4

11,879

Initial Urban Dev. Area

$67,310,127

$49,973,327

$899,347

$118,182,800

Max. Urban Dev. Area

$80,027,657

$88,813,383

$881,760

$169,722,800

Initial Urban Dev. Area

6,212

Max. Urban Dev. Area
Estimated Revenue (2005 Dollars)

166

5

Notes:
As defined in Figure 9-1. Fee amounts are defined solely by a project’s position in Figure 9-1. Zone names are
provided only as a general guide to dominant land cover.
2
See text and Appendix H for calculation methods. Development fees will be adjusted for inflation or deflation
according to Table 9-7 and the terms of the HCP/NCCP; consult planning staff with your participating
jurisdiction for the latest HCP/NCCP development fee.
3
Assumes average housing density of 4.0 units per acre. This is an estimate only; fees will be charged on a per
acre basis, not on a per unit basis.
4
Projects less than 1 acre may be exempt depending on the jurisdiction.
5
Estimated acres of impact in Fee Zones and revenue projections assume a 10% contingency (i.e., that up to 10%
of the impact acres will not pay a fee due to development not occurring during the permit term). The initial fee
will be set to reflect the cost and revenue projections associated with the initial urban development area as
described in Appendix H. The cost and revenue projections associated with the maximum urban development
area are reflected in the revenue projections for that development scenario.
1
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Exhibit C
Table 9-5
Wetland Fee and Acreage Determination Methods
Table 9-5. Wetland Fee and Acreage Determination Methods

Land Cover Type

Fee per unit of
Impact1

Required
Compensation
Ratio for
Restoration/
Creation1

Method for Determining Fee Boundary

Riparian woodland/scrub

$58,140/acre

1:1

Limit of tree or shrub canopy (drip line)

Perennial wetlands

$79,560/acre

1:1

Jurisdictional wetland boundary of state or
federal government2, whichever is greater

Seasonal wetland

$172,380/acre

2:1

Same as above

Alkali wetland

$163,200/acre

2:1

Same as above

Ponds

$86,700/acre

1:1

Jurisdictional waters boundary of state or
federal government2, whichever is greater

Aquatic (open water)

$86,700/acre

1:1

Wetted area during normal rainfall year or
jurisdictional waters boundary, whichever is
greater

Slough/channel

$98,940/acre

1:1

Area of impact within banks

Streams 25 feet wide
or less

$474/linear foot

1:1

Stream length measured along stream
centerline. Stream width measured between
top of bank.

Streams greater than
3
25 feet wide

$714/linear foot

1:1

Stream length measured along stream
centerline. Stream width measured between
top of bank.

Streams

1

See Appendix G for calculation of fee by wetland type. Wetland fee takes required compensation ratio into account. Fees
from Draft HCP/NCCP (in 2004 dollars) were updated for the Final HCP/NCCP using a 2005 CPI of 2.0% per Table 9-7.
2
Using methods for determining state and federal jurisdictional waters and wetlands at the time of HCP/NCCP approval.
3
Impact fee for wider streams is 1.5 times the base stream fee to account for higher construction costs on wider streams.
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Exhibit D
Table 9-7
Fee Adjustment Indices
Table 9-7. Fee Adjustment Indices

Fee

Annual Adjustment Index1

Average
Annual Rate
(1991–2001)
Example

Development Fee, Rural Road Fee, and
Temporary Impact Fee
Portion for Land Acquisition2 (60 %
initially3)

Portion for Preserve System Operation,
Restoration, and Maintenance (40%
initially3)
Wetland Fee

Change in the annual Home Price Index (HPI) for
the Oakland-Fremont-Hayward, CA Metropolitan
Division (MSAD) for the prior calendar year
(Office of Federal Housing Enterprise Oversight)4

5.19%

Change in the Consumer Price Index for the San
Francisco-Oakland-San Jose Combined Statistical
Area for all urban consumers for the prior calendar
year (U.S. Bureau of Labor Statistics)5

3.25%

Same as above

3.25%

Notes:
HCP/NCCP fees to be adjusted automatically by March 15 of every year based on the indices for the prior
calendar year. See Appendix G for more details on methodology and sources.
2
Direct land acquisition costs only. Excludes costs associated with land transaction, site improvements, and due
diligence (e.g., pre-acquisition surveys).
3
The portion of the development fees, rural road fees, and temporary impact fees that will be adjusted according
to the HPI and CPI will vary over time. For the first annual automatic adjustment, 60% of the initial fees will
be adjusted according to the HPI and 40% will be adjusted according to the CPI. The apportionment in
subsequent years will depend on the relative values of the indices.
4
See http://www.ofheo.gov/HPI.asp. Data for the prior calendar year are published in March. For the first
annual automatic adjustment, the change in the HPI from the end of the third quarter of 2005 through the end
of fourth quarter of 2006 will be used. In all subsequent automatic adjustments, the change in the HPI for the
prior calendar year will be used. The exception for the first automatic annual adjustment is needed because
estimated land acquisitions costs from the Draft HCP/NCCP were adjusted for the Final HCP/NCCP by the
change in the HPI during the first three quarters of 2005 because data for the fourth quarter of 2005 were not
available in time.
5
Consumer Price Index, All Items, with base data year of 1982-1984 (i.e., 1982-1984 = 100), for all urban
consumers (CPI-U), not seasonally adjusted. See http://www.bls.gov/eag/eag.ca_sanfrancisco_msa.htm
1
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Exhibit E
Automatic Fee Increase Formula
Feen = [[Ln-1 * (HPIn-1/HPIn-2)] + [(Sn-1 * (CPIn-1/CPIn-2)] ] * Z
Where:
n= year of HCP/NCCP Implementation [year 1 (n=1) is 2006, the first calendar year in
which HCP/NCCP Implementation occurs; year 2 (n = 2) is 2007; etc. Year 0 (n=0) is
2005.]
Feen = Development Fee for year n (the Development Fee for year n applies from March
15 of year n through March 14 of the following year)
Fee1 = $23,838 for Zone II, $11,919 for Zone I, and $5,960 for Zone III
Ln-1 = Land acquisition portion of development fee for the year prior to year n
L1 = 60% of $23,838 = $14,303
HPIn-1 = Home Price Index (HPI) for the Oakland-Fremont-Hayward, CA Metropolitan
Division (MSAD) at the end of the calendar year prior to year n as published by the
Office of Federal Housing Enterprise Oversight
Sn-1 = Non-land acquisition portion of development fee for the year prior to year n
S1 = 40% of $23,838 = $9,535
CPIn-1 = Consumer Price Index for the San Francisco-Oakland-San Jose Combined
Statistical Area for all urban consumers at the end of the calendar year prior to year n
as published by U.S. Bureau of Labor Statistics
Z = Fee zone factor (based on which fee zone the project is in (see Figure 9-1 in the
HCP)). The fee zone factors for the three zones are as follows:
Z =1 for Zone II, the Natural Lands Zone;
Z=0.5 for Zone I, the agricultural lands zone;
Z=0.25 for Zone III, the infill zone
The above formula applies for every fee adjustment except for the first fee adjustment to
calculate the fees for Year 2. Because the Year 1 fees were calculated without access to
Home Price Index data for the fourth quarter of 2005, the fee adjustment for Year 2 will
rely on a different formula. The following formula will be used to calculate the fee
adjustment for year 2 and will be used to calculate the fees that apply from March 15,
2007 through March 14, 2008:
Fee2007 = [[$14,303 * (HPI2006/HPIx)] + [($9,535 * (CPI2006/CPI2005)] ] * Z
Where:
HPIx = Home Price Index (HPI) for the Oakland-Fremont-Hayward, CA Metropolitan
Division (MSAD) through the third quarter of 2005 as published by the Office of
Federal Housing Enterprise Oversight
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Appendix G

HCP/NCCP Cost Data

East Contra Costa County HCP/NCCP
Implementation Cost Data and Assumptions with
Initial Urban Development Area

East Contra Costa County HCP/NCCP Cost Tables

Summary of East Contra Costa HCP Implementation Costs for Initial Urban Development Area
(Rounded to the Nearest $10,000)
Total Costs
Cost Category
Program Administration
Land Acquisition
Management, Restoration, and Recreation Planning and Design
Habitat Restoration/Creation
Environmental Compliance
HCP/NCCP Preserve Management and Maintenance
Monitoring, Research, and Adaptive Management
Remedial Measures
Contingency
Total (in 2005 dollars)
Total (in 2006 dollars)*

Implementation Period (Years)
0
1-5
6-10
11-15
16-20
21-25
26-30
Total (2005) Total (2006)
$590,000 $3,060,000 $2,910,000 $2,980,000 $2,790,000 $2,770,000 $2,700,000 $17,800,000 $18,150,000
$0 $30,340,000 $29,500,000 $29,500,000 $29,500,000 $29,500,000 $29,500,000 $177,850,000 $191,640,000
$260,000 $1,850,000 $1,140,000
$850,000
$860,000
$520,000
$560,000
$6,030,000
$6,150,000
$10,000 $3,220,000 $3,510,000 $3,470,000 $3,470,000 $3,140,000 $3,180,000 $19,990,000 $20,390,000
$0
$460,000
$460,000
$460,000
$460,000
$460,000
$0
$2,300,000
$2,340,000
$70,000 $3,090,000 $3,590,000 $5,400,000 $5,970,000 $6,680,000 $7,590,000 $32,390,000 $33,040,000
$10,000 $2,030,000 $2,840,000 $3,090,000 $3,400,000 $3,360,000 $3,690,000 $18,410,000 $18,780,000
$0
$30,000
$30,000
$270,000
$270,000
$270,000
$690,000
$1,550,000
$1,580,000
$50,000
$690,000
$720,000
$830,000
$860,000
$860,000
$920,000
$4,920,000
$5,020,000
$980,000 $44,760,000 $44,690,000 $46,840,000 $47,580,000 $47,560,000 $48,820,000 $281,230,000
$1,000,000 $47,360,000 $47,290,000 $49,490,000 $50,240,000 $50,220,000 $51,500,000
$297,090,000

Capital Costs
Cost Category
Program Administration: office space and equipment
Land Acquisition: acquisition and site improvements
Management, Restoration, and Recreation Planning and Design:
office equipment and vehicles
Habitat Restoration/Creation: construction, office equipment, and
vehicles
HCP/NCCP Preserve Management and Maintenance: vehicles,
equipment, and facilities
Remedial Measures
Total (in 2005 dollars)
Total (in 2006 dollars)*

Implementation Period (Years)
0
1-5
6-10
11-15
16-20
21-25
26-30
Total (2005) Total (2006)
$90,000
$110,000
$120,000
$100,000
$140,000
$100,000
$110,000
$760,000
$780,000
$0 $28,170,000 $28,170,000 $28,170,000 $28,170,000 $28,170,000 $28,170,000 $169,020,000 $182,630,000
$10,000

$80,000

$90,000

$50,000

$50,000

$10,000

$40,000

$330,000

$340,000

$10,000

$2,190,000

$2,200,000

$2,160,000

$2,160,000

$2,120,000

$2,150,000

$12,990,000

$13,250,000

$10,000 $1,240,000
$850,000 $1,840,000 $1,500,000 $1,510,000 $1,770,000
$8,720,000
$8,900,000
$0
$30,000
$30,000
$270,000
$270,000
$270,000
$690,000
$1,550,000
$1,580,000
$110,000 $31,830,000 $31,450,000 $32,590,000 $32,290,000 $32,170,000 $32,930,000 $193,380,000
$120,000 $34,170,000 $33,790,000 $34,950,000 $34,640,000 $34,520,000 $35,300,000
$207,470,000

Operational Costs
Cost Category
Program Administration: personnel, legal and financial assistance,
insurance, ED's discretionary budget, in-lieu funding
Land Acquisition: transactional costs
Management, Restoration, and Recreation Planning and Design:
vehicle maintenance and personnel
Habitat Restoration/Creation: vehicle maintenance and personnel
Environmental Compliance
HCP/NCCP Preserve Management and Maintenance: vehicle and
equipment maintenance and personnel
Monitoring, Research, and Adaptive Management
Contingency
Total (in 2005 dollars)
Total (in 2006 dollars)*

0

1-5

Implementation Period (Years)
6-10
11-15
16-20

21-25

26-30

Total (2005)

Total (2006)

$500,000
$0

$2,960,000
$2,170,000

$2,790,000
$1,330,000

$2,870,000
$1,330,000

$2,650,000
$1,330,000

$2,670,000
$1,330,000

$2,590,000
$1,330,000

$17,030,000
$8,830,000

$17,370,000
$9,000,000

$250,000
$0
$0

$1,760,000
$1,020,000
$460,000

$1,050,000
$1,310,000
$460,000

$800,000
$1,310,000
$460,000

$800,000
$1,310,000
$460,000

$510,000
$1,020,000
$460,000

$510,000
$1,020,000
$0

$5,690,000
$7,000,000
$2,300,000

$5,810,000
$7,140,000
$2,340,000

$60,000 $1,850,000 $2,740,000 $3,560,000 $4,480,000 $5,180,000 $5,810,000
$10,000 $2,030,000 $2,840,000 $3,090,000 $3,400,000 $3,360,000 $3,690,000
$50,000
$690,000
$720,000
$830,000
$860,000
$860,000
$920,000
$870,000 $12,930,000 $13,240,000 $14,250,000 $15,290,000 $15,390,000 $15,880,000
$880,000 $13,190,000 $13,500,000 $14,540,000 $15,600,000 $15,700,000 $16,200,000

$23,670,000
$18,410,000
$4,920,000
$87,860,000

$24,140,000
$18,780,000
$5,020,000
$89,610,000

*Update of 2005 dollars from Draft HCP/NCCP using CPI of 2.0% for 2005 for all non-land costs (see Table 9-7 for index source);
update of land cost from Draft HCP/NCCP using Home Price Index of 16.6% for first three quarters of 2005
Summary (rounded)
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Summary of East Contra Costa HCP Implementation Costs for Initial Urban Development Area
(Not Rounded)
All Costs
Cost Category
Program Administration
Land Acquisition
Management, Restoration, and Recreation Planning and De
Habitat Restoration/Creation
Environmental Compliance
HCP/NCCP Preserve Management and Maintenance
Monitoring, Research, and Adaptive Management
Remedial Measures
Contingency Fund
Total (in 2005 dollars)
Total (in 2006 dollars)*

Implementation Period (Years)
0
1-5
6-10
11-15
16-20
21-25
26-30
Total (2005)
Total (2006)
$591,733
$3,061,807
$2,905,596
$2,978,706
$2,791,235
$2,771,594
$2,696,422
$17,797,094
$18,153,036
$0 $30,338,295 $29,502,772 $29,502,772 $29,502,772 $29,502,772 $29,502,772 $177,852,155 $191,638,480
$258,967
$1,847,259
$1,137,699
$849,699
$855,032
$519,925
$556,592
$6,025,172
$6,145,675
$8,967
$3,216,654
$3,507,095
$3,469,095
$3,474,428
$3,139,321
$3,175,988
$19,991,547
$20,391,378
$0
$459,000
$459,000
$459,000
$459,000
$459,000
$0
$2,295,000
$2,340,900
$65,794
$3,094,005
$3,589,085
$5,398,690
$5,973,475
$6,684,930
$7,585,385
$32,391,364
$33,039,191
$8,967
$2,026,756
$2,835,248
$3,094,367
$3,396,819
$3,358,831
$3,692,616
$18,413,605
$18,781,877
$0
$30,000
$30,000
$265,919
$265,919
$265,919
$687,893
$1,545,650
$1,576,563
$46,721
$686,774
$723,186
$825,774
$860,795
$859,976
$919,745
$4,922,972
$5,021,431
$981,149 $44,760,550 $44,689,681 $46,844,021 $47,579,475 $47,562,269 $48,817,412 $281,234,557
$1,000,772 $47,360,641 $47,288,355 $49,485,782 $50,235,945 $50,218,395 $51,498,641
$297,088,531

Capital Costs
Cost Category
Program Administration: office space and equipment
Land Acquisition: acquisition and site improvements
Management, Restoration, and Recreation Planning and
Design: office equipment and vehicles
Habitat Restoration/Creation: construction, office
equipment, and vehicles
HCP/NCCP Preserve Management and Maintenance:
vehicles, equipment, and facilities
Remedial Measures
Total (in 2005 dollars)
Total (in 2006 dollars)*

Implementation Period (Years)
0
1-5
6-10
11-15
16-20
21-25
26-30
Total (2005)
Total (2006)
$88,000
$106,350
$120,200
$104,800
$136,900
$102,000
$105,850
$764,100
$779,382
$0 $28,170,637 $28,170,637 $28,170,637 $28,170,637 $28,170,637 $28,170,637 $169,023,823 $182,633,582
$8,333

$84,683

$85,917

$47,917

$53,250

$7,350

$44,017

$331,467

$338,096

$8,333

$2,194,552

$2,195,785

$2,157,785

$2,163,118

$2,117,218

$2,153,885

$12,990,677

$13,250,490

$10,000
$1,242,050
$851,400
$1,843,350
$1,497,450
$1,506,000
$1,771,550
$8,721,800
$8,896,236
$0
$30,000
$30,000
$265,919
$265,919
$265,919
$687,893
$1,545,650
$1,576,563
$114,667 $31,828,272 $31,453,939 $32,590,408 $32,287,275 $32,169,125 $32,933,832 $193,377,517
$116,960 $34,169,718 $33,787,898 $34,947,097 $34,637,901 $34,517,388 $35,297,389
$207,474,350

Operational Costs
Cost Category
Program Administration: personnel, legal and financial
assistance, insurance, ED's discretionary budget, in-lieu
funding
Land Acquisition: transactional costs
Management, Restoration, and Recreation Planning and
Design: vehicle maintenance and personnel
Habitat Restoration/Creation: vehicle maintenance and
personnel
Environmental Compliance
HCP/NCCP Preserve Management and Maintenance:
vehicle and equipment maintenance and personnel
Monitoring, Research, and Adaptive Management
Contingency Fund
Total (in 2005 dollars)
Total (in 2006 dollars)*

0

Implementation Period (Years)
6-10
11-15
16-20

1-5

21-25

26-30

Total (2005)

Total (2006)

$503,733
$0

$2,955,457
$2,167,657

$2,785,396
$1,332,135

$2,873,906
$1,332,135

$2,654,335
$1,332,135

$2,669,594
$1,332,135

$2,590,572
$1,332,135

$17,032,994
$8,828,332

$17,373,654
$9,004,898

$250,633

$1,762,575

$1,051,782

$801,782

$801,782

$512,575

$512,575

$5,693,705

$5,807,579

$633
$0

$1,022,103
$459,000

$1,311,310
$459,000

$1,311,310
$459,000

$1,311,310
$459,000

$1,022,103
$459,000

$1,022,103
$0

$7,000,870
$2,295,000

$7,140,887
$2,340,900

$55,794
$1,851,955
$2,737,685
$3,555,340
$4,476,025
$5,178,930
$5,813,835
$8,967
$2,026,756
$2,835,248
$3,094,367
$3,396,819
$3,358,831
$3,692,616
$46,721
$686,774
$723,186
$825,774
$860,795
$859,976
$919,745
$866,482 $12,932,278 $13,235,742 $14,253,613 $15,292,200 $15,393,144 $15,883,580
$883,812 $13,190,923 $13,500,457 $14,538,686 $15,598,045 $15,701,007 $16,201,252

$23,669,564
$18,413,605
$4,922,972
$87,857,040

$24,142,955
$18,781,877
$5,021,431
$89,614,181

*Update of 2005 dollars from Draft HCP/NCCP using CPI of 2.0% for 2005 for all non-land costs (see Table 9-7 for index source);
update of land cost from Draft HCP/NCCP using Home Price Index of 16.6% for first three quarters of 2005
Summary table
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Legend for Initial Urban Development Area
red numbers are assumptions or data entered directly into the worksheet
blue numbers are links from other worksheets in the workbook
black numbers are calculations based on the above numbers

Numbers provided by EBRPD
Numbers provided by CCWD
Average of CCWD/EBRPD numbers (see formula for original values; CCWD value is listed before EBRPD value)
Numbers provided by J&S and EPS
Estimated numbers

Legend
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Land Cover Type Extent within HCP/NCCP Preserves for Initial Urban Development Area
Land Cover Type
annual grassland
alkali grassland
oak savanna
oak woodland
chaparral/scrub
riparian woodland/scrub
perennial wetland
seasonal wetland
alkali wetland
slough/channel
open water
pasture/cropland
other
pond
streams
Total

Total
Acquired Restored/Created
13,524
925
1,828
54
6,293
617
60
50
74
63
46
40
87
19
37
73
17
0
250
0
14
32
0
1
23,770
331

Unit
acres
acres
acres
acres
acres
acres
acres
acres
acres
acres
acres
acres
acres
acres
miles
acres

Land Cover Type Acquired by Time Period
Land Cover Type
annual grassland
alkali grassland
oak savanna
oak woodland
chaparral/scrub
riparian woodland/scrub
perennial wetland
seasonal wetland complex
alkali wetland complex
slough/channel
open water
pasture/cropland
other
pond
streams
Total

0

0.0

1-5
2,254.0
154.2
304.6
1,048.8
102.8
10.0
12.3
7.6
14.5
6.1
2.8
41.7
0.0
2.3
0.0
3,961.6

Implementation Period (Years)
6-10
11-15
16-20
2,254.0
2,254.0
2,254.0
154.2
154.2
154.2
304.6
304.6
304.6
1,048.8
1,048.8
1,048.8
102.8
102.8
102.8
10.0
10.0
10.0
12.3
12.3
12.3
7.6
7.6
7.6
14.5
14.5
14.5
6.1
6.1
6.1
2.8
2.8
2.8
41.7
41.7
41.7
0.0
0.0
0.0
2.3
2.3
2.3
0.0
0.0
0.0
3,961.6
3,961.6
3,961.6

21-25
2,254.0
154.2
304.6
1,048.8
102.8
10.0
12.3
7.6
14.5
6.1
2.8
41.7
0.0
2.3
0.0
3,961.6

26-30
2,254.0
154.2
304.6
1,048.8
102.8
10.0
12.3
7.6
14.5
6.1
2.8
41.7
0.0
2.3
0.0
3,961.6

Total
13,524
925
1,827.5
6,292.5
617
60
74
46
87
37
17
250
0
14
0
23,769.5

54000

Land Cover Type Extent
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Land Cover Type Restored/Created by Time Period
Implementation Period (Years)
Land Cover Type (acres except where noted)
0
1-5
6-10
11-15
16-20
21-25
26-30
oak savanna
9
9
9
9
9
9
riparian woodland/scrub
8.3
8.3
8.3
8.3
8.3
8.3
perennial wetland (jurisdictional boundary)
10.5
10.5
10.5
10.5
10.5
10.5
seasonal wetland (jurisdictional boundary)
6.7
6.7
6.7
6.7
6.7
6.7
alkali wetland (jurisdictional boundary)
3.2
3.2
3.2
3.2
3.2
3.2
slough/channel
12.2
12.2
12.2
12.2
12.2
12.2
open water
0.0
0.0
0.0
0.0
0.0
0.0
ponds
5.3
5.3
5.3
5.3
5.3
5.3
streams (miles)
0.1
0.1
0.1
0.1
0.1
0.1
Total (acres)
0
55.2
55.2
55.2
55.2
55.2
55.2
Assumptions:
1/6 of each land cover type will be restored in each 5-year period beginning in year 1.
For total acre calculation, streams are assumed to be 5 feet wide
75% % of Undetermined wetlands assumed to be perennial wetlands
25% % of Undetermined wetlands assumed to be seasonal wetlands
30% % of seasonal or alkali wetland complex acreage assumed to be jurisdictional wetland

Total
54
50
63
39.9
18.9
73
0
32
0.6
331.2

average
acres/site
Defining sites:
riparian/woodland scrub sites by acreage conversion:
wetlands and pond sites by acreage conversion
stream sites by acreage conversion:

% requiring
substantial
soil
disturbance
3
0.2
0.7
0.8
3
0.9

Restoration sites that require significant soil disturbance by land-cover type
Implementation Period (Years)
Land Cover Type Restoration Sites
0
1-5
6-10
11-15
16-20
riparian woodland/scrub
0
8
8
8
8
perennial wetland
0
11
11
11
11
seasonal wetland
0
7
7
7
7
alkali wetland
0
3
3
3
3
ponds
0
5
5
5
5
streams
0
0
0
0
0
Total
0
34
34
34
34

21-25

26-30
8
11
7
3
5
0
34

8
11
7
3
5
0
34

Total
50
63
40
19
32
1
204

Assumptions:
average stream/riparian restoration is 300 meters (100 meters of restoration is about 1 acre)
average acres/site and percent of sites requiring substantial soil disturbance calculated in table above.
Seasonal and alkali wetland acreages in Tables 5-16 and 5-17 are for wetland complexes; for revenue projections the wetted acres of these
complexes are assumed to be 30% of the total acres

Land Cover Type Extent
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Summary of HCP/NCCP Personnel for Initial Urban Development Area
Total cost per
FTE per year

0

1-5

Administrative personnel
Executive Director
$134,640
1
1
IT- Database / GIS Management
$87,516
0
0.5
Budget Analyst
$74,052
1
1
Acquisition Specialist
$100,980
1
1
Grant Specialist/Conservation Planner
$94,248
1
1
Admin – Secretary
$60,588
0.5
0.5
Total administrative personnel
4.5
5
Restoration planning, design, and implementation and monitoring personnel
Senior scientist
$107,712
0
1
Project manager
$99,054
0
1
Technical support
$67,320
0
1
Total restoration personnel
0
3
Preserve management and maintenance personnel
Preserve manager
$100,980
0
1
Laborer
$53,856
0
2
Admin – Secretary
$60,588
0.5
0.5
Total preserve personnel
0.5
3.5
Total HCP/NCCP personnel
5
11
Notes:
Total cost per FTE per year includes the costs for benefits.

6-10

Number of FTEs
11-15
16-20

21-25

26-30

1
0.5
0.5
1
1
0.5
4.5

1
0.5
0.5
1
1
0.5
4.5

1
0.5
0.5
0.5
1
0.5
4

1
0.5
0.5
0.5
1
0.5
4

1
0.5
0.5
0.3
1
0.5
3.8

1
2
2
5

1
2
2
5

1
2
2
5

1
1
1
3

1
1
1
3

1
3
0.5
4.5
14

1
4
0.5
5.5
15

1
6
0.5
7.5
16

1
7
0.5
8.5
15

1
8
0.5
9.5
16

Costs for restoration planning, design, and implementation personnel are divided between the planning, design, and engineering (2/3)
and habitat restoration (1/3) cost categories.

54000
Personnel Summary
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Program Administration for Initial Urban Development Area
0
Capital Costs
Office space
Office equipment by employee
General office equipment
GIS/Database equipment
Capital Subtotal
Operational Costs
Employees
Maintenance of by-employee office
equipment
Maintenance of general office
equipment
Maintenance of GIS/Database
equipment
Travel
Vehicle / mileage allowance
Insurance
Legal assistance
Financial analysis assistance
JPA member meeting stipend
In-lieu funding for law enforcement
and firefighting
Public relations and outreach
Operational Subtotal
Total

Implementation Period (Years)
6-10
11-15
16-20

1-5

21-25

$28,500
$36,900
$39,000
$32,500
$136,900

$28,500
$17,400
$38,600
$17,500
$102,000

26-30

Total

$28,500
$5,850
$39,000
$32,500
$105,850

$176,700
$166,000
$249,400
$172,000
$764,100

$5,700
$43,700
$16,600
$22,000
$88,000

$28,500
$21,750
$38,600
$17,500
$106,350

$28,500
$20,200
$39,000
$32,500
$120,200

$28,500
$20,200
$38,600
$17,500
$104,800

$434,214

$2,389,860

$2,204,730

$2,204,730

$0

$0

$0

$0

$0

$0

$0

$0

$370

$2,275

$2,275

$2,275

$2,275

$2,275

$2,275

$14,020

$3,250
$6,388
$962
$22,550
$30,000
$0
$6,000

$3,250
$33,250
$5,063
$187,000
$150,000
$15,500
$30,000

$3,250
$32,813
$4,809
$203,500
$150,000
$15,500
$15,000

$3,250
$32,813
$4,809
$277,750
$150,000
$15,500
$15,000

$3,250
$31,938
$4,303
$294,250
$150,000
$31,000
$3,000

$3,250
$31,938
$4,303
$310,750
$150,000
$15,500
$3,000

$3,250
$31,588
$4,101
$319,000
$150,000
$15,500
$3,000

$22,750
$200,725
$28,350
$1,614,800
$930,000
$108,500
$75,000

$0
$0
$503,733

$14,260
$125,000
$2,955,457

$28,519
$125,000
$2,785,396

$42,779
$125,000
$2,873,906

$57,039
$71,299
$125,000 $125,000
$2,654,335 $2,669,594

$85,558
$299,455
$125,000
$750,000
$2,590,572 $17,032,994

$591,733

$3,061,807

$2,905,596

$2,978,706

$2,791,235 $2,771,594

$2,696,422 $17,797,094

$1,952,280 $1,952,280

$1,851,300 $12,989,394

Employees
Benefit
multiplier
Salary per
Total cost per
(percent of
employee per
Position
FTE per year
salary)
year
Executive Director
$102,000
32%
$134,640
GIS/Database Technician
$66,300
32%
$87,516
Budget Analyst
$56,100
32%
$74,052
Real-Estate Specialist
$76,500
32%
$100,980
Grant Administrator
$71,400
32%
$94,248
Admin – Secretary
$45,900
32%
$60,588
Total FTEs
Total cost per year
Total cost per 5-year period
Notes: The position of senior scientist is located under th
54000
JPA employee costs are not included in the program administration cost category.

Program Admin.

Number of FTEs

0
1.0
0.0
1.0
1.0
1.0
0.5
4.5
$434,214
$434,214

1-5

6-10
1.0
1.0
0.5
0.5
1.0
0.5
1.0
1.0
1.0
1.0
0.5
0.5
5
4.5
$477,972 $440,946
$2,389,860 $2,204,730

11-15
1.0
0.5
0.5
1.0
1.0
0.5
4.5
$440,946
$2,204,730
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16-20

21-25
26-30
1.0
1.0
1.0
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.3
1.0
1.0
1.0
0.5
0.5
0.5
4
4
3.8
$390,456 $390,456 $370,260
$1,952,280 $1,952,280 $1,851,300
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Office Space
Total space leased per period (square feet)
6-10
11-15
16-20
21-25
26-30
$1.90
3,000
3,000
3,000
3,000
3,000
3,000
3,000
Lease cost per year
$5,700
$5,700
$5,700
$5,700
$5,700
$5,700
$5,700
Total per 5-year period
$5,700
$28,500
$28,500
$28,500
$28,500
$28,500
$28,500
Note: The office space category covers office space for employees under the management, restoration, and recreation planning and design;
habitat restoration; HCP/NCCP preserve management and maintenance; and monitoring and research cost categories.
0

Cost per square foot per year

1-5

Office Equipment by Employee

Cubicle furniture
Office furniture
Office supplies
Computers
Cell phones
Portable radios

Cost of service
Cost per FTE per contract per
year
year
Total FTEs
$4,000
$3,500
$300
$2,500
$0
$900
$0
$650
$0
Equipment (capital) cost per 5-year period
Maintenance cost per year
Maintenance total per 5-year period

Number of FTEs with office supply costs
0
4.5

1-5
5

6-10
4.5

11-15
4.5

5
1
5
5
4
4
$43,700
$0
$0

0
0
5
5
5
5
$21,750
$0
$0

0
0
5
5
4
4
$20,200
$0
$0

0
0
5
5
4
4
$20,200
$0
$0

16-20
4
4
1
4
4
4
4
$36,900
$0
$0

21-25
4
0
0
4
4
4
4
$17,400
$0
$0

26-30
3.8
0
0
4
3
3
$5,850
$0
$0

Assumptions:
Computers will be replaced every 5 years.

General Office Equipment
Cost per year
(leased items) /
Cost of service
cost per item
contract per
(purchased
item per year
items)
$3,600
$0
$6,000
$0
$500
$1,500
$150

Copy machine (lease)
Office telephone systems (lease)
Publications (purchase)
New fax machines purchased
Old fax machines retired
Total fax machines
New printers purchased
$2,000
$85
Old printers retired
Total printers
New digital cameras purchased
$600
$0
Old digital cameras retired
Total digital cameras
New scanners purchased
$400
$50
Old scanners retired
Total scanners
Equipment (captial) cost per 5-year period
Maintenance cost per year
Maintenance total per 5-year period
Program Admin.

Number of items leased, purchased, or retired

0
1
1
1
1
0
1
2
0
2
1
0
1
1
0
1
$16,600
$370
$370

1-5

6-10

11-15

1
1
1
1
1
1
2
1
3
1
0
2
0
0
1
$38,600
$455
$2,275

1
1
1
1
1
1
2
2
3
1
1
2
1
1
1
$39,000
$455
$2,275

1
1
1
1
1
1
2
2
3
1
1
2
0
0
1
$38,600
$455
$2,275

16-20
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1
1
1
1
1
1
2
2
3
1
1
2
1
1
1
$39,000
$455
$2,275

21-25
1
1
1
1
1
1
2
2
3
1
1
2
0
0
1
$38,600
$455
$2,275

26-30
1
1
1
1
1
1
2
2
3
1
1
2
1
1
1
$39,000
$455
$2,275
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Assumptions:
Fax machines will be replaced every 5 years.

GIS and Database Equipment
Cost of
software
update or
service
contract per 5year period

Cost per item
New GIS/database servers
purchased
$15,000
$1,000
Old GIS/database servers retired
Total GIS/database servers
New digitizing tables purchased
$3,000
$0
Old digitizing tables retired
Total digitizing tables
New plotters purchased
$7,500
$0
Old plotters retired
Total plotters
New GIS software purchased
$5,000
$1,500
Old GIS software retired
Total GIS software
New database software purchased
$2,000
$750
Old database software retired
Total database software
Equipment (captial) cost per 5-year period
Maintenance total per 5-year period
Assumptions:
Software upgrades are assumed to be needed once every 5 years.

Number of items leased, purchased, or retired

0
1
0
1
0
0
0
0
0
0
1
0
1
1
0
1
$22,000
$3,250

1-5

6-10

11-15

0
0
1
1
0
1
1
0
1
1
1
1
1
1
1
$17,500
$3,250

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
$32,500
$3,250

0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
$17,500
$3,250

16-20

21-25

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
$32,500
$3,250

0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
$17,500
$3,250

21-25
$405
$51
$51
$101
$203
$51
$861
$4,303

26-30
$405
$51
$51
$61
$203
$51
$820
$4,101

26-30
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
$32,500
$3,250

Vehicle / Mileage Allowance
Number of employees with allowance
Mileage
allowance per
year per FTE
(miles)
0
Executive director
1,000
$405
IT- Database / GIS Management
250
$0
Budget Analyst
250
$101
Acquisition Specialist
500
$203
500
$203
Grant Specialist/Conservation Planner
Admin – Secretary
250
$51
$962
Cost per year
$962
Total per 5-year period
Assumption:
$0.405 cost per mile
(IRS rate for 2004)

Program Admin.

1-5
$405
$51
$101
$203
$203
$51
$1,013
$5,063

6-10
$405
$51
$51
$203
$203
$51
$962
$4,809

11-15
$405
$51
$51
$203
$203
$51
$962
$4,809

16-20
$405
$51
$51
$101
$203
$51
$861
$4,303
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Travel
Days of overnight
travel per FTE
per year
0
1-5
6-10
11-15
16-20
14
Executive Director
$4,900
$4,900
$4,900
$4,900
$4,900
3
IT- Database / GIS Management
$0
$263
$263
$263
$263
1
Budget Analyst
$175
$175
$88
$88
$88
2
Acquisition Specialist
$350
$350
$350
$350
$175
5
$875
$875
$875
$875
$875
Grant Specialist/Conservation Planner
1
Admin – Secretary
$88
$88
$88
$88
$88
$6,388
$6,650
$6,563
$6,563
$6,388
Total cost per year
$33,250
$32,813
$32,813
$31,938
$6,388
Cost per 5-year period
Assumptions:
$175 per diem
2.00 per diem multiplier for executive director to cover additional travel expenses such as airfare

21-25
$4,900
$263
$88
$175
$875
$88
$6,388
$31,938

26-30
$4,900
$263
$88
$105
$875
$88
$6,318
$31,588

Insurance
Insurance type
Total vehicles per 5-year period
Automobile
Directors and officers
Liability
Professional liability

Cost per year per
vehicle
Cost per year
$1,650
$5,500
$5,500
$8,250
Total cost per year
Cost per 5-year period

0
2
$3,300
$5,500
$5,500
$8,250
$22,550
$22,550

1-5
11
$18,150
$5,500
$5,500
$8,250
$37,400
$187,000

6-10
13
$21,450
$5,500
$5,500
$8,250
$40,700
$203,500

11-15
22
$36,300
$5,500
$5,500
$8,250
$55,550
$277,750

16-20
24
$39,600
$5,500
$5,500
$8,250
$58,850
$294,250

21-25
26
$42,900
$5,500
$5,500
$8,250
$62,150
$310,750

16-20
500
$150,000

21-25
500
$150,000

26-30
500
$150,000

Total
3100
$930,000

26-30
27
$44,550
$5,500
$5,500
$8,250
$63,800
$319,000

Legal Assistance
0
Hours per 5-year period
Cost
Assumptions:

100
$30,000

1-5

6-10

11-15

500
$150,000

500
$150,000

500
$150,000

$300 Hourly rate for legal assistance
Note: The legal assistance category covers legal assistance required under the program administration and land acquisition cost categories.

Financial Analysis Assistance
0
1-5
6-10
11-15
16-20
21-25
26-30
Total
Cost per 5-year period
$0
$15,500
$15,500
$15,500
$31,000
$15,500
$15,500
$108,500
Cost
$0
$15,500
$15,500
$15,500
$31,000
$15,500
$15,500
$108,500
Assumptions:
Financial analyist review will occur once every 4 years (years 4, 8, 12, 16, 20, 24, and 28).
Note: The financial analyis assistance category covers the periodic assistance of a financial analyst to review the program's cost/revenue balance and ensure that
charges are adjusted in line with changing land costs.

Program Admin.

App. G-01 Cost tables-Initial_UDA_08-30-06, 10 of 31

date printed:9/28/2006

East Contra Costa County HCP/NCCP Cost Tables

JPA Member Meeting Stipend
0
1-5
Number of meetings per 5-year period
2
10
Total stipend
$6,000
$30,000
Assumptions:
10 Number of JPA members
$300 Stipend per meeting per member

6-10
5
$15,000

11-15
5
$15,000

16-20
1
$3,000

21-25

26-30

1
$3,000

1
$3,000

Total
25
$75,000

In-Lieu Payments for Law Enforcement and Firefighting
0
1-5
6-10
11-15
16-20
21-25
26-30
Total preserve area per period
0
3,962
7,923
11,885
15,846
19,808
23,770
In-lieu payments for law enforcement
per year
$0
$1,126
$2,252
$3,377
$4,503
$5,629
$6,755
In-lieu payments for firefighting per
year
$0
$1,726
$3,452
$5,179
$6,905
$8,631
$10,357
Total cost per year
$0
$2,852
$5,704
$8,556
$11,408
$14,260
$17,112
Cost per 5-year period
$0
$14,260
$28,519
$42,779
$57,039
$71,299
$85,558
Assumptions:
$3.52 In-lieu law enforcement funding per 1,000 preserve acres
$2.30 In-lieu firefighting funding per 1,000 preserve acres
In lieu costs per 1,000 preserve acres are based on CCWD's annual in-lieu payments and the assumption that CCWD manages approximately 20,000 acres of preserve.

Public Relations/Outreach
0
Total cost per year
Cost per 5-year period

Program Admin.

$0
$0

1-5
$25,000
$125,000

6-10
$25,000
$125,000

11-15
$25,000
$125,000

16-20
$25,000
$125,000

21-25
$25,000
$125,000

26-30
$25,000
$125,000
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Land Acquisition for Initial Urban Development Area
Capital Costs
Acquisition
Site improvements
Capital Subtotal

0
$0
$0
$0

Operational Costs
Due diligence
Planning surveys
Operational Subtotal

$0
$0
$0

Total

$0

Implementation Period (Years)
1-5
6-10
11-15
16-20
21-25
26-30
Total
$27,245,293 $27,245,293 $27,245,293 $27,245,293 $27,245,293 $27,245,293 $163,471,759
$925,344
$925,344
$925,344
$925,344
$925,344
$925,344
$5,552,064
$28,170,637 $28,170,637 $28,170,637 $28,170,637 $28,170,637 $28,170,637 $169,023,823
$1,285,710
$881,947
$2,167,657

$1,285,710
$46,425
$1,332,135

$1,285,710
$46,425
$1,332,135

$1,285,710
$46,425
$1,332,135

$1,285,710
$46,425
$1,332,135

$1,285,710
$46,425
$1,332,135

$7,714,260
$1,114,072
$8,828,332

$30,338,295 $29,502,772 $29,502,772 $29,502,772 $29,502,772 $29,502,772 $177,852,155

Acquisition Cost over 30-year Program
Cost per 5-year period
Acquisition Analysis Zone
0
1-5
6-10
11-15
16-20
21-25
26-30
Total (2005) Total (2006)
Zone 1
$0
$2,809,801 $2,809,801 $2,809,801 $2,809,801 $2,809,801 $2,809,801
$16,858,808 $16,688,285
Zone 2
$0 $13,000,809 $13,000,809 $13,000,809 $13,000,809 $13,000,809 $13,000,809
$78,004,855 $72,157,032
Zone 3
$0
$499,458
$499,458
$499,458
$499,458
$499,458
$499,458
$2,996,745
$3,494,205
Zone 4
$0
$4,773,328 $4,773,328 $4,773,328 $4,773,328 $4,773,328 $4,773,328
$28,639,969 $35,114,435
Zone 5
$0
$5,376,756 $5,376,756 $5,376,756 $5,376,756 $5,376,756 $5,376,756
$32,260,535 $43,530,406
Zone 6 (incl. within ULL along Marsh Creek)
$0
$785,141
$785,141
$785,141
$785,141
$785,141
$785,141
$4,710,847
$5,986,113
Total (2005)
$0 $27,245,293 $27,245,293 $27,245,293 $27,245,293 $27,245,293 $27,245,293 $163,471,759
Total (2006)*
$0 $29,495,080 $29,495,080 $29,495,080 $29,495,080 $29,495,080 $29,495,080
$176,970,477
Assumptions:
See Appendix G and description of separate land cost model in Chapter 9.
*Applied Home Price Index increase of 16.6% to 2005 land cost for first three quarters of 2005. See Table 9-7 for inflation index source.

Land Acquisition
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Due Diligence
Cost per 5-year period
Cost per
parcel
Number of parcels to be purchased
Number of parcels investigated
Appraisals
Preliminary title report
Phase I site assessment
Boundary survey
Legal description
Monumentation
Total
Assumptions:

0
0
0

1-5
40
50
$204,000
$25,500
$306,000
$312,120
$204,000
$234,090
$1,285,710

$4,080
$510
$6,120
$6,242
$4,080
$4,682
$25,714

1.25
15,000
$0.41
$0.31

6-10
40
50
$204,000
$25,500
$306,000
$312,120
$204,000
$234,090
$1,285,710

11-15
40
50
$204,000
$25,500
$306,000
$312,120
$204,000
$234,090
$1,285,710

16-20
40
50
$204,000
$25,500
$306,000
$312,120
$204,000
$234,090
$1,285,710

21-25
40
50
$204,000
$25,500
$306,000
$312,120
$204,000
$234,090
$1,285,710

26-30
40
50
$204,000
$25,500
$306,000
$312,120
$204,000
$234,090
$1,285,710

$0
$0
$0
$0
$0
$0
$0
54000
Extra land surveyed and processed for due diligence/planning surveys that will not be acquired.
Note: Express as a decimal added to 1 (e.g., 25% extra land would be 1.25)
Average parcel boundary length in linear feet (from GIS analysis, grouping adjacent parcels with the same landowner)
Cost per linear foot for boundary survey
Cost per linear foot for monumentation

Total
240
300
$1,224,000
$153,000
$1,836,000
$1,872,720
$1,224,000
$1,404,540
$7,714,260

Planning Surveys (Pre-Acquisition)
Cost per 5-year period

Land cover type surveys
Covered species habitat surveys
Covered plant surveys
Covered wildlife surveys
Contractor subtotal (years 1-5)

hours per
acre for
contractors,
years 1-5
0.3
0.15
1.2
0.35
2
cost per acre
for years 630

0
$0
$0
$0
$0
$0

1-5
$132,292
$66,146
$529,168
$154,341
$881,947

6-10
$0
$0
$0
$0
$0

11-15
$0
$0
$0
$0
$0

16-20
$0
$0
$0
$0
$0

21-25
$0
$0
$0
$0
$0

Preserve planning surveys subtotal (years 6-30)
$9.38
$0
$0
$46,425
$46,425
$46,425
$46,425
Preserve planning surveys total
$0
$881,947
$46,425
$46,425
$46,425
$46,425
Assumptions:
Land cover type surveys include surveys for federal and state jurisdictional waters, and submitting of a report to the USACE and obtaining a verification
(includes some hours to respond to any changes the Corps may require). Land cover type and wetland delineation surveys will occur concurrently.
Covered plant surveys include three visits during the blooming season to cover different blooming times.
A minimum of 100 acres will be surveyed at a time.
In years 0-5, contractors will conduct the biological surveys.
In years 6-30, the cost for surveys will be covered under the monitoring spreadsheet.
$89.05 Per hour for biologists (including amortized per diem and travel, see below)

26-30
$0
$0
$0
$0
$0

Total
$132,292
$66,146
$529,168
$154,341
$881,947

$46,425
$46,425

$232,124
$1,114,072

26-30
40
$204,000
$374,544

Total
240
$1,224,000
$2,247,264

Site Improvements
Cost per
parcel
Number of parcels to be purchased
Demolition of old facilities
Repair of boundary fence
Land Acquisition

$5,100
$9,364

0
0
$0
$0

1-5
40
$204,000
$374,544

6-10
40
$204,000
$374,544

Cost per 5-year period
11-15
16-20
40
40
$204,000
$204,000
$374,544
$374,544
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Repair and replacement of gates
Signs (boundary, landbank, etc.)
Other security (e.g., boarding up barns)
Total
Assumptions:

$4,080
$2,550
$2,040

$0
$0
$0
$0

$163,200
$102,000
$81,600
$925,344

$163,200
$102,000
$81,600
$925,344

$163,200
$102,000
$81,600
$925,344

$163,200
$102,000
$81,600
$925,344

$163,200
$102,000
$81,600
$925,344

$163,200
$102,000
$81,600
$925,344

$979,200
$612,000
$489,600
$5,552,064

$4.08 Average cost per linear foot for boundary fence repair
15% Proportion of boundary fence that needs repair

Field monitoring and analysis contractors
Base cost per hour
Per diem including lodging
Travel
assuming
and

$85
$0
$41
100
$0.405
10

$ per hour
$ per day
$ per day
miles
$ per mile
hours per day

Hours per day
Total cost per hour including amortized per diem
and travel (assuming 10-hour days)
$89.05 $ per hour
Assumptions:
Bay Area billing rate, assuming all work will be conducted from a local office (no per diem needed).

Land Acquisition
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Management, Restoration, and Recreation Planning and Design for Initial Urban Development Area
0

Implementation Period (Years)
6-10
11-15
16-20
$12,583
$11,250
$16,583
$73,333
$36,667
$36,667
$85,917
$47,917
$53,250

$1,000
$7,333
$8,333

1-5
$11,350
$73,333
$84,683

Operational costs
Staff
Maintenance of office equipment
Travel
Vehicle fuel and maintenance
Contractors
Operational subtotal

$0
$0
$0
$633
$250,000
$250,633

$456,810
$0
$13,125
$9,500
$1,283,140
$1,762,575

$734,100
$0
$21,875
$12,667
$283,140
$1,051,782

$734,100
$0
$21,875
$12,667
$33,140
$801,782

Total

$258,967

$1,847,259

$1,137,699

$849,699

Capital costs
Office equipment
Vehicle purchase
Capital subtotal

21-25
$7,350
$0
$7,350

26-30
$7,350
$36,667
$44,017

Total
$67,467
$264,000
$331,467

$734,100
$0
$21,875
$12,667
$33,140
$801,782

$456,810
$0
$13,125
$9,500
$33,140
$512,575

$456,810
$0
$13,125
$9,500
$33,140
$512,575

$3,572,732
$0
$105,000
$67,133
$1,948,840
$5,693,705

$855,032

$519,925

$556,592

$6,025,172

Staff (shared with restoration and monitoring)

Position
Senior scientist
Project manager
Technical support

Benefit
multiplier
Salary per
employee per (percent of
salary)
year
$81,600
32%
$75,041
32%
$51,000
32%

Total cost
per
employee
per year
$107,712
$99,054
$67,320
Total FTEs
Total cost per year
Total cost per 5-year period

Number of FTEs

0

1-5
0
0
0
0
$0
$0

1
1
1
3
$91,362
$456,810

6-10
1
2
2
5
$146,820
$734,100

11-15
1
2
2
5
$146,820
$734,100

16-20
1
2
2
5
$146,820
$734,100

21-25
1
1
1
3
$91,362
$456,810

26-30
1
1
1
3
$91,362
$456,810

Assumptions:
0.333333333 Proportion of staff costs that are used for planning (one third are used for restoration, and are included in the restoration spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).
Note: The cost/employee/year includes salary and benefits.

Planning & Design
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Office Equipment (shared with restoration and monitoring)
Cost per
employee per
year

Equipment type
Office furniture
Office supplies
Computers
Cell phones
Portable radios
Mobile radios

Cost of
service
contract per
year
Total FTEs

$4,000
$300
$2,500
$0
$900
$0
$650
$0
$3,000
$0
Equipment (capital) cost per 5-year period
Maintenance cost per year
Maintenance total per 5-year period

Number of employees with equipment
0
0

1-5
3

6-10
5

11-15
5

16-20
5

0
0
0
0
0
1
$1,000
$0
$0

3
3
3
3
3
3
$11,350
$0
$0

1
5
5
5
5
4
$12,583
$0
$0

0
5
5
5
5
4
$11,250
$0
$0

4
5
5
5
5
4
$16,583
$0
$0

21-25
3
0
3
3
3
3
3
$7,350
$0
$0

26-30
3
0
3
3
3
3
3
$7,350
$0
$0

Assumptions:
Computers will be replaced every 5 years.
Each vehicle will have a mobile radio.
0.333333333 Proportion of office equipment costs that are used for planning (one third are used for restoration, and are included in the restoration spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Vehicles and Fuel (shared with restoration and monitoring)
0
0

Number of vehicles
6-10
11-15
5
5
2
1
1
1
4
4

16-20
21-25
26-30
Total FTEs
5
3
3
Number of vehicles purchased
1
2
1
0
1
Number of vehicles retired
0
0
1
1
1
Total number of vehicles
1
3
4
3
3
Total vehicle purchase cost per
year
$7,333
$14,667
$14,667
$7,333
$7,333
$0
$7,333
Total vehicle purchase cost per 5year period
$7,333
$73,333
$73,333
$36,667
$36,667
$0
$36,667
Total vehicle fuel and
maintenance per year
$633
$1,900
$2,533
$2,533
$2,533
$1,900
$1,900
Total vehicle fuel and
maintenance per 5-year period
$633
$9,500
$12,667
$12,667
$12,667
$9,500
$9,500
Assumptions:
$22,000 Vehicle purchase price
$900 Fuel cost per vehicle per year
$1,000 Maintenance cost per vehicle per year
0.333333333 Proportion of vehicle and fuel costs that are used for planning (one third are used for restoration, and are included in the restoration spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Planning & Design
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Travel (shared with restoration and monitoring)

Senior scientist
Project manager
Technical support

Days of
overnight travel
per FTE per
year
5
5
5
Total cost per year
Total cost per 5-year period

0
$0
$0
$0
$0
$0

1-5
$875
$875
$875
$2,625
$13,125

6-10
$875
$1,750
$1,750
$4,375
$21,875

11-15
$875
$1,750
$1,750
$4,375
$21,875

16-20
$875
$1,750
$1,750
$4,375
$21,875

21-25
$875
$875
$875
$2,625
$13,125

26-30
$875
$875
$875
$2,625
$13,125

Assumptions:
$175 per diem
0.333333333 Proportion of travel costs that are used for planning (one third are used for restoration, and are included in the restoration spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Contractors
Contractor category
Management and recreation
planning
Restoration planning
Restoration design
Total per 5-year period
Assumptions:

0
$150,000
$100,000
$0
$250,000

1-5
$750,000
$500,000
$33,140
$1,283,140

Contract value per 5-year period
6-10
11-15
16-20
$150,000
$100,000
$33,140
$283,140

$0
$0
$33,140
$33,140

$0
$0
$33,140
$33,140

21-25

26-30

$0
$0
$33,140
$33,140

$0
$0
$33,140
$33,140

$600 Cost per acre for restoration design (does not include conceptual restoration planning or creation of plans, specifications,
and engineering documents).
The total area of restoration that occurs in each 5-year period will be designed as three different projects (approximately 14 acres each).
Restoration designs will be created in the 5-year period in which construction takes place.

Planning & Design
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The management, restoration, and recreation planning and design staff and contractors will conduct the following activities:
Management Planning
Management plans prepared for cropland/pasture preserves
Management plans prepared for natural area preserves
Grazing leases developed or renewed
Jurisdictional wetland delineation
Exotic Plant Control Program (Preserve System-wide)
Fire management/control plan (System-wide)
Recreation Planning
Recreation Plan (Preserve System-wide)
Construction designs for new recreational facilities
Restoration Planning & Design
Pond creation plan and construction designs
Wetland creation plan and construction designs
Stream restoration plan and construction designs
Oak savanna restoration plan and construction designs
Riparian woodland/scrub restoration plan and construction designs

Planning & Design
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Habitat Restoration/Creation for Initial Urban Development Area
Capital Costs
Creation/Restoration
Office equipment
Vehicle purchase
Capital Subtotal

0
$0
$1,000
$7,333
$8,333

Operational Costs
Staff
Travel
Vehicle fuel and maintenance
Contractors
Operational Subtotal
Total

Implementation Period (Years)
1-5
6-10
11-15
16-20
21-25
26-30
Total
$2,109,868 $2,109,868 $2,109,868 $2,109,868 $2,109,868 $2,109,868 $12,659,210
$11,350
$12,583
$11,250
$16,583
$7,350
$7,350
$67,467
$73,333
$73,333
$36,667
$36,667
$0
$36,667
$264,000
$2,194,552 $2,195,785 $2,157,785 $2,163,118 $2,117,218 $2,153,885 $12,990,677

$0 $456,810 $734,100 $734,100 $734,100 $456,810 $456,810
$0
$13,125
$21,875
$21,875
$21,875
$13,125
$13,125
$633
$9,500
$12,667
$12,667
$12,667
$9,500
$9,500
$0 $542,668 $542,668 $542,668 $542,668 $542,668 $542,668
$633 $1,022,103 $1,311,310 $1,311,310 $1,311,310 $1,022,103 $1,022,103

$3,572,732
$105,000
$67,133
$3,256,005
$7,000,870

$8,967 $3,216,654 $3,507,095 $3,469,095 $3,474,428 $3,139,321 $3,175,988 $19,991,547

Land Cover Type Restored/Created
0

Land Cover Type (acres)
oak savanna
riparian woodland/scrub
perennial wetland
seasonal wetland
alkali wetland
slough/channel
open water
ponds
streams (miles)
Total

1-5
0
0
0
0
0
0
0
0
0
0

9.0
8.3
10.5
6.7
3.2
12.2
0.0
5.3
0.1
55

Implementation Period (Years)
6-10
11-15
16-20
9.0
9.0
9.0
8.3
8.3
8.3
10.5
10.5
10.5
6.7
6.7
6.7
3.2
3.2
3.2
12.2
12.2
12.2
0.0
0.0
0.0
5.3
5.3
5.3
0.1
0.1
0.1
55
55
55

21-25
9.0
8.3
10.5
6.7
3.2
12.2
0.0
5.3
0.1
55

26-30
9.0
8.3
10.5
6.7
3.2
12.2
0.0
5.3
0.1
55

Total
54
50
63
39.9
18.9
73
0
32
0.6
331.4

Cost of Restoration/Creation Construction
Cost per
unit
acres
$1,850
acres
$25,000
acres
$40,000
acres
$45,000
acres
$41,700
acres
$54,000
acres
$45,000
acres
$45,000
linear feet
$260
Total
Units

Land Cover Type
oak savanna
riparian woodland/scrub
perennial wetland
seasonal wetland
alkali wetland
slough/channel
open water
ponds
streams

0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

Implementation Period (Years)
1-5
6-10
11-15
16-20
$16,650
$16,650
$16,650
$16,650
$208,333 $208,333 $208,333 $208,333
$420,000 $420,000 $420,000 $420,000
$299,250 $299,250 $299,250 $299,250
$131,355 $131,355 $131,355 $131,355
$657,000 $657,000 $657,000 $657,000
$0
$0
$0
$0
$240,000 $240,000 $240,000 $240,000
$137,280 $137,280 $137,280 $137,280
$2,109,868 $2,109,868 $2,109,868 $2,109,868

21-25
26-30
$16,650
$16,650
$208,333 $208,333
$420,000 $420,000
$299,250 $299,250
$131,355 $131,355
$657,000 $657,000
$0
$0
$240,000 $240,000
$137,280 $137,280
$2,109,868 $2,109,868

Total
$99,900
$1,250,000
$2,520,000
$1,795,500
$788,130
$3,942,000
$0
$1,440,000
$823,680
$12,659,210

Assumptions:
See Aquatic Land Cover Type Restoration Cost Worksheet in this appendix for detailed cost estimates.
The estimate of construction costs is a planning tool to assess the level of effort required to perform the work. Actual construction costs may vary from the above
estimates because of competitive bidding, negotiations with the client, or fluctuations in market prices. This is not a bid.

Staff (shared with planning and monitoring)
0
Cost per 5-year period
Habitat Restoration & Creation

$0

1-5
$456,810

6-10
$734,100

11-15
$734,100

16-20
$734,100

21-25
$456,810

26-30
$456,810
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Assumptions:
See the planning spreadsheet for more information on staff positions and costs.
0.333333333 Proportion of staff costs that are used for restoration (one third are used for planning, and are included in the planning spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Office Equipment (shared with planning and monitoring)
0
1-5
6-10
11-15
16-20
21-25
26-30
Cost per 5-year period
$1,000
$11,350
$12,583
$11,250
$16,583
$7,350
$7,350
Assumptions:
See the planning spreadsheet for more information on office equipment costs.
0.333333333 Proportion of staff costs that are used for restoration (one third are used for planning, and are included in the planning spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Vehicles and Fuel (shared with planning and monitoring)
0
1-5
6-10
11-15
16-20
21-25
26-30
Vehicle purchase
$7,333
$73,333
$73,333
$36,667
$36,667
$0
$36,667
Vehicle fuel and maintenance
$633
$9,500
$12,667
$12,667
$12,667
$9,500
$9,500
Assumptions:
See the planning spreadsheet for more information on vehicle and fuel costs.
0.333333333 Proportion of staff costs that are used for restoration (one third are used for planning, and are included in the planning spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Travel (shared with planning and monitoring)
0
1-5
6-10
11-15
16-20
21-25
26-30
Cost per 5-year period
$0
$13,125
$21,875
$21,875
$21,875
$13,125
$13,125
Assumptions:
See the planning spreadsheet for more information on travel costs.
0.333333333 Proportion of staff costs that are used for restoration (one third are used for planning, and are included in the planning spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Contractors
Contract value per 5-year period
0
1-5
6-10
11-15
16-20
21-25
26-30
Contractor category
Plans, specifications, and
engineering
$0 $124,275 $124,275 $124,275 $124,275 $124,275 $124,275
Bid assisstance
$0
$16,570
$16,570
$16,570
$16,570
$16,570
$16,570
Construction oversight
$0
$70,423
$70,423
$70,423
$70,423
$70,423
$70,423
Post-construction
maintenance
$0 $331,400 $331,400 $331,400 $331,400 $331,400 $331,400
Cost per 5-year period
$0 $542,668 $542,668 $542,668 $542,668 $542,668 $542,668
Assumptions:
$2,250 Average cost per acre for plans, specifications, and engineering
$300 Average cost per acre for bid assisstance
$1,275 Average cost per acre for construction oversight
$6,000 Average cost per acre for post-construction maintenance
The total area of restoration that occurs in each 5-year period will be designed as three different projects (approximately 14 acres each).
Plan, specification, and engineering work, bid assisstance, and construction oversight will be conducted in the 5-year period in which construction takes place.
Two years of post-construction maintenance will be conducted in the 5-year period after construction takes place.

Habitat Restoration & Creation
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Environmental Compliance for Initial Urban Development Area
Operational Costs
NEPA/CEQA
CWA 404/401
NHPA
CDFG 1600-1607
Other
Total

0
$0
$0
$0
$0
$0
$0

Implementation Period (Years)
1-5
6-10
11-15
16-20
21-25
$380,000 $380,000
$380,000 $380,000 $380,000
$0
$0
$0
$0
$0
$41,000 $41,000
$41,000 $41,000 $41,000
$8,000
$8,000
$8,000
$8,000
$8,000
$30,000 $30,000
$30,000 $30,000 $30,000
$459,000 $459,000
$459,000 $459,000 $459,000

26-30
Total
$0 $1,900,000
$0
$0
$0 $205,000
$0
$40,000
$0 $150,000
$0 $2,295,000

Number of Projects Requiring Environmental Compliance
Number
0
1-5
6-10
11-15
16-20
21-25
26-30
Total
Size Range
up to 10 acres or up to
0.1 stream miles
Small/simple
0
4
4
4
4
4
0
20
10.1-50 acres or 0.1-0.5
Medium/more complex stream miles
0
4
4
4
4
4
0
20
over 50 acres or 0.5
stream miles
Large/most complex
0
2
2
2
2
2
0
10
0
10
10
10
10
10
0
50
Total projects
Assumptions:
Of the total of approximately 50 projects that would require environmental compliance, 1/5 would require compliance in each 5-year period between years 1 and 25.
Project size

Cost per Project Size and Compliance Category
Compliance Category
CWA
404/401 NHPA
CDFG 1602 Other
Total
$5,000
$0
$2,500
$0
$2,500 $10,000
$40,000
$0
$3,500
$0
$3,000 $46,500
$100,000
$0
$8,500
$4,000
$4,000 $116,500

NEPA/CEQA
Project size
Small/simple
Medium/more complex
Large/most complex
Assumptions:
For NEPA/CEQA, 401/404 and 1602 compliance, varying costs have more to do with project complexity than with project size.
Clean Water Act and 1602 permits will be done on a per-project basis; a Regional General Permit and Master 1602 Agreement will be available for small to medium projects.
Cultural compliance permits will be done on a per-project basis.
All compliance costs include application or other fees
NEPA/CEQA
Depending on the level of detail that is provided for specific projects, they may or may not be able to be covered under the HCP EIR/EIS.
For those without sufficient detail, additional environmental documentation may need to be prepared.
It is likely that the majority of those would be in the form of mitigated negative declarations.
Because it is difficult to provide a cost estimate for a project without knowing details such as location, size, etc.,
the following are some rough numbers based on level of controversy:
Small scale non-controversial projects = Cat Excl/C
54000
Medium scale more controversial projects = IS MND/EA FONSI
Larger scale more controversial projects = EIR/EIS
401/404
The cost of conducting wetland delineations is not included under CWA 404/401 compliance; it is expected that delineation would be covered under land acquisition costs.
Each project implemented under the HCP will qualify for compliance under the regional permit program for the inventory area
Tasks associated with Section 402 compliance are not included in this cost estimate.
NHPA
Archaeological surveys can be conducted at an intensive level at a rate of 40 acres per person per day.
No more than one cultural resource will be identified per 40 acres or part thereof.
This scope of work and cost estimate does not include tasks necessary for significance evaluations and resolution of adverse effects.
1602
All projects except large ones would qualify for the Master 1602 for the inventory area
The "other" compliance category could include county grading permits, road encroachment permits, or other local approvals.
All land acquisitions would be a categorical exemption under CEQA as well as under NEPA, when NEPA applies.

Environmental Compliance
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HCP/NCCP Preserve Management and Maintenance for Initial Urban Development Area
Capital Costs
Office equipment
Vehicle purchase
Equipment - capital
Field facilities
Contractors - capital
Recreation facilities
Capital Subtotal

0
$0
$10,000
$0
$0
$0
$0
$10,000

1-5
$31,050
$221,000
$60,000
$750,000
$180,000
$0
$1,242,050

Implementation Period (Years)
6-10
11-15
16-20
21-25
26-30
$23,600
$54,550
$63,650
$56,200
$72,750
$45,000
$266,000 $171,000
$197,000
$206,000
$120,000
$180,000 $240,000
$300,000
$360,000
$0
$750,000
$0
$0
$0
$360,000
$540,000 $720,000
$900,000 $1,080,000
$302,800
$52,800
$302,800
$52,800
$52,800
$851,400 $1,843,350 $1,497,450 $1,506,000 $1,771,550

Total
$301,800
$1,116,000
$1,260,000
$1,500,000
$3,780,000
$764,000
$8,721,800

Operational Costs
Preserve staff
Maintenance of office equipment
Travel
Vehicle maintenance and fuel
Equipment - operational
Facilities maintenance and utilities
Water pumping
Contractors - operational
Recreation - operational
Operational Subtotal

$30,294
$0
$0
$500
$0
$0
$0
$25,000
$0
$55,794

$1,194,930
$0
$875
$62,750
$130,000
$57,500
$7,500
$398,400
$0
$1,851,955

$1,464,210 $1,733,490 $2,272,050 $2,541,330 $2,810,610
$0
$0
$0
$0
$0
$875
$875
$875
$875
$875
$79,250
$158,500 $191,500
$213,500
$230,000
$260,000
$390,000 $520,000
$650,000
$780,000
$57,500
$115,000 $115,000
$115,000
$115,000
$15,000
$22,500
$30,000
$37,500
$45,000
$596,800
$795,200 $993,600 $1,192,000 $1,390,400
$264,050
$339,775 $353,000
$428,725
$441,950
$2,737,685 $3,555,340 $4,476,025 $5,178,930 $5,813,835

$12,046,914
$0
$5,250
$936,000
$2,730,000
$575,000
$157,500
$5,391,400
$1,827,500
$23,669,564

Total

$65,794

$3,094,005

$3,589,085 $5,398,690 $5,973,475 $6,684,930 $7,585,385

$32,391,364

Preserve Staff

Position
Preserve manager
Preserve maintenance staff member
Admin - Secretary

Preserve Management&Maintenance

Total cost
per
employee
per year
$100,980
$53,856
$60,588
Total FTEs
Total cost per year
Total cost per 5-year period

Benefit
Preserve area Salary per
multiplier
per position employee per (percent of
year
(acres)
salary)
$76,500
32%
3,000
$40,800
32%
$45,900
32%

Number of employees
0

1-5
0.0
1.0
0
2
0.5
0.5
0.5
3.5
$30,294
$238,986
$30,294 $1,194,930

6-10
1.0
3
0.5
4.5
$292,842
$1,464,210
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11-15
1.0
4
0.5
5.5
$346,698
$1,733,490

16-20
1.0
6
0.5
7.5
$454,410
$2,272,050

21-25
1.0
7
0.5
8.5
$508,266
$2,541,330

26-30
1.0
8
0.5
9.5
$562,122
$2,810,610
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Office Equipment

Equipment type
Office furniture
Office supplies
Computers
Cell phones
Portable radios
Mobile radios

Cost per
Cost of service
employee per contract per
year
year
Total FTEs
$4,000
$300
$2,500
$0
$900
$0
$650
$0
$3,000
$0
Equipment (capital) cost per 5-year period
Maintenance cost per year
Maintenance total per 5-year period

Number of FTEs with equipment
0
0.5

1-5
3.5
0
0
0
0
0
0
$0
$0
$0

3
3
3
3
3
2
$31,050
$0
$0

6-10
4.5
0
3
3
4
4
3
$23,600
$0
$0

11-15
5.5
3
6
6
5
5
6
$54,550
$0
$0

16-20
7.5
3
6
6
7
7
8
$63,650
$0
$0

21-25
8.5
0
6
6
8
8
9
$56,200
$0
$0

26-30
9.5
3
6
6
9
9
10
$72,750
$0
$0

Assumptions:
There will be 3 offices per field facility - a front area for the secretary, an office for the preserve manager, and a shared office for preserve maintenance staff memebers.
Computers will be replaced every 5 years.
Each vehicle will have a mobile radio.

Travel
Position
Preserve manager

Days of travel
per year
1
Total cost per year
Total cost per 5-year period

0

1-5
$0
$0
$0

$175
$175
$875

6-10
$175
$175
$875

11-15
$175
$175
$875

16-20
$175
$175
$875

21-25
$175
$175
$875

26-30
$175
$175
$875

Assumptions:
$175 per diem
Note: Travel includes offsite travel. Travel in the course of HCP/NCCP preserve management is covered under the vehicles, maintenance, and fuel cost category below.

Preserve Management&Maintenance
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Vehicles, Maintenance, and Fuel
Purchase
price per
vehicle
Total number of FTEs
New trucks purchased
Old trucks retired
Total trucks
New 4WDs purchased
Old 4WDs retired
Total 4WDs
New ATVs purchased
Old ATVs retired
Total ATVs
New dump trucks purchased
Old dump trucks retired
Total dump trucks
New tractors purchased
Old tractors retired
Total tractors
New auger, mower, scraper for tractor
Old auger, mower, scraper retired
Total auger, mower, scraper
New small tractors
Old small tractors retired
Total small tractors
New light 4WD vehicles
Old light 4WD vehciles retired
Total light 4WD vehicles

Fuel cost per
vehicle per
year

Maintenance
cost per
vehicle per
year

$21,000

$900

$1,000

$35,000

$1,800

$1,500

$6,000

$250

$300

$30,000

$400

$400

$40,000

$500

$1,000

$40,000

$0

$100

$14,000

$300

$300

$10,000

$250

$250

Total vehicle purchase cost per 5-year period
Total vehicle fuel and maintenance per year
Total vehicle fuel and maintenance per 5-year period

Number of vehicles
0
0.5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
$10,000
$500
$500

1-5
3.5
1
0
1
2
0
2
1
0
1
1
0
1
1
0
1
1
0
1
1
0
1
0
0
1
$221,000
$12,550
$62,750

6-10
4.5

11-15
5.5

16-20
7.5

21-25
8.5

26-30
9.5

0
0
1
1
0
3
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
1
1
1
$45,000
$15,850
$79,250

1
0
2
3
0
6
1
0
2
1
0
2
1
0
2
1
0
2
1
0
2
1
0
2
$266,000
$31,700
$158,500

1
1
2
4
2
8
0
0
2
0
0
2
0
0
2
0
0
2
0
0
2
1
1
2
$171,000
$38,300
$191,500

0
0
2
5
4
9
2
0
4
0
0
2
0
0
2
0
0
2
0
0
2
1
1
2
$197,000
$42,700
$213,500

1
1
2
5
4
10
0
0
4
0
0
2
0
0
2
0
0
2
0
0
2
1
1
2
$206,000
$46,000
$230,000

Assumptions:
Cost of 4WD truck includes cost of fire pumper, chain saw, sprayer, and small tool set for vehicle.

Equipment and Materials
0

Number of new units bought per period
6-10
11-15
16-20
3,962
3,962
3,962
3,962
3,962
7,923
11,885
15,846

21-25
26-30
New preserve area per period
0
3,962
3,962
Total preserve area per period
0
19,808
23,770
Capital cost of equipment and materials
per year
$0
$12,000
$24,000
$36,000
$48,000
$60,000
$72,000
Operational cost of equipment and
materials per year
$0
$26,000
$52,000
$78,000
$104,000
$130,000
$156,000
Total capital cost per 5-year period
$0
$60,000
$120,000 $180,000
$240,000
$300,000
$360,000
Total operational cost per 5-year period
$0
$130,000
$260,000 $390,000
$520,000
$650,000
$780,000
Assumptions:
$3,000 Capital cost of equipment and materials per 1,000 preserve acres per year.
$6,500 Operational cost of equipment and materials per 1,000 preserve acres per year.
Capital costs include the capital component of fire fighting equipment/gear, small tools (pliers, wrenches, screwdrivers, etc.), glasses, gloves, hard hats, rain gear,
irrigation supplies, cargo container, landscape plants and grass, oak trees, lumber, and truck hauling services.
Preserve Management&Maintenance
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Operational costs include the operational component of fire fighting equipment/gear, small tools (pliers, wrenches, screwdrivers, etc.), glasses, gloves, hard hats,
rain gear, irrigation supplies, cargo container, landscape plants and grass, oak trees, lumber, and truck hauling services.
Operational costs also include portable radios, small pumps, piping, generator, saw, and demolition hammers.

Field Facilities
0
1-5
6-10
11-15
16-20
21-25
Total preserve area per period
0
3,962
7,923
11,885
15,846
19,808
Total field offices/parking areas
0
1
1
2
2
2
New field offices/parking areas
0
1
0
1
0
0
Cost per 5-year period for
offices/workshops
$0
$750,000
$0 $750,000
$0
$0
Assumptions:
10,000 Number of acres per workshop/parking area
$750,000 Cost to build a workshop/parking area
Note: Field facilities contain an area for equipment storage, a manager's office, a shared office, a locker room, and restrooms.

26-30
23,770
2
0
$0

Facilities Maintenance and Utilities
Cost per
square foot
per year

1-5

6-10

11-15

16-20

21-25

26-30

1
$7,500
$4,000
$11,500
$57,500

1
$7,500
$4,000
$11,500
$57,500

2
$15,000
$8,000
$23,000
$115,000

2
$15,000
$8,000
$23,000
$115,000

2
$15,000
$8,000
$23,000
$115,000

2
$15,000
$8,000
$23,000
$115,000

1-5
6-10
11-15
3,962
7,923
11,885
Total cost per year
$0
$1,500
$3,000
$4,500
Total cost per 5-year period
$0
$7,500
$15,000
$22,500
$375 Annual cost for pump and well drilling per 1,000 acres

16-20
15,846
$6,000
$30,000

21-25
19,808
$7,500
$37,500

26-30
23,770
$9,000
$45,000

Total facilities per period
Maintenance cost per year
Utilities cost per year

$7,500
$4,000
Total cost per year
Total cost per 5-year period

0
0
$0
$0
$0
$0

Water Pumping
Total preserve area

0
0

Contractors - operational
Contract value per 5-year period
0
1-5
6-10
11-15
16-20
21-25
Contractor category
Total pond area
0
7.7
15.3
23.0
30.7
38.3
Total preserve area
0
3,962
7,923
11,885
15,846
19,808
Routine dirt road maintenance
$0
$75,000
$75,000
$75,000
$75,000
$75,000
Feral pig management
$25,000
$125,000
$125,000 $125,000
$125,000
$125,000
Pond maintenance
$0
$46,000
$92,000 $138,000
$184,000
$230,000
Weed management
$0
$2,400
$4,800
$7,200
$9,600
$12,000
Other maintenance services
$0
$150,000
$300,000 $450,000
$600,000
$750,000
Total per 5-year period
$25,000
$398,400
$596,800 $795,200
$993,600 $1,192,000
Assumptions:
$6,000 Cost for pond maintenance (dredging) per acre of pond every 5 years.
$15,000 Cost of dirt road maintenance per 100 miles of road per year.
100 miles of dirt roads on preserves
$600 Cost of weed management per 1,000 acres of preserve per year.
$7,500 Cost for other maintenance services per 1,000 acres of preserve per year.
Other maintenance services include mowing, grading, pest control, disking for fire breaks, fencing, alarms, janitorial services
(pond maintenance subtracted based on the yearly pond maintenance costs above)
Preserve Management&Maintenance

26-30
46
23,770
$75,000
$125,000
$276,000
$14,400
$900,000
$1,390,400
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Contractors - capital
Contractor category
Total preserve area
Construction services
Assumptions:

0
0
$0

1-5
3,962
$180,000

Contract value per 5-year period
6-10
11-15
16-20
7,923
11,885
15,846
$360,000 $540,000
$720,000

21-25
19,808
$900,000

26-30
23,770
$1,080,000

$9,000 Cost for construction services per 1,000 preserve acres per year
Construction services includes roadway design, paving, fencing, grading, weather station, and boundary surveying services

Recreational Facilities
0
Total preserve area per period
Total trailhead facilities
Cost of trailhead facility construction
Trailhead facility maintenance (yearly)
Miles of trail constructed
Total miles of trail
Trail construction cost
Trail maintenance cost (yearly)
Total per five year period

1-5
0
0
$0
$0
0
0
$0
$0
$0

3,962
0
$0
$0
0
0
$0
$0
$0

6-10
7,923
1
$250,000
$0
5
5
$52,800
$0
$302,800

11-15
11,885
1
$0
$12,500
5
10
$52,800
$2,640
$128,500

16-20
15,846
2
$250,000
$12,500
5
15
$52,800
$5,280
$391,700

21-25
19,808
2
$0
$25,000
5
20
$52,800
$7,920
$217,400

26-30
23,770
2
$0
$25,000
5
25
$52,800
$10,560
$230,600

Total
83,193
2
$500,000
$25,000
25
25
$264,000
$26,400
$1,021,000

Assumptions:
10,000 Number of acres per trailhead facility
$250,000 Cost to build trailhead facilities (parking areas, kiosk, gates, signage, emergency phones, restroom)
5% maintenance cost of trailhead facilities is calculated as a percent of construction costs.
Trailhead facility maintenance costs begin to accrue in the five-year period after original construction
25 miles of trail over entire preserve system
$2.00 construction cost cost per foot of trail
5% maintenance cost per mile of trail is calculated as a % of construction
Trail maintenance costs begin to accrue in the five-year period after original construciton

Preserve Management&Maintenance
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Monitoring, Research, and Adaptive Management for Initial Urban Development Area

Capital costs
Office equipment
Vehicle purchase
Capital Subtotal
Operational Costs
Monitoring staff
Vehicle fuel and maintenance
Travel
Field Data Collection (Contractors)
Directed research
Adaptive management
Operational Subtotal
Total

Implementation Period (Years)
6-10
11-15
16-20
$12,583
$11,250
$16,583
$73,333
$36,667
$36,667
$85,917
$47,917
$53,250

0
$1,000
$7,333
$8,333

1-5
$11,350
$73,333
$84,683

$0
$633
$0
$0
$0
$0
$633

$456,810
$9,500
$13,125
$937,638
$375,000
$150,000
$1,942,073

$734,100
$734,100
$12,667
$12,667
$21,875
$21,875
$1,455,690 $1,752,808
$375,000
$375,000
$150,000
$150,000
$2,749,332 $3,046,450

$8,967

$2,026,756

$2,835,248 $3,094,367

21-25
$7,350
$0
$7,350

26-30
$7,350
$36,667
$44,017

Total
$67,467
$264,000
$331,467

$734,100
$12,667
$21,875
$2,049,927
$375,000
$150,000
$3,343,569

$456,810
$9,500
$13,125
$2,347,046
$375,000
$150,000
$3,351,481

$456,810
$9,500
$13,125
$2,644,165
$375,000
$150,000
$3,648,600

$3,572,732
$67,133
$105,000
$11,187,273
$2,250,000
$900,000
$18,082,138

$3,396,819

$3,358,831

$3,692,616

$18,413,605

Staff (shared with planning and restoration/creation)
0
1-5
6-10
11-15
16-20
21-25
26-30
Cost per 5-year period
$0
$456,810
$734,100
$734,100
$734,100
$456,810
$456,810
Assumptions:
See the planning spreadsheet for more information on staff positions and costs.
0.333333333 Proportion of staff costs that are used for monitoring (one third are used for planning, and are included in the
planning spreadsheet, and one-third are used for restoration/creation, and are included in the habitat restoration and creation spreadsheet).

Office Equipment (shared with planning and restoration/creation)
0
1-5
6-10
11-15
16-20
21-25
26-30
Cost per 5-year period
$1,000
$11,350
$12,583
$11,250
$16,583
$7,350
$7,350
Assumptions:
See the planning spreadsheet for more information on office equipment costs.
0.333333333 Proportion of staff costs that are used for monitoring (one third are used for planning, and are included in the
planning spreadsheet, and one-third are used for restoration/creation, and are included in the habitat restoration and creation spreadsheet).

Vehicles and Fuel (shared with planning and restoration/creation)
0
1-5
6-10
11-15
16-20
21-25
26-30
Vehicle purchase
$7,333
$73,333
$73,333
$36,667
$36,667
$0
$36,667
Vehicle fuel and maintenance
$633
$9,500
$12,667
$12,667
$12,667
$9,500
$9,500
Assumptions:
54000
See the planning spreadsheet for more information on vehicle and fuel costs.
0.333333333 Proportion of staff costs that are used for monitoring (one third are used for planning, and are included in the
planning spreadsheet, and one-third are used for restoration/creation, and are included in the habitat restoration and creation spreadsheet).

Travel (shared with planning and restoration/creation)
0
1-5
6-10
11-15
16-20
21-25
26-30
Cost per 5-year period
$0
$13,125
$21,875
$21,875
$21,875
$13,125
$13,125
Assumptions:
See the planning spreadsheet for more information on travel costs.
0.333333333 Proportion of staff costs that are used for monitoring (one third are used for planning, and are included in the
planning spreadsheet, and one-third are used for restoration/creation, and are included in the habitat restoration and creation spreadsheet).

Monitoring&Research
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Field Data Collection (Contractors)
0
0
0

Total acres of land acquired for preserve system each 5-year period
New acres created/restored per 5-year period
Number of resotration sites per 5-year period
Cost per
unit
preconstruction surveys
$1,600
subtotal
construction monitoring
$4,200
subtotal
post-acquisition biological inventories
$15
subtotal
monitoring: restoration, creation and
enhancement sites
$4,000
subtotal
status and trends monitoring: key covered
species and ecosystems
$15
subtotal

Monitoring type

0

Unit
1 site

1 acre

3,962
55
34

3,962
55
34

Average area requiring monitoring per year (acres)
6-10
11-15
16-20
34
34
34
34
$54,400
$54,400
$54,400
$54,400
3
3
3
3
$14,280
$14,280
$14,280
$14,280
3,962
3,962
3,962
3,962
$59,424
$59,424
$59,424
$59,424

10 acres

0
$0

0
$0

110
$44,187

110
$44,187

1 acre

0
$0
$0
$0

3,962
$59,424
$187,528
$937,638

7,923
$118,848
$291,138
$1,455,690

11,885
$178,271
$350,562
$1,752,808

Total cost per year
Total cost per 5-year period

3,962
55
34

1-5

0
$0
0
$0
0
$0

1 site

3,962
55
34

3,962
55
34

3,962
55
34

21-25

26-30

34
$54,400
3
$14,280
3,962
$59,424

34
$54,400
3
$14,280
3,962
$59,424

110
$44,187

110
$44,187

110
$44,187

15,846
19,808
23,770
$237,695 $297,119 $356,543
$409,985 $469,409 $528,833
$2,049,927 $2,347,046 $2,644,165

Assumptions:
Implementing entity monitoring staff will plan, coordinate, and report on the monitoring categories described below.
Contractors will conduct the field monitoring and data analysis.
Implementation monitoring will be conducted by the GIS/Database technician in conjunction with the other monitoring staff. The cost for the GIS/database
Planning survey costs are covered under the land-acquisition spreadsheet.
Preconstruction surveys are assumed to occur prior to construction of covered activites on the Preserve System. Preconstruction surveys are for the following
Construction monitoring is assumed to occur periodically during construction of covered activities and conservation measures. An average of seven visits by one
biologist at $75/hour is assumed.
10% % of times construction surveys are aniticipated to be required for covered activities within
0.25 Ratio of area of other covered activities in preserves to area created/restored.
Planning, preconstruction surveys and construction monitoring for covered activities outside of preserves will be paid for by developers.
Post-acquisition inventories will build on planning surveys (see land acquisition spreadsheet). Inventory will include mapping of noxious weeds
Monitoring of restoration, creation, and enhancement sites is assumed to occur 4 times per year and will require two biologists at $100/hr. It wil include speciesStatus and trends monitoring is assumed to occur after preserve land is purchased through year 30. Status and trend monitoring will build on planning surveys and

Directed Research
0
Average cost per year to fund directed
research
Total cost per 5-year period

1-5
$0
$0

$75,000
$375,000

6-10
$75,000
$375,000

11-15

16-20

21-25

26-30

$75,000
$375,000

$75,000
$375,000

$75,000
$375,000

$75,000
$375,000

11-15

16-20

21-25

26-30

Adaptive Management
0
Monitoring&Research

1-5

6-10
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Average Independent Conservation
Assessment Team cost per 5-year period
Average Science Advisors cost per 5-year
period
Total cost per 5-year period

0

$25,000

$25,000

$25,000

$25,000

$25,000

$25,000

0
$0

$125,000
$150,000

$125,000
$150,000

$125,000
$150,000

$125,000
$150,000

$125,000
$150,000

$125,000
$150,000

Assumptions:
Adaptive management experiments are covered under the monitoring staff and directed research categories.
It is assumed that the Independent Conservation Assessment Team will meet once every 4 years and have:
5 members
$5,000 stipend per member per 5-year period
It is assumed that the Science Advisors will contain:
10 members
$12,500 stipend per member per 5-year period

Monitoring&Research
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Remedial Measures for Initial Urban Development Area

Capital costs
Remedial measures
Total

0
$0
$0

1-5
$30,000
$30,000

Implementation Period (Years)
6-10
11-15
16-20
$30,000 $265,919 $265,919
$30,000 $265,919 $265,919

21-25
$265,919
$265,919

26-30
Total
$687,893 $1,545,650
$687,893 $1,545,650

Remedial Measures
0
1-5
6-10
11-15
16-20
21-25
26-30
Cost of created/restored habitat
per 5-year period
$0 $2,109,868 $2,109,868 $2,109,868 $2,109,868 $2,109,868 $2,109,868
Cost for remedial measures for
created/restored habitat per 5year period
$0
$0
$0 $210,987 $210,987 $210,987 $632,961
Area of new preserve not
including created/restored habitat
per 5-year period
0
3,906
3,906
3,906
3,906
3,906
3,906
Cost for remedial measures for
preserves per 5-year period
$0
$0
$0
$24,932
$24,932
$24,932
$24,932
Cost for other remedial measures
per 5-year period
$0
$30,000
$30,000
$30,000
$30,000
$30,000
$30,000
Total cost per 5-year period
$0
$30,000
$30,000 $265,919 $265,919 $265,919 $687,893
Assumptions:
2.0% Percent of annual preserve management and maintenance cost assumed to be needed for preserve remedial actions.
10% Percent of created/restored habitat for which remedial measures will be required.
$319 Cost per acre for preserve management and maintenance in years 26-30.
Remedial actions are assumed to occur in the second 5-year period after habitat is created/restored or preserve land is purchased, with the exception of
remedial actions for habitat created/restored in years 21-30. The cost for these remedial actions is included in years 26-30 so that it can be included in this
cost estimate.
The remedial cost for preserve lands is assumed to be a percentage of the cost per acre for preserve management and maintenance in years 26-30, and is
assumed to be needed once, in the second 5-year period after the preserve land is purchased.
The cost for other remedial measures includes the costs for restoration or maintenance of preserve areas because of other changed circumstances, such as
wildfire.

54000
Remedial Measures
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Contingency Fund for Initial Urban Development Area
Contingency Fund
0
Total cost of program
excluding land acquisition
Contingency fund

1-5

6-10

11-15

16-20

21-25

26-30

$934,427 $13,735,481 $14,463,723 $16,515,476 $17,215,908 $17,199,521 $18,394,895
$46,721
$686,774
$723,186
$825,774
$860,795
$859,976
$919,745

Total
$98,459,431
$4,922,972

Assumptions:
5.0% Percent of total program funding needed for contingency fund

Contingency Fund
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East Contra Costa County HCP/NCCP Cost Tables

Summary of East Contra Costa HCP Implementation Costs for Maximum Urban Development Area
(Rounded to the Nearest $10,000)
Total Costs
Cost Category
Program Administration
Land Acquisition
Management, Restoration, and Recreation Planning and Design
Habitat Restoration/Creation
Environmental Compliance
HCP/NCCP Preserve Management and Maintenance
Monitoring, Research, and Adaptive Management
Remedial Measures
Contingency Fund
Total (in 2005 dollars)
Total (in 2006 dollars)*

Implementation Period (Years)
0
1-5
6-10
11-15
16-20
21-25
26-30
Total (2005)
$590,000 $3,070,000 $2,910,000 $2,990,000 $2,810,000 $2,790,000 $2,720,000 $17,870,000
$0 $36,830,000 $35,780,000 $35,780,000 $35,780,000 $35,780,000 $35,780,000 $215,740,000
$260,000 $1,860,000 $1,150,000
$860,000
$870,000
$530,000
$570,000
$6,110,000
$10,000 $3,630,000 $3,920,000 $3,880,000 $3,880,000 $3,550,000 $3,580,000 $22,450,000
$0
$460,000
$460,000
$460,000
$460,000
$460,000
$0
$2,300,000
$70,000 $3,190,000 $3,540,000 $5,890,000 $6,130,000 $8,430,000 $8,480,000 $35,720,000
$10,000 $2,160,000 $2,980,000 $3,470,000 $3,850,000 $3,890,000 $4,300,000 $20,670,000
$0
$30,000
$30,000
$290,000
$290,000
$290,000
$750,000
$1,670,000
$50,000
$720,000
$750,000
$890,000
$910,000 $1,000,000 $1,020,000
$5,340,000
$980,000 $51,950,000 $51,520,000 $54,510,000 $54,980,000 $56,720,000 $57,200,000 $327,860,000
$950,000 $55,590,000 $55,160,000 $58,200,000 $58,680,000 $60,450,000 $60,950,000

Total (2006)
$18,230,000
$235,680,000
$6,230,000
$22,890,000
$2,340,000
$36,440,000
$21,080,000
$1,700,000
$5,450,000
$350,040,000

Capital Costs
Cost Category
Program Administration: office space and equipment
Land Acquisition: acquisition and site improvements
Management, Restoration, and Recreation Planning and Design:
office equipment and vehicles
Habitat Restoration/Creation: construction, office equipment, and
vehicles
HCP/NCCP Preserve Management and Maintenance: vehicles,
equipment, and facilities
Remedial Measures
Total (in 2005 dollars)
Total (in 2006 dollars)*

Implementation Period (Years)
0
1-5
6-10
11-15
16-20
21-25
26-30
Total (2005)
$90,000
$110,000
$120,000
$100,000
$140,000
$100,000
$110,000
$760,000
$0 $34,360,000 $34,360,000 $34,360,000 $34,360,000 $34,360,000 $34,360,000 $206,160,000

Total (2006)
$780,000
$225,900,000

$10,000

$80,000

$90,000

$50,000

$50,000

$10,000

$40,000

$330,000

$340,000

$10,000

$2,380,000

$2,380,000

$2,340,000

$2,340,000

$2,300,000

$2,340,000

$14,080,000

$14,360,000

$10,000 $1,300,000
$720,000 $2,270,000 $1,510,000 $2,820,000 $2,140,000 $10,780,000
$0
$30,000
$30,000
$290,000
$290,000
$290,000
$750,000
$1,670,000
$110,000 $38,260,000 $37,700,000 $39,410,000 $38,690,000 $39,870,000 $39,730,000 $233,790,000
$120,000 $41,630,000 $41,050,000 $42,810,000 $42,070,000 $43,270,000 $43,130,000

$11,000,000
$1,700,000
$254,080,000

Operational Costs
Cost Category
Program Administration: personnel, legal and financial assistance,
insurance, ED's discretionary budget, in-lieu funding
Land Acquisition: transactional costs
Management, Restoration, and Recreation Planning and Design:
vehicle maintenance and personnel
Habitat Restoration/Creation: vehicle maintenance and personnel
Environmental Compliance
HCP/NCCP Preserve Management and Maintenance: vehicle and
equipment maintenance and personnel
Monitoring, Research, and Adaptive Management
Contingency Fund
Total (in 2006 dollars)
Total (in 2005 dollars)*

0

1-5

Implementation Period (Years)
6-10
11-15
16-20

21-25

26-30

Total (2005)

Total (2006)

$500,000
$0

$2,960,000
$2,470,000

$2,790,000
$1,420,000

$2,880,000
$1,420,000

$2,670,000
$1,420,000

$2,690,000
$1,420,000

$2,610,000
$1,420,000

$17,110,000
$9,580,000

$17,450,000
$9,770,000

$250,000
$0
$0

$1,780,000
$1,250,000
$460,000

$1,070,000
$1,540,000
$460,000

$820,000
$1,540,000
$460,000

$820,000
$1,540,000
$460,000

$530,000
$1,250,000
$460,000

$530,000
$1,250,000
$0

$5,780,000
$8,360,000
$2,300,000

$5,890,000
$8,530,000
$2,340,000

$60,000 $1,890,000 $2,820,000 $3,610,000 $4,620,000 $5,610,000 $6,330,000
$10,000 $2,160,000 $2,980,000 $3,470,000 $3,850,000 $3,890,000 $4,300,000
$50,000
$720,000
$750,000
$890,000
$910,000 $1,000,000 $1,020,000
$820,000 $13,690,000 $13,830,000 $15,100,000 $16,290,000 $16,840,000 $17,470,000
$840,000 $13,960,000 $14,100,000 $15,400,000 $16,620,000 $17,180,000 $17,810,000

$24,940,000
$20,670,000
$5,340,000
$94,030,000

$25,440,000
$21,080,000
$5,450,000
$95,910,000

*Update of 2005 dollars from Draft HCP/NCCP using CPI of 2.0% for 2005 for all non-land costs (see Table 9-7 for index source);
update of land cost from Draft HCP/NCCP using Home Price Index of 16.6% for first three quarters of 2005
Summary (rounded)
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Summary of East Contra Costa HCP Implementation Costs for Maximum Urban Development Area
(Not Rounded)
All Costs
Cost Category
Program Administration
Land Acquisition
Management, Restoration, and Recreation Planning and
Design
Habitat Restoration/Creation
Environmental Compliance
HCP/NCCP Preserve Management and Maintenance
Monitoring, Research, and Adaptive Management
Remedial Measures
Contingency Fund
Total (in 2005 dollars)
Total (in 2006 dollars)*

Implementation Period (Years)
0
1-5
6-10
11-15
16-20
21-25
26-30
Total (2005)
$591,733 $3,065,485 $2,912,952 $2,989,740 $2,805,946 $2,789,983 $2,718,488 $17,874,327
$0 $36,833,048 $35,782,032 $35,782,032 $35,782,032 $35,782,032 $35,782,032 $215,743,206
$258,967 $1,861,131 $1,151,571
$863,571
$868,905
$533,798
$570,464
$6,108,407
$8,967 $3,625,657 $3,916,098 $3,878,098 $3,883,431 $3,548,324 $3,584,991 $22,445,565
$0
$459,000
$459,000
$459,000
$459,000
$459,000
$0
$2,295,000
$65,794 $3,191,980 $3,541,815 $5,886,870 $6,129,305 $8,429,340 $8,477,045 $35,722,149
$8,967 $2,159,819 $2,980,717 $3,473,175 $3,852,259 $3,890,902 $4,301,319 $20,667,157
$0
$30,000
$30,000
$286,984
$286,984
$286,984
$745,326
$1,666,277
$46,721
$719,654
$749,608
$891,872
$914,291
$996,917 $1,019,882
$5,338,944
$981,149 $51,945,773 $51,523,792 $54,511,341 $54,982,152 $56,717,279 $57,199,546 $327,861,031
$953,116 $55,587,654 $55,157,233 $58,204,533 $58,684,760 $60,454,589 $60,946,502

Capital Costs
Cost Category
Program Administration: office space and equipment
Land Acquisition: acquisition and site improvements
Management, Restoration, and Recreation Planning and
Design: office equipment and vehicles
Habitat Restoration/Creation: construction, office
equipment, and vehicles
HCP/NCCP Preserve Management and Maintenance:
vehicles, equipment, and facilities
Remedial Measures
Total (in 2005 dollars)
Total (in 2006 dollars)*

Implementation Period (Years)
0
1-5
6-10
11-15
16-20
21-25
26-30
Total (2005)
$88,000
$106,350
$120,200
$104,800
$136,900
$102,000
$105,850
$764,100
$0 $34,360,456 $34,360,456 $34,360,456 $34,360,456 $34,360,456 $34,360,456 $206,162,737
$8,333

$84,683

$85,917

$47,917

$53,250

$7,350

$44,017

$331,467

$8,333

$2,376,393

$2,377,626

$2,339,626

$2,344,959

$2,299,059

$2,335,726

$14,081,722

$10,000 $1,302,050
$722,950 $2,274,900 $1,509,400 $2,817,500 $2,143,050 $10,779,850
$0
$30,000
$30,000
$286,984
$286,984
$286,984
$745,326
$1,666,277
$114,667 $38,259,932 $37,697,149 $39,414,682 $38,691,949 $39,873,349 $39,734,424 $233,786,152
$116,960 $41,628,096 $41,054,057 $42,805,941 $42,068,753 $43,273,781 $43,132,078

Operational Costs
Cost Category
Program Administration: personnel, legal and financial
assistance, insurance, ED's discretionary budget, in-lieu
funding
Land Acquisition: transactional costs
Management, Restoration, and Recreation Planning and
Design: vehicle maintenance and personnel
Habitat Restoration/Creation: vehicle maintenance and
personnel
Environmental Compliance
HCP/NCCP Preserve Management and Maintenance:
vehicle and equipment maintenance and personnel
Monitoring, Research, and Adaptive Management
Contingency Fund
Total (in 2005 dollars)
Total (in 2006 dollars)*

0

Implementation Period (Years)
6-10
11-15
16-20

1-5

21-25

26-30

Total (2005)

$503,733
$0

$2,959,135
$2,472,592

$2,792,752
$1,421,575

$2,884,940
$1,421,575

$2,669,046
$1,421,575

$2,687,983
$1,421,575

$2,612,638
$1,421,575

$17,110,227
$9,580,469

$250,633

$1,776,448

$1,065,655

$815,655

$815,655

$526,448

$526,448

$5,776,940

$633
$0

$1,249,265
$459,000

$1,538,472
$459,000

$1,538,472
$459,000

$1,538,472
$459,000

$1,249,265
$459,000

$1,249,265
$0

$8,363,843
$2,295,000

$55,794 $1,889,930 $2,818,865 $3,611,970 $4,619,905 $5,611,840 $6,333,995
$8,967 $2,159,819 $2,980,717 $3,473,175 $3,852,259 $3,890,902 $4,301,319
$46,721
$719,654
$749,608
$891,872
$914,291
$996,917 $1,019,882
$819,761 $13,685,841 $13,826,643 $15,096,658 $16,290,203 $16,843,930 $17,465,121
$836,156 $13,959,558 $14,103,176 $15,398,592 $16,616,007 $17,180,808 $17,814,424

$24,942,299
$20,667,157
$5,338,944
$94,028,157

*Update of 2005 dollars from Draft HCP/NCCP using CPI of 2.0% for 2005 for all non-land costs (see Table 9-7 for index source);
update of land cost from Draft HCP/NCCP using Home Price Index of 16.6% for first three quarters of 2005
Summary table
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Legend for Maximum Urban Development Area
red numbers are assumptions or data entered directly into the worksheet
blue numbers are links from other worksheets in the workbook
black numbers are calculations based on the above numbers

Numbers provided by EBRPD
Numbers provided by CCWD
Average of CCWD/EBRPD numbers (see formula for original values; CCWD value is listed before EBRPD value)
Numbers provided by J&S and EPS
Guesstimated numbers

Legend
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Land Cover Type Extent within HCP/NCCP Preserves for Maximum Urban Development Area
Land Cover Type
annual grassland
alkali grassland
oak savanna
oak woodland
chaparral/scrub
riparian woodland/scrub
perennial wetland
seasonal wetland
alkali wetland
slough/channel
open water
pasture/cropland
other
pond
streams
Total

Total
Acquired Restored/Created
18,900
1,376
1,828
177
6,293
617
70
55
75
64
177
47
96
21
37
73
17
0
400
0
16
33
0
1
29,900
470

Unit
acres
acres
acres
acres
acres
acres
acres
acres
acres
acres
acres
acres
acres
acres
acres
acres

Land Cover Type Acquired by Time Period
Land Cover Type
annual grassland
alkali grassland
oak savanna
oak woodland
chaparral/scrub
riparian woodland/scrub
perennial wetland
seasonal wetland complex
alkali wetland complex
slough/channel
open water
pasture/cropland
other
pond
streams
Total

Land Cover Type Extent

0

0.0

1-5
3,150.0
229.3
304.6
1,048.8
102.8
11.7
12.5
29.5
16.0
6.1
2.8
66.7
0.0
2.7
0.0
4,983.3

Implementation Period (Years)
6-10
11-15
16-20
3,150.0
3,150.0
3,150.0
229.3
229.3
229.3
304.6
304.6
304.6
1,048.8
1,048.8
1,048.8
102.8
102.8
102.8
11.7
11.7
11.7
12.5
12.5
12.5
29.5
29.5
29.5
16.0
16.0
16.0
6.1
6.1
6.1
2.8
2.8
2.8
66.7
66.7
66.7
0.0
0.0
0.0
2.7
2.7
2.7
0.0
0.0
0.0
4,983.3
4,983.3
4,983.3
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21-25
3,150.0
229.3
304.6
1,048.8
102.8
11.7
12.5
29.5
16.0
6.1
2.8
66.7
0.0
2.7
0.0
4,983.3

26-30
3,150.0
229.3
304.6
1,048.8
102.8
11.7
12.5
29.5
16.0
6.1
2.8
66.7
0.0
2.7
0.0
4,983.3

Total
18,900.0
1,375.5
1,827.5
6,292.5
617
70
75
177
96
37
17
400
0
16
0
29,900.0
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Land Cover Type Restored/Created by Time Period
Implementation Period (Years)
Land Cover Type (acres except where noted)
0
1-5
6-10
11-15
16-20
21-25
26-30
oak savanna
29.5
29.5
29.5
29.5
29.5
29.5
riparian woodland/scrub
9.2
9.2
9.2
9.2
9.2
9.2
perennial wetland (jurisdictional boundaries)
10.6
10.6
10.6
10.6
10.6
10.6
seasonal wetland (jurisdictional boundaries)
7.8
7.8
7.8
7.8
7.8
7.8
alkali wetland (jurisdictional boundaries)
3.5
3.5
3.5
3.5
3.5
3.5
slough/channel
12.2
12.2
12.2
12.2
12.2
12.2
open water
0.0
0.0
0.0
0.0
0.0
0.0
ponds
5.5
5.5
5.5
5.5
5.5
5.5
streams (miles)
0.13
0.13
0.13
0.13
0.13
0.13
Total (acres)
0
78.3
78.3
78.3
78.3
78.3
78.3
Assumptions:
1/6 of each land cover type will be restored in each 5-year period beginning in year 1.
For total acre calculation, streams are assumed to be 5 feet wide
75% % of Undetermined wetlands assumed to be perennial wetlands
25% % of Undetermined wetlands assumed to be seasonal wetlands
30% % of seasonal or alkali wetland complex acreage assumed to be jurisdictional wetland

Total
177
55
63.8
46.9
20.7
73
0
33
0.8
469.8

average
acres/site

% requiring
substantial
soil
disturbance
3
0.2
0.7
0.8
3
0.9

Defining sites:
riparian/woodland scrub sites by acreage conversion:
wetlands and pond sites by acreage conversion
stream sites by acreage conversion:

Restoration sites that require significant soil disturbance by land-cover type
Land Cover Type Restoration Sites
riparian woodland/scrub
perennial wetland
seasonal wetland
alkali wetland
ponds
streams
Total

0

1-5
0
0
0
0
0
0
0

1
12
9
4
6
0
32

Implementation Period (Years)
6-10
11-15
16-20
1
1
1
12
12
12
9
9
9
4
4
4
6
6
6
0
0
0
32
32
32

21-25

26-30
1
12
9
4
6
0
32

Total
1
12
9
4
6
0
32

4
73
54
24
38
0
191

Assumptions:
average stream/riparian restoration is 300 meters (100 meters of restoration is about 1 acre)
average acres/site and percent of sites requiring substantial soil disturbance calculated in table above.
Seasonal and alkali wetland acreages in Tables 5-16 and 5-17 are for wetland complexes; for revenue projections the wetted acres of these
complexes are assumed to be 30% of the total acres

Land Cover Type Extent
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Summary of HCP/NCCP Personnel for Maximum Urban Development Area
Total cost per
FTE per year

1-5

6-10

Number of FTEs
11-15
16-20

21-25
26-30
Administrative personnel
Executive Director
$134,640
1
1
1
1
1
1
1
IT- Database / GIS Management
$87,516
0
0.5
0.5
0.5
0.5
0.5
0.5
Budget Analyst
$74,052
1
1
0.5
0.5
0.5
0.5
0.5
Acquisition Specialist
$100,980
1
1
1
1
0.5
0.5
0.3
Grant Specialist/Conservation Planner
$94,248
1
1
1
1
1
1
1
Admin – Secretary
$60,588
0.5
0.5
0.5
0.5
0.5
0.5
0.5
Total administrative personnel
4.5
5
4.5
4.5
4
4
3.8
Restoration planning, design, and implementation and monitoring personnel
Senior scientist
$107,712
0
1
1
1
1
1
1
Project manager
$99,054
0
1
2
2
2
1
1
Technical support
$67,320
0
1
2
2
2
1
1
Total restoration personnel
0
3
5
5
5
3
3
Preserve management and maintenance personnel
Preserve manager
$100,980
0
1
1
1
1
1
1
Laborer
$53,856
0
2
4
5
7
9
10
Admin – Secretary
$60,588
0.5
0.5
0.5
0.5
0.5
0.5
0.5
Total preserve personnel
0.5
3.5
5.5
6.5
8.5
10.5
11.5
5
11
15
16
17
17
18
Total HCP/NCCP personnel
Notes:
Total cost per FTE per year includes the costs for benefits.
Costs for restoration planning, design, and implementation personnel are divided between the planning, design, and engineering (2/3)
and habitat restoration (1/3) cost categories.

Personnel Summary

0
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Program Administration for Maximum Urban Development Area
0
Capital Costs
Office space
Office equipment by employee
General office equipment
GIS/Database equipment
Capital Subtotal
Operational Costs
Employees
Maintenance of by-employee office
equipment
Maintenance of general office
equipment
Maintenance of GIS/Database
equipment
Travel
Vehicle / mileage allowance
Insurance
Legal assistance
Financial analysis assistance
JPA member meeting stipend
In-lieu funding for law enforcement
and firefighting
Public relations and outreach
Operational Subtotal
Total

Implementation Period (Years)
6-10
11-15
16-20

1-5

21-25

$28,500
$36,900
$39,000
$32,500
$136,900

$28,500
$17,400
$38,600
$17,500
$102,000

26-30

Total

$28,500
$5,850
$39,000
$32,500
$105,850

$176,700
$166,000
$249,400
$172,000
$764,100

$5,700
$43,700
$16,600
$22,000
$88,000

$28,500
$21,750
$38,600
$17,500
$106,350

$28,500
$20,200
$39,000
$32,500
$120,200

$28,500
$20,200
$38,600
$17,500
$104,800

$434,214

$2,389,860

$2,204,730

$2,204,730

$0

$0

$0

$0

$0

$0

$0

$0

$370

$2,275

$2,275

$2,275

$2,275

$2,275

$2,275

$14,020

$3,250
$6,388
$962
$22,550
$30,000
$0
$6,000

$3,250
$33,250
$5,063
$187,000
$150,000
$15,500
$30,000

$3,250
$32,813
$4,809
$203,500
$150,000
$15,500
$15,000

$3,250
$32,813
$4,809
$277,750
$150,000
$15,500
$15,000

$3,250
$31,938
$4,303
$294,250
$150,000
$31,000
$3,000

$3,250
$31,938
$4,303
$310,750
$150,000
$15,500
$3,000

$3,250
$31,588
$4,101
$319,000
$150,000
$15,500
$3,000

$22,750
$200,725
$28,350
$1,614,800
$930,000
$108,500
$75,000

$0
$0
$503,733

$17,938
$125,000
$2,959,135

$35,875
$125,000
$2,792,752

$53,813
$125,000
$2,884,940

$71,750
$89,688
$125,000 $125,000
$2,669,046 $2,687,983

$107,625
$376,688
$125,000
$750,000
$2,612,638 $17,110,227

$591,733

$3,065,485

$2,912,952

$2,989,740

$2,805,946 $2,789,983

$2,718,488 $17,874,327

$1,952,280 $1,952,280

$1,851,300 $12,989,394

Employees
Number of FTEs
Benefit
multiplier
Salary per
Total cost per
(percent of
employee per
0
1-5
6-10
11-15
16-20
21-25
26-30
Position
FTE per year
salary)
year
Executive Director
$102,000
32%
$134,640
1.0
1.0
1.0
1.0
1.0
1.0
1.0
GIS/Database Technician
$66,300
32%
$87,516
0.0
0.5
0.5
0.5
0.5
0.5
0.5
Budget Analyst
$56,100
32%
$74,052
1.0
1.0
0.5
0.5
0.5
0.5
0.5
Real-Estate Specialist
$76,500
32%
$100,980
1.0
1.0
1.0
1.0
0.5
0.5
0.3
Grant Administrator
$71,400
32%
$94,248
1.0
1.0
1.0
1.0
1.0
1.0
1.0
Admin – Secretary
$45,900
32%
$60,588
0.5
0.5
0.5
0.5
0.5
0.5
0.5
4.5
5
4.5
4.5
4
4
3.8
Total FTEs
$434,214
$477,972 $440,946
$440,946
$390,456 $390,456 $370,260
Total cost per year
$434,214 $2,389,860 $2,204,730 $2,204,730 $1,952,280 $1,952,280 $1,851,300
Total cost per 5-year period
Notes: The position of senior scientist is located under the management, restoration, and recreation planning and design cost.
JPA employee costs are not included in the program administration cost category.

Program Admin.
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Office Space
Total space leased per period (square feet)
6-10
11-15
16-20
21-25
26-30
$1.90
3,000
3,000
3,000
3,000
3,000
3,000
3,000
Lease cost per year
$5,700
$5,700
$5,700
$5,700
$5,700
$5,700
$5,700
Total per 5-year period
$5,700
$28,500
$28,500
$28,500
$28,500
$28,500
$28,500
Note: The office space category covers office space for employees under the management, restoration, and recreation planning and design;
habitat restoration; HCP/NCCP preserve management and maintenance; and monitoring and research cost categories.
0

Cost per square foot per year

1-5

Office Equipment by Employee

Cubicle furniture
Office furniture
Office supplies
Computers
Cell phones
Portable radios

Cost of service
Cost per FTE per contract per
year
year
Total FTEs
$4,000
$3,500
$300
$2,500
$0
$900
$0
$650
$0
Equipment (capital) cost per 5-year period
Maintenance cost per year
Maintenance total per 5-year period

Number of FTEs with office supply costs
0
4.5

1-5
5

6-10
4.5

11-15
4.5

5
1
5
5
4
4
$43,700
$0
$0

0
0
5
5
5
5
$21,750
$0
$0

0
0
5
5
4
4
$20,200
$0
$0

0
0
5
5
4
4
$20,200
$0
$0

16-20
4
4
1
4
4
4
4
$36,900
$0
$0

21-25
4
0
0
4
4
4
4
$17,400
$0
$0

26-30
3.8
0
0
4
0
3
3
$5,850
$0
$0

Assumptions:
Computers will be replaced every 5 years.

General Office Equipment
Cost per year
(leased items) /
Cost of service
cost per item
contract per
(purchased
item per year
items)
$3,600
$0
$6,000
$0
$500
$1,500
$150

Copy machine (lease)
Office telephone systems (lease)
Publications (purchase)
New fax machines purchased
Old fax machines retired
Total fax machines
New printers purchased
$2,000
$85
Old printers retired
Total printers
New digital cameras purchased
$600
$0
Old digital cameras retired
Total digital cameras
New scanners purchased
$400
$50
Old scanners retired
Total scanners
Equipment (captial) cost per 5-year period
Maintenance cost per year
Maintenance total per 5-year period
Program Admin.

Number of items leased, purchased, or retired

0
1
1
1
1
0
1
2
0
2
1
0
1
1
0
1
$16,600
$370
$370

1-5

6-10

11-15

1
1
1
1
1
1
2
1
3
1
0
2
0
0
1
$38,600
$455
$2,275

1
1
1
1
1
1
2
2
3
1
1
2
1
1
1
$39,000
$455
$2,275

1
1
1
1
1
1
2
2
3
1
1
2
0
0
1
$38,600
$455
$2,275

16-20
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1
1
1
1
1
1
2
2
3
1
1
2
1
1
1
$39,000
$455
$2,275

21-25
1
1
1
1
1
1
2
2
3
1
1
2
0
0
1
$38,600
$455
$2,275

26-30
1
1
1
1
1
1
2
2
3
1
1
2
1
1
1
$39,000
$455
$2,275
date printed:9/28/2006

East Contra Costa County HCP/NCCP Cost Tables
Assumptions:
Fax machines will be replaced every 5 years.

GIS and Database Equipment
Cost of
software
update or
service
contract per 5year period

Cost per item
New GIS/database servers
purchased
$15,000
$1,000
Old GIS/database servers retired
Total GIS/database servers
New digitizing tables purchased
$3,000
$0
Old digitizing tables retired
Total digitizing tables
New plotters purchased
$7,500
$0
Old plotters retired
Total plotters
New GIS software purchased
$5,000
$1,500
Old GIS software retired
Total GIS software
New database software purchased
$2,000
$750
Old database software retired
Total database software
Equipment (captial) cost per 5-year period
Maintenance total per 5-year period
Assumptions:
Software upgrades are assumed to be needed once every 5 years.

Number of items leased, purchased, or retired

0
1
0
1
0
0
0
0
0
0
1
0
1
1
0
1
$22,000
$3,250

1-5

6-10

11-15

0
0
1
1
0
1
1
0
1
1
1
1
1
1
1
$17,500
$3,250

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
$32,500
$3,250

0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
$17,500
$3,250

16-20

21-25

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
$32,500
$3,250

0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
$17,500
$3,250

21-25
$405
$51
$51
$101
$203
$51
$861
$4,303

26-30
$405
$51
$51
$61
$203
$51
$820
$4,101

26-30
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
$32,500
$3,250

Vehicle / Mileage Allowance
Number of employees with allowance
Mileage
allowance per
year per FTE
(miles)
Executive director
1,000
IT- Database / GIS Management
250
Budget Analyst
250
Acquisition Specialist
500
500
Grant Specialist/Conservation Planner
Admin – Secretary
250
Cost per year
Total per 5-year period
Assumption:
$0.405 cost per mile

Program Admin.

0

1-5
$405
$0
$101
$203
$203
$51
$962
$962

$405
$51
$101
$203
$203
$51
$1,013
$5,063

6-10
$405
$51
$51
$203
$203
$51
$962
$4,809

11-15
$405
$51
$51
$203
$203
$51
$962
$4,809

16-20
$405
$51
$51
$101
$203
$51
$861
$4,303
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Travel
Days of overnight
travel per FTE
per year
0
1-5
6-10
11-15
16-20
14
Executive Director
$4,900
$4,900
$4,900
$4,900
$4,900
3
IT- Database / GIS Management
$0
$263
$263
$263
$263
1
Budget Analyst
$175
$175
$88
$88
$88
2
Acquisition Specialist
$350
$350
$350
$350
$175
5
$875
$875
$875
$875
$875
Grant Specialist/Conservation Planner
1
Admin – Secretary
$88
$88
$88
$88
$88
$6,388
$6,650
$6,563
$6,563
$6,388
Total cost per year
$33,250
$32,813
$32,813
$31,938
$6,388
Cost per 5-year period
Assumptions:
$175 per diem
2.00 per diem multiplier for executive director to cover additional travel expenses such as airfare

21-25
$4,900
$263
$88
$175
$875
$88
$6,388
$31,938

26-30
$4,900
$263
$88
$105
$875
$88
$6,318
$31,588

Insurance
Insurance type
Total vehicles per 5-year period
Automobile
Directors and officers
Liability
Professional liability

Cost per year per
vehicle
Cost per year
$1,650
$5,500
$5,500
$8,250
Total cost per year
Cost per 5-year period

0
2
$3,300
$5,500
$5,500
$8,250
$22,550
$22,550

1-5
11
$18,150
$5,500
$5,500
$8,250
$37,400
$187,000

6-10
13
$21,450
$5,500
$5,500
$8,250
$40,700
$203,500

11-15
22
$36,300
$5,500
$5,500
$8,250
$55,550
$277,750

16-20
24
$39,600
$5,500
$5,500
$8,250
$58,850
$294,250

21-25
26
$42,900
$5,500
$5,500
$8,250
$62,150
$310,750

16-20
500
$150,000

21-25
500
$150,000

26-30
500
$150,000

Total
3100
$930,000

26-30
27
$44,550
$5,500
$5,500
$8,250
$63,800
$319,000

Legal Assistance
0
Hours per 5-year period
Cost
Assumptions:

100
$30,000

1-5

6-10

11-15

500
$150,000

500
$150,000

500
$150,000

$300 Hourly rate for legal assistance
Note: The legal assistance category covers legal assistance required under the program administration and land acquisition cost categories.

Financial Analysis Assistance
0
1-5
6-10
11-15
16-20
21-25
26-30
Total
Cost per 5-year period
$0
$15,500
$15,500
$15,500
$31,000
$15,500
$15,500
$108,500
Cost
$0
$15,500
$15,500
$15,500
$31,000
$15,500
$15,500
$108,500
Assumptions:
Financial analyist review will occur once every 4 years (years 4, 8, 12, 16, 20, 24, and 28).
Note: The financial analyis assistance category covers the periodic assistance of a financial analyst to review the program's cost/revenue balance and ensure that
charges are adjusted in line with changing land costs.

Program Admin.
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JPA Member Meeting Stipend
0
1-5
Number of meetings per 5-year period
2
10
Total stipend
$6,000
$30,000
Assumptions:
10 Number of JPA members
$300 Stipend per meeting per member

6-10
5
$15,000

11-15
5
$15,000

16-20
1
$3,000

21-25

26-30

1
$3,000

1
$3,000

Total
25
$75,000

In-Lieu Payments for Law Enforcement and Firefighting
0
1-5
6-10
11-15
16-20
21-25
26-30
Total preserve area per period
0
4,983
9,967
14,950
19,933
24,917
29,900
In-lieu payments for law enforcement
per year
$0
$1,416
$2,832
$4,248
$5,664
$7,081
$8,497
In-lieu payments for firefighting per
year
$0
$2,171
$4,343
$6,514
$8,686
$10,857
$13,028
Total cost per year
$0
$3,588
$7,175
$10,763
$14,350
$17,938
$21,525
Cost per 5-year period
$0
$17,938
$35,875
$53,813
$71,750
$89,688
$107,625
Assumptions:
$3.52 In-lieu law enforcement funding per 1,000 preserve acres
$2.30 In-lieu firefighting funding per 1,000 preserve acres
In lieu costs per 1,000 preserve acres are based on CCWD's annual in-lieu payments and the assumption that CCWD manages approximately 20,000 acres of preserve.

Public Relations/Outreach
0
Total cost per year
Cost per 5-year period

Program Admin.

$0
$0

1-5
$25,000
$125,000

6-10
$25,000
$125,000

11-15
$25,000
$125,000

16-20
$25,000
$125,000

21-25
$25,000
$125,000

26-30
$25,000
$125,000
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Land Acquisition for Maximum Urban Development Area
Capital Costs
Acquisition
Site improvements
Capital Subtotal

0
$0
$0
$0

Implementation Period (Years)
1-5
6-10
11-15
16-20
$33,396,556 $33,396,556 $33,396,556 $33,396,556
$963,900
$963,900
$963,900
$963,900
$34,360,456 $34,360,456 $34,360,456 $34,360,456

21-25
$33,396,556
$963,900
$34,360,456

Operational Costs
Due diligence
Planning surveys
Operational Subtotal

$0
$0
$0

$1,363,177 $1,363,177
$1,109,415
$58,398
$2,472,592 $1,421,575

$1,363,177
$58,398
$1,421,575

$1,363,177
$58,398
$1,421,575

$1,363,177
$58,398
$1,421,575

Total

$0

$36,833,048 $35,782,032

$35,782,032

$35,782,032

$35,782,032

26-30
Total
$33,396,556 $200,379,337
$963,900
$5,783,400
$34,360,456 $206,162,737
$1,363,177
$58,398
$1,421,575

$8,179,062
$1,401,407
$9,580,469

$35,782,032 $215,743,206

Acquisition Distribution over 30-year Program
Acquisition Cost over 30-year Program
Cost per 5-year period
Acquisition Analysis Zone
0
1-5
6-10
11-15
16-20
21-25
26-30
Total (2005) Total (2006)
Zone 1
$0
$2,809,801 $2,809,801
$2,809,801
$2,809,801
$2,809,801
$2,809,801 $16,858,808 $16,688,285
Zone 2
$0 $13,088,042 $13,088,042 $13,088,042 $13,088,042 $13,088,042 $13,088,042 $78,528,253 $72,767,315
Zone 3
$0
$499,458
$499,458
$499,458
$499,458
$499,458
$499,458
$2,996,745
$3,494,205
Zone 4
$0
$6,944,096 $6,944,096
$6,944,096
$6,944,096
$6,944,096
$6,944,096 $41,664,574 $50,301,124
Zone 5
$0
$8,254,678 $8,254,678
$8,254,678
$8,254,678
$8,254,678
$8,254,678 $49,528,065 $63,617,455
Zone 6 (incl. within ULL along Marsh Creek)
$0
$1,800,482 $1,800,482
$1,800,482
$1,800,482
$1,800,482
$1,800,482 $10,802,892 $13,136,329
Total (2005)
$0 $33,396,556 $33,396,556 $33,396,556 $33,396,556 $33,396,556 $33,396,556 $200,379,337
Total (2006)*
$0 $36,667,452 $36,667,452 $36,667,452 $36,667,452 $36,667,452 $36,667,452
$220,004,713
Assumptions:
See Appendix G and description of separate land cost model in Chapter 9.
*Applied Home Price Index increase of 16.6% to 2005 land cost for first three quarters of 2005. See Table 9-7 for inflation index source.

Land Acquisition
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Due Diligence
Cost per 5-year period
Cost per
parcel
Number of parcels to be purchased
Number of parcels investigated
Appraisals
Preliminary title report
Phase I site assessment
Boundary survey
Legal description
Monumentation
Total
Assumptions:

0
0
0

$4,080
$510
$6,120
$6,249
$4,080
$4,682
$25,720

$0
$0
$0
$0
$0
$0
$0

1-5
42
53
$216,240
$27,030
$324,360
$331,172
$216,240
$248,135
$1,363,177

6-10
42
53
$216,240
$27,030
$324,360
$331,172
$216,240
$248,135
$1,363,177

11-15
42
53
$216,240
$27,030
$324,360
$331,172
$216,240
$248,135
$1,363,177

16-20
42
53
$216,240
$27,030
$324,360
$331,172
$216,240
$248,135
$1,363,177

21-25
42
53
$216,240
$27,030
$324,360
$331,172
$216,240
$248,135
$1,363,177

26-30
42
53
$216,240
$27,030
$324,360
$331,172
$216,240
$248,135
$1,363,177

Total
250
318
$1,297,440
$162,180
$1,946,160
$1,987,029
$1,297,440
$1,488,812
$8,179,062

1.25 Extra land surveyed and processed for due diligence/planning surveys that will not be acquired.
Note: Express as a decimal added to 1 (e.g., 25% extra land would be 1.25)
15,000 Average parcel boundary length in linear feet
$0.41 Cost per linear foot for boundary survey
$0.31 Cost per linear foot for monumentation

Planning Surveys

Land cover type surveys
Covered species habitat surveys
Covered plant surveys
Covered wildlife surveys
Contractor subtotal (years 1-5)

hours per
acre
0.3
0.15
1.2
0.35
2
cost per
acre for
years 6-30

0
$0
$0
$0
$0
$0

1-5
$166,412
$83,206
$665,649
$194,148
$1,109,415

6-10
$0
$0
$0
$0
$0

Cost per 5-year period
11-15
16-20
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

21-25
$0
$0
$0
$0
$0

Preserve planning surveys subtotal (years 6-30)
$9.38
$0
$0
$58,398
$58,398
$58,398
$58,398
Preserve planning surveys total
$0 $1,109,415
$58,398
$58,398
$58,398
$58,398
Assumptions:
Land cover type surveys include surveys for federal and state jurisdictional waters, and submitting of a report to the USACE and obtaining a verification
(includes some hours to respond to any changes the Corps may require). Land cover type and wetland delineation surveys will occur concurrently.
Covered plant surveys include three visits during the blooming season to cover different blooming times.
A minimum of 100 acres will be surveyed at a time.
In years 0-5, contractors will conduct the biological surveys.
In years 6-30, the cost for surveys will be covered under the monitoring spreadsheet.
$89 Per hour for biologists (including amortized per diem and travel, see below)

26-30
$0
$0
$0
$0
$0

$58,398
$58,398

Total
$166,412
$83,206
$665,649
$194,148
$1,109,415

$291,992
$1,401,407

Site Improvements
Cost per
parcel
Number of parcels to be purchased
Land Acquisition

0
0

1-5
42

6-10
42

Cost per 5-year period
11-15
16-20
42
42
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Demolition of old facilities
Repair of boundary fence
Repair and replacement of gates
Signs (boundary, landbank, etc.)
Other security (e.g., boarding up barns)
Total
Assumptions:

$5,100
$9,364
$4,080
$2,550
$2,040

$0
$0
$0
$0
$0
$0

$212,500
$390,150
$170,000
$106,250
$85,000
$963,900

$212,500
$390,150
$170,000
$106,250
$85,000
$963,900

$212,500
$390,150
$170,000
$106,250
$85,000
$963,900

$212,500
$390,150
$170,000
$106,250
$85,000
$963,900

$212,500
$390,150
$170,000
$106,250
$85,000
$963,900

$212,500
$390,150
$170,000
$106,250
$85,000
$963,900

$1,275,000
$2,340,900
$1,020,000
$637,500
$510,000
$5,783,400

$4.08 Average cost per linear foot for boundary fence repair
15% Proportion of boundary fence that needs repair

Field monitoring and analysis contractors
Base cost per hour
Per diem including lodging
Travel
assuming
and

$85
$0
$41
100
$0.405
10

$ per hour
$ per day
$ per day
miles
$ per mile
hours per day

Hours per day
Total cost per hour including amortized per diem
and travel (assuming 10-hour days)
$89 $ per hour
Assumptions:
Bay Area ES-II billing rate, assuming all work will be conducted from a local office (no per diem needed).

Land Acquisition
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Management, Restoration, and Recreation Planning and Design for Maximum Urban Development Area
0

Implementation Period (Years)
6-10
11-15
16-20
$12,583
$11,250
$16,583
$73,333
$36,667
$36,667
$85,917
$47,917
$53,250

$1,000
$7,333
$8,333

1-5
$11,350
$73,333
$84,683

Operational costs
Staff
Maintenance of office equipment
Travel
Vehicle fuel and maintenance
Contractors
Operational subtotal

$0
$0
$0
$633
$250,000
$250,633

$456,810
$0
$13,125
$9,500
$1,297,013
$1,776,448

$734,100
$0
$21,875
$12,667
$297,013
$1,065,655

$734,100
$0
$21,875
$12,667
$47,013
$815,655

Total

$258,967

$1,861,131

$1,151,571

$863,571

Capital costs
Office equipment
Vehicle purchase
Capital subtotal

21-25
$7,350
$0
$7,350

26-30
$7,350
$36,667
$44,017

Total
$67,467
$264,000
$331,467

$734,100
$0
$21,875
$12,667
$47,013
$815,655

$456,810
$0
$13,125
$9,500
$47,013
$526,448

$456,810
$0
$13,125
$9,500
$47,013
$526,448

$3,572,732
$0
$105,000
$67,133
$2,032,075
$5,776,940

$868,905

$533,798

$570,464

$6,108,407

Staff (shared with restoration and monitoring)

Position
Senior scientist
Project manager
Technical support

Benefit
Salary per
multiplier
employee per (percent of
year
salary)
$81,600
32%
$75,041
32%
$51,000
32%

Total cost
per
employee
per year
$107,712
$99,054
$67,320
Total FTEs
Total cost per year
Total cost per 5-year period

Number of FTEs

0

1-5
0
0
0
0
$0
$0

1
1
1
3
$91,362
$456,810

6-10
1
2
2
5
$146,820
$734,100

11-15
1
2
2
5
$146,820
$734,100

16-20
1
2
2
5
$146,820
$734,100

21-25
1
1
1
3
$91,362
$456,810

26-30
1
1
1
3
$91,362
$456,810

Assumptions:
0.333333333 Proportion of staff costs that are used for planning (one third are used for restoration, and are included in the restoration spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).
Note: The cost/employee/year includes salary and benefits.

Planning & Design
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Office Equipment (shared with restoration and monitoring)
Cost per
employee per
year

Equipment type
Office furniture
Office supplies
Computers
Cell phones
Portable radios
Mobile radios

Cost of
service
contract per
year
Total FTEs

$4,000
$300
$2,500
$0
$900
$0
$650
$0
$3,000
$0
Equipment (capital) cost per 5-year period
Maintenance cost per year
Maintenance total per 5-year period

Number of employees with equipment
0
0

1-5
3

6-10
5

11-15
5

16-20
5

0
0
0
0
0
1
$1,000
$0
$0

3
3
3
3
3
3
$11,350
$0
$0

1
5
5
5
5
4
$12,583
$0
$0

0
5
5
5
5
4
$11,250
$0
$0

4
5
5
5
5
4
$16,583
$0
$0

21-25
3
0
3
3
3
3
3
$7,350
$0
$0

26-30
3
0
3
3
3
3
3
$7,350
$0
$0

Assumptions:
Computers will be replaced every 5 years.
Each vehicle will have a mobile radio.
0.333333333 Proportion of office equipment costs that are used for planning (one third are used for restoration, and are included in the restoration spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Vehicles and Fuel (shared with restoration and monitoring)
0
0

Number of vehicles
6-10
11-15
5
5
2
1
1
1
4
4

16-20
21-25
26-30
Total FTEs
5
3
3
Number of vehicles purchased
1
2
1
0
1
Number of vehicles retired
0
0
1
1
1
Total number of vehicles
1
3
4
3
3
Total vehicle purchase cost per
year
$7,333
$14,667
$14,667
$7,333
$7,333
$0
$7,333
Total vehicle purchase cost per 5year period
$7,333
$73,333
$73,333
$36,667
$36,667
$0
$36,667
Total vehicle fuel and
maintenance per year
$633
$1,900
$2,533
$2,533
$2,533
$1,900
$1,900
Total vehicle fuel and
maintenance per 5-year period
$633
$9,500
$12,667
$12,667
$12,667
$9,500
$9,500
Assumptions:
$22,000 Vehicle purchase price
$900 Fuel cost per vehicle per year
$1,000 Maintenance cost per vehicle per year
0.333333333 Proportion of vehicle and fuel costs that are used for planning (one third are used for restoration, and are included in the restoration spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Planning & Design
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Travel (shared with restoration and monitoring)

Senior scientist
Project manager
Technical support

Days of
overnight travel
per FTE per
year
5
5
5
Total cost per year
Total cost per 5-year period

0
$0
$0
$0
$0
$0

1-5
$875
$875
$875
$2,625
$13,125

6-10
$875
$1,750
$1,750
$4,375
$21,875

11-15
$875
$1,750
$1,750
$4,375
$21,875

16-20
$875
$1,750
$1,750
$4,375
$21,875

21-25
$875
$875
$875
$2,625
$13,125

26-30
$875
$875
$875
$2,625
$13,125

Assumptions:
$175 per diem
0.333333333 Proportion of travel costs that are used for planning (one third are used for restoration, and are included in the restoration spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Contractors
Contractor category
Management and recreation
planning
Restoration planning
Restoration design
Total per 5-year period
Assumptions:

0
$150,000
$100,000
$0
$250,000

1-5
$750,000
$500,000
$47,013
$1,297,013

Contract value per 5-year period
6-10
11-15
16-20
$150,000
$100,000
$47,013
$297,013

$0
$0
$47,013
$47,013

$0
$0
$47,013
$47,013

21-25

26-30

$0
$0
$47,013
$47,013

$0
$0
$47,013
$47,013

$600 Cost per acre for restoration design (does not include conceptual restoration planning or creation of plans, specifications,
and engineering documents).
The total area of restoration that occurs in each 5-year period will be designed as five different projects (approximately 14 acres each).
Restoration designs will be created in the 5-year period in which construction takes place.

The management, restoration, and recreation planning and design staff and contractors will conduct the following activities:
Management Planning
Management plans prepared for cropland/pasture preserves
Management plans prepared for natural area preserves
Grazing leases developed or renewed
Jurisdictional wetland delineation
Exotic Plant Control Program (Preserve System-wide)
Fire management/control plan (System-wide)
Recreation Planning
Recreation Plan (Preserve System-wide)
Construction designs for new recreational facilities
Restoration Planning & Design
Pond creation plan and construction designs
Wetland creation plan and construction designs
Stream restoration plan and construction designs
Oak savanna restoration plan and construction designs
Riparian woodland/scrub restoration plan and construction designs

Planning & Design
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Habitat Restoration/Creation for Maximum Urban Development Area
Capital Costs
Creation/Restoration
Office equipment
Vehicle purchase
Capital Subtotal

0
$0
$1,000
$7,333
$8,333

Operational Costs
Staff
Travel
Vehicle fuel and maintenance
Contractors
Operational Subtotal
Total

Implementation Period (Years)
1-5
6-10
11-15
16-20
21-25
26-30
Total
$2,291,709 $2,291,709 $2,291,709 $2,291,709 $2,291,709 $2,291,709 $13,750,255
$11,350
$12,583
$11,250
$16,583
$7,350
$7,350
$67,467
$73,333
$73,333
$36,667
$36,667
$0
$36,667
$264,000
$2,376,393 $2,377,626 $2,339,626 $2,344,959 $2,299,059 $2,335,726 $14,081,722

$0 $456,810 $734,100 $734,100 $734,100 $456,810 $456,810
$0
$13,125
$21,875
$21,875
$21,875
$13,125
$13,125
$633
$9,500
$12,667
$12,667
$12,667
$9,500
$9,500
$0 $769,830 $769,830 $769,830 $769,830 $769,830 $769,830
$633 $1,249,265 $1,538,472 $1,538,472 $1,538,472 $1,249,265 $1,249,265

$3,572,732
$105,000
$67,133
$4,618,978
$8,363,843

$8,967 $3,625,657 $3,916,098 $3,878,098 $3,883,431 $3,548,324 $3,584,991 $22,445,565

Land Cover Type Restored/Created
0

Land Cover Type (acres)
oak savanna
riparian woodland/scrub
perennial wetland
seasonal wetland
alkali wetland
slough/channel
open water
ponds
streams
Total

0
0
0
0
0
0
0
0
0
0

1-5
29.5
9.2
10.6
7.8
3.5
12.2
0.0
5.5
0.1
78

Implementation Period (Years)
6-10
11-15
16-20
29.5
29.5
29.5
9.2
9.2
9.2
10.6
10.6
10.6
7.8
7.8
7.8
3.5
3.5
3.5
12.2
12.2
12.2
0.0
0.0
0.0
5.5
5.5
5.5
0.1
0.1
0.1
78
78
78

21-25
29.5
9.2
10.6
7.8
3.5
12.2
0.0
5.5
0.1
78

26-30
29.5
9.2
10.6
7.8
3.5
12.2
0.0
5.5
0.1
78

Total
177
55
63.75
46.875
20.7
73
0
33
0.8
470.125

Cost of Restoration/Creation Construction
Cost per
unit
acres
$1,850
acres
$25,000
acres
$40,000
acres
$45,000
acres
$41,700
acres
$54,000
acres
$45,000
acres
$45,000
linear feet
$260
$0
Total
Unit

Land Cover Type
oak savanna
riparian woodland/scrub
perennial wetland
seasonal wetland
alkali wetland
slough/channel
open water
ponds
streams

0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

Implementation Period (Years)
1-5
6-10
11-15
16-20
$54,575
$54,575
$54,575
$54,575
$229,167 $229,167 $229,167 $229,167
$425,000 $425,000 $425,000 $425,000
$351,563 $351,563 $351,563 $351,563
$143,865 $143,865 $143,865 $143,865
$657,000 $657,000 $657,000 $657,000
$0
$0
$0
$0
$247,500 $247,500 $247,500 $247,500
$183,040 $183,040 $183,040 $183,040
$2,291,709 $2,291,709 $2,291,709 $2,291,709

21-25
26-30
$54,575
$54,575
$229,167 $229,167
$425,000 $425,000
$351,563 $351,563
$143,865 $143,865
$657,000 $657,000
$0
$0
$247,500 $247,500
$183,040 $183,040
$2,291,709 $2,291,709

Total
$327,450
$1,375,000
$2,550,000
$2,109,375
$863,190
$3,942,000
$0
$1,485,000
$1,098,240
$13,750,255

Assumptions:
See Aquatic Land Cover Type Restoration Cost Worksheet in this appendix for detailed cost estimates.
The estimate of construction costs is a planning tool to assess the level of effort required to perform the work. Actual construction costs may vary from the above
estimates because of competitive bidding, negotiations with the client, or fluctuations in market prices. This is not a bid.

Staff (shared with planning and monitoring)
0
1-5
6-10
11-15
16-20
21-25
26-30
Cost per 5-year period
$0 $456,810 $734,100 $734,100 $734,100 $456,810 $456,810
Assumptions:
See the planning spreadsheet for more information on staff positions and costs.
0.333333333 Proportion of staff costs that are used for restoration (one third are used for planning, and are included in the planning spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).
Habitat Restoration & Creation
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Office Equipment (shared with planning and monitoring)
0
1-5
6-10
11-15
16-20
21-25
26-30
Cost per 5-year period
$1,000
$11,350
$12,583
$11,250
$16,583
$7,350
$7,350
Assumptions:
See the planning spreadsheet for more information on office equipment costs.
0.333333333 Proportion of staff costs that are used for restoration (one third are used for planning, and are included in the planning spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Vehicles and Fuel (shared with planning and monitoring)
0
1-5
6-10
11-15
16-20
21-25
26-30
Vehicle purchase
$7,333
$73,333
$73,333
$36,667
$36,667
$0
$36,667
Vehicle fuel and maintenance
$633
$9,500
$12,667
$12,667
$12,667
$9,500
$9,500
Assumptions:
See the planning spreadsheet for more information on vehicle and fuel costs.
0.333333333 Proportion of staff costs that are used for restoration (one third are used for planning, and are included in the planning spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Travel (shared with planning and monitoring)
0
1-5
6-10
11-15
16-20
21-25
26-30
Cost per 5-year period
$0
$13,125
$21,875
$21,875
$21,875
$13,125
$13,125
Assumptions:
See the planning spreadsheet for more information on travel costs.
0.333333333 Proportion of staff costs that are used for restoration (one third are used for planning, and are included in the planning spreadsheet, and
one-third are used for monitoring, and are included in the monitoring spreadsheet).

Contractors
Contract value per 5-year period
Contractor category
0
1-5
6-10
11-15
16-20
21-25
26-30
Plans, specifications, and
engineering
$0 $176,297 $176,297 $176,297 $176,297 $176,297 $176,297
Bid assisstance
$0
$23,506
$23,506
$23,506
$23,506
$23,506
$23,506
Construction oversight
$0
$99,902
$99,902
$99,902
$99,902
$99,902
$99,902
Post-construction
maintenance
$0 $470,125 $470,125 $470,125 $470,125 $470,125 $470,125
Cost per 5-year period
$0 $769,830 $769,830 $769,830 $769,830 $769,830 $769,830
Assumptions:
$2,250 Average cost per acre for plans, specifications, and engineering
$300 Average cost per acre for bid assisstance
$1,275 Average cost per acre for construction oversight
$6,000 Average cost per acre for post-construction maintenance
The total area of restoration that occurs in each 5-year period will be designed as five different projects (approximately 14 acres each).
Plan, specification, and engineering work, bid assisstance, and construction oversight will be conducted in the 5-year period in which construction takes place.
Two years of post-construction maintenance will be conducted in the 5-year period after construction takes place.

Habitat Restoration & Creation
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Environmental Compliance for Maximum Urban Development Area
Operational Costs
NEPA/CEQA
CWA 404/401
NHPA
CDFG 1600-1607
Other
Total

0
$0
$0
$0
$0
$0
$0

Implementation Period (Years)
1-5
6-10
11-15
16-20
21-25
$380,000 $380,000
$380,000 $380,000 $380,000
$0
$0
$0
$0
$0
$41,000 $41,000
$41,000 $41,000 $41,000
$8,000
$8,000
$8,000
$8,000
$8,000
$30,000 $30,000
$30,000 $30,000 $30,000
$459,000 $459,000
$459,000 $459,000 $459,000

26-30
Total
$0 $1,900,000
$0
$0
$0 $205,000
$0
$40,000
$0 $150,000
$0 $2,295,000

Number Projects Requiring Environmental Compliance
Number
0
1-5
6-10
11-15
16-20
21-25
26-30
Total
Size Range
up to 10 acres or up to
0.1 stream miles
Small/simple
0
4
4
4
4
4
0
20
10.1-50 acres or 0.1-0.5
Medium/more complex stream miles
0
4
4
4
4
4
0
20
over 50 acres or 0.5
stream miles
Large/most complex
0
2
2
2
2
2
0
10
0
10
10
10
10
10
0
50
Total projects
Assumptions:
Of the total of approximately 50 projects that would require environmental compliance, 1/5 would require compliance in each 5-year period between years 1 and 25.
Project size

Cost per Project Size and Compliance Category

Project size

NEPA/CEQA

Compliance Category
CWA
404/401 NHPA
CDFG 1602 Other

Total

Small/simple
$5,000
$0
$2,500
$0
$2,500 $10,000
Medium/more complex
$40,000
$0
$3,500
$0
$3,000 $46,500
Large/most complex
$100,000
$0
$8,500
$4,000
$4,000 $116,500
Assumptions:
For NEPA/CEQA, 401/404 and 1602 compliance, varying costs have more to do with project complexity than with project size.
Clean Water Act and 1602 permits will be done on a per-project basis; a Regional General Permit and Master 1602 Agreement will be available for small to medium projects.
Cultural compliance permits will be done on a per-project basis.
All compliance costs include application or other fees
NEPA/CEQA
Depending on the level of detail that is provided for specific projects, they may or may not be able to be covered under the HCP EIR/EIS.
For those without sufficient detail, additional environmental documentation may need to be prepared.
It is likely that the majority of those would be in the form of mitigated negative declarations.
Because it is difficult to provide a cost estimate for a project without knowing details such as location, size, etc.,
the following are some rough numbers based on level of controversy:
Small scale non-controversial projects = Cat Excl/Cat Exemp
Medium scale more controversial projects = IS MND/EA FONSI
Larger scale more controversial projects = EIR/EIS
401/404
The cost of conducting wetland delineations is not included under CWA 404/401 compliance; it is expected that delineation would be covered under land acquisition costs.
Each project implemented under the HCP will qualify for compliance under the regional permit program for the inventory area
Tasks associated with Section 402 compliance are not included in this cost estimate.
NHPA
Archaeological surveys can be conducted at an intensive level at a rate of 40 acres per person per day.
No more than one cultural resource will be identified per 40 acres or part thereof.
This scope of work and cost estimate does not include tasks necessary for significance evaluations and resolution of adverse effects.
1602
All projects except large ones would qualify for the Master 1602 for the inventory area
The "other" compliance category could include county grading permits, road encroachment permits, or other local approvals.
All land acquisitions would be a categorical exemption under CEQA as well as under NEPA, when NEPA applies.

Environmental Compliance
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HCP/NCCP Preserve Management and Maintenance for Maximum Urban Development Area
Capital Costs
Office equipment
Vehicle purchase
Equipment - capital
Field facilities
Contractors - capital
Recreation facilities
Capital Subtotal

0
$0
$10,000
$0
$0
$0
$0
$10,000

1-5
$31,050
$221,000
$75,000
$750,000
$225,000
$0
$1,302,050

Implementation Period (Years)
6-10
11-15
16-20
$25,150
$56,100
$85,600
$45,000
$266,000
$171,000
$150,000
$225,000
$300,000
$0
$750,000
$0
$450,000
$675,000
$900,000
$52,800
$302,800
$52,800
$722,950 $2,274,900 $1,509,400

21-25
$67,700
$197,000
$375,000
$750,000
$1,125,000
$302,800
$2,817,500

26-30
$84,250
$206,000
$450,000
$0
$1,350,000
$52,800
$2,143,050

Total
$349,850
$1,116,000
$1,575,000
$2,250,000
$4,725,000
$764,000
$10,779,850

Operational Costs
Preserve staff
Maintenance of office equipment
Travel
Vehicle maintenance and fuel
Equipment - operational
Facilities maintenance and utilities
Water pumping
Contractors - operational
Recreation - operational
Operational Subtotal

$30,294
$0
$0
$500
$0
$0
$0
$25,000
$0
$55,794

$1,194,930
$0
$875
$62,750
$162,500
$57,500
$9,375
$402,000
$0
$1,889,930

$1,733,490 $2,002,770 $2,541,330
$0
$0
$0
$875
$875
$875
$79,250
$158,500
$191,500
$325,000
$487,500
$650,000
$57,500
$115,000
$115,000
$18,750
$28,125
$37,500
$604,000
$806,000 $1,008,000
$0
$13,200
$75,700
$2,818,865 $3,611,970 $4,619,905

$3,079,890
$0
$875
$213,500
$812,500
$172,500
$46,875
$1,210,000
$75,700
$5,611,840

$3,349,170
$0
$875
$230,000
$975,000
$172,500
$56,250
$1,412,000
$138,200
$6,333,995

$13,931,874
$0
$5,250
$936,000
$3,412,500
$690,000
$196,875
$5,467,000
$302,800
$24,942,299

Total

$65,794

$3,191,980

$3,541,815 $5,886,870 $6,129,305

$8,429,340

$8,477,045

$35,722,149

Preserve Staff

Position
Preserve manager
Preserve maintenance staff member
Admin - Secretary

Preserve Management&Maintenance

Total cost
per
employee
per year
$100,980
$53,856
$60,588
Total FTEs
Total cost per year
Total cost per 5-year period

Benefit
Preserve area Salary per
multiplier
per position employee per (percent of
year
(acres)
salary)
$76,500
32%
3,000
$40,800
32%
$45,900
32%

Number of employees
0
0.0
0
0.5
0.5
$30,294.0
$30,294

1-5
1.0
2
0.5
3.5
$238,986.0
$1,194,930

6-10
1.0
4
0.5
5.5
$346,698.0
$1,733,490
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11-15
1.0
5
0.5
6.5
$400,554.0
$2,002,770

16-20
1.0
7
0.5
8.5
$508,266.0
$2,541,330

21-25

26-30

1.0
9
0.5
10.5
$615,978.0
$3,079,890

1.0
10
0.5
11.5
$669,834.0
$3,349,170
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Office Equipment

Equipment type
Office furniture
Office supplies
Computers
Cell phones
Portable radios
Mobile radios

Cost of service
Cost per
employee per contract per
year
year
Total FTEs
$4,000
$300
$2,500
$0
$900
$0
$650
$0
$3,000
$0
Equipment (capital) cost per 5-year period
Maintenance cost per year
Maintenance total per 5-year period

Number of FTEs with equipment
0
0.5

1-5
3.5
0
0
0
0
0
0
$0
$0
$0

3
3
3
3
3
2
$31,050
$0
$0

6-10
5.5
0
3
3
5
5
3
$25,150
$0
$0

11-15
6.5
3
6
6
6
6
6
$56,100
$0
$0

16-20
8.5
6
9
9
8
8
8
$85,600
$0
$0

21-25
10.5
0
9
9
10
10
9
$67,700
$0
$0

26-30
11.5
3
9
9
11
11
10
$84,250
$0
$0

Assumptions:
There will be 3 offices per field facility - a front area for the secretary, an office for the preserve manager, and a shared office for preserve maintenance staff memebers.
Computers will be replaced every 5 years.
Each vehicle will have a mobile radio.

Travel
Position
Preserve manager

Days of travel
per year
1
Total cost per year
Total cost per 5-year period

0

1-5
$0
$0
$0

$175
$175
$875

6-10
$175
$175
$875

11-15
$175
$175
$875

16-20
$175
$175
$875

21-25
$175
$175
$875

26-30
$175
$175
$875

Assumptions:
$175 per diem
Note: Travel includes offsite travel. Travel in the course of HCP/NCCP preserve management is covered under the vehicles, maintenance, and fuel cost category below.

Preserve Management&Maintenance
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Vehicles, Maintenance, and Fuel
Purchase
price per
vehicle
Total number of FTEs
New trucks purchased
Old trucks retired
Total trucks
New 4WDs purchased
Old 4WDs retired
Total 4WDs
New ATVs purchased
Old ATVs retired
Total ATVs
New dump trucks purchased
Old dump trucks retired
Total dump trucks
New tractors purchased
Old tractors retired
Total tractors
New auger, mower, scraper for tractor
Old auger, mower, scraper retired
Total auger, mower, scraper
New small tractors
Old small tractors retired
Total small tractors
New light 4WD vehicles
Old light 4WD vehciles retired
Total light 4WD vehicles

Fuel cost per
vehicle per
year

Maintenance
cost per
vehicle per
year

$21,000

$900

$1,000

$35,000

$1,800

$1,500

$6,000

$250

$300

$30,000

$400

$400

$40,000

$500

$1,000

$40,000

$0

$100

$14,000

$300

$300

$10,000

$250

$250

Total vehicle purchase cost per 5-year period
Total vehicle fuel and maintenance per year
Total vehicle fuel and maintenance per 5-year period

Number of vehicles
0
0.5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
$10,000
$500
$500

1-5
3.5
1
0
1
2
0
2
1
0
1
1
0
1
1
0
1
1
0
1
1
0
1
0
0
1
$221,000
$12,550
$62,750

6-10
5.5

11-15
6.5

16-20
8.5

21-25
10.5

26-30
11.5

0
0
1
1
0
3
0
0
1
0
0
1
0
0
1
0
0
1
0
0
1
1
1
1
$45,000
$15,850
$79,250

1
0
2
3
0
6
1
0
2
1
0
2
1
0
2
1
0
2
1
0
2
1
0
2
$266,000
$31,700
$158,500

1
1
2
4
2
8
0
0
2
0
0
2
0
0
2
0
0
2
0
0
2
1
1
2
$171,000
$38,300
$191,500

0
0
2
5
4
9
2
0
4
0
0
2
0
0
2
0
0
2
0
0
2
1
1
2
$197,000
$42,700
$213,500

1
1
2
5
4
10
0
0
4
0
0
2
0
0
2
0
0
2
0
0
2
1
1
2
$206,000
$46,000
$230,000

Assumptions:
Cost of 4WD truck includes cost of fire pumper, chain saw, sprayer, and small tool set for vehicle.

Equipment and Materials
0

Number of new units bought per period
6-10
11-15
16-20
4,983
4,983
4,983
4,983
4,983
9,967
14,950
19,933

21-25
26-30
New preserve area per period
0
4,983
4,983
Total preserve area per period
0
24,917
29,900
Capital cost of equipment and materials
per year
$0
$15,000
$30,000
$45,000
$60,000
$75,000
$90,000
Operational cost of equipment and
materials per year
$0
$32,500
$65,000
$97,500
$130,000
$162,500
$195,000
Total capital cost per 5-year period
$0
$75,000
$150,000 $225,000
$300,000
$375,000
$450,000
Total operational cost per 5-year period
$0
$162,500
$325,000 $487,500
$650,000
$812,500
$975,000
Assumptions:
$3,000 Capital cost of equipment and materials per 1,000 preserve acres per year.
$6,500 Operational cost of equipment and materials per 1,000 preserve acres per year.
Capital costs include the capital component of fire fighting equipment/gear, small tools (pliers, wrenches, screwdrivers, etc.), glasses, gloves, hard hats, rain gear,
irrigation supplies, cargo container, landscape plants and grass, oak trees, lumber, and truck hauling services.
Preserve Management&Maintenance
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Operational costs include the operational component of fire fighting equipment/gear, small tools (pliers, wrenches, screwdrivers, etc.), glasses, gloves, hard hats,
rain gear, irrigation supplies, cargo container, landscape plants and grass, oak trees, lumber, and truck hauling services.
Operational costs also include portable radios, small pumps, piping, generator, saw, and demolition hammers.

Field Facilities
0
1-5
6-10
11-15
16-20
21-25
Total preserve area per period
0
4,983
9,967
14,950
19,933
24,917
Total field offices/parking areas
0
1
1
2
2
3
New field offices/parking areas
0
1
0
1
0
1
Cost per 5-year period for
offices/workshops
$0
$750,000
$0 $750,000
$0
$750,000
Assumptions:
10,000 Number of acres per workshop/parking area
$750,000 Cost to build a workshop/parking area
Note: Field facilities contain an area for equipment storage, a manager's office, a shared office, a locker room, and restrooms.

26-30
29,900
3
0
$0

Facilities Maintenance and Utilities
Cost per
square foot
per year

1-5

6-10

11-15

16-20

21-25

26-30

1
$7,500
$4,000
$11,500
$57,500

1
$7,500
$4,000
$11,500
$57,500

2
$15,000
$8,000
$23,000
$115,000

2
$15,000
$8,000
$23,000
$115,000

3
$22,500
$12,000
$34,500
$172,500

3
$22,500
$12,000
$34,500
$172,500

1-5
6-10
11-15
4,983
9,967
14,950
Total cost per year
$0
$1,875
$3,750
$5,625
Total cost per 5-year period
$0
$9,375
$18,750
$28,125
$375 Annual cost for pump and well drilling per 1,000 acres

16-20
19,933
$7,500
$37,500

21-25
24,917
$9,375
$46,875

26-30
29,900
$11,250
$56,250

Total facilities per period
Maintenance cost per year
Utilities cost per year

$7,500
$4,000
Total cost per year
Total cost per 5-year period

0
0
$0
$0
$0
$0

Water Pumping
Total preserve area

0
0

Contractors - operational
Contract value per 5-year period
0
1-5
6-10
11-15
16-20
21-25
Contractor category
Total pond area
0
8.166666667 16.33333333
24.5
32.6666667 40.8333333
Total preserve area
0
4,983
9,967
14,950
19,933
24,917
Routine dirt road maintenance
$0
$75,000
$75,000
$75,000
$75,000
$75,000
Feral pig management
$25,000
$125,000
$125,000 $125,000
$125,000
$125,000
Pond maintenance
$0
$49,000
$98,000 $147,000
$196,000
$245,000
Weed management
$0
$3,000
$6,000
$9,000
$12,000
$15,000
Other maintenance services
$0
$150,000
$300,000 $450,000
$600,000
$750,000
Total per 5-year period
$25,000
$402,000
$604,000 $806,000 $1,008,000 $1,210,000
Assumptions:
$6,000 Cost for pond maintenance (dredging) per acre of pond every 5 years.
$15,000 Cost of dirt road maintenance per 100 miles of road per year.
100 Miles of dirt road present on preserves
$600 Cost of weed management clearing per 1,000 acres of preserve per year.
$6,000 Cost for other maintenance services per 1,000 acres of preserve per year.
Other maintenance services include mowing, grading, pest control, disking for fire breaks, fencing, alarms, janitorial services
(pond maintenance subtracted based on the yearly pond maintenance costs above)
Preserve Management&Maintenance

26-30
49
29,900
$75,000
$125,000
$294,000
$18,000
$900,000
$1,412,000
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Contractors - capital
Contractor category
Total preserve area
Construction services
Assumptions:

0
0
$0

1-5
4,983
$225,000

Contract value per 5-year period
6-10
11-15
16-20
9,967
14,950
19,933
$450,000 $675,000
$900,000

21-25
24,917
$1,125,000

26-30
29,900
$1,350,000

$9,000 Cost for construction services per 1,000 preserve acres per year
Construction services includes roadway design, paving, fencing, grading, weather station, and boundary surveying services

Recreational Facilities
0
Total preserve area per period
Total trailhead facilities
Cost of trailhead facility construction
Trailhead facility maintenance (yearly)
Miles of trail constructed
Trail construction cost
Trail maintenance cost (yearly)
Total per five year period

1-5
0
0
$0
$0
0
$0
$0
$0

4,983
0
$0
$0
0
$0
$0
$0

6-10
9,967
0
$0
$0
5
$52,800
$0
$52,800

11-15
14,950
1
$250,000
$0
5
$52,800
$2,640
$316,000

16-20
19,933
1
$0
$12,500
5
$52,800
$2,640
$128,500

21-25
24,917
2
$250,000
$12,500
5
$52,800
$2,640
$378,500

26-30
29,900
2
$0
$25,000
5
$52,800
$2,640
$191,000

Total
29,900
2
$500,000
$50,000
25
$264,000
$10,560
$1,066,800

Assumptions:
10,000 Number of acres per trailhead facility
$250,000 Cost to build trailhead facilities (parking areas, kiosk, gates, signage, emergency phones, restroom)
5% maintenance cost of trailhead facilities is calculated as a percent of construction costs.
Trailhead facility maintenance costs begin to accrue in the five-year period after original construction
25 miles of trail over entire preserve system
$2.00 construction cost cost per foot of trail
5% maintenance cost per mile of trail is calculated as a % of construction
Trail maintenance costs begin to accrue in the five-year period after original construciton

Preserve Management&Maintenance
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Monitoring, Research, and Adaptive Management for Maximum Urban Development Area

Capital costs
Office equipment
Vehicle purchase
Capital Subtotal
Operational Costs
Monitoring staff
Vehicle fuel and maintenance
Travel
Field Data Collection (Contractors)
Directed research
Adaptive management
Operational Subtotal
Total

Implementation Period (Years)
6-10
11-15
16-20
$12,583
$11,250
$16,583
$73,333
$36,667
$36,667
$85,917
$47,917
$53,250

0
$1,000
$7,333
$8,333

1-5
$11,350
$73,333
$84,683

21-25
$7,350
$0
$7,350

26-30
$7,350
$36,667
$44,017

Total
$67,467
$264,000
$331,467

$0
$633
$0
$0
$0
$0
$633

$456,810
$9,500
$13,125
$1,070,700
$375,000
$150,000
$2,075,135

$734,100
$734,100
$734,100 $456,810
$456,810
$3,572,732
$12,667
$12,667
$12,667
$9,500
$9,500
$67,133
$21,875
$21,875
$21,875
$13,125
$13,125
$105,000
$1,601,158 $2,131,617 $2,505,367 $2,879,117 $3,252,867 $13,440,825
$375,000
$375,000
$375,000 $375,000
$375,000
$2,250,000
$150,000
$150,000
$150,000 $150,000
$150,000
$900,000
$2,894,800 $3,425,259 $3,799,009 $3,883,552 $4,257,302 $20,335,690

$8,967

$2,159,819

$2,980,717 $3,473,175 $3,852,259 $3,890,902 $4,301,319 $20,667,157

Staff (shared with planning and restoration/creation)
0
1-5
6-10
11-15
16-20
21-25
26-30
Cost per 5-year period
$0
$456,810 $734,100
$734,100 $734,100 $456,810
$456,810
Assumptions:
See the planning spreadsheet for more information on staff positions and costs.
0.333333333 Proportion of staff costs that are used for monitoring (one third are used for planning, and are included in the
planning spreadsheet, and one-third are used for restoration/creation, and are included in the habitat restoration and creation spreadsheet).

Office Equipment (shared with planning and restoration/creation)
0
1-5
6-10
11-15
16-20
21-25
26-30
Cost per 5-year period
$1,000
$11,350
$12,583
$11,250
$16,583
$7,350
$7,350
Assumptions:
See the planning spreadsheet for more information on office equipment costs.
0.333333333 Proportion of office equipment costs that are used for monitoring (one third are used for planning, and are
included in the planning spreadsheet, and one-third are used for restoration/creation, and are included in the habitat restoration and creation spreadsheet).

Vehicles and Fuel (shared with planning and restoration/creation)
0
1-5
6-10
11-15
16-20
21-25
26-30
Vehicle purchase
$7,333
$73,333
$73,333
$36,667
$36,667
$0
$36,667
Vehicle fuel and maintenance
$633
$9,500
$12,667
$12,667
$12,667
$9,500
$9,500
Assumptions:
See the planning spreadsheet for more information on vehicle and fuel costs.
0.333333333 Proportion of vehicle and fuel costs that are used for monitoring (one third are used for planning, and are
included in the planning spreadsheet, and one-third are used for restoration/creation, and are included in the habitat restoration and creation spreadsheet).

Travel (shared with planning and restoration/creation)
0
1-5
Cost per 5-year period
$0
$13,125
Assumptions:
See the planning spreadsheet for more information on travel costs.
Monitoring&Research

6-10
$21,875

11-15
$21,875

16-20
$21,875

21-25
$13,125

26-30
$13,125
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0.333333333 Proportion of travel costs that are used for monitoring (one third are used for planning, and are included in
the planning spreadsheet, and one-third are used for restoration/creation, and are included in the habitat restoration and creation spreadsheet).

Field Data Collection (Contractors)
Total acres of land acquired for preserve system each 5-year period
New acres created/restored per 5-year period
Total area of preserve covered activities requiring preconstruction surveys and
construction monitoring per 5-year period (acres)

0
0

4,983
78

4,983
78

4,983
78

4,983
78

4,983
78

4,983
78

0

20

20

20

20

20

20

Number of resotration sites per 5-year period

0

32

32

32

32

32

32

Cost per
unit
preconstruction surveys
$1,600
subtotal
construction monitoring
$4,200
subtotal
post-acquisition biological inventories
$15

Monitoring type

subtotal
monitoring: restoration, creation and
enhancement sites
subtotal
status and trends monitoring: key covered
species and ecosystems
subtotal

$4,000

$15

Unit
1 site
1 site
1 acre

10 acres

1 acre
Total cost per year
Total cost per 5-year period

0
$0
0
$0
0

Average area requiring monitoring per year (acres)
6-10
11-15
16-20
21-25
32
32
32
32
32
$51,200
$51,200
$51,200
$51,200
$51,200
3
3
3
3
3
$13,440
$13,440
$13,440
$13,440
$13,440
4,983
4,983
4,983
4,983
4,983

$0

$74,750

$74,750

$74,750

$74,750

$74,750

$74,750

0
$0

0
$0

78
$31,342

157
$62,683

157
$62,683

157
$62,683

157
$62,683

0
4,983
9,967
$0
$74,750 $149,500
$0 $214,140 $320,232
$0 $1,070,700 $1,601,158

14,950
$224,250
$426,323
$2,131,617

19,933
$299,000
$501,073
$2,505,367

24,917
$373,750
$575,823
$2,879,117

29,900
$448,500
$650,573
$3,252,867

0

1-5

26-30
32
$51,200
3
$13,440
4,983

Assumptions:
Implementing entity monitoring staff will plan, coordinate, and report on the monitoring categories described below.
Contractors will conduct the field monitoring and data analysis.
Implementation monitoring will be conducted by the GIS/Database technician in conjunction with the other monitoring staff. The cost for the GIS/database
technician's time will be covered by the program administration cost category. The cost for the monitoring staffs' time is assumed to be included in the other
monitoring categories.
Planning survey costs are covered under the land-acquisition spreadsheet.
Preconstruction surveys are assumed to occur prior to construction of covered activites on the Preserve System. Preconstruction surveys are for the following
species only: Townsend's big-eared bat, San Joaquin kit fox, golden eagle, burrowing owl, Swainson's hawk, and covered shrimp species. Surveys are assumed to
Construction monitoring is assumed to occur periodically during construction of covered activities and conservation measures. An average of seven visits by one
biologist at $75/hour is assumed.
10% % of times construction surveys are aniticipated to be required for covered activities within
the preserve system (it is anticipated that Implementing Entity will whenever possible avoid
habitat and breeding season of covered species).
0.25 Ratio of area of other covered activities in preserves to area created/restored.
Planning, preconstruction surveys and construction monitoring for covered activities outside of preserves will be paid for by developers.
Post-acquisition inventories will build on planning surveys (see land acquisition spreadsheet). Inventory will include mapping of noxious weeds
Monitoring of restoration, creation, and enhancement sites is assumed to occur 4 times per year and will require two biologists at $100/hr. It wil include speciesresponse monitoring. It is assumed to begin in the 5-year period after the creation/restoration/enhancement takes place.
Status and trends monitoring is assumed to occur after preserve land is purchased through year 30. Status and trend monitoring will build on planning surveys and
post-acquisition inventories, when appropriate.

Monitoring&Research
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Directed Research
0
Average cost per year to fund directed
research
Total cost per 5-year period

1-5
$0
$0

$75,000
$375,000

6-10
$75,000
$375,000

11-15
$75,000
$375,000

16-20
$75,000
$375,000

21-25
$75,000
$375,000

26-30
$75,000
$375,000

Adaptive Management
0
Average Independent Conservation
Assessment Team cost per 5-year period
Average Science Advisors cost per 5-year
period
Total cost per 5-year period

1-5

6-10

11-15

16-20

21-25

26-30

0

$25,000

$25,000

$25,000

$25,000

$25,000

$25,000

0
$0

$125,000
$150,000

$125,000
$150,000

$125,000
$150,000

$125,000
$150,000

$125,000
$150,000

$125,000
$150,000

Assumptions:
Adaptive management experiments are covered under the monitoring staff and directed research categories.
It is assumed that the Independent Conservation Assessment Team will meet once every 4 years and have:
5 members
$5,000 stipend per member per 5-year period
It is assumed that the Science Advisors will contain:
10 members
$12,500 stipend per member per 5-year period

Monitoring&Research
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Remedial Measures for Maximum Urban Development Area

Capital costs
Remedial measures
Total

0
$0
$0

1-5
$30,000
$30,000

Implementation Period (Years)
6-10
11-15
16-20
$30,000 $286,984 $286,984
$30,000 $286,984 $286,984

21-25
$286,984
$286,984

26-30
Total
$745,326 $1,666,277
$745,326 $1,666,277

Remedial Measures
0
1-5
6-10
11-15
16-20
21-25
26-30
Cost of created/restored habitat
per 5-year period
$0 $2,291,709 $2,291,709 $2,291,709 $2,291,709 $2,291,709 $2,291,709
Cost for remedial measures for
created/restored habitat per 5year period
$0
$0
$0 $229,171 $229,171 $229,171 $687,513
Area of new preserve not
including created/restored habitat
per 5-year period
0
4,905
4,905
4,905
4,905
4,905
4,905
Cost for remedial measures for
preserves per 5-year period
$0
$0
$0
$27,813
$27,813
$27,813
$27,813
Cost for other remedial measures
per 5-year period
$0
$30,000
$30,000
$30,000
$30,000
$30,000
$30,000
Total cost per 5-year period
$0
$30,000
$30,000 $286,984 $286,984 $286,984 $745,326
Assumptions:
2.0% Percent of annual preserve management and maintenance cost assumed to be needed for preserve remedial actions.
10% Percent of created/restored habitat for which remedial measures will be required.
$284 Cost per acre for preserve management and maintenance in years 26-30.
Remedial actions are assumed to occur in the second 5-year period after habitat is created/restored or preserve land is purchased, with the exception of
remedial actions for habitat created/restored in years 21-30. The cost for these remedial actions is included in years 26-30 so that it can be included in this
cost estimate.
The remedial cost for preserve lands is assumed to be a percentage of the cost per acre for preserve management and maintenance in years 26-30, and is
assumed to be needed once, in the second 5-year period after the preserve land is purchased.
The cost for other remedial measures includes the costs for restoration or maintenance of preserve areas because of other changed circumstances, such as
wildfire.

Remedial Measures
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Contingency Fund for Maximum Urban Development Area
Contingency Fund
0
Total cost of program
excluding land acquisition
Contingency fund

1-5

6-10

11-15

16-20

21-25

26-30

Total

$934,427 $14,393,072 $14,992,153 $17,837,437 $18,285,829 $19,938,331 $20,397,633 $106,778,881
$46,721
$719,654
$749,608
$891,872
$914,291
$996,917 $1,019,882
$5,338,944

Assumptions:
5.0% Percent of total program funding needed for contingency fund

Contingency Fund
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TECHNICAL MEMORANDUM
To:

John Kopchik, Contra Costa County

From:

Teifion Rice‐Evans and Jason Tundermann

Subject:

NCCP/ HCP Land Cost Data; EPS #11028

Date:

August 3, 2006

This technical memorandum describes the results of the land valuation research effort
conducted as part of the NCCP/ HCP to estimate land acquisition costs. This technical
memorandum includes: (1) planning level estimates of per‐acre fee title land values by
selected land categories, (2) a description of potential conservation easement costs, (3) an
evaluation of potential land value increases over time, and (4) preliminary estimates of
total land acquisition costs. The total land acquisition costs are based on the application
of the per‐acre land values and conservation easement assumptions to the acquisition
profile. These land value estimates provide an overall estimate of the funding required
to cover land acquisition costs.

PER‐ACRE LAND VALUES
This section provides estimates of average per‐acre fee title land values for the types of
undeveloped land areas that are likely to be conserved as part of the HCP. These per‐
acre land values represent planning‐level estimates of average land values. Average
land value estimates are based on their private market value derived, as described
below, from either arms‐length sales transactions or pro forma residual land value
analysis. Actual sales prices of individual properties will vary considerably around
these averages based on the specifics of the property. The results of this analysis are
presented in the land value matrix shown in Table 1. Results are provided for thirteen
distinct land categories. The results show both the original 2003 valuation and the 2005
and 2006 updated valuations. The 2006 values are applied in the cost estimates for the
HCP/NCCP (see Chapter 9). The original 2003 valuation was based on contemporary
comparable sales. The 2005 updated valuation was based on an expanded pool of
comparable sales information, including sales through 2004. The 2006 updated
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valuation was performed by applying the change in the Home Price Index (HPI)1 for the
first three quarters of 2005 to the 2005 valuation (only the first three quarters of data
were available at the time the Final HCP/NCCP was drafted). The change in the HPI for
the first three quarters of 2005 was 16.6%. A similar approach would be used under the
HCP/NCCP to update land costs and calculate fee adjustments in future years, though
comprehensive fee audits would be performed periodically as well (see Chapter 9 and
Appendix H).
Land values vary for a number of reasons. Site size, slope, and land use designation are
all key determinants of land value. Thirteen per‐acre land value estimates were
developed for different land categories based on variations in these factors. As shown in
Table 2, land value categories are defined by the following factors: (1) land use
designation, as indicated by whether inside or outside the Urban Limit Line (ULL), the
nature of the ULL (near a city/community or surrounding the airport), and whether land
inside the ULL is currently designated for development; (2) parcel size for areas outside
the ULL; and (3) slope differentiated by below 15 percent, between 15 and 26 percent,
and above 26 percent. As shown, on average, the highest per‐acre values are
commanded by land inside or adjacent to cities or unincorporated communities and
designated for development. Small parcels of below ten acres in size generally close to
cities and suitable for rural estate development also have high per‐acre values. The
lowest average land values apply to those parcels outside the ULL with steep
topography and/or large parcels sizes. These results represent averages and deviations
will occur depending on specific site characteristics. The land value matrix and the
supporting land value research are described in more detail below.

OUTSIDE URBAN LIMIT LINE
Land outside the ULL, including categories 1 through 6, is distinguished from each
other by their size (which is also generally correlated with their proximity to urbanized
areas) and their slope. This land obtains a significant portion of its value from its
potential as rural residential homesites with agricultural/ grazing use providing an
underlying component of value. The methodology applied to estimate the land values
associated with these land categories follows the “comparables approach” to land
valuation. Under this approach, land transactions of a similar size and type are used as
indicators of value. The results from this approach were cross‐checked against
information provided by East Contra Costa County (East County) real estate and land
brokers.
Relevant comparables were obtained from appraisals of land over the last seven years
and from County Assessor parcel transactions data for the last four years. In some cases
appraisers used land transactions to the south of I‐580 due to the limited number of sales
in the East County area. The comparables for different parcel sizes are shown in
Tables 2, 3 and 4, with assumed average per‐acre land values as follows:

The Home Price Index for the Oakland‐Fremont‐Hayward, CA Metropolitan Division (Office of Federal
Housing Enterprise Oversight). See http://www.ofheo.gov/HPI.asp.
1
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1. Over 120 acres, portions less than 26 percent slope: Large parcels of over 120
acres in the East County generally fall in remote and hilly areas. As shown in
Table 2, comparables fall within the $2,500 to $6,200 per‐acre price range in 2004
dollar terms, with more recent transactions commanding significantly higher
price points. For the 2005 updated valuation, an average land value of $4,800 per
acre was assumed. This value is above the sales prices of the older transactions,
similar to the recent transaction in the East County, and below the transaction
closer to Moraga. Land values of these parcels are driven by a mix of
agricultural/ grazing and rural residential market values. This represents an
increase of 37 percent over the 2003 estimates, a ratio that was applied in some of
the following categories. Applying the 16.6% increase in the HPI for the 2006
valuation results in an average land value of $5,600 per acre.
2. Between 40 and 120 acres, portions less than 26 percent slope: Medium‐sized
parcels in the 40‐ to 120‐acre range often derive their value from their potential as
rural residential homesites, often with small‐scale, lifestyle equestrian or
ranching uses. A component of value is also related to agricultural use. Table 3
shows some sales transactions in this size range and slightly below prior to 2003.
Given the limited number of comparables especially at the higher end of the
range, an average land value of $6,000 per acre was assumed, slightly below the
average of the noted sales. These values are 2003 values and were increased by
37 percent to derive the current land value of $8,200 per acre. Applying the
16.6% increase in the HPI for the 2006 valuation results in an average land value
of $9,600 per acre.
3. Between 10 and 40 acres, portions less than 26 percent slope: Small‐/ medium‐
sized parcels in the 10‐ to 40‐acre range derive most of their value from their
potential as rural residential homesites and small hobby farms. As shown in
Table 4, comparable sales prices prior to 20003 ranged widely from $130,000 to
$640,000 per parcel, with a weighted average land value of about $20,200 per
acre. The farther away from the major arterials and other infrastructure, the
higher the associated infrastructure costs and hence the lower the land value.
These values are 2002/ 2003 values and were increased by 37 percent to derive
the current land value of $27,400 per acre. Applying the 16.6% increase in the
HPI for the 2006 valuation results in an average land value of $31,900 per acre.
4. Between 5 and 10 acres, portions less than 26 percent slope: Small parcels in the
five‐ to ten‐acre range that lie close to urbanized areas derive their value from
their potential as rural residential homesites. As shown in Table 4, most sales
prior to 2003 were in the $150,000 to $300,000 range per parcel, with an average
value of about $36,700 per acre. For the purposes of this analysis, an average
land value of $35,000 per acre was assumed. This land value was increased by 37
percent to derive a current $48,000 per acre value. Applying the 16.6% increase
in the HPI for the 2006 valuation results in an average land value of $56,000 per
acre.
5. Less than 5 acres, portions less than 26 percent slope: A minimal number of
parcels of this size might be acquired as part of the acquisition strategy to fill
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gaps between larger parcels. It was assumed that these parcels would command
a per‐acre land value premium above the parcels in the 5‐ to 10‐acre size, so a
$50,000 per‐acre average 2003 land value was assumed. This land value was
increased by 37 percent to represent a $68,600 per acre value. Applying the
16.6% increase in the HPI for the 2006 valuation results in an average land value
of $80,000 per acre.
6. Parcels with whole area over 26 percent slope: Many parcels in the HCP study
areas have portions of land with a slope over 26 percent. A small number of
parcels are very steep throughout the site. These parcels will have lower land
values due to the greater costs of developing rural homesites and the greater
challenges for agricultural use. These parcels were assigned a 2003 cost of $3,000
per acre, the lowest per‐acre cost of all land value categories. This land value
was increased by 10 percent to derive a current land value of $3,300 per acre.
Applying the 16.6% increase in the HPI for the 2006 valuation results in an
average land value of $3,800 per acre.

INSIDE URBAN LIMIT LINE
Lands inside the ULL, including categories 7 through 13, are distinguished from each
other by development designation and associated timeline to development, by slope,
and by whether the lands are included in the ULL around the Byron Airport or included
in another area closer to existing communities. Most of the defined categories refer to
land inside or adjacent to cities or unincorporated communities. One category refers to
land inside the Byron Airport ULL. This category is treated separately as the potential
use types are different, the area is not adjacent to existing communities and the airport
has conducted its own analysis of the likely cost of purchasing land for its clear zone.
For land inside or adjacent to cities or unincorporated communities, a distinction is
made between land with and without development designations under the relevant
jurisdiction’s current General Plan. Land with development designations at the current
time will, on average, develop sooner.
Land inside or adjacent to cities or unincorporated communities derives its value from
its speculative, urban development potential. The land valuation methodology applied
follows the “income approach.” Under this approach, estimates of the value of fully
entitled land are discounted based on the expected time before all entitlements will be
obtained and development can proceed. Residential development represents the
majority of land development and so the analysis focuses on entitled residential land.
More specifically, the potential income from the sale of an entitled acre of raw land is
derived from the total development value of this acre (based on the average sales price
of a new home and the average number of units constructed per gross acre) and the
average ratio of raw, entitled land to total development value. This raw, entitled land
value is, in turn, discounted at a discount rate that accounts for the loss in value
associated with the time lag before the average parcel of land will be entitled and land
sale income obtained. Land value estimates are made assuming level sites. The values
for areas with slopes in the 15 to 26 percent and 26 percent and above categories are then
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reduced due to the higher development costs associated with steeper sites. Table 5
shows the residual land value estimates for level land and the sections below discuss the
average per‐acre land values attributed to each category:
7. Level sites not designated for development: As shown in Table 5, a raw, entitled
acre of land had an estimated value of $185,000 in the 2003 valuation. The
average parcel of land in this category is assumed to be developed in the next 15
to 30 years and is an average of 22.5 years away from development. Discounting
at 12 percent, the average land value per acre is about $14,500 per acre. From the
2003 to the 2005 valuation, the change in the average sales price and lot size of
new single family homes increased average land value by 26 percent to $18,300
per acre for the 2005 valuation. Applying the 16.6% increase in the HPI for the
2006 valuation results in an average land value of $21,300 per acre.
8. Sites with slopes in the 15 to 26 percent range not designated for development:
These sites still have development potential and in some cases homes can
command higher prices. Costs of development will, however, be higher, and, as
a result, average land values will generally be lower than level sites. A 40
percent reduction in land value is applied to the level site value for a 2003
average per‐acre land value of $10,100. Applying the estimated average land
value increase from the 2003 to the 2005 valuation results in an average land
value of $12,700 per acre for the 2005 valuation. Applying the 16.6% increase in
the HPI for the 2006 valuation results in an average land value of $14,800 per
acre.
9. Sites with slopes over 26 percent not designated for development: These sites
have less development potential but do provide amenity value for surrounding
areas. A 75 percent reduction in land value is applied to the level site value for
an average 2003 per‐acre land value of $3,600. Applying the estimated average
land value increase from the 2003 to the 2005 valuation results in an average land
value of $12,700 per acre for the 2005 valuation. Applying the 16.6% increase in
the HPI for the 2006 valuation results in an average land value of $5,200 per acre.
10. Level sites designated for development: As shown in Table 5, a raw, entitled
acre of land has an estimated value of $185,000. The average parcel of land in
this category is assumed to be developed in the next 25 years and is an average of
12.5 years away from development. Discounting at 12 percent, the average 2003
land value per acre is about $45,000 per acre. Applying the estimated average
land value increase from the 2003 to the 2005 valuation results in an average land
value of $56,800 per acre for the 2005 valuation. Applying the 16.6% increase in
the HPI for the 2006 valuation results in an average land value of $66,200 per
acre.
11. Sites with slopes in the 15 to 26 percent range designated for development:
These sites still have development potential and in some cases can command
higher prices. Costs of development will, however, be higher, and, as a result,
average land values will generally be lower than level sites. A 40 percent
reduction in land value is applied to the level site value for an average 2003 per‐
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acre land value of $31,500. Applying the estimated average land value increase
from the 2003 to the 2005 valuation results in an average land value of $39,800
per acre for the 2005 valuation. Applying the 16.6% increase in the HPI for the
2006 valuation results in an average land value of $46,600 per acre.
12. Sites with slopes over 26 percent designated for development: These sites have
less development potential but do provide amenity value for surrounding areas.
A 75 percent reduction in land value is applied to the level site value for an
average per‐acre land value of $11,300. This likely represents a conservatively
high estimate. Applying the average home price increase from the 2003 to the
2005 valuation results in an average land value of $14,300 per acre for the 2005
valuation. Applying the 16.6% increase in the HPI for the 2006 valuation results
in an average land value of $16,600 per acre.
13. Sites inside Byron Airport Limit Line: These sites have different potential uses
from sites inside or adjacent to cities or unincorporated communities. An
average land value of $8,000 per acre was recently estimated by the airport for
the cost of acquiring land for a clear zone inside its ULL. This estimate is applied
for the purposes of this analysis. Applying the estimated average land value
increase from the 2003 to the 2005 valuation results in an average land value of
$8,800 per acre for the 2005 valuation. Applying the 16.6% increase in the HPI
for the 2006 valuation results in an average land value of $10,300 per acre.

CONSERVATION EASEMENT LAND VALUES
The purchase of conservation easements rather than fee title acquisitions can reduce
acquisition costs. Their applicability, however, is limited by a number of factors. For
example, in cases where development potential is high, the value differential between
fee title and conservation easement can be too low to justify the administrative effort.
Alternatively, landowners seeking to divest all interests in their land remain primarily
interested in fee title sales. Conservation easement efforts in areas such as the East
County where there is little precedent of conservation easement sales often require a
significant informational outreach effort. Most conservation easement acquisitions
command prices at between 25 and 75 percent of the land’s fee title value.
The purchase of conservation easements, rather than fee title purchase, represents the
acquisition of a subset of legal rights associated with the land. Agricultural conservation
easements generally represent the acquisition of development rights associated with the
land. Conservation easements are similar to agricultural conservation easements,
though often also include the acquisition of the rights for certain kinds of other activity,
including some agricultural and grazing uses if these are seen to conflict with the
conservation goals. Parcel ownership and the right to sell remain with the existing
landowner, though the easement stays with the land however it is transferred.
The area considered most suitable for conservation easement acquisitions is the
agricultural core area to the east of the cities of Brentwood and Oakley. Still, as
mentioned above, only certain landowners will be interested in both raising capital
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through the sale of development and rights and continuing to farm. If a strategy of
acquiring easement acquisitions where possible was successful, it could result in an
overall cost saving of about 10 percent in land acquisition costs relative to the fee title
land values in this area. The cost estimate for the HCP/NCCP assumes no cost‐savings
through easement purchases.

LAND VALUE INFLATION
The land values presented above represent average land values at the current time.
Over time, land values fluctuate due to economic and demographic growth, business
and real estate cycles, urban expansion, housing and land use preferences, changes in
land use regulation, and conservation efforts. While precise predictions of land value
fluctuations over the course of NCCP/HCP implementation are not possible, the funding
mechanisms established must be flexible enough to accommodate the inevitable
changes. Gross estimates of potential land value inflation based on historical data can
serve to inform the selection of funding sources and to indicate the level of flexibility
that may be required in these sources. The overall level of conservation required to meet
the NCCP/HCP acquisition goals does not require a rate of acquisition significantly
above past levels and is therefore not expected to lead to a higher rate of land value
inflation than in the past. As described below, historical increases in land value in the
East County, both inside and outside the ULL, have likely increased at an average
annual rate of a little over 5 percent, equivalent to a real increase (increase over‐and‐
above general inflation) of about 2.5 percent.

INSIDE THE ULL
Changes in housing prices can serve as a useful proxy for changes in land values in
areas where land value is driven by residential development potential. While the
precise relation between home prices and land values vary, they are closely tied. Given
the likelihood that the majority of land consumption inside the ULL will be associated
with single‐family home development, historical changes in the average single‐family
home price in the East County provide an estimate of historical changes in land value.
This estimate of historical change in land value likely provides the best estimate of
future changes in land value. As shown in Table 6, the average single‐family home
price in the four East County cities fluctuated with the business and real estate cycles,
and increased at an average of 5.2 percent between 1991 and 2002. About 2.8 percent of
this increase is equivalent to the general rate of inflation over this period, while the
remaining 2.4 percent increase represents a real increase in land values, over‐and‐above
inflation.
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OUTSIDE ULL
Changes in land values outside the ULL are even harder to predict. The value of parcels
less than 40 acres is primarily driven by the demand for and supply of small and
medium‐sized rural residential homesites. The demand for these homesites is driven by
growth in the regional economy and the number of new, relatively affluent worker‐
households seeking to live in the East County. Given that the demand for urban
homesites is also driven by expansions in the regional economy, the rate of land value
inflation for these land categories is more likely to increase in line with areas inside the
ULL than with the large parcels outside it. As a result, estimates of land inflation follow
those outlined above.
Changes in land value for large, remote parcels are the hardest to predict given the
highly speculative nature of the rural residential homesite component of their value and
the ever‐fluctuating nature of the agricultural markets and their associated land value
contribution. The East Bay Regional Park District has been acquiring land throughout
Alameda and Contra Costa Counties since 1934, and changes in land acquisition costs
can, at least, provide some indication of historical changes in land values.2 Table 7
shows changes in the total number of acres, the total acquisition cost, and the average
price per acre of purchasing land for the regional preserve parks between 1967 and 2000.
Regional preserve land was selected as it represents the land with the highest
environmental values, and is thus most in line with the likely HCP acquisitions. As
shown in Table 7, the average price per acre, in inflation adjusted terms, fluctuated
between the three periods, and showed an average annual increase of 2.6 percent. This
represents a real increase over‐and‐above the general rate of inflation over this period.
Price increases the last two years have been well above the average.

LAND ACQUISITION COSTS
The average per‐acre land value estimates (above) were applied to develop estimates of
total potential land acquisition costs. Acquisition cost estimates do not include expected
land cost inflation. It is assumed that funding sources/ fees will be increased as
necessary to cover increases in costs through time. A summary of the cost estimates is
shown in Table 8. The results are described below:
•

Total HCP land costs for the Initial Permit Area are estimated at about $177 million.

•

Total HCP land costs for the Maximum Permit Area are estimated at about $220
million.

•

The key cost differences between the Initial Permit Area and Maximum Permit Area
strategies occur in Acquisition Analysis Zones 4, 5, and 6.

This approach is imperfect given changes in EBRPD acquisition goals and strategies over time and the
more limited number of potential acquisitions available over time as more land is developed and/or
conserved in the region.
2
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Between the 2005 and 2006 valuations, acquisition priorities also changed, so the
16.6% change in the HPI does not explain all the differences between the 2005
valuation included in the Draft HCP/NCCP and the 2006 valuation presented in
Table 8.
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Table 1
Average Per Acre Land Values
East Contra Costa County Habitat Conservation Plan
Per Acre
Per Acre
Percent
Land Value Land Value Change
Category #

Size

OUTSIDE URBAN LIMIT LINE

Slope

Other

(2003
Valuation)

(2005
Valuation)

(2003 to
2005)

Per Acre
Land Value

Percent
Change

(2006
Valuation)

(2005 to
2006)

Whole Parcel

1.

120 acres+

< 26%

na

$3,500

$4,800

137%

$5,600

116.6%

2.

40 -120 acres

< 26%

na

$6,000

$8,200

137%

$9,600

116.6%

3.

10 - 40 acres

< 26%

na

$20,000

$27,400

137%

$31,900

116.6%

4.

5 - 10 acres

< 26%

na

$35,000

$48,000

137%

$56,000

116.6%

5.

0 - 5 acres

< 26%

na

$50,000

$68,600

137%

$80,000

116.6%

6

ALL

> 26%

na

$3,000

$3,300

110%

$3,800

116.6%

INSIDE URBAN LIMIT LINE

Percentages of Parcel

7.

na

<15%

Not Now Designated
for Development

$14,500

$18,300

126%

$21,300

116.6%

8.

na

15-26%

Not Now Designated
for Development

$10,100

$12,700

126%

$14,800

116.6%

9.

na

>30%

Not Now Designated
for Development

$3,600

$4,500

125%

$5,200

116.6%

10.

na

<15%

Designated for
Development

$45,000

$56,800

126%

$66,200

116.6%

11.

na

15-26%

Designated for
Development

$31,500

$39,760

126%

$46,400

116.6%

12.

na

>26%

Designated for
Development

$11,300

$14,263

126%

$16,600

116.6%

$8,000

$8,800

110%

$10,300

116.6%

INSIDE URBAN LIMIT LINE - BYRON AIRPORT
13.

na

na

na

Source: Variety of Appraisals; County Assessor data; Home Sales Prices and Residual Land Value Analysis;
Adjusted for 2005 valuation based on recent appraisals and new home price data;
Adjusted for 2006 valuation by applying change in HPI (see text).
Economic & Planning Systems, Inc.

Economic & Planning Systems, Inc. 9/28/2006

Table 2
Sales over 120 Acres (1)
East Contra Costa County Habitat Conservation Plan
Project Name/Grantor

Location (2)

# of Parcels

Zoning

Land Use

Infrastructure

Topography

Sales Date

Acres

Sales Price
(2005 Dollars)
(3)

Price per Acre
(2005 Dollars)

Recent Land Transactions
1

Souza Property

Howden Road (Brentwood)

3

A-2 / AL

2

Gleason Property

Bollinger Canyon Road (Moraga)

10

A-2

Ag/Wind
energy

Access from
Vasco Road;
some water from
springs and creeks

--

Rolling hills

Sep-04

631

$2,924,685
(land value exc.
wind turbine
leases)

$4,635

Steep slopes

Aug-03

673

$4,137,510
(land value)

$6,148

Average

$5,391

East Contra Costa County
3

Clayton Ranch

Marsh Creek Road (Clayton)

5

A-2

Ag/ranching/
grazing

4

Foskell Trust

Marsh Creek Road (Antioch)

3

A-2

--

5

Garaventa Trust

Empire Mine Rd (Antioch)

4

A-2

--

Road frontage
5mi to Clayton
T/E available

8-50% grades
20% avg slope

Dec-99

1,031

$2,439,009

$2,366

Indirect access
3mi to Ant/Brent
No W/S

20-65% grades
20% avg slope

Dec-99

1,581

$3,748,160

$2,370

Indirect access
1mi to Antioch ULL
No W/S

15-65% grades
25% avg slope

Feb-98

772

$2,814,568

$3,646

Road frontage
No W/S
3.5mi to Livermore

20-45% grades
30% avg slope

Nov-99

1,121

$3,976,253

$3,549

--

Jul-99

127

$577,130

$4,552

Road frontage
No W/S

20-50% grades

Nov-98

775

$2,308,518

$2,978

Dirt Access Road;
Well
4mi to Castro Valley

Moderate/ Steep

Jul-98

242

$832,807

$3,448

Road frontage
No W/S
2mi to San Ramon

15-70% grades
30% avg slope

Jun-98

1,189

$6,075,774

$5,108

W/S unavail.

Other Contra Costa/ Alameda County
6

Weaver Ranch

Laughlin Rd (Livermore)

4

A-100; A-160

Ranchette/Ag
(public use:
Open Space)

8

Christensen

9530 Morgan Territory Rd.
(Livermore)

1

A-80

--

9

Sky Ranch (portion)

8749 Norris Canyon Rd
(Castro Valley)

3

A-100

--

10

Sky Ranch (portion)

Dutra Road
(Martinez)

1

A-2

11

Elworthy

Johnson Rd.
(San Ramon)

7

A-80

--

12

Scott Machado

7898 Hollis Canyon Rd (Dublin)

2

A

--

13

1934 Trust

Flynn Rd. (Livermore)

8

A,B,E-160

--

14

Depaoli

Altamont Pass (Livermore)

3

A

--

15

Williamson Trust

Palomares Rd. (Castro Valley)

1

A

--

Grazing

--

--

--

Jan-98

159

$607,896

$3,823

15-35% grades
25% avg slope

Jun-97

873

$2,352,015

$2,694

--

--

May-97

860

$2,352,015

$2,734

--

--

May-96

376

$2,093,156

$5,563

Road frontage
1.5mi to Livermore

Average
(1) Includes sales in the nine years prior to 2005 of over 120 acres in the East County as well as sales in Central County and eastern Alameda County
considered comparable to land in the East County. All data from sales comparables used for appraisals of land in the East County.
(2) Closest city stated in parentheses.
(3) Inflated based on consumer price index for western region.
Sources: Variety of Appraisals; Economic & Planning Systems, Inc.
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$3,569

Table 3
Transaction Data for Sales between 10 and 80 Acres (1)
East Contra Costa County Habitat Conservation Plan
#

Closest City

1
2
3
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Clayton
Clayton
Pittsburg
Clayton
Clayton
Danville
Byron
Byron
Clayton
Antioch
Brentwood
Bay Point
Clayton
Clayton
Antioch
Byron
Brentwood
Brentwood
Brentwood
Byron

Zoning

A-4
A-2
A-2
A-2
A-2
A-3
A-2
A-2
A-2
A-2
A-2
A-3
A-3
A-2
A-2
A-2

Weighted Average

Land Use

Sales Date

Agricultural
Pasture
Agricultural (nec)
Unknown
Unknown
Pasture
Agricultural (nec)
Agricultural (nec)
Pasture
Agricultural (nec)
Pasture
Agricultural (nec)
Agricultural (nec)
Vacant Land (nec)
Agricultural (nec)
Agricultural (nec)
Pasture
Agricultural (nec)
Agricultural (nec)
Pasture

November-00
November-01
November-01
December-98
September-98
February-99
June-02
December-99
February-02
September-02
May-02
August-02
August-99
November-01
September-02
October-02
July-01
June-01
June-01
October-99

Acres Sales Price Price per Acre
(2002 Dollars)

80
66
61
39
38
33
26
25
23
23
21
20
20
17
13
12
12
11
11
11

$421,053
$172,627
$291,435
$290,998
$251,825
$130,728
$540,000
$623,138
$350,000
$363,500
$325,000
$395,000
$163,410
$177,704
$363,500
$329,000
$195,475
$377,748
$377,748
$261,456

$5,263
$2,618
$4,749
$7,479
$6,629
$3,929
$21,102
$24,611
$15,237
$16,020
$15,476
$19,750
$8,320
$10,453
$28,510
$26,362
$16,036
$32,962
$32,962
$23,943

Source

Appraisals
County Assessor Data
County Assessor Data
Appraisals
Appraisals
County Assessor Data
County Assessor Data
County Assessor Data
County Assessor Data
County Assessor Data
County Assessor Data
County Assessor Data
County Assessor Data
County Assessor Data
County Assessor Data
County Assessor Data
County Assessor Data
County Assessor Data
County Assessor Data
County Assessor Data

$11,371

(1) Transaction data from County Assessor land transaction database and appraisals over the four years prior to 2003.
Source: First American Real Estate Solutions (FARES) - County Assessor Data; Economic & Planning Systems.
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Table 4
Transaction Data for Sales between 5 and 10 Acres (1)
East Contra Costa County Habitat Conservation Plan
#

Closest City

Zoning

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Byron
A-3
Brentwood -Brentwood A-3
Clayton
A-2
Byron
A-3
Brentwood A-2
Clayton
A-2
Pittsburg
-Antioch
-Brentwood -Byron
-Clayton
A-2
Byron
-Byron
A-3
Byron
A-3
Clayton
A-2
Brentwood -Brentwood A-2
Byron
-Byron
A-3
Clayton
A-2
Clayton
-Brentwood A-2
Brentwood -Brentwood A-2
Weighted Average

Land Use

Sales Date

Agricultural Land
Agricultural (nec)
Agricultural (nec)
Pasture
Agricultural Land
Agricultural Land
Agricultural Land
Vacant Land (nec)
Agricultural (nec)
Agricultural Land
Agricultural Land
Agricultural Land
Agricultural Land
Agricultural Land
Agricultural Land
Agricultural Land
Agricultural (nec)
Agricultural Land
Agricultural Land
Agricultural Land
Agricultural Land
Agricultural Land
Agricultural Land
Agricultural (nec)
Agricultural Land

April-02
June-02
May-02
April-00
October-99
November-99
February-02
August-02
October-02
April-02
July-01
July-01
April-02
October-99
July-00
July-02
August-02
January-99
June-01
August-02
November-98
February-00
July-01
October-02
October-99

Acres

10
10
10
10
10
8
8
7
6
6
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5

Sales Price
(2002 Dollars)

$267,000
$210,000
$275,000
$218,947
$217,880
$147,069
$370,000
$407,000
$313,500
$240,000
$241,678
$167,550
$250,000
$185,198
$173,684
$150,000
$200,000
$136,175
$233,554
$210,000
$167,883
$132,105
$152,318
$272,500
$179,751

Price per Acre

$26,673
$20,979
$27,500
$21,895
$21,788
$17,913
$46,020
$58,646
$48,984
$42,105
$44,508
$31,494
$47,801
$35,547
$33,401
$29,586
$39,761
$27,073
$46,618
$42,000
$33,577
$26,421
$31,406
$57,008
$37,922
$34,234

(1) Transaction data from County Assessor land transaction database over last four years.
Source: First American Real Estate Solutions (FARES) - County Assessor Data; Economic & Planning Systems.
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Table 5
Inside the ULL Per Acre Land Value Calculation (Category IV and V)
East Contra Costa County Habitat Conservation Plan

Item

Value

Average Sales Price
Per Single Family Unit

$410,000

a

New Residential Project Sales Prices,
including Shea, Seeno, and KB Homes

5

b

Average Lot Size of 7,000 sqft and net to
gross ratio of 80 percent

Units per Gross Acre

Total Development Value
Raw Entitled Land Value
as % of Development Value

Raw Entitled Land Value
Discount Rate

Source

$2,050,000
9.0%

$185,000
12%

c=a*b
d

e=c*d
f

Calculated
Based on standard 10 percent ratio,
adjusted down slightly based on real estate
broker conversations
Calculated
Average land speculator
discount rate

Category IV - 12.5 years to
entitlement/ development

$45,000

g=e/(1+f)^12.5

Calculated

Category IV - 22.5 years to
entitlement/ development

$14,500

h=e/(1+f)^22.5

Calculated

Sources: Selected Residential Developers with projects active in the East County;
Selected East County Real Estate Brokers; Economic & Planning Systems, Inc.

Economic & Planning Systems, Inc. 9/28/2006

Table 6
Average Home Prices, Single Family Homes, Contra Costa County (1991-2002)
East Contra Costa County Habitat Conservation Plan
Jurisdiction

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

Antioch
Brentwood
Oakley
Pittsburg

$171,897
$190,113
$161,162
$135,878

$179,787
$207,342
$161,429
$144,800

$168,391
$198,886
$159,884
$134,318

$165,073
$179,853
$157,452
$132,779

$155,613
$179,927
$146,658
$129,813

$154,710
$193,355
$144,961
$138,140

$147,482
$199,391
$143,808
$125,689

$159,628
$206,595
$150,855
$136,340

$179,906
$225,378
$176,437
$150,459

$213,359
$267,364
$205,434
$186,269

$263,214
$322,091
$245,650
$223,418

$286,596
$333,808
$273,152
$258,182

4.76%
5.25%
4.91%
6.01%

1.95%
2.45%
2.11%
3.20%

ECCC (2)

$164,763 $173,340 $165,370 $158,789 $153,003 $157,792 $154,093 $163,355 $183,045 $218,107 $263,593 $287,935

5.21%

2.40%

(1) Average rate of inflation over the period was 2.8 percent. Constant dollar increase equals nominal increase minus inflation.
(2) East Contra Costa County numbers are the average of Antioch, Brentwood, Oakley, and Pittsburg numbers.
Sources: RAND; U.S. Department of Labor - Bureau of Labor Statistics; Economic & Planning Systems, Inc.

Economic & Planning Systems, Inc. 9/28/2006

Avg. Ann.
Increase
(Nominal $$)

Avg. Ann.
Increase (1)
(2002 $$)

Table 7
Changes in EBRPD Land Acquisition Costs for Regional Preserve Areas
East Contra Costa Habitat Conservation Plan
Item

1967-77

1978-88

1989-2000

Avg. Ann.
Increase

Acres Acquired

13,729

12,259

9,483

--

Total Price Paid

$21,987,992

$13,134,556

$26,961,688

--

$1,602

$1,071

$2,843

Average Price per Acre

Sources: East Bay Regional Park District; Economic & Planning Systems, Inc.

Economic & Planning Systems, Inc. 9/28/2006

2.6%

Table 8
Etimated Land Acquisition Costs (2006 valuation)
East Contra Costa County Habitat Conservation Plan
Acquisition
Analysis
Zone

Initial Permit Area
Cost

Maximum Permit Area
Cost

Zone 1

$16,688,001

$16,688,000

Zone 2

$72,157,000

$72,767,000

Zone 3

$3,494,000

$3,494,000

Zone 4

$35,114,000

$50,301,000

Zone 5

$43,530,000

$63,617,000

Zone 6

$5,532,000

$11,281,000

$176,970,000

$220,005,000

Total

Source: Contra Costa County; Jones & Stokes; Economic & Planning Systems, Inc.

Economic & Planning Systems, Inc. 9/28/2006

East Contra Costa County HCP/NCCP
Wetland and Stream Restoration
Cost Data and Assumptions

East Contra Costa County HCP/NCCP
Wetland Fee Worksheet

Estimated cost per acre or linear feet of restoration/creation by land cover type
Riparian
Stream
Perennial
Seasonal
Alkali
Cost Category
Notes All types
Restoration
Impact
wetland
wetland
wetland
(same cost)
(note 9)
(note 10) Restoration Restoration Restoration
Unit
Acres
Acres
Linear Ft
Acres
Acres
Acres
Staff salary and benefits
1
$
3,000
Office equipment
2
$
150
Vehicle purchase, fuel, maintenance
2
$
1,000
Staff travel
2
$
100
Plans and specifications
$
2,250
Bid assistance
3
$
300
Environmental compliance
4
$
2,500
Pre-construction surveys
$
750
Construction
5
$
25,000 $
260 $
40,000 $
45,000 $
41,700
Construction oversight and monitoring
$
2,500
Post-construction maintenance
6
$
6,000
Remedial measures
7
$
3,750 $
39 $
6,000 $
6,750 $
6,255
Contingency (20%)
8
$
9,460 $
77 $
12,910 $
14,060 $
13,301
Total per acre cost for restoration
$
18,550 $
56,760 $
465 $
77,460 $
84,360 $
79,806
Total per linear ft cost for restoration
$
89
Mitigation requirement (see Table 5-20)
1:1
1:1
1:1
2:1
2:1
Fee per acre of impact
$
56,760 $
465 $
77,460 $ 168,720 $ 159,612
Fee for Draft HCP/NCCP (Rounded up to nearest $1,000)
$
57,000 $
465 $
78,000 $ 169,000 $ 160,000
Fee for Final HCP/NCCP
14
$
58,140 $
474 $
79,560 $ 172,380 $ 163,200
Estimated Revenue
Est. Impacts (Initial UDA; Table 5-16)
Est. Fee Revenue (Initial UDA)
Est. Impacts (Max UDA; Table 5-17)
Estimated Revenue (Max UDA)

15
15

9/28/2006

Slough/
Open Water
channel
Impact
Restoration (Pond Creation)
Acres
Acres

Pond
Impact &
Creation
Acres

$

54,000 $

45,000 $ 45,000

$
$
$

8,100 $
16,130 $
96,780 $

6,750 $ 6,750
14,060 $ 14,060
84,360 $ 84,360

$
$
$

1:1
96,780 $
97,000 $
98,940 $

1:1
1:1
84,360 $ 84,360
85,000 $ 85,000
86,700 $ 86,700

30
3168
74
14
9
73
$ 1,744,200 $ 1,502,582 $ 5,887,440 $ 2,378,844 $ 1,419,840 $ 7,222,620 $
35
4224
75
16
10
73
$ 2,034,900 $ 2,003,443 $ 5,967,000 $ 2,689,128 $ 1,566,720 $ 7,222,620 $
(note 11)
(note 12)
(note 13)

Total
17
7
224
1,473,900 $ 606,900 $ 22,236,326
17
8
233
1,473,900 $ 693,600 $ 23,651,311

Key Assumptions
15% Percent of construction costs needed for remedial measures
Notes
1: Implementing Entity staff will select restoration/creation sites, hire and oversee consultants for plans/specs and implementation, and conduct some monitoring
2: These program costs are shared with other tasks; the amount listed is the estimated portion that will support wetland mitigation creation/restoration
3: Assistance in preparing bid solicitations for construction contractors
4: Environmental compliance is assumed to be needed on up to 50% of restoration projects
5: Construction costs are revised from Prelim. Working Draft HCP/NCCP. Construction costs depend mostly on the amount, depth, and linear extent of earthwork
expected, and whether water control structure are required. Plant propagation, seeding, and watering also included.
The estimate of construction costs is a planning tool to assess the level of effort required to perform the work.
Actual construction costs may vary from the above estimates because of competitive bidding, negotiations with the client, or fluctuations in market prices.
6: Only assumed for the first 3 years after construction to maintain irrigation systems, conducting weeding, etc.; management of the restoration site after success
criteria are met is included in basic development fee
7: An average of 15% of construction costs will be required for remedial measures.
8: A higher contingency is used for wetland restoration because of the higher degree of uncertainty in this portion of the conservation program
9: Construction costs for riparian restoration includes collection of seeds, cuttings, and other plant material; plant propagation; planting; minor earthwork to
prepare ground; installation of temp. irrigation systems. Major earthwork associated with bank stabilization or other stream work is covered by the stream impact fee.
10: Stream impact fee will be used for either stream restoration (if sites available) or off-stream pond creation; for stream restoration,
includes major earthwork including bank stabilitization, spillway armoring, or geotextile mats. Impacts to streams greater than 25-feet wide (measured between top of bank)
pay 1.5X the stream fee ($700/linear foot) to account for higher construction costs
11: Perennial wetland impacts of 100 acres were estimated to be 50 acres wetted acres subject to wetland fee
12: Impacts to wetted acres of seasonal wetlands subject to the fee were estimated to be 1/3 of impacts to seasonal wetland complexes
13: Impacts to wetted acres of alkali wetlands subject to the fee were estimated to be 1/3 of impacts to alkali wetland complexes
14: Applied 2005 CPI of 2.0% to Draft HCP/NCCP Wetland Fee, per Table 9-7
15: Seasonal and alkali wetland acreages in Tables 5-16 and 5-17 are for wetland complexes; for revenue projections the wetted acres of these
complexes are assumed to be 30% of the total acres
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HCP/NCCP Funding Analysis
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MEMORANDUM
To:

John Kopchik, Contra Costa County
David Zippin, Jones & Stokes

From:

Teifion Rice‐Evans, Jason Tundermann

Subject:

Non‐Fee Funding and On‐Going Conservation Efforts; EPS #11028

Date:

August 3, 2006

Chapter 9 describes non‐fee funding from grant funding sources and from other
sources. This memorandum provides additional detail on estimating the contributions
existing conservation organizations may make toward accomplishing HCP/NCCP
conservation objectives by continuing to follow their own goals. The East Bay Regional
Park District (EBRPD) is the focus of this analysis because they have been consistently
acquiring lands in the East County area and are expected to continue such acquisitions
in the future.
Table 1 shows the historical land acquisitions of the East Bay Regional Park District both
in the two‐County area and in the East County. As shown, the EBRPD acquired an
average of about 2,300 acres each year between 1967 and 2000. An average of about 440
acres each year was acquired in the HCP inventory area, with acquisitions fluctuating by
decade. If this acquisition trend continues, a total of about 13,300 acres will be acquired
over the next 30 years. Two other acquisition projections are also shown, one at half and
one at three‐quarters the historical acquisition rate. These projections result in the
acquisition of 6,700 and 10,000 acres.
Most acquisitions by the EBRPD are expected to be consistent with the NCCP/ HCP land
conservation requirements. The value of these acquisitions relative to the overall Plan
cost depends on the type and location of the land purchased. Based on past EBRPD
acquisitions, an average land value of $6,500 per acre is assumed and applied to their
projected acquisitions. This results in an estimated acquisition value of between $43.3
million and $87 million over the next 30 years (in 2004 dollar terms), depending on the
acquisition projection (see Table 1). For the purposes of this analysis, the three‐quarters
land acquisition projection is used, resulting in the equivalent of a land contribution of
$65 million. As further described in Chapter 9 and Section 9.4 of the Implementing
Agreement, the EBRPD expects to maintain its land acquisition effort at its historical
level, though rate of EBRPD land acquisition is discounted in this analysis because some
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of the past acquisitions were funded through mitigation payments, because some
EBRPD acquisitions may not be suitable as HCP/NCCP preserves and because land
available for acquisition may become more limited over time.
In recent years, the EBRPD has received between one‐third and one‐half of its land
acquisition budget from grants, the remaining coming from local property taxes and
assessments. Most of this grant funding comes from State sources. As a result, it is
estimated that of the $65 million in land acquisition value provided by the EBRPD,
about $35 million will be from local funding sources, $25 million from State funding
sources, and $5 million from federal funding sources. The grant funding sources that
the EBRPD has been particularly successful in tapping in the past include the Habitat
Conservation Fund, the per capita grant program, the Roberti‐Hertzberg‐Harris Need
Basis Grant Program, and the San Francisco Bay Area Conservancy programs.
The land EBRPD acquires would also need to be maintained, and such maintenance
expenses constitute another component in valuing EBRPD’s continued efforts. For the
HCP as a whole, total maintenance and operation costs over 30 years are assumed to be
about 50 percent of land acquisition costs. To be conservative, this analysis assumes
EBRPD operation and maintenance activities on the future acquisitions over the next 30
years has a value of $20 million, approximately 30 percent of the estimated land value of
its acquisitions. As a result, the total contribution of the on‐going efforts of the EBRPD
and its funding partners is estimated to be $85 million.

Table 1
Past and Projected EBRPD Land Acquisitions
East Contra Costa County NCCP/ HCP; EPS #11028
Land Type/Item

1967-77

1978-88

1989-2000

Total/
Average

29,600

20,900

25,400

75,900

2,691

1,900

2,117

2,300

5,770

2,164

6,731

14,664

525

197

561

444

Annual
Acres

30-Year
Acres

Value/ Acre

Total
Value

Conservative Projection
(half historical rate)

222

6,665

$6,500

$43,300,000

Aggressive Projection
(average historical rate)

444

13,331

$6,500

$86,700,000

Selected Projection (1)
(75% of historical rate)

333

9,998

$6,500

$65,000,000

EBRPD
New Acres Acquired
Annual Acres Acquired

EBRPD in HCP Planning Area
New Acres Acquired
Annual Acres Acquired

Projected EBRPD Acquisition

30-Yr
Projection

Annual
Projection

Local Taxes/ Assessments (2)
State Grants (3)
Federal Grants (3)
Total Acqusition Value

$35,000,000
$25,000,000
$5,000,000
$65,000,000

$1,167,000
$833,000
$167,000
$2,167,000

Local Taxes/ Assessments for Land
Maintenance (30 yr)
Total Value of Projected EBRPD
Land Acquition

$20,000,000

$667,000

$85,000,000

$2,834,000

Funding Source

(1) The EBRPD expects to continue its historical level of acquisition effort. This analysis discounts the
acquisition to account for uncertainties over land availability, to reflect the fact that not all EBRPD acquisitons
will be suitable for the HCP/NCCP Presrve System, and to avoid double-counting some of the revenues
received by the EBRPD via mitigation agreements between the regulatory agencies and developers.
(2) EBRPD achieves some revenue via mitigation agreements between developers and regulatory agencies.
This revenue has effectively been removed by applying the 75 percent rate of the land acquisition projections
(see Note 1).
(3) Proportion of EBRPD land acquisitions budget from grants based on interviews with EBRPD staff
and the EBRPD budget documents.
Source: EBRPD; Economic & Planning Systems, Inc.
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TECHNICAL MEMORANDUM
To:

John Kopchik, East Contra Costa County Habitat Conservation Plan
Association

From:

Teifion Rice‐Evans and Jason Tundermann

Subject:

Calculating and Adjusting Fees on New Development; EPS #11028

Date:

August 3, 2006

This memorandum provides background information on how the HCP/NCCP
development fees were calculated. The memo begins by summarizing the various
approaches considered for apportioning the costs of the HCP/NCCP between the public
and future development. The method selected, the fair share apportionment, is then
explained in detail. Finally, the fee adjustment process is also discussed. This
memorandum is based on the prior work products produced by EPS.

APPORTIONMENT OF PLAN COSTS
The Principles of Participation that were adopted prior to initiating the HCP/NCCP
called for Plan implementation costs to be shared between the public (i.e., local, state,
and federal sources) and future development (i.e., fees levied on private development
receiving take coverage under the Plan). Likewise, the Plan provides for a level of
conservation well beyond what could be required to mitigate for the covered activities,
meaning that some cost‐sharing is a necessity. Four approaches to apportioning the
public/private contribution to funding the Plan were considered, each of which is
summarized below.
A.) Fair Share Apportionment Approach. Different plans have taken different
approaches to the allocation of implementation costs to new development. Several
smaller HCPs, for example, have placed the large majority of the cost burden on new
development. Larger HCPs and joint HCP/NCCPs tend to attribute a share of the costs
to existing development, funded through sources other than developer mitigation fees.
For example, the San Joaquin County Multi‐Species Habitat Conservation and Open
Space Plan attributes about 60 percent of the HCP implementation costs associated with
certain habitat types to new development through mitigation fees, with the remaining 40
percent attributed to existing development. This breakdown was based on an estimate
of the proportion of habitat lost that was associated with past development versus the
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amount of habitat loss expected with future development assumed under the plan. Such
an approach must also take account of existing levels of conservation that serve to
balance existing development.
The Fair Share Apportionment approach has the advantage of “prorating” the
development contribution by the amount of development that has already occurred.
Similarly, this method takes into account past contributions of open space by the public
and developers (i.e., open space existing now) in calculating future contributions. The
Fair Share Apportionment method also has the advantage of being used in other
contexts (e.g., transportation funding). The primary disadvantages of this method are its
complexity and the potential difficulties with assembling enough public funding to pay
the publics’ calculated fair share of costs.
B.) Financial Feasibility Approach. There are already a number of fees levied on
development projects by local jurisdictions. If the fees levied by the HCP/NCCP place
too high a burden on development, the rate of development could be significantly
affected, resulting in a range of unintended economic and land use consequences. While
every development is different, there are general standards that indicate when
mitigation cost burdens, when added to other imposed cost burdens, may render a
number of projects financially infeasible. Under this approach, additional fees are
imposed on development up to the standard, maximum cost burden levels.
The advantage of this approach to determining private/public apportionment is that
such an analysis theoretically demonstrates the maximum fee that would be financially
feasible for developers. Disadvantages include the substantial uncertainties in the
calculations and the differing abilities of different developments to bear additional cost
burdens. Likewise, compliance with endangered species and other natural resource
protection regulations is an existing cost facing new development and it would be very
difficult to reflect this fact in the analysis. Setting a fee at or near the limit of financial
feasibility for developers also leaves no room for other fees that may need to be imposed
in the future for other reasons nor does it allow for fluctuations in market conditions.
C.) Mitigation vs. Contribution to Recovery Approach. Development projects are
typically only required to mitigate their impacts, while the HCP/NCCP is required by
the NCCP Act to contribute to the recovery of the covered species. It may be possible to
categorize the conservation actions in the plan by whether the action simply mitigates
impacts covered by the plan (i.e., developer responsibility) or whether it goes beyond
what would be required under a project‐by‐project approach to permitting and
contributes to species recovery (i.e., public responsibility). Such a categorization could
inform cost allocations.
This approach has the advantage of allocating costs to developers that are clearly their
responsibility (mitigation). However, categorizing conservation actions by mitigation
versus conservation is difficult because there are no recovery plans for most of the
covered species and because it is very difficult to use biology or regulatory standards to
draw a clear line between the conservation actions needed for mitigation and those that
contribute to recovery (except in special cases, such as wetlands and riparian
woodlands).
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D.) Availability of Other Funding Sources Approach. Defining the amount of other,
non‐developer funding that is available for implementing the goals and objectives of the
HCP/NCCP could inform a decision on how much funding must be raised from
development. This approach has the advantage of guaranteeing filling any funding gap
left by public sources. Under this approach, however, the fees can be higher than is
financially infeasible and can often exceed the developer’s “fair share”.

Following extensive discussion with the HCPA Coordination Group, a Coordination
Group subcommittee, and the HCPA Executive Governing Committee, the Fair Share
Apportionment approach was ultimately selected. The development mitigation fees
described in Chapter 9 of the HCP/NCCP were calculated based on this approach.

FAIR SHARE APPORTIONMENT
The purpose of conservation efforts under NCCPs is to assemble a preserve system to
conserve species and ecosystem processes. New conservation lands must be added to
existing conservation lands in sufficient quantity and quality to achieve conservation
goals while accommodating existing and proposed urban growth. Since past and future
development as well as past conservation are factors affecting the amount and location
of future conservation needed under an NCCP, it is reasonable to consider all these
factors when apportioning NCCP implementation costs. This HCP/NCCP used such an
approach, the Fair Share Apportionment approach, to allocate implementation costs
between fees on future development and public funding sources. This approach was
adapted from the cost apportionment concept employed for the San Joaquin County
HCP.
The Fair Share Apportionment approach is based on the premise that the costs allocated
to future development should be in proportion to the impacts caused by future
development. Past and proposed development impacts and past and proposed
conservation acquisitions were quantified and compared. The costs attributable to
future development were allocated to fees on future development. Costs attributed to
past development were allocated to public sources of funding. The results of this
analysis are summarized in Table 1, the Development Fee Calculator.
Section 1 of the Development Fee Calculator shows how a Fair Share cost allocation ratio
was derived1. As shown, existing conservation efforts, funded through a variety of
sources and entities, have resulted in the conservation of about 43,000 acres, a ratio of
about 1.07 relative to the developed acres2. Under the Maximum Urban Development
Acreage figures used in the Fair Share analysis reflect conditions in 2003, near the beginning of the
HCP/NCCP planning process when the NCCP Planning Agreement was signed. The NCCP Planning
Agreement provides a benchmark for distinguishing between conservation and development that precedes
the Plan and conservation and development that are addressed in the Plan.
2 Irrigated and intensively farmed lands were considered to provide approximately 50% of the habitat and
open space value of natural lands in this analysis. Consequently, to calculate the amount of acres impacted
1
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Area (UDA) scenario, the Plan requires the conservation of an additional 30,300 acres
while permitting up to an additional 15,000 acres of impact (see footnotes 1 and 2), an
overall ratio of 2.75.
In order to ensure new development pays approximately its “fair share”, the costs of
future conservation would need to be allocated between existing and new development
such that they both end up contributing at the average ratio of 1.43. Applying this ratio,
about 14,600 acres of the 30,300 acres needed in the future, or 48 percent of Plan costs
under the Maximum UDA scenario, are allocated to public funding sources (i.e., existing
development). The other 52 percent of Plan costs under the Maximum UDA scenario
are allocated to future development.
Section 2 of the Development Fee Calculator applies the fair share results to the Plan
costs. Under the Maximum UDA scenario, future development would pay 52% or
approximately $170,000,000 of the total plan costs. The remaining costs of
approximately $156,000,000, would be paid by public funding sources (approximately
$8.9 from rural infrastructure fees and approximately $148,000,000 from other local, state
and federal funding sources). Under the Initial UDA scenario, the public funding
commitment is assumed to be the same as for the Maximum UDA scenario (unlike
mitigation, public investment in efforts to contribute to the recovery of species does not
depend on how much development occurs). Future development would pay 43% or
approximately $118,000,000 of Plan costs under this scenario.
Section 3 of the Development Fee Calculator calculates the required per‐acre fees by
dividing the total costs for future development by the estimated number of acres to be
impacted in each of the three Fee Zones (see Chapter 9 of the HCP/NCCP for additional
information on Fee Zones). The fees calculated for the Initial UDA scenario are the
Development Mitigation Fees that will be required in the first year of implementing the
HCP/NCCP.

FEE ADJUSTMENT PROCESS
The dynamic nature of the costs associated with HCP implementation, including land
acquisition costs and operating, maintenance, and management costs, requires a flexible
approach to funding through time. Many existing HCPs have not incorporated
sufficient flexibility into their funding mechanisms and, as a result, have found that
funding lags behind increasing costs, compromising plan implementation. This is in
part due to the impossibility of perfectly predicting future cost changes, though there
are also a number of approaches that can minimize funding shortfalls. This section
provides additional background on two inter‐related systems that will be used to
improve the proximity of HCP funding to costs and is intended to more fully explain the
prior to the Plan, 50% of the existing cultivated acres were added to the existing urban acres. Acres of
proposed development on cultivated lands were reduced by 50% to calculate future impacted acres. The fee
amounts to be charged under the HCP/NCCP also reflect the estimate that development of intensively
cultivated lands has half as much impact to habitat and open space as development of natural lands.
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rationale those provisions. For a description of the fee adjustment requirements of the
HCP/NCCP, please see Chapter 9.
Cost Review and Fee Adjustment
There are two mechanisms for adjusting fee levels, one through a more thorough
evaluation of changes in plan costs, and the other through an automated increase
through a specified cost index or inflator. Indexed adjustments, discussed in more detail
below, are generally used in the intervening years between more thorough reviews.
The cost review process includes, in effect, a review of the costs and their underlying
assumptions that were developed as part of the original funding plan. Actual land sales
transacted after the start of the HCP are evaluated and compared to the original land
cost assumptions to determine the level of land cost inflation. The actual costs of
operating, maintaining, and managing the HCP are also compared to the original
estimates of these costs to determine the level of “other” cost inflation. Once the revised
cost estimates are completed, the fee is adjusted to ensure it continues to cover its share
of the costs.
The appropriate timing of such reviews requires a balanced consideration of the
administrative costs of such reviews, the time before sufficient additional data is
available, and the choice of automated fee increase index incorporated in the plan. As
further discussed in Chapter 9, the HCP/NCCP provides for fee reviews in Plan years 3,
6, 10, 15, 20, and 25.
Fee Increase Index
Land costs and other HCP costs generally increase at different rates. Land costs in many
areas of California, including the San Francisco Bay Area, generally increase at above the
rate of inflation. The significant demand for housing in the Bay Area and the more
limited housing supply have increased housing prices significantly, which in turn
increases the value of developable land if housing construction costs increase by less
than housing prices. Other HCP costs, including the cost of the personnel, supplies, and
equipment involved in managing, operating and maintaining, and doing restoration
work for HCP programs, generally increase more closely in line with the general rate of
inflation.
A number of different fee programs that are not tied directly to construction costs will
use a measure of general inflation, such as the consumer price index (CPI). As shown in
Table 2, inflation rates vary by area. Increases in the price index for the combined San
Francisco/ Oakland/ San Jose metropolitan areas are greater than those for the Western
Region of the U.S. (which includes the western states), which are, in turn, greater than
the increases in the national consumer price index. As shown, the average annual
inflation rate over the full economic cycle from 1991 to 2001 ranged from 2.66 percent to
3.25 percent depending on the geography evaluated. The San Francisco‐plus
metropolitan area consumer price index showed a higher consumer price index during
the boom years, from 1996 to 2000, while the western and national indices showed lower
rates of increase over this period compared to their rates over the full economic cycle.
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The variation in the cost of land due to site‐specific factors means that it is difficult to
develop land cost indices, and, as a result, there are no such indices available. However,
given the link between the housing market, housing prices, and land costs, housing
prices will generally provide a more accurate index for land cost inflation than measures
of general inflation, especially for land whose value is primarily generated by its
development value. The two primary sources of information available on housing
prices, include information developed by the California Association of Realtors for
California cities and counties as well as an index developed by the Office of Federal
Housing Enterprise Oversight (OFHEO) for California as a whole.
As shown in Table 2, annual housing price increases in Contra Costa County and the
East Contra Costa County cities were significantly above all the measures of general
inflation at 5.1 percent and 4.5 percent, respectively, over the period from 1991 to 2001.
The disparity was especially significant during the economic boom period (1996‐2000)
when housing prices increased by an annual average of about 10 percent. A separate
housing price index developed by the OFHEO estimates increases in the east San
Francisco Bay Area. As shown in Table 2, the index showed an average annual increase
of 5.2 percent from 1991 to 2001, an average annual increase of 11.3 percent during the
economic booms years and an average of 10.4 percent in the period from 2000 and 2003.
As further discussed in Chapter 9 of the HCP/NCCP, since full cost reviews will not be
conducted every year, a housing price measure will be used to adjust the portion of the
fees intended to cover land costs each year. A CPI measure of general inflation will be
used to adjust the portion of the fees intended for other costs each year. Again, during
formal cost reviews, the divergences of these cost indices from actual cost increases will
be corrected.

9/28/2006

Table 1: ECCC HCP/NCCP Development Fee Calculator
1. Determining Future Development's FAIR SHARE of Implementation Costs (assumes Maximum Urban Development Area)

Existing (2003)
Affected during HCP
Status after HCP

Urban
Acres
23,828
15,000
38,828

Irrigated
Ag. Acres
33,028
(8,000)
25,028

2. Gross Cost Allocations

a

Total Plan Cost

b

Wetland Mitigation Cost (Creation & Restoration)

Conservation
Ratio
1.07
2.75
1.43

Fair Share Fair Share of New
Ratio Conservation Acres
1.43
14,596
1.43
15,704
1.43
30,300

Fair
Share
48% (public share)
52% (future development share)
100%

3. Estimated Development Mitigation Fee by Fee Zone
Amount
Initial Permit
Max. Permit
Area
Area

Item

Total Impacted
Acres (urban + Conservation
0.5*irrigated ag)
Acres
40,342
43,000
11,000
30,300
51,342
73,300

ITEM

$297,090,000 $350,040,000
$22,240,000

FEE ZONES
South + West
Infill
Natural Areas (less 10 acres)
Zone II
Zone III

Eastern and
Agricultural
Zone I

Total/
Weighted Avg

$23,650,000

(to be paid by wetland fee)

c

Adjusted Plan Cost

d

Future Urban Development's "Fair Share" %

e=c*d
f

Future Impacts "Fair Share" $
Contribution by Rural Infrastructure Projects

$274,850,000 $326,390,000
43%

52%

$118,182,800 $169,722,800
$8,931,600

Total Acres of Impacts (n/incl Rural Infrastructure)
Initial Plan Area
Maximum Plan Area

6,212
7,533

2,306
4,180

166
166

2

4

1

Relative Funding Burden by Zone -- Percent (2)
Initial Plan Area
Maximum Plan Area

57%
47%

42%
52%

0.8%
0.5%

100%
100%

Relative Funding Burden by Zone -- Amount (3)
Initial Plan Area
Maximum Plan Area

$67,310,127
$80,027,657

$49,973,327
$88,813,383

$899,347
$881,760

$118,182,800
$169,722,800

$11,919
$11,686

$23,838
$23,372

$5,960
$5,843

$13,906
$13,634

$2,980
$2,921

$5,960
$5,843

$1,490
$1,461

$3,476
$3,408

$8,931,600
Relative Fee Weighting by Zone (1)

g=c-e-f

Remaining Cost (to be funded by a variety of public sources)

i=b+e+f+g Total revenues

Key Assumptions:
Ag. habitat & open space value relative to
natural land
New development's share of rural road
mitigation costs
Rural road mitigation costs
Other rural infra. mitigation costs
Total rural infra. mitigation costs
Fee zone ratio:
Zone 1: Eastern and Ag:
Zone 2: S/W and Natural:
Zone 3: Infill:
Paying acres contingency (see note 4)
Units / acre

8,684
11,879

$147,735,600 $147,735,600
$297,090,000 $350,040,000

50%
0%
$7,431,600
$1,500,000
$8,931,600
2
4
1
10%
4

Fee Per Developed Acre (4)
Initial Plan Area
Maximum Plan Area
Est. Fee Per Housing Unit for Residential Dvlpmt (5)
Initial Plan Area
Maximum Plan Area

Notes:
(1) Relative fee contribution of an acre in each zone.
(2) Relative funding contribution of each zone, taking into account total zone acreage and fee weighting factor.
(3) Relative funding burden times total fee-funded HCP costs.
(4) Funding burden divided by zone acreage. Also includes a 10% contingency factor to account for incomplete buildout.
(5) Assumes average housing density of 4.0 units per acre.

Table 2
Comparison of Various Consumer Price and Home Price Indices
East Contra Costa County NCCP/ HCP; EPS #11028

Consumer
Price Index
National (1)

Year
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

Consumer Price
Index - Western
Region (2)

CPI - San
Francisco/
Oakland/ San
Jose (3)

Median Home Price
Median Home Price
OFHEO Housing Price
/ SqFt (Avg East
/ Sq Ft Contra Costa Contra Costa cities Index, Oakland-HaywardFremont MSAD (6)
[5])
County (4)

118.3
124.0
130.7
136.2
140.3
144.5
148.2
152.4
156.9
160.5
163.0
166.6
172.2
177.1
179.9
184.0

119.0
124.6
131.5
137.3
142.0
146.2
149.6
153.5
157.6
161.4
164.4
168.9
174.8
181.2
184.7
188.6

120.5
126.4
132.1
137.9
142.5
146.3
148.7
151.6
155.1
160.4
165.5
172.5
180.2
189.9
193.0
196.4

n/a
n/a
n/a
126.0
126.0
124.0
123.0
120.0
120.0
126.0
131.0
146.0
179.0
208.0
230.0
n/a

n/a
n/a
n/a
115.5
114.5
117.3
114.8
106.3
105.8
105.8
114.0
134.5
154.0
179.3
187.8
n/a

83.2
101.3
110.1
108.2
107.7
105.6
102.2
101.0
100.9
105.0
115.3
128.1
155.0
179.5
193.6
208.5

2.66%
2.35%
2.23%

2.81%
2.62%
2.57%

3.25%
3.82%
2.91%

5.14%
10.51%
--

4.49%
9.85%
--

5.19%
11.33%
10.40%

Avg. Annual Rate
1991 - 2001
1996 - 2000
2000 - 2003

(1)
(2)
(3)
(4)
(5)
(6)

From U.S. Bureau of Labor Statistics.
ftp://ftp.bls.gov/pub/special.requests/cpi/cpiai.txt
From U.S. Bureau of Labor Statistics.
http://data.bls.gov/cgi-bin/surveymost
From U.S. Bureau of Labor Statistics.
http://data.bls.gov/servlet/SurveyOutputServlet
From RAND: California Association of Realtors data.
http://ca.rand.org/stats/economics/houseprice.html
Average of city data from Brentwood, Antioch, Byron, and Clayton.
From Office of Federal Housing Enterprise Oversight.
http://www.ofheo.gov/media/pdf/1q04hpi.pdf
The Oakland-Hayward-Fremont MSAD includes Alameda and Contra Costa Counties.

Sources: Footnoted organizations; Economic & Planning Systems, Inc.

Economic & Planning Systems, Inc. 8/3/2006
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ADA

Americans with Disabilities Act

ATV

all-terrain vehicle

BA

biological assessment

BALT

Brentwood Agricultural Land Trust

BART

San Francisco Bay Area Rapid Transit District

BMPs

best management practices

BO

biological opinion

BRAC

Base Realignment and Closure

CBDA

California Bay-Delta Authority

CCCCWP’s

Contra Costa County Clean Water Program’s

CCMVCD

Contra Costa Mosquito and Vector Control District

CCR

California Code of Regulations

CCTA

Contra Costa Transportation Authority

CCWD

Contra Costa Water District

CDF

California Department of Forestry and Fire
Prevention

CDFG

California Department of Fish and Game

CDPR

California Department of Parks and Recreation

CEQA

California Environmental Quality Act of 1970

CESA

California Endangered Species Act

CFR

Code of Federal Regulations

CNDDB

California Natural Diversity Database

CNPS

California Native Plant Society

County

Contra Costa County

County Flood Control
District

Contra Costa County Flood Control and Water
Conservation District

CWA

Clean Water Act
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CWHR

California Wildlife Habitat Relationships

DR

Delta Recreation

EA

environmental assessment

EBRPD

East Bay Regional Park District

ECCC HCP/NCCP

East Contra Costa County Habitat Conservation
Plan/Natural Community Conservation Plan

EGC

Executive Governing Committee

EIR/EIS

environmental impact report/environmental impact
statement

EIS

environmental impact statement

EPA

Environmental Protection Agency

ESA

federal Endangered Species Act

ESQD

Explosive Safety Quantity Distance

FR

Federal Register

GIS

geographic information system

HCP

habitat conservation plan

HCPA

Habitat Conservation Plan Association

I-680

Interstate 680

INRMP

Integrated Natural Resources Management Plan

LAFCO

Local Area Formation Committee

LF

Landfill

MBTA

Migratory Bird Treaty Act

MOUs

Memorandums of Understanding

N/A

Not Applicable or Not Required

NCCPA

Natural Community Conservation Planning Act

NEPA

National Environmental Policy Act of 1969

NLA

Neighboring Landowner Assurances

NOAA Fisheries

National Oceanic and Atmospheric
Administration’s National Marine Fisheries Service

NWPs

nationwide permits

NWS

Naval Weapons Station

O&M

operation and maintenance

PAR

Property Analysis Report

PDAs

Personal Digital Assistants
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PG&E

Pacific Gas & Electric Company

PRBO

Point Reyes Bird Observatory

Preserve System

HCP/NCCP Preserve System

PS

Public/Semi-Public

RWQCB

Regional Water Quality Control Board

SAAs

streambed alteration agreements

SCS

Soil Conservation Service

SOD

Sudden oak death

SR

State Route

SSC

species of special concern

SWANCC

Solid Waste Agency of Northern Cook County

SWRCB

State Water Resources Control Board

UDA

urban development area

ULL

Urban Limit Line

USACE

U.S. Army Corps of Engineers

USFWS

U.S. Fish and Wildlife Service

USGS

U.S. Geological Survey

WDRs

Waste Discharge Requirements

WS

Watershed

Zones

Acquisition Analysis Zones
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Chapter 1

Introduction and Goals

1.1 Introduction
This document provides an aquatic resource inventory, classification, and
functional description for a 173,680-acre area of East Contra Costa County,
California (Figure 1-1). This area, referred to herein as the “inventory area,”
corresponds to the planning boundaries of the East Contra Costa County Habitat
Conservation Plan (HCP) and Natural Community Conservation Plan (NCCP).
The proponents of the HCP/NCCP are Contra Costa County, the Contra Costa
County Flood Control and Water Conservation District (County Flood District),
Contra Costa Water District (CCWD), East Bay Regional Park District
(EBRPD), and the Cities of Clayton, Pittsburg, Brentwood, and Oakley. These
proponents formed a joint powers authority, referred to as the East Contra Costa
County Habitat Conservation Plan Association (HCPA), to lead development of
the HCP/NCCP. Although the City of Antioch is not participating in the
HCP/NCCP, the HCP/NCCP inventory area includes Antioch.
This wetlands inventory and assessment was conducted in support of a regional
planning, conservation, and permitting effort coordinated by the HCPA and the
U.S. Army Corps of Engineers (USACE). The primary goal of this inventory is
to provide a baseline record of jurisdictional wetlands and waters on a regional
scale throughout the inventory area. This report was specifically designed to
support the HCPA’s application to the USACE for a series of Regional General
Permits (RGPs) in the inventory area that are expected to replace the existing
Nationwide Permit Program. These RGPs will be bundled into a Regional
Permit Program (RPP) that will provide a customized and streamlined wetlands
permitting system for many projects in the inventory area, particularly those that
receive coverage under the HCP/NCCP for impacts on listed species.
An important secondary goal of this inventory is to improve the HCP/NCCP by
providing additional information on jurisdictional wetlands and waters in the
inventory area. Many Jurisdictional wetlands and waters in the inventory area
provide important habitat for species proposed for coverage in the HCP/NCCP.
Conservation measures in the HCP/NCCP will benefit from the information in
this report on these key habitats.
This report describes the following in regard to jurisdictional wetlands and
waters.
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The locations of these features.
The spatial extent of these features.
The regional hydrogeomorphic context in which jurisdictional wetlands and
waters are formed and persist.
The habitat, hydrology, and water quality functions that these jurisdictional
wetlands and waters provide.
The overall functional value of jurisdictional wetlands and waters in the
study area.
Management considerations to help promote conservation of these systems
and minimize impacts on them.
The East Contra Costa County HCP/NCCP calls for preservation of
approximately 30,000 acres of land in the inventory area to offset the impacts of
expanding urban development in the participating cities. Data in this report will
be used to predict the impact of this development on jurisdictional wetlands and
waters on a regional scale and to determine the level of conservation expected
from assembly of the HCP/NCCP Preserve System. These data will also help to
identify opportunities to mitigate potential future impacts on jurisdictional
wetlands and waters and their subbasins through comprehensive consideration of
jurisdictional wetlands and waters functioning on a landscape level.
It is important to note that this report presents the existing conditions of
jurisdictional wetlands and waters on a regional scale. As described later in this
chapter, mapping of jurisdictional wetlands and waters is based on coarse-level
data and reconnaissance field verification. Data presented in this report are not
based on site-specific wetland delineations according to approved USACE
methodology. This report should not be used for project-level analysis and
cannot be substituted for site-specific wetland delineations.

1.2 Organization of this Report
This report is organized into five chapters. Chapter 1 is this introductory chapter.
Chapter 2 presents the methodology for the jurisdictional wetlands and waters
inventory and mapping. Chapter 2 also presents the approach to classification of
jurisdictional wetlands and waters used in this report. That approach is based on
a classification of physiographic regions in the inventory area. Individual
subbasin drainages are identified according to the physiographic region that
characterizes them most strongly (Figures 1-2 and 1-3). Chapter 3 presents the
regional physical setting used to establish a context for the hydrologic conditions
that support jurisdictional wetlands and waters and introduces the following four
physiographic regions identified in the inventory area.
Montane region.
Foothills/upper valley region.
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Lower valley/plain region.
Sacramento–San Joaquin Delta region.
Chapter 4 describes the types of jurisdictional wetlands and waters found in the
study region according to their general geomorphic requirements, location,
extent, habitat functions, hydrologic functions, and water quality functions.
Chapter 5 describes individual subbasins in greater detail. Subbasin assessments
include specific discussions of subbasin physical conditions relevant for
supporting jurisdictional wetlands and waters; types of jurisdictional wetlands
and waters found in the subbasin; functions of jurisdictional wetlands and waters
in the subbasin; management consideration for conservation, impact avoidance,
and enhancement of jurisdictional wetlands and waters in the subbasin; and
valuation of jurisdictional wetlands and waters within the subbasin.
Appendix A, Jurisdictional Wetlands and Waters Inventory Tables, appears at
the end of this report. A separate document, the Regional Permit Program,
contains a protocol for use of this inventory report for future assessments. The
table in Appendix A lists and categorizes all jurisdictional wetlands and waters
mapped in the inventory area.
In sum, this effort seeks to conduct a regional approach to preservation,
enhancement, and management of jurisdictional wetlands and waters through two
steps:
establishing the baseline conditions of jurisdictional wetlands and waters in
an inventory, classification, and functional description at the subbasin scale;
and
providing an analysis of hydrogeomorphic conditions supporting
jurisdictional wetlands and waters by subbasin. This analysis is accompanied
by a review of opportunities and constraints to preserve and restore
jurisdictional wetlands and waters and the physical processes that support
their longer-term sustainability.

1.3 Terminology
Jurisdictional wetlands and waters are state- and federally regulated wetlands
and other water bodies that cannot be filled or altered without permits from
USACE under Section 404 of the CWA, the State Water Resources Control
Board or the Regional Water Quality Control Boards under either Section 401 of
the CWA or the Porter-Cologne Water Quality Control Act, or the California
Department of Fish and Game under Fish and Game Code Section 1602. Types
of jurisdictional wetlands and waters in the HCP/NCCP inventory area include,
but are not limited to, permanent marsh, seasonal wetlands or marsh, streams,
ponds, and vernal pools.
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For regulatory purposes, wetlands are defined as “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” (CFR 328.3,
CFR 230.3). Jurisdictional wetlands and waters include features such as
reservoirs and creeks that may not be vegetated and are therefore not defined as
wetlands.
Isolated wetlands are those that are not bordering, contiguous with, or
neighboring jurisdictional wetlands or other waters, and are not usually
considered jurisdictional. Wetlands would probably be considered isolated if
they were hydrologically isolated from both fluvial and tidal surface hydrology,
were not part of a larger wetland or vernal pool complex, and occurred in a
closed basin that is not a headwater connected to a larger watershed. A USACE
regulatory specialist will confirm final determination of adjacency or isolation.
A watershed is all of the upstream land (and subsurface groundwater) that drains
to a particular point along a stream or river. Subbasins are considered “nested”
watersheds within the larger principal watershed units (i.e., Sand Creek drainage
is a subbasin of the Marsh Creek watershed). The term subbasin is also applied
to smaller independent watersheds that may be isolated or adjacent to principal
regional scale watersheds. This inventory does not attempt to determine whether
individual wetlands within the inventory area are jurisdictional.
Hydrogeomorphic refers to water-related landform-shaping processes. For this
study, these physical processes are typically the governing forces that influence
the setting or capacity of jurisdictional wetlands and waters to exist and persist.
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Chapter 2

Methods

2.1 General Approach
Wetland types were mapped in the study area based primarily on the
interpretation of black-and-white and color aerial photographs.
Photointerpretation of wetland features was guided and verified with
supplementary data sources, including National Wetland Inventory data, U.S.
Geological Survey streams and roads data, and California Department of Water
Resources land use data. These and other data sources are discussed below. The
resulting draft wetland maps were ground-truthed through field reconnaissance
surveys on public lands and from public roads during April and May 2004.
Jones & Stokes ecologists and geomorphologists developed an understanding of
types of jurisdictional wetlands and waters within their subbasin contexts through
a functional analysis at the subbasin scale. Functions of jurisdictional wetlands
and waters were then described based on a qualitative analysis of physical
characteristics, surrounding land use, and resulting biological characteristics.
Jurisdictional wetlands and waters types were classified according to Cowardin et
al. (1979) and assigned to a geomorphic unit according to Ferren et al. (1995).

2.2 Mapping Methods
2.2.1 Data Sources
The following were the primary sources of information for mapping of
jurisdictional wetlands and waters in the study area.
Orthorectified black-and-white aerial photographs (provided by Contra Costa
County, flown in May 2000) for the entire study area. (The scale in rural
areas is 1 inch = 400 feet and in urban areas, 1 inch = 200 feet.)
Color infrared photographs (scale 1:6,000) taken in June 1987 and 1988,
which covered the study area except the southeastern corner (provided by
Contra Costa Water District).
National Wetlands Inventory Maps (scale 1:65,000) based on color-infrared
photographs taken in 1985.
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U.S. Geological Survey (USGS) streams and roads data (USGS digital line
graph data—various dates).
California Department of Water Resources land use data (1995).
The ancillary data sources listed below were used to obtain information not
available in the primary sources and to check the mapped information for
accuracy.
East Alameda–Contra Costa Biodiversity Study (Conservation opportunity
mapping in eastern Contra Costa County) (Jones & Stokes Associates 1996).
Habitat mapping within the Los Vaqueros Reservoir watershed (Jones &
Stokes Associates 1994).
Color aerial photographs (scale 1:6,000) taken in February 1987, which
covered the southeastern corner of study area (Jones & Stokes file data).
Soil survey mapping (Soil Conservation Service 1977).
Vegetation maps of Contra Costa Water District (CCWD) interim service
area (Contra Costa Water District 2000).
Geologic maps of the San Francisco–San Jose Quadrangle (California
Department of Conservation 1990).
Draft Environmental Impact Report for the Cowell Ranch Project General
Plan Amendment and Related Actions (Contra Costa County 1996a).
Current residential development maps (provided by Contra Costa County).
Recent wetland delineations verified by USACE within the study area
(Darwin Myers Associates 2003, US Army Corps of Engineers 2003).

2.2.2 Field Visits
In addition to using existing datasets, Jones & Stokes biologists conducted field
visits. An initial field visit, December 7, 2001, was conducted to develop the
land-cover classification and to perform preliminary verification of aerial
photograph signatures. Two other field visits, January 10 and May 26, 2002,
were conducted to verify types and consistency of mapping of jurisdictional
wetlands and waters and to collect additional data for descriptions of features.
Initial mapping was verified by visual inspection from locations accessible by
public roads. Areas were selected for field verification on the basis of the types
of jurisdictional wetlands and waters present and the accessibility of the area.
Once field visits were conducted, mapping was revised on the basis of field
findings. Intensive follow-up field surveys were conducted during April and
May 2004, as described in detail below.
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2.2.3 Mapping Procedures
Maps of jurisdictional wetlands and waters were produced using the data sources
listed above, according to methods outlined for the HCP/NCCP and summarized
below. The East Contra Costa County HCP/NCCP provides more details on the
methods used to create digital maps of jurisdictional wetlands and waters in the
project area (Jones & Stokes 2004).
Jones & Stokes biologists conducted extensive field surveys of the study area on
February 17, 2004, and over 4 days between May 5 and June 2, 2004. The
surveys were designed to substantially improve the land-cover data set used by
the HCP/NCCP by locating
additional alkali grasslands and alkali wetlands based on field conditions
(rather than by soil type as mapped by SCS) and verifying the location of
previously mapped alkali grasslands and wetlands;
small jurisdictional wetlands and waters (e.g., vernal pools, perennial
wetlands, seasonal wetlands) and ponds that may have been missed during
the original mapping; and
additional riparian woodland/scrub in the field that may have been missed
because of the difficulty of discerning that habitat type’s signature in aerial
photos.
It should be noted that much of the mapped riparian woodland/palustrine forest is
unlikely to be considered jurisdictional wetlands because it may not be inundated
with sufficient frequency or for sufficient duration. It was not possible to map
the boundary between wetland and non-wetland in this land cover type from
aerial photos.
Draft maps of jurisdictional wetlands and waters for the study area were
compared with recent wetland delineations verified by the USACE (Darwin
Myers Associates 2003; USACE 2003). This comparison allowed for further
improvement of photointerpretation methods. In addition, it gave an indication
of expected differences between landscape-level and site-level mapping of
jurisdictional wetlands and waters, discussed further below.

2.2.4 Mapping Limitations
This study involved mapping jurisdictional wetlands and waters on a landscape
scale throughout the inventory area, based on photointerpretation and limited
fieldwork. Project-related impacts and mitigation would take place on a smaller,
site-specific scale. Some jurisdictional wetlands and waters in the inventory
area, such as freshwater seeps, could not be mapped because they were too small
or could not be visited during the limited fieldwork. As a result, landscape-level
mapping may underestimate the area of jurisdictional wetlands and waters
compared to a site-specific delineation, as in the case of Alves Ranch (USACE
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2003). In other cases, such as the case of the Bailey Estate, landscape-level
mapping identified areas as wetlands that were not determined to be
jurisdictional in a site-specific delineation (Darwin Myers Associates 2003). In
addition, jurisdictional wetlands and waters are dynamic systems that change
over time and from season to season, depending on rainfall and temperature.
Despite these limitations, data in this report are adequate to provide a regional
picture of conditions and functions of jurisdictional wetlands and waters
throughout the inventory area. Site-specific investigations can benefit from the
regional context and classification provided in this document, but they cannot
rely on the regional mapping. Field delineations of features will be required for
any project proponent to receive a permit under the RPP that this regional
inventory supports.

2.3 Valuation
In order to assist improve planning for aquatic resources conservation in the
study area, a landscape-level assessment of the quality of jurisdictional wetlands
and waters was carried out. This assessment can be helpful in evaluating
landscape level scenarios for conservation and development, allowing planners to
determine which patterns of development and conservation will conserve higher
quality jurisdictional wetlands and waters and impact lower quality jurisdictional
wetlands and waters. From a regulatory perspective, this valuation is designed to
aid responsible agencies in determining whether conservation and development
scenarios result in a net loss of function or area of jurisdictional wetlands and
waters.
It is important to recognize the limitations of this valuation methodology.
Because of the landscape scale of the data, valuation of jurisdictional wetlands
and waters should be regarded as qualitative and approximate. Landscape-level
valuation is a useful planning tool, but should not serve as a substitute for sitelevel valuation analysis conducted in conjunction with a site-level delineation.
To arrive at an overall wetland quality, jurisdictional wetlands and waters were
evaluated by wetland type, habitat type, water quality, hydrologic functioning,
geomorphic region, and adjacent land use within each subbasin.
Landscape-level valuation of jurisdictional wetlands and waters was performed
by assigning points to each aquatic resource based on the following five factors
(Table 2-1 and 2-2):
Area of wetland (not applied to streams);
Geomorphic region (which served as a proxy for land use in the vicinity);
Primary adjacent land cover;
Secondary adjacent land cover (not applied to streams); and
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Subbasin or site-specific factors, such as the presence of abandoned mines or
reservoirs.
Function scores were adjusted for each of these categories (Table 2-1 and 2-2)
according to their ability to maintain or improve
Habitat. Points were added if a given type of aquatic resource has the
potential to support wildlife and plant species.
Water Quality. Points were added for a resource type with the ability to
improve or maintain water quality through such processes as filtration of
contaminants and prevention of erosion.
Hydrology. Points were added for a resource type that can facilitate
groundwater recharge and store floodwaters.
Taking this suite of functions into account, the total score for each type of
jurisdictional wetlands and waters was assigned to one of three ranks: high,
moderate, or low for current quality. (See Appendix A, and Tables 5-1 through
5-15 in Chapter 5.) A detailed discussion of the valuation process follows.

Area
Based on the rationale that wetlands with greater area are generally higher
functioning, habitat, water quality, and hydrology functional scores were
increased for each wetland that was greater than the median area for its wetland
type. This factor was not considered in valuation of streams, because the area of
a given stream reach was primarily determined by adjacent land use and/or
geomorphic region, not by hydrologic or other factors that contribute to wetland
quality. For example, the median area for alkali wetlands (PPEM-Alkali) in the
inventory area is 3 acres, and the median area for seasonal wetlands (PPEMSeasonal) is 0.8 acres. For alkali wetlands that are greater than 3 acres in extent
and seasonal wetlands that are greater than 0.8 acres in extent, habitat, water
quality, and hydrologic functional scores were increased (See Table 2-1).
Median areas for other resource types in the inventory area are as follows. The
median area of ponds (PAB/UB) is 0.2 acre. The median area of riparian
woodland (Palustrine forest) is 2.1 acres. The median area of wetlands with
undetermined inundation regimes (PPEM- Perennial or Seasonal) is 0.7 acre.
The median area of sloughs/channels (riverine lower perennial) is 11 acres.

Geomorphic Region
The inventory area was classified into four geomorphic regions: 1) Montane, 2)
Foothills/Upper Valley, 3) Lower Valley/Plain, and 4) Sacramento-San Joaquin
Delta (Delta). They are described in Section 3.2. While information on land uses
adjacent to each aquatic resource was considered in the valuation procedure,
geomorphic regions served as a proxy for regional land use around each feature.
Habitat, water quality, and hydrologic function scores were increased for each
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feature in the Montane region, because land cover in this region is the least
altered from natural conditions in the inventory area (Tables 2-1 and 2-2).
Habitat, water quality, and hydrologic function scores were increased for each
feature in the Foothills/Upper Valley region, but scores were increased less than
for jurisdictional wetlands and waters in the Montane Region (Tables 2-1 and 22). This region is dominated by rangeland. In some areas, negative impacts on
jurisdictional wetlands and waters from overgrazing are evident. The
Foothills/Upper Valley region features more extensive alteration from natural
conditions than the Montane region, because of its larger areas of residential,
agricultural, and commercial land use.
The Lower Valley/Plain region is characterized by urban and industrial
development. Habitat and hydrologic function scores for jurisdictional wetlands
and waters in this region were not increased, due to its relative scarcity of habitat
and its extensive hydrologic modifications, such as increased impervious surface
and channelized and/or undergrounded stream reaches. Water quality scores
were slightly increased for jurisdictional wetlands and waters in this region
(Tables 2-1 and 2-2), because impacts to water quality from land uses in the
region are less severe than impacts in the Delta region discussed below.
The Delta region is dominated by cropland. Habitat function scores were slightly
increased for jurisdictional wetlands and waters in this region (Tables 2-1 and 22), because cropland provides habitat for a greater number of species than the
urban and residential areas that dominate the Lower Valley/Plain region. Water
quality function scores were not increased for jurisdictional wetlands and waters
in this region, because sediment, nutrient, and pesticide inputs associated with
agricultural use degrade water quality. Hydrologic function scores were not
increased in this region, because streams in this region have been channelized
and many jurisdictional wetlands and waters have longer inundation or flow
periods due to inputs from return irrigation flows.

Adjacent Land Cover
For the purposes of the valuation, adjacent land cover was assigned to one of
three classes:
Class I: Wetland or other native vegetation type (aquatic, aqueduct, alkali
wetland, riparian, seasonal wetland, wetland, chaparral, oak woodland, oak
savanna, grassland, alkali grassland);
Class II: Agricultural/non-native open space (orchard, pasture, ruderal, turf,
non-native woodland, cropland, vineyard); and
Class III: Urban (developed, landfill).
In many cases, more than one land cover type is present adjacent to a
jurisdictional feature. In these cases, the adjacent land cover with the greatest
areal extent was recognized as the primary adjacent land cover. Other adjacent
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land covers were considered secondary adjacent land covers. Secondary land
covers were considered to have the same type of effect on jurisdictional wetlands
and waters as primary land cover types, but to a lesser degree, so were scored
lower (Tables 2-1 and 2-2). Where more than one class of secondary land covers
was present, the secondary land cover type with the greatest areal extent was
used in the valuation procedure. Data on secondary land cover were only
available for wetlands, not for stream reaches.
Class I land covers were considered to enhance or have no negative impacts on
functioning of jurisdictional wetlands and waters. Habitat, water quality, and
hydrologic function scores were significantly increased for jurisdictional
wetlands and waters with Class I primary adjacent land covers (Tables 2-1 and 22). Habitat, water quality, and hydrologic function scores were moderately
increased for jurisdictional wetlands and waters with Class I secondary adjacent
land covers.
Class II land cover types are characterized by open space with a moderate level
of disturbance. While these land covers may be dominated by exotic invasive
species, the open space associated with them provides some habitat value.
Habitat function scores were slightly increased for jurisdictional wetlands and
waters with Class II primary adjacent land covers (Tables 2-1 and 2-2). The
open space associated with these land cover types facilitates infiltration, reducing
the flashiness of the local hydrograph. Therefore, the hydrologic function scores
were slightly increased for jurisdictional wetlands and waters with Class II
primary adjacent land covers. Most land uses in this class are sources of
sediment, nutrient, and pesticide inputs to jurisdictional wetlands and waters.
Water quality function scores were not increased for jurisdictional wetlands and
waters with Class II primary adjacent land cover. Habitat, water quality, and
hydrologic function scores were not increased for jurisdictional wetlands and
waters with Class II secondary adjacent land cover.
Class III consists of urban land cover. This land cover type provides little habitat
value and is characterized by extensive hydrologic modification. Habitat and
hydrologic function scores were not increased for jurisdictional wetlands and
waters with Class III primary or secondary adjacent land cover types. However,
urban areas are generally less significant sources of nutrients, sediment, and other
contaminants relative to Class II agricultural areas. Therefore, water quality
function scores were slightly increased for jurisdictional wetlands and waters
with Class III primary adjacent land cover. Water quality function scores were
slightly increased for jurisdictional wetlands and waters with Class III secondary
adjacent land cover.

Scoring System
Habitat, water quality and hydrologic function scores based on the factors above
were each summed separately. Total scores for each function ranged from 0 to
10 points for wetlands, and 0–6 points for streams. The three function scores
were totaled to produce an overall quality score, ranging from 0 to 30 points for
Aquatic Resources Inventory, Classification, and
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wetlands, and 0–18 points for streams. For each function, wetland scores of 8–10
and stream scores of 5–6 were assigned a rank of high, wetland scores of 4–7 and
stream scores of 2–4 were assigned a rank of medium, and wetland scores of 0–3
and stream scores of 0–1 were assigned a rank of low. For overall quality,
wetland scores of 24–30 and stream scores of 15–18 were assigned a rank of
high, wetland scores of 8–23 and stream scores of 3–14 were assigned a rank of
medium, and wetland scores of 1–-7 and stream scores of 0–2 were assigned a
rank of low. This system was used in order not to characterize jurisdictional
wetlands and waters that may be of moderate quality as low quality.

Subbasin or Local Factors
Important environmental factors exist in the inventory that affect functioning of
jurisdictional wetlands and waters on a subbasin or local scale. A brief
discussion of these factors and a description of their effects on the valuation
follow.

Abandoned Mercury Mine
Mercury contamination from the abandoned Mt. Diablo Quicksilver Mine on
Dunn Creek has contaminated areas downstream to the Marsh Creek Reservoir.
Instream portions in affected areas of Upper Marsh Creek have therefore been
given a water quality function ranking of low. Habitat function for these
jurisdictional wetlands and waters is reduced by one rank, to low or medium.
Hydrologic functioning of these jurisdictional wetlands and waters is unaffected.
Lower Marsh Creek does not appear to be significantly affected by mercury
contamination. Normal mercury levels in Lower Marsh Creek are due to two
factors: 1) the Marsh Creek Reservoir traps mercury-containing sediment from
sources upstream, 2) mercury-contaminated sediments that were present before
the construction of the reservoir have been flushed out of the system, and are
now located in the Big Break and the Delta.

Abandoned Coal Mine
An abandoned coal mine in the upper Kirker Creek subbasin has led to pH levels
of 4-5 in the upper portions of the creek. The creek rapidly becomes neutral in
pH downstream of the Black Diamond Mine Regional Park boundaries.
Jurisdictional wetlands and waters within the affected area have been given a
water quality and habitat function ranking of low.

Reservoirs
There are four reservoirs of significant size in the study area. These reservoirs
have smoothed out the hydrographs of creek reaches downstream greatly,
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reducing peak flows and increasing base flows. Hydrologic functioning of
instream jurisdictional wetlands and waters downstream of Marsh Creek
Reservoir, Los Vaqueros Reservoir, Contra Loma Reservoir, and Antioch
Reservoir have therefore been ranked as low for hydrologic functioning
regardless of their raw scores.

Intensive Grazing
Portions of Briones Creek and Deer Creek subbasins show evidence of intensive
livestock grazing. Overgrazing in these subbasins has resulted in the loss of
wetlands vegetation, increased inputs of fine sediment and nutrients, incised
channels and unstable banks. Jurisdictional wetlands and waters in the affected
areas of these subbasins have been ranked as low for habitat, water quality, and
hydrologic functioning.

Potential Quality
Based on an evaluation of opportunities for restoration and enhancement,
jurisdictional wetlands and waters within each subbasin were assigned a ranking
of high, moderate, or low for potential quality. The factors responsible for
degrading a given wetland were qualitatively evaluated to determine how
amenable they are to change. For example, wetlands that are degraded due to
intensive grazing have the potential to improve in quality with a modification to
the grazing regime. A wetland with a low overall quality that is exposed to
intensive grazing would thus be assigned a potential quality of moderate.
However, a wetland with low overall quality due to its location in an urban area
would have a low potential quality, as it is unreasonable to expect the adjacent
land use to change.
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Table 2-1. Effects of Area, Geomorphic Region, and Adjacent Land Cover on Valuation of Jurisdictional
Wetlands and Waters
Effect on Function Scores
Factor

Habitat

Water Quality

Hydrologic

+2

+2

+2

None

None

None

Montane

+3

+3

+3

Foothills/Upper Valley

+2

+2

+2

None

+1

None

+1

None

None

Class I*

+3

+3

+3

Class II*

+1

None

+1

Class III*

None

+1

None

Class I*

+2

+2

+2

Class II*

None

None

None

Area
Greater than median area for type
Less than median area for type
Geomorphic Region

Lower Valley/Plain
Sacramento-San Joaquin Delta
Primary Adjacent Land Cover

Secondary Adjacent Land Cover

Class III*
None
None
None
*Class I: Wetland or other native vegetation type (aquatic, aqueduct, alkali
wetland, riparian, seasonal wetland, wetland, chaparral, oak woodland, oak
savanna, grassland, alkali grassland)
Class II: Agricultural/non-native open space (Orchard, pasture, ruderal, turf, non-native woodland, cropland)
Class III: Urban

Table 2-2. Effects of Area, Geomorphic Region, and Adjacent Land Cover on Stream Valuation
Effect on Function Scores
Factor

Habitat

Water Quality

Hydrologic

+2

+2

+2

None

None

None

Montane

+3

+3

+3

Foothills/Upper Valley

+2

+2

+2

None

+1

None

+1

None

None

Class I*

+3

+3

+3

Class II*

+1

None

+1

Class III*

None

+1

None

Class I*

+2

+2

+2

Class II*

None

None

None

Class III*

None

None

None

Area
Greater than median area for type
Less than median area for type
Geomorphic Region

Lower Valley/Plain
Sacramento-San Joaquin Delta
Primary Adjacent Land Cover

Secondary Adjacent Land Cover

*Class I:

Wetland or other native vegetation type (aquatic, aqueduct, alkali wetland, riparian, seasonal wetland, wetland,
chaparral, oak woodland, oak savanna, grassland, alkali grassland)
Class II: Agricultural/non-native open space (Orchard, pasture, ruderal, turf, non-native woodland, cropland)
Class III: Urban

Chapter 3

Hydrogeomorphic Setting

This chapter describes the physical setting of the inventory area and the four
physiographic regions used to categorize the geomorphology of the inventory
area. The overview presented in this chapter of the geologic, soil, climate,
hydrologic, and geomorphic characteristics of the inventory area is important in
understanding the location, extent, and functioning of the region’s wetlands and
aquatic resources.

3.1 Regional Physical Setting
3.1.1 Regional Geology
Elevations in the inventory area range from at or below sea level (marshes
adjacent to the Sacramento–San Joaquin Delta [Delta] near Brentwood and
Oakley) to the 3,849-foot peak of Mount Diablo, the highest point in the
inventory area. The physiography of the inventory area is dominated by Mount
Diablo and its surrounding hillslopes/valleys (which generally trend
northwest/southeast according to local structure/faulting), lower valleys, and
plains transitioning to the Bay/Delta zones.
Figure 3-1 shows a simplification of the regional geology to portray general rock
types in the inventory area. Descending in age, materials include currently active
and older Holocene alluvial deposits (stream channels, floodplain deposits, bay
muds, basin materials, dune sands, older fan deposits, etc.). Wetlands in the
inventory area are typically found in alluvium occupying valley floors and
floodplains. Understanding the distribution, texture, and depth of the wetlands
soils is important in characterizing and evaluating wetland functioning.
Several Tertiary sedimentary formations, which are older in the stratigraphic
column than the Holocene alluvial deposits mentioned above, are also found in
the inventory area. These formations include the Tulare Formation (Fm.)
(Pliocene non-marine sandstones/conglomerates); Markly Fm. (Eocene
sandstones/siltstones); and Meganos Fm. (Paleocene siltstones, shales,
conglomerates). Differences in granular texture of the submember units of
individual formations become important in understanding soil distributions and
wetland support opportunities. For example, certain shale members of
sedimentary rock may be more likely to support more clay-dominant soils that
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offer greater water impoundment through reduced porosity/permeability
(compared to sandier soils with better drainage). Older rocks in the inventory
area include the sandstones, siltstones, and shale beds of the Great Valley
Sequence and the basaltic/chert and sandstone mélange of the Franciscan
Complex observed on the higher portions of Mount Diablo.

3.1.2 Regional Soils
Soils in the inventory area are highly variable because of the complex geology,
climate, topography, and hydrology in the area (Figure 3-2). The Contra Costa
County general soils map (Soil Conservation Service 1977) identifies 14 soil
associations (distinctive patterns of soils in defined proportions) in the county.
The inventory area contains all these soil associations except the Joice-Reyes
association, which consists of saline mucks and silty clays in saltwater marshes
and tidal flats. Most of the soils in the inventory area formed from alluvial,
sedimentary, and meta-sedimentary sources and have been formed in concert
with the complex geologic history of the area.
Many areas on the lower terraces have been urbanized and/or altered to produce
crops. As mentioned above in relation to regional geology, the spatial
distribution of sands, clays, clay loams, and mucks (as shown in Figure 3-2) is a
key parameter in distinguishing the location and extent of wetlands, their cause,
and their functioning. Figure 3-2 shows the banding of higher infiltrating sandy
soils compared to clays in the Sand, Deer, Dry, and Briones Creek subbasins of
the central inventory area.

3.1.3 Regional Climate
The inventory area is located in a transitional zone between the San Francisco
Bay Area and the San Joaquin Valley in eastern Contra Costa County. The
inventory area is characterized by a Mediterranean climate, with varying degrees
of maritime influence depending on proximity to the Bay. Precipitation in the
inventory area falls mostly as rain during the late fall, winter, and early spring
months, although the higher elevations can receive infrequent snowfalls during
the winter months, with snow sometimes lasting for 2–3 days on Mount Diablo
(Soil Conservation Service 1977). Total precipitation is variable from an average
of 13 inches per year at Antioch to almost 23 inches at Mount Diablo (Figure 33). Variability in precipitation reflects elevational and aspect differences in
relation to the Bay and Mount Diablo. In particular, a rain shadow effect on the
lee, or eastern, side of the Diablo Range increases aridity east of the mountains
towards the Delta lowlands.
The climate in the inventory area is strongly influenced by its location and
topography. In the summer, a steady marine wind blows through the Golden
Gate and up the Carquinez Strait. The eastern portion of the inventory area is not
influenced by marine air to the same extent as the western portion.
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Consequently, temperatures in the eastern part of the inventory area are generally
warmer than in the western part. The alluvial dune sand geology and soils in the
northern areas of lower Marsh Creek subbasin are a product of these historically
strong winds and a sand source to the north in the Bay and Delta.

3.1.4 Regional Hydrology and Land Use
The inventory area contains several streams that drain to Suisun Bay and the
Delta (Figure 1-2). For the purposes of this study, these watersheds have been
subdivided into 15 subbasin units (Figure 1-3). Because of the Mediterranean
climate and its characteristic lack of rainfall during the summer months,
ephemeral and intermittent streams are the dominant hydrologic features in the
inventory area.
Surface flow in ephemeral streams is generally supplied by rainfall; these streams
flow only during and immediately following rain events. Surface flow in
intermittent or seasonal streams is supplied by a combination of rainfall runoff
and groundwater; these streams generally flow throughout the rainy season and
into the late spring or early summer. Perennial streams in the inventory area are
also supported by rainfall runoff and groundwater, but unlike seasonal streams,
they run year-round with major dry-season input from both natural and artificial
sources (e.g., upwelling springs or fault/geologic contacts, and surface/subsurface
flows from local irrigation, respectively).
Major perennial streams in the inventory area include portions of Upper Mount
Diablo Creek and its tributaries, Upper and Lower Marsh Creek, Lower Sand
Creek and Deer Creek, and Kirker Creek. Evidence suggests that the perennial
reaches of Lower Marsh, Sand, and Deer Creeks were not historically perennial
and that current hydrological conditions have been influenced by increased
discharges from agricultural and urban sources (Natural Heritage Institute and
Delta Science Center 2002). Marsh Creek drains the largest area of any stream
originating in the inventory area. Figure 1-2 (Figure 1-2) shows major perennial
and ephemeral streams in the inventory area. Except for a few small streams that
drain west into San Francisco and San Pablo Bays, most streams drain into the
San Joaquin River and Suisun Bay to the north and east.
Land use (Figure 3-4 and Table 5-0 in Chapter 5) and hydrology are discussed
separately below for the four physiographic regions in the inventory area.

3.2 Geomorphic Regions
To assist in the hydrologic and geomorphic assessment of individual subbasins
and their wetland features (documented in Chapter 5), the inventory area has
been classified into four geomorphic regions with similar physiographic
conditions: montane region, foothills/upper valley region, lower plain/valley
region, and Sacramento–San Joaquin Delta region (Figure 3-5). This
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classification was based on general elevational/structural conditions, whereby
hillslope steepness and stream channel slopes are greatest in the montane zone
and then decrease through the upper valleys, foothills, lower valleys, and plains,
into the Delta zone.
The montane and foothills areas are source areas for sediment, groundwater,
surface water, and water quality constituents to be transported downstream
towards the upper valleys, lower valleys, and plains. However, while generally
related to elevation and slope, this simple cascade of sediment/water downstream
does not necessarily incorporate the opportunities for “sinks” (or storage) of
water/sediment in several depositional areas throughout the system, such as
floodplains, hollows, perches, terraces, mid-channel pools. These geomorphic
features are often the most likely place for wetland occurrence. Thus, the
classification of the four geomorphic regions was also based on a system that
relates the basic physical processes of water/sediment transport to wetland
occurrence/location.
Owing to topographic variability, individual subbasins in the inventory area cross
more than one geomorphic region. For example, the Sand Creek subbasin is
primarily characterized as a foothill/upper valley type of basin, but it originates
in the montane region and continues downstream passing into the lower
valley/plain region. For purposes of this report, individual subbasins are
organized according to their principal geomorphic region as follows.
Montane Region: Upper Mount Diablo Creek and Upper Marsh Creek.
Foothills/Upper Valley Region: Willow Creek, Kirker Creek, West Antioch
Creek, Deer Creek, Briones Creek, Sand Creek, Dry Creek, Brushy Creek,
and Kellogg Creek.
Lower Valley/Plain Region: East Antioch Creek, Oakley Creek, and Lower
Marsh Creek.
Sacramento–San Joaquin Delta Region: East County Delta Drainages
(includes Indian, Rock, Sand Mound, Dutch, Piper, and Taylor Sloughs, as
well as False River).

3.2.1 Montane Region
Most drainages in the montane region remain relatively natural and occupy at
least a portion of their historic floodplains. This region plays an important role in
providing high-quality habitat to riparian and wetlands species and is an
important sediment source area for the rest of the inventory area. Most of the
creeks in this area are ephemeral or intermittent and generally support narrow
floodplains with limited riparian habitat. However, there are perennial, springfed reaches in this region as well. Stream gradients in this region are steep, and
channels are frequently confined within narrow bedrock canyons.
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3.2.2 Foothills/Upper Valley Region
Many of the drainages in the foothills/upper valley region have been affected by
several decades of grazing. Under certain conditions and grazing regimes,
livestock can be an effective means of controlling invasive species and
maintaining a diverse native plant community. If stocking rates are too high,
rotations are too long, and livestock access to aquatic resources is not properly
regulated, grazing can reduce native plant cover, reduce overall vegetative cover,
compact soils, contour hillslopes through the formation of terracettes, and
destabilize streambanks.
In some areas, soil compaction and reduced vegetative cover due to overgrazing
have increased storm runoff by reducing rainfall interception and soil infiltration.
Increased surface runoff has led to increased stream flow in channels with
unstable banks. These combined processes often result in eroded streams with
severely incised reaches through valley bottom sections, higher sediment loads in
the streams, and an increased alluviation/deposition at some point downstream
where gradients are reduced. In general, channel erosion and incision has not
been as severe in shallow hillslope tributaries as in valley bottoms, but native
vegetation and overall vegetative cover has been severely reduced in these areas
as well. Stream gradients in this geomorphic region are relatively steep in the
foothills, and become much less steep on the valley floor.

3.2.3 Lower Valley/Plain Region
The lower valley/plain region of the inventory area has mostly been urbanized.
In urban areas, hydrology and stream form has been altered for flood control or
to convey irrigation water. Most streams have been disconnected from their
historic floodplains by levees and channelization. Many of these streams are
maintained as flood control channels that support little or no riparian vegetation.
The terrain in this region is nearly level, with some low hills.

3.2.4 Sacramento–San Joaquin Delta Region
Most of the low-lying lands within the western Sacramento–San Joaquin Delta
region (Delta region) have been reclaimed by protective dikes and converted to
agricultural uses. As a result, little native vegetation remains in the area. The
terrain in this region is nearly level, with very little topographic relief. Portions
of the northeastern corner of the inventory area have substantially subsided and
are currently at or below sea level. Sensitive channel systems have developed in
this area because of blockage of natural flows by roads, culverts, and railroad
lines. The drainages in the Delta region are treated here collectively as a single
subbasin, the East County Delta Drainages. This subbasin includes Indian, Rock,
Sand Mound, Dutch, Piper, and Taylor Sloughs, as well as False River.
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Figure 3-1 Regional Geology
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Figure 3-2 Regional Soils
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Figure 3-3 Regional Precipitation
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Figure 3-4 Regional Land Cover
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Figure 3-5 Geomorphic Regions
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Chapter 4

Types of Jurisdictional Wetlands and Waters

Jurisdictional wetlands and waters in the inventory area were classified into
principal types according to Cowardin et al. (1979). The Cowardin classification
is hierarchical, grouping jurisdictional wetlands and waters into systems,
subsystems, classes, and dominance types. Examples of systems include
riverine, lacustrine, and palustrine. Examples of subsystems in the riverine
system include upper perennial, lower perennial, intermittent, and tidal.
Examples of classes in the riverine system include rocky bottom and
unconsolidated bottom. Dominance types are based on the growth forms of the
dominant vegetation in a wetland, such as forest or scrub. The system uses
modifiers to further classify jurisdictional wetlands and waters according to other
criteria, such as duration of inundation and pH. The Cowardin classification is
used here because it is helpful in assessing the functions and values of
jurisdictional wetlands and waters. For example, classifying a wetland as
Palustrine Persistent Emergent informs us that this wetland is likely to provide
habitat and improve water quality to a greater extent than a Palustrine Aquatic
Bed type, which is unvegetated. The Cowardin classification is used by the
National Wetlands Inventory, as well as by numerous wetlands inventories and
assessments.
The inventory area includes the following types of jurisdictional wetlands and
waters (Cowardin et al. 1979).
Palustrine Forest/Scrub/Shrub
Palustrine Persistent Emergent
Riverine Nontidal
Riverine Tidal
Riverine Excavated Artificial
Impounded Lacustrine
Palustrine Nonpersistent Emergent and Palustrine Aquatic
Bed/Unconsolidated Bottom
The acreage of each type in the inventory area is shown in Table 4-1. The aerial
extent of specific aquatic resource types is based on data derived from the May
2000 aerial photographs. These data were updated by ground surveys conducted
in spring 2003, spring 2004, and other data. Accordingly, data regarding
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jurisdictional wetlands and waters should reflect current conditions in most of the
inventory area as of spring 2004. In the following discussion, the following key
characteristics of each type in the inventory area are described.
Geomorphic units where found.
Dominant vegetation.
Hydrology.
Location and extent in the inventory area.
Mapping methods.
Habitat, water quality, and hydrologic cycling functioning.
The goal of these discussions is to give the reader a familiarity with the landscape
level inventory of jurisdictional wetlands and waters, as well as to describe the
characteristics of types that are common to multiple subbasins, reducing
redundancy in this report.

4.1 Palustrine Forest/Scrub/Shrub
Palustrine forest/scrub/shrub wetland is equivalent to riparian woodland/scrub in
the HCP/NCCP (Table 4-1).

4.1.1 Geomorphic Units
These wetlands are found within montane and foothill geomorphic zones, along
stream banks and overbank floodplain terraces.

4.1.2 Description
Palustrine forested or scrub/shrub wetlands are dominated by phreatophytic
woody vegetation associated with streams and permanent water sources.
Palustrine forest is dominated by trees and contains an understory of shrubs and
forbs. Tree species include Fremont cottonwood (Populus fremontii), western
sycamore (Platanus racemosa), and red willow (Salix laevigata). The understory
may also include woody shrubs such as arroyo willow (Salix lasiolepis) and
coyote brush (Baccharis pilularis). Palustrine scrub/shrub areas are dominated
by young trees and shrubs that typically represent an early successional stage of
riparian woodland. Coyote brush and arroyo willow are the dominant species in
palustrine scrub. Palustrine forest/scrub areas are dominated by a mixture of
trees and shrubs adapted to saturated and/or flooded soil conditions. The
hydrologic regime in this type of wetlands is nontidal and saturated, with some
areas that are temporarily or seasonally flooded. Generally, this wetland type
occupies narrow corridors in the inventory area, with a canopy only several trees
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or shrubs wide. This wetland type forms a mosaic with the riverine nontidal
wetland type, discussed in further detail below. As noted above, the boundary
between palustrine forest/scrub that may be jurisdictional wetland and similar
vegetation that is lacking hydric soils and wetland hydrology could not be
mapped from aerial photos. Therefore, much of the mapped palustrine
forest/scrub in the inventory area is most likely not jurisdictional wetland.

4.1.3 Location and Extent
Palustrine forest/scrub is rare in the inventory area, occurring on only 450 acres
(<1%). The largest and longest stands of riparian vegetation are found in and
near Pittsburg along Kirker Creek, and along Marsh Creek above and below
Marsh Creek Reservoir. Riparian woodland and scrub is also present along
Willow Creek, Upper Mount Diablo Creek, Kellogg Creek, Sand Creek, West
Antioch Creek, East Antioch Creek and Brushy Creek, as well as along the East
County Delta Drainages.

4.1.4 Mapping Methods Unique to Type
This wetland type was identified on the basis of its specific signature in the
photographs and proximity to streams, drainages, and lakes or reservoirs. On
infrared photographs, riparian areas were discernible by their light signatures.
These light-colored signatures indicate areas of rapid vegetative growth.
Riparian areas were mapped based on this signature type, topographic location,
and canopy density. Because palustrine scrub/shrub is an early successional
stage of palustrine forest, and because it was difficult to distinguish on aerial
photos, the two categories were combined as palustrine forest/scrub. The
minimum mapping unit for palustrine forest/scrub was 1 acre. It was not possible
to distinguish between jurisdictional and non-jurisdictional wetland within the
palustrine forest/scrub category. It is likely that the amount of palustrine
forest/scrub mapped as wetlands overestimates the amount that is jurisdictional.
Some intermittent and ephemeral streams in the inventory area are dominated by
a narrow corridor of oaks, California bay, or California buckeye (Aesculus
californica), with only scattered riparian tree species (e.g., willows [Salix spp.]
and cottonwoods [Populus spp.]) present. Stands in streams dominated by oaks
were not mapped as palustrine forest/scrub. In some places (e.g., Contra Loma
Reservoir), riparian trees such as cottonwoods have been planted as ornamentals
with an understory of irrigated turf. These areas were mapped as turf, not as
palustrine forest/scrub.
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4.1.5 Functions
Habitat
Palustrine forest/scrub provides habitat for a wide diversity of wildlife and plant
species. The presence of flowing water associated with this wetland type attracts
numerous mammals, amphibians, and reptiles. Riparian corridors are also
important for deer migration. Common mammals found in this cover type
include mule deer, raccoon, gray fox (Urocyon cinereoargenteus), striped skunk
(Mephitis mephitis), deer mouse (Peromyscus maniculatus), harvest mouse
(Reithrodontus megalotis), broad-handed mole (Scapanus latimanus), and duskyfooted woodrat (Neotoma fuscipes). Because of their proximity to rangelands,
livestock graze many riparian areas in the inventory area. Numerous birds are
also typical of this cover type, including Yellow Warbler (Dendroica petechia),
Northern Flicker, Bewick’s Wren, White-Tailed Kite, Cooper’s Hawk (Accipiter
cooperii), Red-Shouldered Hawk (Buteo lineatus), Song Sparrow (Melospiza
melodia), and Black-Headed Grosbeak (Pheucticus melanocephalus) and
migrants such as Pacific-Slope Flycatcher (Empidonax difficilis) and Wilson’s
Warbler (Wilsonia pusilla). In addition, palustrine forest/scrub provides a source
of coarse woody debris in streams, which is an important habitat element for
some riparian species.
Palustrine forest/scrub in the inventory area provides variable levels of habitat
function. In the upper portions of the subbasins, palustrine scrub/forest provides
a high level of habitat function. Riparian woodland, forest, and scrub in these
areas are generally well developed, and surrounding lands are managed for
grazing or conservation and recreation. In the lower portions of subbasins,
palustrine forest/scrub provides a low level of habitat function because it is
adjacent to developed areas, generally lacks a complex understory, and occupies
a narrow area along streams.

Water Quality
Palustrine forest/scrub intercepts surface runoff, retains nutrients, contributes to
groundwater supplies, and reduces suspended sediments, and therefore improves
water quality. Because of the steep topography of the montane and foothill
regions, these water features, commonly found at the base of slopes, are fed by
surface sheet flow and shallow subsurface groundwater, and provide important
flow retention. Shallow groundwater commonly contains high dissolved organic
and inorganic nutrients leached from surrounding geology and saturated soils.
These nutrients are removed, transformed, and exchanged by wetland vegetation.
Water quality is also improved through filtration of sediments and removal of
associated nutrients and metals. Fine sediments are transported with surface
sheet flows during storm events. An increased concentration of fine sediment in
the water column will increase turbidity, making it difficult for aquatic species to
locate food sources, and transport heavy metals and nutrients downstream.
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Depending on the surrounding geology, toxic heavy metals, such as mercury, can
be transported with fine sediment. This phenomenon is especially true with clay
sediments. One way to remove these metals from the watershed is through
settling and consequent burial of these sediments. Vegetated wetlands serve this
function because velocities are slowed and fine sediment is encouraged to settle
out, thus removing metals from the water column.
Tall forest and shrub vegetation also provide shade, which maintains and reduces
water temperature and improves water quality conditions.

Streambank Erosion Protection
Wetlands reduce streambank erosion because the roots of vegetation hold the soil
in place. The root mass of large trees and shrubs, such as those found in this
wetland type, are sometimes exposed to the surface. During storm events, these
exposed roots help to slow flow velocity, which encourages sediment deposition.
Recruitment of new sediment is important to encourage new vegetation growth
and cycling of metals, nutrients, and carbon. Large trees and shrubs growing on
streambanks in montane and foothill regions are important for streambank
protection, particularly in highly erosive soil types.

Flood Storage
Palustrine forest and scrub wetlands sometimes occur in areas that are seasonally
inundated by floodwaters. The flood storage function offers two main benefits to
the surrounding environment: reduction of downstream erosion and reduction of
suspended sediments. Wetlands, particularly those found in the montane and
foothill regions, capture and slow surface and subsurface waters during storm
events. During the peak of a storm hydrograph, flow velocities are the largest
and the concentration of suspended sediments is the highest. High flow
velocities can physically damage stream banks and residential areas downstream
by causing erosion. The velocity reduction by in-stream vegetation and storage of
floodwaters in upstream inundation areas or detention basins is important to
prevent flood damage to downstream land users. High concentrations of
suspended sediment can clog the streambed, therefore reducing groundwater
infiltration and interfering with fish feeding. Inundation of wetlands by
floodwaters encourages the settling of sediments, which in turn enhances the soil,
promoting further vegetation growth. Growth of vegetation increases the cycling
rate of nitrogen and phosphorus from the system, further enhancing water
quality. Wetlands in the steep topography of the montane region store
floodwaters for a shorter period of time because of the abundance of exposed
bedrock and steep slopes.

Aquatic Resources Inventory, Classification, and
Function for East Contra Costa County
HCP/NCCP Inventory Area

October 2006

4-5

J&S 01478.01

Chapter 4. Regional Wetland Types

East Contra Costa County Habitat Conservation
Planning Association

4.2 Palustrine Persistent Emergent
Palustrine persistent emergent (PPEM) wetland corresponds to wetland and
seasonal wetland in the HCP/NCCP (Table 4-1).

4.2.1 Geomorphic Units
These wetland features are found along stream floodplains/bottomlands, pond
margins, montane or river-valley freshwater courses, lacustrine-reservoir shores,
montane/plateau seeps, foothill seeps, and valley and plain seeps.

4.2.2 Description
PPEM wetlands are dominated by herbaceous species that grow in perennially or
seasonally flooded, ponded, or saturated soil conditions. Hydrologic regimes are
primarily nontidal, and range from seasonally flooded to temporarily flooded.
Soil conditions are important in recognizing a subclass of PPEM wetlands that
occur on alkali soils, described below.
Perennially flooded PPEM wetlands are characterized by a year-round water
source. They are typically dominated by erect, rooted, herbaceous hydrophytic
plant species adapted to growing in conditions of prolonged inundation.
Common plant species present in this wetland type include cattails (Typha spp.)
and tules (Scirpus spp.). Both tidal and nontidal perennial PPEM wetlands are
found in the inventory area.
Seasonally flooded PPEM wetlands are freshwater wetlands that support ponded
or saturated soil conditions during winter and spring and are dry through the
summer and fall until the first substantial rainfall. The vegetation is composed of
wetland generalists, such as hyssop loosestrife (Lythrum hyssopifolia), cocklebur
(Xanthium spp.), and Italian ryegrass (Lolium multiflorum) that typically occur in
frequently disturbed sites, such as along streams.
Vernal pools are temporarily flooded PPEM wetlands that pond water on the
surface for extended durations during winter and spring and dry completely
during late spring and summer.
Alkali wetlands support ponded or saturated soil conditions and occur as
permanently to seasonally flooded features on alkali soils. The vegetation of
alkali wetlands is composed of halophytic plant species adapted to both wetland
conditions and high salinity levels. Typical species include those common to
both seasonal and alkali wetlands, such as salt grass (Distichlis spicata), alkali
heath (Frankenia salina), and common spikeweed (Centromadia pungens).
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Freshwater seeps in the inventory area are also PPEM wetlands. Seeps generally
occur at grade breaks or intersections of different subsurface strata where
groundwater tends to rise to the surface. These features are small and isolated
and therefore could not be distinguished from its surroundings on the aerial
photographs. Thus, this wetland type was not mapped. Freshwater seeps
generally occur in grasslands or meadows where water is permanently near the
soil surface, supporting perennial grasses, rushes, sedges, and other wetland
species (Holland 1986). Freshwater seeps are likely to be present along
drainages and in other locations. Common species associated with freshwater
seeps in the region include Baltic rush (Juncus balticus), toad rush (Juncus
bufonius), creeping spikerush (Eleocharis macrostachya), annual rabbit’s-foot
grass (Polypogon monspeliensis), seep-spring monkeyflower (Mimulus guttatus),
and bull clover (Trifolium fucatum).

4.2.3 Location and Extent
There are 683 acres of PPEM wetlands in the inventory area at 327 sites (i.e.,
distinct map units). Vernal pools could not be distinguished on the aerial
photographs; they are included as PPEM wetlands.
A total of 18 acres of seasonally flooded PPEM wetlands were mapped at nine
sites.
Vernal pools are expected to be very rare in the inventory area based on field
surveys in large portions of the inventory area in which vernal pools could be
found. In a comprehensive survey of land cover types in the Los Vaqueros
watershed (19,600 acres), 15 acres of northern claypan vernal pools were mapped
and field-verified (Jones & Stokes 1989). Most of these pools (10.5 acres) were
low quality and found behind an artificial dam and were used at the time as a
stock pond. In extensive planning surveys for the Cowell Ranch State Park
(4,277 acres), 0.4 acres of northern claypan vernal pools were found in six
natural and 12 artificial pools (see references in Wagstaff and Associates 1996).
Most pools varied in size between 300 and 1,500 square feet; the largest pool was
5,000 square feet. Surveys of a large area around Sand Creek (2,708 acres)
found no vernal pools (see references in Mundie and Associates and City of
Antioch 2002). Small amounts of vernal pools (< 1 acre) are also found adjacent
to the Byron Airport (Stromberg and Ford 2003). The Byron Airport pools
include 0.06 acres of vernal pools that were created as mitigation for expansion
of the airport in 1992.
Alkali wetlands are rare in the inventory area, occurring at 20 sites on 54 acres
(<1%) in the southeastern portion of the inventory area in the Brushy Creek
subbasin. Alkali wetlands are also found in the Dry Creek, Deer Creek, and
Briones Creek subbasins.
No seeps were mapped in the course of this study. However, verified wetland
delineations within the inventory area indicate that seeps are present.
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4.2.4 Mapping Methods Unique to Type
Palustrine persistent emergent wetlands were identified on the basis of their
aerial photograph signatures and landscape positions that would support wetland
hydrology (e.g., wetlands generally have a dark-red signature on the infrared
photographs because these areas are greener and are actively growing). The
minimum mapping unit for all PPEM wetland types was 1 acre PPEM wetland
subtypes were distinguished based on the darkness of the signature and the
density of vegetation. If the type of wetland could not be determined (i.e., the
duration of inundation could not be determined from aerial photography), the
wetland was classified as the general wetland type. Seasonally flooded PPEM
wetlands are likely underrepresented because of the small size, isolated locations,
and difficulty in interpreting the photographic signature of individual features.
Many seasonally flooded PPEM wetlands were not mapped because they were
smaller than the minimum mapping unit of 1 acre or were not visible on the
aerial photographs. In addition, many of the mapped seasonal wetlands were
included in the general PPEM wetland land cover category because they could
not be differentiated from permanently flooded PPEM wetlands. Vernal pool is a
subtype of seasonally flooded PPEM wetlands that could not be mapped with
available photography but is included in this wetland type. PPEM wetlands
greater than 1 acre on alkali soils were mapped as alkali PPEM wetlands. Alkali
PPEM wetlands were mapped where wetlands occurred within the alkali
grassland land-cover type. Seeps remained unmapped because they lacked a
clear signature on the aerial photographs and are smaller than the minimum
mapping unit of 1 acre.

4.2.5 Functions
PPEM Habitat Functions
Perennially Flooded PPEM Wetlands
The perennially flooded PPEM wetland type is important for a wide variety of
wildlife species. Representative waterbirds that forage and rest in these wetlands
and associated open-water areas include Great Blue Heron (Ardea herodias),
Great Egret (Ardea alba), Killdeer (Charadrius vociferus), American Coot
(Fulica americana), and Greater Yellowlegs (Tringa melanoleuca), as well as
various ducks, including Wood Ducks (Aix sponsa) and Mallards (Anas
platyrhynchos). Typical amphibians and reptiles in this cover type include
California red-legged frog (Rana aurora draytonii), western pond turtle
(Clemmys marmorata), and garter snakes (Thamnophis spp.). Many of the larger
mammals, such as mule deer (Odocoileus hemionus), may frequent these
wetlands and use them as a source of drinking water.
Within the inventory area, the level of habitat function of this wetland type
depends on adjacent land use, as well as the density and complexity of the
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vegetation. Examples of this wetland type include densely vegetated restored
freshwater marshes along Kellogg Creek, as well as wetlands constructed for
stormwater treatment in developed areas.

Seasonally Flooded PPEM Wetlands
Seasonally flooded PPEM wetlands provide habitat for different wildlife species
depending on the season. During the wet season, these wetlands are commonly
used by a variety of wildlife, including various amphibians such as western
spadefoot (Scaphiopus hammondii), Pacific chorus frog (Pseudacris regilla),
western toad (Bufo boreas), and California tiger salamander (Ambystoma
californiense); shorebirds such as Killdeer, Black-Necked Stilt (Himantopus
mexicanus), and American Avocet (Recurvirostra americana); and passerines
such as Brewer’s Blackbird (Euphagus cyanocephalus), Red-Winged Blackbird
(Agelaius phoeniceus), Brownheaded Cowbird (Molothrus ater), and American
Pipit (Anthus rubescens).
During the dry season, a variety of small mammals use the areas, including deer
mouse, California vole (Microtus californicus), and long-tailed weasel (Mustela
frenata). Raptors such White-Tailed Kites, Northern Harrier, and Red-Tailed
Hawk may forage in this wetland type.
Alkali wetlands provide function and value for wildlife similar to those provided
by non-alkaline wetlands. However, these wetlands provide habitat for a suite of
alkali plant species, some of which are rare, threatened, or endangered.
Within the inventory area, the level of habitat function of this wetland type
depends on adjacent land use, as well as the density and complexity of the
vegetation. Examples of this wetland type include floodplain wetlands with
native vegetation and surrounded by oak woodland along Upper Marsh Creek, as
well as floodplain wetlands dominated by exotic plant species located along
intermittent streams in the Willow Creek subbasin.

Vernal Pool Habitat
Because of their unique hydrology, vernal pools support specialized plants
adapted to growing in these stressful conditions, such as coyote thistle (Eryngium
spp.), goldfields (Lasthenia spp.), downingia (Downingia spp.), and navarretia
(Navarretia spp.). These species are generally restricted or nearly restricted to
vernal pools. A number of special-status invertebrates, including vernal pool
fairy shrimp (Brachinecta lynchi), vernal pool tadpole shrimp (Lepidurus
packardi), and longhorn fairy shrimp (Brachinecta longiantenna), may occur in
vernal pools.
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Seep Habitat
In the East Bay region, ten special-status plants are recorded in seep habitats, six
of which are associated with alkali seeps, two with freshwater marsh, and two
with freshwater seeps (California Natural Diversity Database 2003). As with
other aquatic habitats, the freshwater seep communities are important because
they provide wildlife species with a source of water for drinking, foraging, and
breeding. Freshwater seeps in the inventory area may support reptiles and
amphibians such as common garter snake and slender salamander (Batrachoseps
attenuatus). California red-legged frog and California tiger salamander could
also be supported by freshwater seeps. A variety of birds and mammals, such as
deer and raccoon, also use seep habitat for drinking and foraging.

PPEM Water Quality Functions
Perennially Flooded PPEM Wetlands
Wetland areas inundated by water year-round improve water quality through
sediment removal and cycling of nutrients. Vegetation found here is adapted to
inundation by water, thus exhibits slow growth and has a long growing season.
The continued presence of water encourages more vegetation growth and thus
uses large quantities of nutrients. Most of the wetlands in this category in the
inventory area are treatment wetlands and tidal marshes.
Treatment wetlands are often constructed to capture stormwater runoff from
surrounding areas, such as residential subdivisions and golf courses. These
wetlands provide a filter to remove suspended solids, metals, pollutants, and
pathogens from stormwater runoff. The fringe vegetation growing around these
ponds intercept the stormwater, slowing the velocity and encouraging sediments
to settle out of the water column. Sediments contained in runoff from urban
areas, including managed lands such as golf courses, can carry adsorbed
nutrients, metals, and pathogens. These contaminants are removed from the
water column along with the sediment. Treatment wetlands typically allow water
to evaporate from their surfaces, thus adding to the hydrologic cycle.
Wetland vegetation has the unique capability of increasing the cycling and
storage of nitrogen and phosphorus. The forms of nitrogen contained in
stormwater are considered biostimulatory because they promote the growth of
aquatic vegetation. In an anoxic wetland environment, nitrogen is removed from
the water, transformed into a gaseous form, and released to the atmosphere to
complete the nitrogen cycle. Phosphorus is also quickly used by vegetation and
soil microbes. When these plants and microbes die, the phosphorus is released
and adsorbed into the soil. Large amounts of phosphorus are stored in wetland
soils in this manner. The phosphorus is re-released to surface water during
winter storms, thus supplying downstream vegetation and water features with
available phosphorus.
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Seasonally Flooded PPEM Wetlands
Water quality functioning of seasonally flooded wetlands is similar to that
described above, but at a reduced scale. Seasonal wetlands are so called because
they receive and retain water flows for a limited amount of time, usually a few
months after the rainy season. The shorter availability of water for vegetation
allows for limited nutrient uptake and storage. However, sediment removal
functions remain the same. Soil type and topography control the ability of
seasonal wetlands to retain water during a storm. Like perennial wetlands,
vegetation growing in these areas is adapted to capture nutrients contained in
stormwater and adsorbed to sediments. However, short growing seasons result in
a shorter period of active nutrient cycling. This implies that smaller quantities of
nutrients, phosphorus in particular, are released and stored as part of the cycle.
Nonetheless, cycling of nutrients is an important function of seasonal wetlands
for the surrounding ecosystem.
Seasonal wetlands serve as important filters of suspended sediment from the
water column. Although vegetation in these wetlands is typically of short stature,
because of their location at topographic low points, flows are slowed and
sediment is encouraged to deposit. Sediment deposition is important for
vegetation growth, as described in the perennial wetland discussion above.

Seeps
Seeps are important for water quality because they are important sources of
freshwater and mineral deposition. Seeps form when the groundwater table rises
to the surface. Depending on the geology type in which the groundwater travels,
different concentrations of minerals can be deposited where seeps daylight at the
surface. For example, alkali seeps are formed by groundwater high in salts.

PPEM Erosion Protection Functions
Perennially Flooded PPEM Wetlands
Soils surrounding perennial wetlands are typically saturated, thus soil cohesion is
high. Therefore, erosion of perennial wetlands does not occur at a rapid rate.
Hillslope slumping can occur, however, where there is an increase in slope.
Vegetated perennial wetlands are valuable to prevent adjacent land loss from
erosion during storm conditions that increase soil moisture. Tidal marshes, in
particular, protect the shoreline from eroding. As buffers, rooted vegetation
helps to hold soils together and provides structure to the shoreline and adjacent
land. The vegetation also encourages sediment deposition, which further
stabilizes the bank and increases vegetation growth.

Aquatic Resources Inventory, Classification, and
Function for East Contra Costa County
HCP/NCCP Inventory Area

October 2006

4-11

J&S 01478.01

Chapter 4. Regional Wetland Types

East Contra Costa County Habitat Conservation
Planning Association

Seasonally Flooded PPEM Wetlands
Vegetation growing within and on the edge of seasonal wetland areas, such as
riparian corridors in stream channels, provides important structure to the soils.
Roots of established vegetation prevents erosion during storm events and reduces
flow velocity. In the case of seasonal wetlands, vegetation dies out after the
growth season, but its root structure remains within the soil for some time. This
structure helps to prevent soil erosion, particularly when the first storm hits the
area. Seasonal wetlands dry out during the summer, thus soil saturation and
cohesion is sometimes reduced.
A large majority of seasonal wetlands in the project area are present in land
heavily grazed by cattle. Properly managed, grazing can be compatible with the
conservation of seasonal wetlands. For example, providing alternative water
sources, keeping stocking rates low in the dry season, and/or fencing wetlands
can protect them from negative grazing impacts. However, if not properly
managed, cattle grazing can reduce wetland functioning because cattle may
consume and trample wetland plants, leaving the wetland unvegetated.
Removing vegetation from wetlands results in increased flood flow velocity and
recruitment of sediment by floodwaters. If mismanaged, cattle may also trample
and compact soils. Compacted soils absorb less moisture from flood flows and
make it more difficult for vegetation to establish. The potential for streambank
erosion increases with the presence of cattle on the land.

PPEM Hydrologic Cycling Functions
Perennially Flooded PPEM Wetlands
Perennial wetlands are commonly found at topographic low points or at
downstream ends of the watershed. Waters held within this area year-round can
provide an important source for groundwater recharge. Groundwater recharge
occurs primarily through soils on the outside edges of the wetland because soils
within the wetland are less permeable. Water percolating to the groundwater
table supplies streams or other surface features down slope. This function is
important to maintain the hydrologic cycling within the area. In addition,
perennially flooded tidal marshes help to maintain the location of the fresh/saline
groundwater interface.

Seasonally Flooded PPEM Wetlands
Seasonal wetlands are also found at topographic low points, which can be found
throughout the watershed, not particularly at the downstream end. Hydrologic
cycling functions of perennially flooded wetlands also apply to seasonally
flooded wetlands, including vernal pools. Seasonally flooded wetlands may have
a larger impact on groundwater recharge and hydrologic cycling than perennially
flooded wetlands. This is due to their larger wetland perimeter-to-volume ratio.
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Seasonal wetlands tend to be large and shallow, which produces a large surface
area and perimeter from which evaporation and groundwater percolation can
occur. Evaporation and groundwater recharge are key functions to continue the
hydrologic cycle of a watershed. These types of wetlands are invaluable for
fostering cycling of water for plant growth, thus enhancing wildlife habitat.

Seeps
Like seasonal wetlands, seeps also play key functioning roles in hydrologic
cycling of water. Seeps are features dependent on groundwater flow and a steady
groundwater elevation. This illustrates again how important groundwater
recharge is for the presence of surface water features. Seeps are also important
sources of freshwater for wildlife.

PPEM Flood Storage and Conveyance Functions
Perennially Flooded PPEM Wetlands
Since perennial wetlands are commonly found at topographic low points or at the
downstream end of the receiving watershed, these areas quickly swell with water
during storms, causing floodwaters to back up and spread out over adjacent flood
plain areas. Flood storage capacity has been reduced from historical levels to
enable development of the floodplains for urban and agricultural uses. The lower
portions of streams in the project area have been redirected through dikes to
capture and convey floodwaters away from natural floodplains and to the Delta.
Perennial wetland vegetation has developed within these channels. This
vegetation helps to slow the velocity of floodwaters moving through the
constructed channels. Though flood storage capacity has been reduced, the
reduction in floodwater velocity provided by vegetated channels is important to
reduce bank erosion and encourage settling of suspended sediments.

Seasonally Flooded PPEM Wetlands
Seasonal wetlands can retain water that would otherwise move downstream
during storms. The majority of seasonal wetlands are dry before a storm of flood
magnitude occurs. As the depressional area or pond fills with the storm flows,
floodwaters rise and spread out over adjacent land, the floodplain. Inundation of
the floodplain is important for sediment recruitment and plant growth, which
stabilizes the stream bank.
Wetlands that provide flood storage can prevent erosion damage to land. This is
particularly important in developed areas, such as residential housing
subdivisions. Seasonal wetlands slow the velocity of stormwater, thus
encouraging settling of sediments and debris carried by the waters.
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4.3 Riverine Nontidal
Riverine nontidal is equivalent to streams in the HCP/NCCP (Table 4-1).

4.3.1 Geomorphic Units
Riverine nontidal features are found in montane stream channels, foothill/terrace
stream channels, valley stream channels, and floodplain stream channels.

4.3.2 Description
Riverine nontidal jurisdictional wetlands and waters in the inventory area
includes intermittent, lower and upper perennial watercourses characterized by a
defined bed and bank and/or ordinary high water mark. Bottom types
represented include rock, unconsolidated, and aquatic bed. Most riverine
nontidal jurisdictional wetlands and waters in the inventory area are intermittent.
Mount Diablo Creek and some of its tributaries, Marsh Creek, Kirker Creek,
Delta sloughs, and lower Sand and Deer Creeks, are the only perennial streams
within the inventory area. Of these, Upper Mount Diablo, Upper Marsh Creek
and Kellogg Creek contain areas of upper perennial riverine nontidal
jurisdictional wetlands and waters, characterized by relatively narrow channels,
steep gradients, and rocky bottoms. The remaining perennial riverine nontidal
jurisdictional wetlands and waters are lower perennial, characterized by wider
channels, gentler gradients, and unconsolidated bottom or aquatic bed.

4.3.3 Location and Extent
Approximately 400 miles of riverine nontidal jurisdictional wetlands and waters
are known to exist in the inventory area based on existing data. Stream width in
the montane and foothills/upper valley regions was assumed to be an average of
5 feet; stream width in the lower valley/plain and Delta regions was assumed to
be an average of 10 feet. Based on these assumptions, it can be estimated that
there are 308 acres of riverine nontidal jurisdictional wetlands and waters in the
inventory area. In some areas, these riverine nontidal jurisdictional wetlands and
waters are intermixed with palustrine forest/scrub and palustrine persistent
emergent wetlands to form a mosaic of wetland types.

4.3.4 Mapping Methods Unique to Type
Streams in the inventory area, including riverine nontidal jurisdictional wetlands
and waters, were mapped by staff of the Contra Costa County Community
Development and Public Works Departments. Mapping was done countywide to
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support the concurrent development of a county watershed atlas (Contra Costa
County 2003). The stream layer was mapped by interpreting digital orthographic
photographs (scale 1:200 where available, 1:400 elsewhere), 10-foot contours,
and county storm drain data. USGS creek data (2003) were used to help
determine the drainages that should be mapped, but substantial drainages absent
from USGS maps were included. Draft data were ground-truthed by county staff
and reviewed thoroughly by staff and members of the Contra Costa Watershed
Forum who were knowledgeable about the specific conditions in individual
subbasins. Creek centerlines were digitized when visible on aerial photos.
Otherwise, riparian vegetation, slope breaks, and contour lines were used to
locate creek centerlines approximately. Small tributaries were mapped only
when a distinct bed and bank were visible on the air photos or sharp contour lines
clearly defined a channel. Aerial photo signatures for small tributaries were
ground-truthed in the field by county staff to calibrate the mapping. Small
tributaries were mapped to a minimum length of 300 feet. Streams that are
channelized and contained by levees were mapped as slough/channel, classed as
riverine tidal.

4.3.5 Functions
Habitat
Like the palustrine forest/scrub and PPEM wetland types, riverine nontidal
jurisdictional wetlands and waters are important because they provide essential
habitat for terrestrial and aquatic species. Many upland species rely on seasonal
and perennial streams as water sources. In summer and early fall, perennial
streams provide the only available water in an otherwise dry landscape. In
addition, ephemeral, intermittent, and perennial streams provide habitat for
aquatic macroinvertebrates, which are an important food source for local and
downstream populations of fish, birds, and other animals.
Upper perennial stream reaches, found in portions of Upper Mount Diablo and
Upper Marsh Creeks, retain riparian woodland vegetation in most areas, and are
generally adjacent to open space managed primarily for conservation and
recreation. They therefore provide a high level of habitat function for organisms
such as the California red-legged frog and western pond turtle.
Lower perennial stream reaches in the inventory area are adjacent to grazing land
(Lower Marsh), row crops (Lower Marsh)), or developed areas (Lower Marsh,
and Deer, Sand, Kirker Creeks). Riparian vegetation, such as riparian woodland,
is frequently present in a narrow corridor. Lower perennial streams in the
inventory area therefore provide a low to moderate level of habitat function.
Intermittent streams in the inventory area provide a variable level of habitat
function. In some cases, such as in Kellogg and Brushy Creeks, these stream
reaches retain riparian vegetation and are adjacent to forest or woodland
managed for conservation and recreation. These reaches provide a high level of
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habitat function. In other cases, such as Deer and Briones Creeks, these stream
reaches are located in areas that appear to be heavily grazed. The banks of these
reaches are frequently unvegetated, or vegetation consists of annual grasses and
ruderal species. These reaches provide a low to moderate level of habitat
function. Other intermittent reaches, such as East Antioch Creek, are located in
developed areas. These reaches provide a low level of habitat function because
only species tolerant of frequent human disturbance can utilize them as habitat.

Water Quality
Much like perennial wetlands, riverine nontidal jurisdictional wetlands and
waters improve water quality by fostering nutrient cycling. These channels
receive waters from urban and agricultural runoff and are commonly found at
lower elevations in the watershed. The channels hold water throughout the wet
and dry season. During warm summer months, water within the channels will
become stagnant, resulting in anoxic conditions. Any vegetation growing within
the channel dies and falls to the channel bottom. Microbes facilitate the
decomposition of this organic matter, resulting in increased biological oxygen
demand and the release of nutrients. Objectionable odors are produced from the
decomposing organic matter. The abundance of nutrients within the water
provides desired conditions for growth of algae and aquatic macrophytes.
Unattractive growth and odors do not appeal to residents, especially since insects
like mosquitoes often reproduce in these environments. Particularly in developed
areas, such as along Willow Creek, the increase of algae and macrophyte growth
and the accompanying mosquitoes are unpopular with local residents. However,
these processes are important to the cycling of nutrients, allowing for future
vegetation growth and the delivery of nutrients downstream to the Delta.

Hydrologic Cycling
Riverine areas enhance hydrologic cycling in the watershed area by providing
water vapor to the atmosphere through evaporation. The presence of water,
either short or long term, increases the moisture content of the air, thus affecting
the surrounding climate. Evaporation increases the concentration of water vapor
in the air, which encourages precipitation, to a degree. Flood conveyance
channels, such as lower Sand Creek, that fall under the riverine nontidal category
are commonly impermeable and thus contribute little to groundwater recharge.
However, some creeks, such as Dry and Willow Creeks, allow infiltration to
surrounding soils. In permeable channels where water is held for long periods of
time, water that is not transported downstream will percolate into the surrounding
soils and the underlying groundwater aquifer. Replenishment of groundwater
supplies maintains hydrology of groundwater-fed wetlands, as well as providing
water for human and agricultural use. In the project area, riverine nontidal
jurisdictional wetlands and waters also provide a source of water for wildlife.
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Flood Storage and Conveyance
Riverine nontidal jurisdictional wetlands and waters help convey surface water to
the Delta. In areas that have been developed for housing or industrial purposes,
such as Sand and West Antioch Creeks, floodplain areas that once functioned for
flood storage have been removed. Riverine features in these areas function for
flood conveyance rather than flood storage. To handle increased flood flows
from constructed impervious surfaces, these stream channels have been
engineered to capture and convey the maximum amount of surface water runoff
during storm events. The channels function to convey floodwaters to the Delta as
quickly as possible, thereby reducing erosion and damage to structures. Flood
conveyance channel bottoms are commonly impermeable and thus contribute
little groundwater recharge. However, some channels in the project area allow
infiltration to groundwater. Vegetation is sometimes allowed to grow within
these channels to a limited extent, which does not hinder flood conveyance
capacity.

4.4 Riverine Tidal
Riverine tidal jurisdictional wetlands and waters are equivalent to
sloughs/channels in the HCP/NCCP (Table 4-1).

4.4.1 Geomorphic unit
Riverine tidal features are found at the downstream distal ends of subbasin
drainages where stream channels enter the tidal zone of the bay/straits region, or
along Delta stream channels.

4.4.2 Description
Riverine tidal jurisdictional wetlands and waters generally have perennial water
and artificial banks (e.g., levees) constructed of natural soil materials and they
may contain in-stream vegetation. Although the banks of sloughs are generally
composed of soil, portions of sloughs may be lined with riprap, concrete, or rock
gabions for bank stabilization. Sloughs are tidally influenced and may contain
brackish waters. They may be lined with a narrow corridor of riparian forest or
marsh species such as cattails and bulrushes, and may contain in-stream
vegetation such as water hyacinth (Eichhornia crassipes), abundant in sloughs in
the East County Delta Drainages subbasin. Channels include channelized urban
streams such as the lower portion of Marsh Creek in Brentwood and Oakley.
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4.4.3 Location and Extent
This cover type is relatively uncommon, occupying only 254 acres on the east
and southeast sides of the inventory area near Discovery Bay and the Clifton
Court Forebay.

4.4.4 Mapping Methods Unique to Type
Because levees were clearly visible on the aerial photographs, sloughs and
channels could be mapped to the visible waterline. Large channels constructed to
transport drinking water or agricultural water were mapped as riverine excavated
artificial (aqueduct), not as riverine tidal (slough/channel).

4.4.5 Functions
Habitat
Sloughs and channels can be important to a variety of wildlife because they
provide drinking water, foraging habitat, and resting habitat. Common wildlife
found associated with this wetland type include garter snakes, a variety of ducks,
both wading and shore birds, and large mammals that use these features for
drinking water. In addition, the portion of Marsh Creek mapped as
slough/channel provides habitat for western pond turtle, juvenile and spawning
adult Chinook salmon (Oncorhynchus tshawytscha), and a variety of other
aquatic species. Land uses surrounding sloughs and channels are generally
intensive agriculture, residential, or commercial development. Because of these
adjacent land uses, sloughs and channels in the inventory area provide a low to
moderate level of habitat function.

Water Quality
Riverine tidal features transport runoff water from adjacent agricultural lands to
the Delta. Return flows from irrigated lands often contain residual fertilizers,
pesticides, and nutrients. High concentrations of these constituents can pollute
the water, harming surrounding vegetation and wildlife. Incoming tidal waters
dilute these constituents and then transport them to the Delta for further dilution.
Within the channel, vegetation adapted to saline and brackish water thrives in the
nutrient-rich water. This vegetation filters and removes nutrients and other
contaminants through immobilization within the plant structure and soils. Thus,
vegetated riverine tidal features potentially improve the quality of waters
transported from agricultural lands to the Delta. However, continual delivery of
sediment and nutrients from agricultural lands and urban runoff may exceed
quantity that vegetation can remove from the system. Consequently, the U.S.
Environmental Protection Agency has designated the San Joaquin River and
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many sloughs connecting the Delta as impaired by low dissolved oxygen and
high concentrations of pesticides (USEPA 2003).

Hydrologic Cycling
Much like riverine nontidal features, riverine tidal features convey waters to the
Delta. However the majority of the water consists of return flows from nearby
irrigated agriculture lands. Because these channels have been constructed at or
below sea level, tides influence water level and flow direction within the channel.
The natural hydrologic cycle is interrupted by the surrounding land use. In
agricultural areas, water transport is a necessary component of the hydrologic
cycle. Water is pumped from groundwater aquifers, replenished by upstream
recharge areas, and used to irrigate crops. Runoff waters from the crops are then
discharged to the constructed channels and transported to the Delta. Compared
to a natural hydrologic cycle, this cycle created by agricultural land use
encourages increased evaporation and degrades water quality. However, the
water still discharges to the Delta, just as it would in a natural system.

Flood Conveyance
During periods of high flows, these channels help to convey excess floodwaters
to the Delta. However, once channel capacity is reached or exceeded, there is a
potential for levees to be breached or overtopped, which could damage adjacent
agricultural fields.

4.5 Riverine Excavated Artificial
Riverine excavated artificial jurisdictional wetlands and waters are equivalent to
aqueduct and to irrigation and drainage ditches in the HCP/NCCP (Table 4-1).

4.5.1 Geomorphic Unit
Riverine excavated artificial features are found along stationary artificial
structures and in agricultural areas in the Delta and Plain regions.

4.5.2 Description
Riverine excavated artificial in the inventory area corresponds to the Contra
Costa Canal and to agricultural drainage ditches. The primary purpose of the
Contra Costa Canal is to deliver drinking water from the Delta via channels to
treatment plants for distribution to consumers. These channels are completely
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impervious, and human contact with the water is prohibited. All vegetation is
removed from the channel banks to reduce the threat of cracking the channel bed.
Surrounding surface and groundwater is not allowed to influence the channels or
the water they carry.
Agricultural drainage ditches carry water from agricultural fields into larger
channels and to the Delta. In contrast to the Contra Costa Canal, these channels
may contain abundant marsh vegetation.

4.5.3 Location and Extent
The Contra Costa Canal occupies an area of approximately 32 acres within the
inventory area. Within the inventory area, the Contra Costa Canal runs primarily
east to west through the Cities of Pittsburg and Bay Point. Agricultural drainage
ditches are located primarily in the East County Delta Drainages subbasin, as
well as in the Lower Marsh Creek and Brushy Creek subbasins. Drainage ditches
and irrigation channels occupy approximately 76 acres.

4.5.4 Mapping Methods Unique to Type
All canals and larger drainage ditches that were visible on aerial photos were
mapped. Canals and larger drainage ditches are clearly discernible in aerial
photographs from adjacent agricultural areas as linear features with dark
signatures.

4.5.5 Functions
The Contra Costa Canal provides breeding habitat for birds such as black phoebe
(Sayornis nigricans). It also provides foraging and roosting habitat for waterfowl
such as Mallard, which will use open water for loafing, while wading shorebirds
such as Great Blue Heron (Ardea herodias) and Snowy Egret (Egretta thula) may
use the canal for foraging. Amphibians such as Pacific chorus frog (Pseudacris
[Hyla] regilla) and bullfrogs (Rana catesbeiana) may also occupy the canal. The
canal does not provide suitable breeding habitat for any special-status amphibians
because it lacks a vegetative cover and because of the highly disturbed nature of
the surrounding area. The special-status western pond turtle might occupy the
canal. However, because of the lack of riparian habitat in these channels, this
species would only use them as movement corridors.
Agricultural drainage ditches lack open water habitat but do contain wetlands
vegetation. They therefore provide foraging, movement, and breeding habitat for
birds, amphibians, and reptiles that can tolerate the disturbed nature of
surrounding agricultural land.
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4.6 Impounded Lacustrine
Impounded lacustrine jurisdictional wetlands and waters are equivalent to
reservoirs in the HCP/NCCP (Table 4-1).

4.6.1 Geomorphic Unit
Impounded lacustrine features are found along lacustrine montane reservoirs and
lacustrine river-valley reservoirs.

4.6.2 Description
Impounded lacustrine jurisdictional wetlands and waters in the inventory area are
those areas designated on USGS topographic maps as named reservoirs.
Depending on depth, these jurisdictional wetlands and waters may be limnetic or
littoral. Lacustrine feastures in the inventory area generally have an
unconsolidated bottom.

4.6.3 Location and Extent
Found in the Los Vaqueros, Contra Loma, Antioch, and Marsh Creek Reservoirs.
Los Vaqueros and Marsh Creek reservoirs are fringed by palustrine persistent
emergent wetlands. Reservoirs occupy approximately 1,800 acres in the
inventory area.

4.6.4 Mapping Methods Unique to Type
Reservoirs were easily discernible on aerial photographs based on the smooth,
uniform, dark signatures of open water. Reservoirs were mapped to the high
water line, where discernible. The high water line was observed on the aerial
photographs as either obvious rings of sparse vegetation or an open water
signature (most of the reservoirs appeared to be full or nearly full when the aerial
photographs were taken).

4.6.5 Function
Habitat
Reservoirs can provide breeding and foraging habitat to various ducks, including
Mallard, Green-Winged Teal (Anas crecca), Cinnamon Teal (Anas cyanoptera),
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Creek Reservoir and, to some degree, the Contra Loma, Antioch, and Los
Vaqueros Reservoirs. When storm flows fill a reservoir, water is released slowly
over a long period of time to prevent damage downstream. This represents the
alteration of the natural hydrograph, whereby peaks are attenuated and flow
duration is typically increased. Lower peak flows minimize downstream erosion
in the short term. However, in the longer term, sediment trapping behind dams
prevents downstream sediment rejuvenation and sediment delivery to the coastal
zone, and can increase erosion due to greater velocity and erosivity of water
without sediment loads.

4.7 Palustrine Nonpersistent Emergent and
Palustrine Aquatic Bed/Unconsolidated Bottom
Palustrine nonpersistent emergent and palustrine aquatic bed/unconsolidated
bottom are equivalent to ponds in the HCP/NCCP (Table 4-1).

4.7.1 Geomorphic Unit
These features are found at agricultural and golf ponds.

4.7.2 Description
Palustrine nonpersistent emergent (PNEM) jurisdictional wetlands and waters are
small perennial or seasonal ponds dominated by submerged or floating
vegetation. Palustrine aquatic bed/unconsolidated bottom (PAB/UB)
jurisdictional wetlands and waters are similar, but contain little or no vegetation.
If vegetation is present, it is typically submerged or floating. Most PNEM and
PAB/UB jurisdictional wetlands and waters in the inventory area were created or
expanded for livestock use (stock ponds), although some occur naturally, some
were created as a part of golf courses, and others were created for water
treatment.

4.7.3 Location and Extent
This wetland type is very common in the landscape of the inventory area but
occupies a small overall area, a total of 161 acres (<1%) at 407 sites. Ponds are
evenly distributed in the foothills/upper valley region of the inventory area,
which is dominated by grazing. Ranchers have created ponds in this area to
support cattle grazing operations. This pattern can be seen, for example, in the
Kellogg, Brushy, Deer, and Briones Creek subbasins.
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Gadwall (A. strepera), American Wigeon (A. americana), and American Coot.
Shore and wading birds including Killdeer, Greater Yellowlegs, and several gull
species can also be found in reservoirs. Large mammals can use reservoir habitat
for drinking water. Western pond turtles have been documented in the vicinity of
the Marsh Creek Reservoir.

Water Quality
Impounded lacustrine features in the project area include the Antioch, Contra
Loma, Los Vaqueros, and Marsh Creek Reservoirs. The Antioch, Contra Loma,
and Los Vaqueros Reservoirs were constructed to store drinking water for
consumers in Contra Costa County. These reservoirs capture surface waters from
their surrounding watershed areas. In addition, water is pumped from the Delta
and transported to the Los Vaqueros Reservoir for storage. Retention of the
Delta water in the reservoir improves water quality of the reservoir because
sediments are allowed to settle out of the water column, along with metals and
other contaminants adsorbed to the sediment.
The Marsh Creek Reservoir was created in the 1950s to protect against flooding.
This reservoir is not used for drinking water primarily because of high levels of
mercury whose primary source is an abandoned mine in Upper Marsh Creek.
This reservoir retains mercury-contaminated sediments in the reservoir bottom.
The removal of mercury from the system improves downstream water quality.
However, water and sediments within the reservoir will become increasingly
toxic as mercury accumulates.
The Contra Loma and Antioch Reservoirs provide additional water supply for
Contra Costa County. The Contra Loma Reservoir is managed by the CCWD,
while the Antioch Reservoir is managed by the City of Antioch. Both allow
recreation activities, such as swimming and fishing, but are closely monitored to
maintain good drinking water quality.

Hydrologic Cycling
As with perennial wetland features, large reservoirs provide important sources of
water vapor for the atmosphere. This is particularly the case for Los Vaqueros,
which is situated high in the Kellogg Creek watershed. Reservoirs also function
to enhance groundwater recharge. Further discussion of evaporation and
groundwater recharge can be found above in the PPEM section (Section 4.2).

Flood Storage and Conveyance
One of the many functions of reservoirs is flood control. Dams have been
strategically constructed to capture storm flows behind a reservoir to prevent
flooding of property and residences downstream. This is the case for the Marsh
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4.7.4 Mapping Methods Unique to Type
Ponds discernible on aerial photographs were mapped as PNEM or PAB/UB.
Pond mapping generally included all open water occupying between 0.25 and
5 acres (including all stock ponds used by livestock). Ponds were easily
discernible on the basis of two distinctive aerial photograph signatures. One
signature—smooth, uniform, and dark black—indicates deeper and less turbid
ponds. The other signature—light gray-brown—generally indicates a shallower
or more turbid pond. The latter signature was more difficult to discern on the
aerial photographs and in many cases required field verification. Where
discernible, this type was mapped to the high water line. Some PPEM wetlands
were likely included as PNEM jurisdictional wetlands and waters.

4.7.5 Function
Habitat
Like lacustrine jurisdictional wetlands and waters, PNEM and PAB/UB
jurisdictional wetlands and waters may support a variety of ducks and shore and
wading birds. PNEM jurisdictional wetlands and waters, together with PPEM
jurisdictional wetlands and waters, are of particular importance to native
amphibians as breeding habitat.
Agricultural ponds are present because of grazing operations. They provide
habitat for some species, even when unvegetated. However, heavy livestock use
of these ponds reduces their habitat value for some species by causing the loss of
emergent vegetation and eutrophication from increased nitrogen due to cattle
urine.
Golf course ponds are mostly landscaped and offer little habitat function because
they lack native vegetation and complex vegetative structure. Ponds created for
water treatment generally offer little habitat function because they are isolated
from other habitats that are suitable for wildlife.

Water Quality
Most stock ponds contain nutrient rich water that is high in suspended sediment
and bacteria. While cattle trampling and consumption of wetland vegetation can
reduce filtering and nutrient cycling functions in these ponds, the ponds continue
to function as sediment traps, reducing the impact of rapidly eroding areas on
downstream creeks.
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Hydrologic Cycling
Groundwater infiltration varies in PNEM and PAB/UB jurisdictional wetlands
and waters in the study area. Where soil is protected from compaction by good
grazing management, PNEM and PAB/UB soils remain uncompacted, allowing
for a high rate of groundwater infiltration. In some areas, heavy trampling by
cattle may lead to compaction, reducing the quantity of infiltration to
groundwater and absorption in the surrounding area. Thus, compacted soils
retain water within the pond for a longer period of time, which serves cattle well.
Because these jurisdictional wetlands and waters retain water, they contribute to
the hydrologic cycle through evaporation and minor amounts of shallow
groundwater recharge. However, these ponds tend to be small and located on
clay-rich soils that do not allow much groundwater infiltration or evaporation.
Stormwater retention ponds are commonly constructed to allow infiltration to
groundwater supplies.

Flood Storage and Conveyance
PAB/UB functioning as cattle ponds tend to be small and shallow, offering little
flood storage capacity. Surface flows from storms fill the majority of these
ponds but contribute minutely to groundwater recharge and protection from
downstream erosion.
On the contrary, the primary function of stormwater retention ponds is to store
runoff from surrounding impervious surfaces. Many developed areas of the
project are disconnected with a natural stream network. Developers build
stormwater retention ponds to capture and store surface runoff to reduce
modifications of the natural hydrograph that would otherwise be caused by an
increase in impervious surface. This prevents damage to streets and structures
and an opportunity to remove contaminants from the water before it is released to
downstream areas. Vegetation is commonly encouraged to grow in these ponds
to increase filtering functions. Vegetation and the large storage area reduce the
velocity of incoming stormwater flows, thus encourage settling of sediment from
the water column. To maintain the flood storage capacity of these ponds,
accumulated sediment at the pond bottom is removed regularly.

Aquatic Resources Inventory, Classification, and
Function for East Contra Costa County
HCP/NCCP Inventory Area

October 2006

4-25

J&S 01478.01

Table 4-1. Wetland Types and Cross-Walk with Other Wetland Classifications.

HCP/NCCP
classification

Area occupied
by type for the
project area
(acres)

Cowardin et al. (1979) classification

System

Subsystem Class

Modifiers

Ferren et al. 1995
Classification
Hydrogeomorphic (HGM)
class

Wetlands
Permanent or
485
Seasonal
(undetermined)

Palustrine

persistent
emergent

nontidal saturated or
seasonally flooded

Valley Bottom depressional
wetlands with or without
artificial structures
(00.0.551) Stream
Floodplains, Bottomlands or
(00.0.395) Pond Margins

Seasonal

121

Palustrine

persistent
emergent

nontidal temporarily
or intermittently
flooded

Valley Bottom depressional
wetlands with or without
artificial structures
(00.0.551) Stream
Floodplains, Bottomlands or
(00.0.395) Pond Margins

Alkali

380

Palustrine

persistent
emergent

nontidal temporarily
or intermittently
flooded, alkali soil

Valley Bottom depressional
wetlands with or without
artificial structures
(00.0.551) Stream
Floodplains, Bottomlands or
(00.0.395) Pond Margins

Reservoir

1807

Lacustrine limnetic or unconsolidated
littoral
bottom

Impounded

(00.0.154) Lacustrine
Montane Reservoirs
(00.0.155) Lacustrine RiverValley Reservoirs

Pond

162

Palustrine

nonpersistent
emergent/aquatic
bed or
unconsolidated
bottom

excavated or
impounded

(00.0.147) Agricultural
Ponds, Reservoirs

rock bottom

artificial

(00.0.214) Coastal Plain
Stream Channels

Aquatic

Slough/channel 213

Riverine

tidal or
lower
perennial

Stream

Riverine

intermittent rock or
unconsolidated
bottom or

(00.0.212) Foothill/Terrace
Stream Channels
(00.0.213) Valley Stream
Channels

lower
perennial

(00.0.212) Foothill/Terrace
Stream Channels

532 total miles

aquatic bed or
rocky shore or

(00.0.213) Valley Stream
Channels
upper
perennial

unconsolidated
shore

(00.0.212) Foothill/Terrace
Stream Channels

Page 2 of 2

Table 4-1. Continued

HCP/NCCP
classification

Area occupied
by type for the
project area
(acres)

Modifiers

Ferren et al. 1995
Classification
Hydrogeomorphic (HGM)
class

nontidal saturated or
permanently,

(00.0.371) Montane StreamBanks

regularly, or
seasonally flooded

(00.0.372) Foothill/Terrace
Stream-Banks
(00.0.373) Valley StreamBanks

Riverine

excavated artificial

(00.0.910.0000) Stationary
Artificial Structures

Riverine

excavated artificial

(00.0.910.0000) Stationary
Artificial Structures

Cowardin et al. (1979) classification

System

Subsystem Class

Riparian woodland/scrub
449 total

Palustrine

forested or
scrub/shrub

Developed
Aqueduct

26 miles

Drainage ditches 158 miles
and irrigation
canals

Chapter 5

Subbasin Analysis and Results
by Geomorphic Region

In this chapter, each major subbasin is described in detail. Subbasin descriptions
are organized according to the following four subjects.
Physical setting.
Types of jurisdictional wetlands and waters.
Functions of jurisdictional wetlands and waters.
Management considerations for preservation and enhancement of
jurisdictional wetlands and waters.
The physical setting discussions describe geology, soil, climate, hydrology, and
land-use conditions to provide context for occurrence and hydrogeomorphic
functioning of jurisdictional wetlands and waters. The discussions of types
describe the types of jurisdictional wetlands and waters found in each subbasin.
The discussions of function describe habitat, water quality, and hydrologic
functioning of each type in the subbasin. The discussion of management
considerations summarizes the opportunities and constraints for wetland
protection, enhancement, or restoration. This chapter discusses types and
functions of jurisdictional wetlands and waters on a subbasin level. Table 5-0
shows the approximate size of each subbasin, as well as the amount and number
of each jurisdictional type mapped as being present. A list of each mapped
jurisdictional feature in the inventory area, classified by Cowardin type and
geomorphic class, and ranked according to overall functional value, is presented
in Appendix A.

5.1 Montane Region
The montane region supports a small portion of the Upper Mount Diablo Creek
subbasin and the entire Upper Marsh Creek subbasin.
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5.1.1 Upper Mount Diablo Creek
The Upper Mount Diablo Creek subbasin consists of the portion of the Mount
Diablo Creek watershed from the headwaters downstream to approximately the
northern boundary of the City of Clayton. The portion of the watershed
downstream of Clayton is not included in the inventory area. This subbasin
covers approximately 8,235 acres, representing approximately 5% of the
inventory area. Figure 5-1a shows the location of jurisdictional wetlands and
waters found in the Upper Mount Diablo Creek subbasin.

Physical Setting
Geology
Mount Diablo Creek flows off the northern slopes of Mount Diablo, draining
narrow, steep canyons. In the lower portion of the subbasin, the stream
transitions to a wider valley, where the City of Clayton is located. Much of the
exposed bedrock in the upper portion of the watershed is classified as Oakland
conglomerate, which is made up of silicic volcanic rocks and quartz sandstone.
An interesting feature of the subbasin’s geology is the presence of what appears
to be an ancestral drainage, marked by patches of poorly sorted gravel, sand, silt
and clay up to 164 feet thick. These formations are sediment sources for the
creek downstream. Dense sand and gravel alluvial deposits are located along the
channel of Mount Diablo Creek, particularly at the transition zone towards the
base of the mountain. Most of the creek channel is occupied by alluvial deposits
composed of less-dense sand and gravel.

Soils
The headwaters of the subbasin are located in the rock outcrop-xerorthents
association, characterized by steep to very steep areas of rock outcrop and
excessively drained, very shallow loamy soils that formed in material weathered
from sedimentary rock and basic igneous rock on uplands. This area has low
potential to form wide floodplains or offstream wetlands.
The lower portion of the subbasin is located within the Tierra-Antioch-Perkins
association, characterized by nearly level to moderately steep, well-drained clays
and well-drained loams and clay loams that formed in old alluvium on terraces.
The Brentwood-Rincon-Zamora association, which is characterized by nearly
level to gently sloping, well-drained clay loams and silty clay loams on valley
fill, alluvial fans, and low terraces also occurs in this subbasin. The well-drained
soils of this subbasin result in a relatively low potential to form wetlands.
Zamora silty clay loam deposits are found along the Mount Diablo Creek channel
for much of its length, with adjoining areas of Perkins gravelly loam and Capay
Clay. The creek’s tributaries traverse areas of Los Osos clay loam and Lodo clay
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loam. Patches of Gilroy clay loam and rock outcrop-xerorthents associations
comprise soils of the uppermost portions of the subbasin.

Climate
Precipitation in the subbasin averages 18 inches per year. Precipitation decreases
from south to north down the mountain from a high of about 22 inches on the
slopes of Mount Diablo to about 16 inches at the City of Clayton’s northern
boundary.

Hydrology and Land Use
Upper Mount Diablo Creek subbasin contains the following tributaries: Mitchell
Creek, Deer Flat Creek, Back Creek, Donner Creek, Russellmann Creek, and
Irish Creek. Portions of these creeks are spring-fed and perennial. Groundwater
flows through fractured bedrock to supply water to these drainages. In addition
to groundwater and storm flows from the upper watershed, diverted runoff from
streets, houses, and parking lots in the lower urbanized area of the watershed are
delivered to lower stream channels.
The upper portion of this subbasin is within Mount Diablo State Park; other
upper areas are used for grazing. Upper portions of the subbasin are forested.
Riparian forest along the stream channels provides wildlife habitat and shading.
Minimal floodplain areas are present.
The lower portion of the subbasin, which constitutes the majority of the
subbasin’s area, is dominated by urban development. While Mount Diablo Creek
remains in a natural channel throughout most of its length, several tributaries
have been redirected underground through culverts in the City of Clayton.

Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the Upper Mount Diablo Creek subbasin
include four of the general types described in Chapter 4.
Riverine nontidal (upper perennial and intermittent streams).
Palustrine forest (riparian forest).
Palustrine aquatic bed/unconsolidated bottom (PAB/UB) (golf course ponds
and agricultural ponds).
Palustrine persistent emergent (PPEM) (seasonally or temporarily flooded
wetlands).
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Figure 5-1b shows representative photos of types of jurisdictional wetlands and
waters commonly found in this subbasin. Table 5-1 summarizes the functions of
each type found in the Upper Mount Diablo Creek subbasin.
Apart from the streams themselves, most other jurisdictional wetlands and waters
in the subbasin are palustrine forest (riparian woodland) and PAB/UB (ponds).
Most of the mapped jurisdictional wetlands and waters in the Upper Mount
Diablo Creek subbasin are located in or adjacent to the creeks themselves. Ten
jurisdictional wetlands and waters, mostly agricultural ponds, were identified and
mapped outside the creek channel and floodplain.

Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Nontidal (Upper Perennial Streams)/Palustrine Forest
The perennial stream reaches of the subbasin provide a high level of habitat
function. These reaches are principally found near the headwaters of Mount
Diablo Creek and its tributaries, where groundwater seeps provide year-round
flow. Riparian woodland along upper perennial streams provides habitat for rare
plant species such as Diablo helianthella (Helianthella castanea) and Mount
Diablo fairy lantern (Calochortus pulchellus), both of which have been
documented along streams in the subbasin (CNDDB 2003). These wetland types
may also provide habitat for California red-legged frog (CRF), which has been
documented in the subbasin (CNDDB 2003). Pools and riffles in these reaches
provide prime habitat for wildlife, particularly juvenile fish species. Palustrine
forest serves an important role in the subbasin in maintaining lower water
temperatures, which is particularly important because Mount Diablo Creek
historically supported a population of Central California Coast steelhead.
Intermittent Streams/Palustrine Forest
Intermittent streams in the subbasin provide variable levels of habitat function.
Some intermittent stream reaches are located in Mount Diablo State Park or in
grazing land, both of which enable moderate to high levels of habitat function.
The stream corridor, which frequently retains riparian woodland in a narrow band
along the channel, provides valuable habitat for wildlife in these areas. Rare
plant species, such as Diablo helianthella, may be found along these reaches.
Other intermittent stream reaches are located in residential areas. These stream
reaches in residential areas have lower habitat value, but they may provide a
movement corridor for a more diverse suite of species to the 8-mile reach of
undeveloped floodplain in the Concord Naval Weapons Station.
Palustrine Aquatic Bed/Unconsolidated Bottom
General comments in Chapter 4 on habitat functions provided by PAB/UB apply
to the Mount Diablo Creek subbasin. Seasonal ponds in the subbasin may
provide breeding habitat for the California tiger salamander (CTS), which has
been documented in the subbasin (CNDDB 2003), and other amphibians.
Aquatic Resources Inventory, Classification, and
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Palustrine Persistent Emergent (Seasonally or Temporarily Flooded)
All the mapped seasonal wetlands in the subbasin are surrounded by grassland or
oak woodland, managed either for grazing or open space, enhancing their habitat
function relative to seasonal wetlands in developed areas. No field visits were
made to seasonal wetlands in this subbasin because access and budget were
limited.

Water Quality
Riverine Nontidal/Palustrine Forest
A steep gradient stream, such as Upper Mount Diablo Creek, functions to supply
sediment from upland sources to downstream depositional reaches. Streams of
this type commonly form a step pool and riffle sequence. This channel form
promotes channel bed scour and sediment transport, as well as increasing
dissolved oxygen concentration and recruitment of large woody debris (fallen
trees), which forms and stabilizes the pools and riffles. Coarse sediment
transport from upstream areas is important to prevent erosion downstream
becasue sediment-starved waters may have greater erosivity.
Palustrine Aquatic Bed/Unconsolidated Bottom (Ponds)
Ponds enhance water quality by reducing suspended sediments and removing
phosphorus and nitrogen through adsorption to the aluminum and iron in the
subbasin’s clay soils. Ponds also function as important sources of groundwater
recharge. Contaminants that could pollute a groundwater aquifer, such as mine
drainage, pesticides, and organic matter, are retained in bottom sediments of
ponds.
Palustrine Persistent Emergent (Seasonally or Temporarily Flooded)
Seasonal wetlands adjacent to streams enhance water quality by filtering fine
sediments, nutrients, and heavy metals from surface flow entering streams.
Isolated seasonal wetlands enhance groundwater quality through the same
mechanism by filtering out nutrients and heavy metals that might otherwise enter
the groundwater.

Hydrologic Cycling and Flood Storage
Riverine Nontidal
The well-drained alluvial soils of the subbasin allow groundwater recharge,
reducing surface runoff and flooding. Flood storage and groundwater recharge
would naturally be concentrated at the transition zone from steep to gentle
gradients and in the lowland areas of the watershed. While Mount Diablo Creek
and a narrow buffer have been conserved in most of the subbasin, much of the
transition zone and lowland areas have been developed for residential and
industrial use, which has reduced groundwater recharge and flood storage in this
area. Partly to cope with the increased flooding that could result, several
tributaries of Mount Diablo Creek have been routed underground to prevent
damage to developed areas.
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Palustrine Aquatic Bed/Unconsolidated Bottom
These types provide flood storage by collecting surface runoff and slowly
releasing it into the groundwater, streams, and the atmosphere. Because most of
the subbasin’s ponds are in the higher elevation area of the subbasin, they collect
surface runoff from a smaller area and provide less flood storage.
Palustrine Persistent Emergent (Seasonally Flooded)
The general discussion in Chapter 4 describing PPEM functions applies to PPEM
wetlands present in this subbasin.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the upper portion of this subbasin currently
provide a high level of habitat function because of the presence of welldeveloped riparian woodland vegetation. Habitat, water quality, and hydrologic
functioning of the lower portion of the watershed are constrained by
development. Table 5-1 summarizes the overall quality of types of jurisdictional
wetlands and waters.
Without large and impractical changes in land use, little potential exists to
increase habitat, water quality, and hydrologic functioning in this subbasin.
Residential development has encroached into the mountain transition zone, where
steep gradients transition into gently sloping lowlands. This transition zone and
gradient break is important for groundwater recharge because surface waters
from higher elevations will flow subsurface to the underlying aquifer.
Some increase in habitat function could result from the restoration of riparian
woodland to intermittent stream reaches in the upper portion of the subbasin.
The restoration of woodland vegetation to these reaches would result in better
cover, increased food sources, and more complex structures for wildlife.
Woodland vegetation would also reduce fine sediments in the creek and water
temperature, thus improving habitat conditions for fish.
Restoring and enhancing emergent marsh vegetation surrounding ponds and
streams would also improve habitat and water quality in this subbasin. Once
vegetation regenerated, it would trap sediment, nutrients, and minerals, thus
improving water quality downstream.
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5.1.2 Upper Marsh Creek
Physical Setting
This subbasin covers approximately 28,375 acres, representing approximately
16% of the inventory area. Figure 5-2a shows the location of types of
jurisdictional wetlands and waters found in the Upper Marsh Creek subbasin.

Geology
Like Upper Mount Diablo Creek, Upper Marsh Creek flows off the steep slopes
of Mount Diablo. The subbasin can be divided into three geomorphic regions:
montane (44% of stream miles), foothills/upper valley (52%), and lower
valley/plain regions (4%). Upper Marsh Creek is classified as a montane
subbasin because its high percentage of montane area is unusual for the subbasins
in the inventory.
Closest to their headwaters, Marsh Creek and many of its tributaries are confined
to steep, bedrock canyons. The creek then enters a narrow valley bottom that
cuts across several ranges of foothills before opening out into a wide valley.
Marsh Creek flows through this valley to the Marsh Creek reservoir.
The Upper Marsh Creek subbasin comprises early and late Cretaceous sandstone
and shale. The upper tributaries cut through cobble conglomerate overlaying
conglomeratic sandstone and white rhyolite tuff. Bands of medium- to coarsegrained sandstones and shales are encountered throughout the basin. The creek
channel cuts through these bedrock formations; thus large cobbles and boulders
are transported throughout the upper basin.

Soils
Upper Marsh Creek, upstream from the confluence with Curry Canyon Creek and
including Curry Canyon Creek, is overlain by soils of the Dibble series. These
consist of shallow, well-drained silty clay loam soils interbedded with soft shale
and sandstone. Exposed bedrock outcroppings are found along high-elevation
ridgetops. The mid portion of this basin is located in the Los Osos-MillsholmLos Gatos association, characterized by moderately steep to very steep, welldrained clay loams and loams that formed in material weathered from
interbedded sedimentary rock on uplands. Soils of the lower reach of Upper
Marsh Creek, from approximately 1.5 miles west of Deer Valley Road to the
Marsh Creek Reservoir, are Brentwood clay loam. These soils are moderately
alkaline, and well drained. The lowermost tributary, Round Valley Creek, flows
through Altamont-Fontana silty clay loam and Cropley clay in its upper reaches
and Los Osos clay loam in its lower reaches. These lower subbasin soils have
slow infiltration rates and high runoff. Though the slopes in the area with
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Cropley clay are shallow, 2 to 5%, surface waters may runoff too quickly and in
volumes too small for wetlands to form.

Climate
Average annual rainfall for the entire Marsh Creek watershed is approximately
17 inches. Rainfall decreases rapidly from west to east across the upper
subbasin, from a high of approximately 25 inches at the headwaters to a low of
approximately 14 inches at Marsh Creek Reservoir.

Hydrology and Land Use
Upper Marsh Creek drains the foothills to the southeast of Mount Diablo. The
main channel runs in a narrow valley that widens as the creek turns to flow
southeast. The Upper Marsh Creek subbasin includes the following large
tributaries: Curry Canyon, Sycamore, and Round Valley. Portions of these
tributaries, as well as parts of Marsh Creek itself, have valley foothill
characteristics—wide functioning floodplain areas conveying upland flow and
sediment in a narrow meandering channel. Steep topography in the upper canyon
reaches lead to increased erosion of bedrock materials. Due to the steep
topography, natural wetlands are lacking in the upper montane area.
Jurisdictional wetlands and waters in this area consist of the stream channels
themselves and stock watering ponds. Most reaches of Upper Marsh Creek are
perennial, changing to seasonal downstream. The streambed contains small
boulders and large cobbles. The channel carries high flows through narrow
valleys that widen further downstream. As the topography flattens, flow
gradients become gentler, the channel widens, and fine-grained sediments and
gravels dominate the streambed. Increased grazing activities add nutrients,
which encourages algae growth in slow moving waters and ponded areas.
Little development has occurred in this subbasin. Portions within Cowell Ranch
State Park and land under EBRPD management are protected open space. Land
use in this subbasin consists of grazing, residential, and recreational park use.

Types of Jurisdictional Wetlands and Waters
Types of jurisdictional wetlands and waters in Upper Marsh Creek can be
subdivided into the following five categories described in Chapter 4.
Riverine nontidal (upper perennial, lower perennial, and intermittent stream).
Palustrine forest/scrub.
PAB/UB.
Impounded lacustrine (Marsh Creek Reservoir).
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PPEM (perennially, seasonally, and temporarily flooded).
Figure 5-2b shows representative photos of types of jurisdictional wetlands and
waters commonly found in this subbasin. Table 5-2 summarizes the functions of
each type found in the Upper Marsh Creek subbasin.
Apart from the streams themselves, the majority of the jurisdictional wetlands
and waters in the subbasin consist of palustrine forest (riparian woodland).
Ponds and the Marsh Creek Reservoir make up most of the remaining
jurisdictional wetlands and waters. The majority of the mapped jurisdictional
wetlands and waters in the Upper Marsh Creek subbasin are located in or
adjacent to the creeks themselves. Approximately one-third of the jurisdictional
wetlands and waters in the subbasin are off-channel features, or are found outside
the creek channels. These features are mostly agricultural ponds, although there
are a number of PPEM wetlands off the streams in this subbasin as well.

Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Nontidal (Upper Perennial)/Palustrine Forest
The perennial stream reaches of the subbasin provide a high level of habitat
function. These reaches are principally found near the headwaters of Marsh
Creek and its tributaries, where groundwater seeps maintain water in some pool
and stream reaches year-round. Riparian forest and woodland lines the stream
corridor, and in some places marshes or seasonal wetlands are found in the
adjacent floodplain. Variation in the form of bedrock in the stream channels
results in a diverse stream profile with deep pools and shallow riffles that provide
a variety of habitat types.
This portion of the subbasin provides habitat for rare, threatened, and endangered
wildlife species such as CRF and Western pond turtle (WPT) (CNDDB 2003).
The combination of perennial pools and stream reaches for breeding with
woodland and forest vegetation in adjacent areas provides good habitat for CRF.
The intact riparian vegetation and open space adjoining the channels in these
reaches provide foraging and breeding habitat for WPT. Sandy point bars
provide basking habitat for WPT.
Riverine Nontidal (Lower Perennial)/Palustrine Forest
The lower perennial stream reaches in the subbasin provide a variable level of
habitat functioning. Upstream of the point where Marsh Creek enters a broad
valley and flows southeast (approximately 1.5 miles upstream of Deer Valley
Road), the creek flows through a landscape with extensive riparian woodland and
forest. Downstream, Marsh Creek enters a wide valley managed intensively for
agriculture, primarily grazing. Although the creek maintains a corridor of
riparian woodland vegetation, the surrounding land use is less suitable for some
wildlife species than it is upstream. Occurrences of WPT and CRF have been
Aquatic Resources Inventory, Classification, and
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documented throughout the lower perennial reaches of this subbasin (CNDDB
2003).
Riverine Nontidal (Intermittent)/Palustrine Forest
The intermittent streams in the subbasin provide high levels of habitat function.
Most intermittent stream reaches are located in Cowell Ranch State Park,
EBRPD lands, or in privately held woodland and forest, land uses which provide
moderate to high levels of habitat function. The stream corridor retains riparian
woodland and forest along the channel and provides valuable habitat for wildlife
in these areas. Ephemeral stream reaches adjacent to natural vegetation may
provide habitat for CTS. Occurrences of CTS have been documented in and
adjacent to the intermittent stream reaches of the subbasin (CNDDB 2003).
Palustrine Aquatic Bed/Unconsolidated Bottom and Lacustrine
Impounded
Seasonal ponds in the subbasin adjacent to grasslands may provide breeding
habitat for the CTS and other amphibians. CTS have been documented in the
subbasin. A band of woodland vegetation surrounds the Marsh Creek Reservoir.
WPT has been documented in the reservoir (CNDDB 2003).
Palustrine Persistent Emergent (Perennially to Seasonally Flooded)
Perennial wetlands in the subbasin provide a variable level of habitat function.
Intact freshwater marsh vegetation adjacent to grassland, woodland, and riparian
forest provide access to a variety of habitats for foraging, breeding, movement,
and aestivation for a diverse suite of wildlife. In some parts of the subbasin,
marsh vegetation is found in and adjacent to the creek channel, but the
surrounding floodplain is heavily grazed. Perennial wetlands in the subbasin
may provide habitat for CRF and WPT.
Palustrine Persistent Emergent (Seasonally Flooded)
Seasonal wetlands in the subbasin provide a variable level of habitat function
depending on their management and the surrounding land use. Some seasonal
wetlands in the subbasin are relatively undisturbed, while others may be heavily
grazed or mowed. While vernal pools were not mapped for this study, they are
likely to be present in the subbasin, providing habitat for some rare, threatened,
and endangered species.
Because seasonal wetlands in the subbasin are adjacent to natural grasslands and
woodlands, they provide suitable habitat for CTS, which has been documented in
the subbasin (CNDDB 2003).

Water Quality
Water quality of Marsh Creek is impaired by mercury contamination, originating
primarily from the historic Mount Diablo Quicksilver Mine. The historic mine is
drained by Dunn Creek, a tributary which joins Marsh Creek approximately 2
miles from the headwaters of Marsh Creek. Mercury-contaminated waters and
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sediments from the upper watershed mine site are distributed throughout the
length of the downstream system.
Riverine Nontidal/Palustrine Forest
Water quality functioning is variable in the upper perennial stream in the
subbasin. Some upper perennial reaches have steep gradients that generate
sediment for delivery downstream. Other reaches have gentler gradients and
contain a fringe of marsh vegetation that slows and filters water flow. Riparian
woodland and forest along these reaches maintain cooler water temperatures.
The low stream gradient found in vegetated perennial reaches of the subbasin,
combined with high clay content in the Brentwood soils, facilitate filtration of
nutrients, heavy metals, and sediment.
Palustrine Aquatic Bed/Unconsolidated Bottom (Ponds and
Reservoir)
Ponds and the reservoir have variable levels of water quality functioning. The
stock ponds and reservoir in the subbasin enhance ground and surface water
quality by reducing suspended sediments and removing phosphorus and nitrogen
through adsorption of nutrients, trapping sediments and heavy metals (notably
mercury) carried by the sediments. This function is at a higher level in the
eastern portion of the subbasin where Brentwood soils with higher clay content
are found.
Palustrine Persistent Emergent (Perennially to Seasonally Flooded)
Marshes in this subbasin filter nutrients, sediments, and heavy metals from
surface water. Vegetation growing in these wetlands immobilizes heavy metals
and other contaminants within the plants themselves and in the sediment.
Perennial wetlands with well-developed marsh vegetation provide this function at
a higher level than perennial wetlands where vegetation is severely impacted by
grazing or other land uses. Perennial wetlands in and adjacent to streams are
generally protected from grazing in this subbasin, while grazing has degraded
isolated off-channel wetlands. The presence and continued functioning of these
wetlands improve water quality.
Palustrine Persistent Emergent (Seasonally Flooded)
Seasonal wetlands in the subbasin adjacent to streams enhance water quality in
streams by filtering fine sediments, nutrients, and heavy metals from surface flow
entering streams. Isolated seasonal wetlands enhance surface water quality
through the same mechanism by filtering out nutrients and heavy metals that
might otherwise enter the groundwater. As is the case with perennial wetlands,
seasonal wetlands provide a higher level of habitat function when they are
located in Brentwood soils with high clay content and when they have welldeveloped vegetation (generally when they are adjacent to streams or in protected
open space).
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Hydrologic Cycling and Flood Storage
Riverine Nontidal (Upper Perennial)/Palustrine Forest
Headwater steep channel reaches with shallow soils do not provide significant
flood storage or groundwater recharge. These reaches contribute to hydrologic
cycling through cold water input from springs and sediment transport to
downstream reaches.
Riverine Nontidal (Lower Perennial)/Palustrine Forest
Lower perennial streams have a high capacity to store floodwater and facilitate
groundwater recharge due to their location in the subbasin. These streams lie in
valleys at transitional zones in the topography between steep and gentle sloping
gradients. Because of the gradient brakes, groundwater contributes to these
streams during the late spring and early summer months. The Zamora and
Brentwood soils found along these reaches have good water retention properties.
The presence of a broad channel with a developed flood plain, supporting marsh
and woodland vegetation, provides flood storage and some groundwater
recharge.
Riverine Nontidal (Intermittent)/Palustrine Forest
Intermittent streams in the subbasin provide a variable level of hydrologic
functioning. Some intermittent stream reaches in the subbasin, such as parts of
Perkins and Curry Creeks, have steep gradients and thin soils. These reaches
transport pulses of sediment and nutrients downstream during storm events.
Intermittent stream reaches with gentler gradients and deeper soils, such as those
found in Round Valley Creek, have wide channels that provide flood storage and
groundwater recharge.
Palustrine Aquatic Bed/Unconsolidated Bottom (Ponds and
Reservoir)
Ponds and the Marsh Creek Reservoir provide flood storage and groundwater
recharge functions. They also serve as sediment traps, which is particularly
important for improving water quality through the removal of mercurycontaminated sediments from the system.
Palustrine Persistent Emergent (Perennial and Seasonal Wetlands)
Perennial and seasonal wetlands in the subbasin provide variable levels of flood
storage and groundwater recharge, depending on the degree to which natural
vegetation has been removed by grazing.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
Much of the jurisdictional wetlands and waters in the subbasin provide high-level
habitat functioning. The gradients and channel forms in the upper subbasin are
functioning at the level expected based on the steep morphology of the region.
The upper portion of the subbasin provides an important source for channel
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sediment and downstream water supply. This area should be monitored to ensure
that a balance of sediment and flow quantity and velocity is maintained, in order
to prevent negative downstream impacts. Table 5-2 summarizes the overall
quality of types of jurisdictional wetlands and waters.
Mercury contamination from the historic Mt Diablo Quicksilver Mine on Dunn
Creek continues to impair water quality. This contamination will continue to
degrade water quality because of the complexity of remediating the mine.
Restoring woodland and emergent marsh vegetation in and adjacent to
jurisdictional wetlands and waters in the lower portion of the subbasin (valleyplain region) could increase wildlife habitat, water quality, and hydrologic
functioning. One element in the restoration could involve a change in existing
grazing regimes in the small portion of the subbasin downstream of where Marsh
Creek enters a broad valley (about 1.5 miles upstream of Deer Valley Road).
Restored woodland vegetation would provide better cover, increased food
sources, and more complex structures for wildlife. Woodland vegetation would
also reduce fine sediments in the creek and water temperature, thus improving
habitat conditions for fish. Increased emergent marsh vegetation surrounding
ponds and streams would also improve habitat and water quality in the lower
portion of the subbasin.
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5.2 Foothills/Upper Valley Region
The Foothills/Upper Valley region supports Willow Creek, Kirker Creek, West
Antioch Creek, Deer Creek, Briones Creek, Sand Creek, Dry Creek, Brushy
Creek, and Kellogg Creek.

5.2.1 Willow Creek
Physical Setting
This subbasin covers approximately 11,370 acres, representing approximately
7% of the inventory area. Figure 5-3a shows the location of jurisdictional
wetlands and waters found in the Willow Creek subbasin.

Geology
The Willow Creek subbasin drains a low range of foothills to the northeast of
Mount Diablo. In its headwater areas to the south, the subbasin is largely
underlain by sandstones and siltstones of the Markley Formation (Eocene) and
the non-marine similar sediments of the Tulare Formation (Pliocene). These
sandstone and siltstone materials of the upper basin are the sediment sources for
the streams and alluvial deposits of the lower basin. Descending north down the
subbasin towards its lower lands, areas are underlain by Pleistocene alluvial fan
deposits, which then transition to Holocene bay mud deposits closer to San Pablo
Bay, where tidal marsh and seasonal wetlands are found. Within the alluvial fan
deposits of the lowland bay fringe area are a sequence of older Pleistocene and
younger Holocene fan deposits. The active stream channel cuts through these
older Quaternary deposits and locally supports its own sediments and floodplain
of poorly to well-sorted sand, silt, or sandy gravels.

Soils
Willow Creek and unnamed streams in the subbasin exhibit varied deposits of
clay and clay loam complexes of the Altamont, Antioch, and Diablo formations.
Altamont and Fontana clay and shale are found at higher elevations, while Diablo
clays are found mid-slope. The Altamont and Diablo series are well-drained and
underlain by shale and sandstone. The flatlands comprise Antioch clay, clay
loam, and loam, which is moderately well-drained and underlain by old alluvium.
The potential for wetland formation is higher in the Fontana and Antioch series
because of low permeability characteristics.
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Climate
Average annual rainfall in the Willow Creek subbasin is 14 inches. The subbasin
follows the regional pattern of precipitation decreasing as a result of the rain
shadow of Mount Diablo. In the case of Willow Creek and neighboring
subbasins to the north of Mount Diablo, there is only a small decrease in rainfall
from the south to the north. The southern end of the subbasin averages
approximately 15.25 inches of rain per year, while the northern end receives
approximately 13.75 inches. The great majority of this rainfall comes in the late
fall, winter, and early spring. The long dry season contributes to the absence of
perennial streams in the subbasin. However, tidal marsh (PPEM) wetlands in the
lower portion of the subbasin persist throughout the year because of the high
groundwater levels close to the Bay.

Hydrology and Land Use
The Willow Creek subbasin contains many small streams, the largest of which is
Willow Creek. All drainages in this subbasin are ephemeral and flow from south
to north draining to San Pablo Bay during winter storm events. In addition to
storm flows collected in the grassland areas of the upper watershed, these
drainages also receive diverted runoff from streets, houses, and parking lots in
the lower urbanized areas.
Upper Willow Creek is characterized by riparian forest (palustrine forest)
vegetation, which provides wildlife habitat and shading. Minimal floodplain
areas are present.
The majority of this subbasin is overlain by urban development. As such, large
reaches of these creeks have been redirected underground through culverts. The
upper portions of the subbasin are primarily used for grazing. Most of the upper
unnamed streams within the subbasin to the west of Willow Creek have been
modified and diverted by residential developments.

Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the Willow Creek subbasin include six of
the general types described in Chapter 4.
Riverine tidal (intermittent streams).
Riverine nontidal (intermittent streams).
Palustrine forest.
PAB/UB (golf course, agricultural, and industrial ponds).
PPEM (stormwater detention basins/treatment marsh wetlands, tidal marsh,
and seasonal wetlands).
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Riverine Excavated Artificial (Contra Costa Canal).
Apart from the aqueduct and canal, PPEM wetlands consisting of tidal marsh and
seasonally flooded wetlands comprise the majority of the jurisdictional wetlands
and waters area in the subbasin. Palustrine forest (riparian woodland) is also
relatively abundant in the subbasin.
Figure 5-3b shows representative photos of jurisdictional wetlands and waters
commonly found in this subbasin. Table 5-3 summarizes the functions of each
type found in the Willow Creek subbasin.

Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Tidal and Nontidal/Palustrine Forest
Palustrine forest and adjacent grasslands in the foothills region of the subbasin
provide habitat for a variety of species. CTS and CRF have been documented
adjacent to streams in the subbasin (CNDDB 2003).
Palustrine Aquatic Bed/Unconsolidated Bottom
The subbasin’s ponds generally lack vegetation, which reduces their habitat
function. Seasonal ponds in the subbasin may provide habitat for CTS and other
amphibians.
Palustrine Persistent Emergent (Tidal Perennially Flooded)
Tidal marsh in this subbasin is generally surrounded by development, reducing
its habitat value for many species. However, the tidal marsh may provide
secondary habitat for the many tidal marsh species that occur adjacent to the
Delta itself. Note that tidal marshes adjacent to the Delta are located outside the
study area.
Palustrine Persistent Emergent (Seasonally or Temporarily Flooded)
Seasonal wetlands in the foothills region of the subbasin are surrounded by
grasslands. They may therefore provide habitat for CTS, which has been
documented there (CNDDB 2003), as well as for other amphibians.
Palustrine Aquatic Bed/Unconsolidated Bottom and Palustrine
Persistent Emergent (Stormwater Detention Basins/Treatment
Wetlands)
Treatment wetlands contain marsh vegetation but are surrounded by development
and are often small. They provide habitat for some waterfowl and other species
tolerant of human disturbance.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
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Water Quality
Riverine Tidal and Nontidal/Palustrine Forest
Some of the downstream reaches of the subbasin’s drainages contain marsh
vegetation within their channels, although most of the subbasin’s reaches lack
marsh vegetation. Presence of riparian woodland or riparian forest vegetation
along stream banks improves water quality by reducing flow velocity and
trapping sediment and debris from entering the channel.
Palustrine Aquatic Bed/Unconsolidated Bottom
Ponds in Willow Creek generally lack vegetation, so water quality is not
improved by filtration mechanisms provided by vegetation. The abundance of
clay soils in Willow Creek assists in the removal of nutrients and metals, which
bond to clay particles.
Palustrine Persistent Emergent (Tidal Perennially Flooded)
The general discussion on the previous page of water quality functioning of
perennially flooded wetlands applies to this subbasin. Dense, tall stands of
vegetation are found in tidal marshes, improving filtration of sediment and
pollutants.
Palustrine Persistent Emergent (Seasonally or Temporarily Flooded)
Water quality function of seasonal wetlands is variable depending on the type
and density of vegetation growing within the wetland. Seasonal wetlands are
found in the downstream reaches of the Willow Creek subbasin. Most seasonal
wetlands low in the watershed contain low-growing, relatively sparse ruderal
species such as bristly ox-tongue (Picris echioides) and Italian wild rye (Lolium
multiflorum). These species improve water quality through uptake and storage of
nutrients and heavy metals within their plant and root structure. In upper reaches
of the subbasin, denser stands of native vegetation, including common spikerush
(Eleocharis macrostachya) and rushes (Juncus spp.), are found in seasonal
wetlands. Dense, tall vegetation in the upstream reaches of the subbasin filter
sediment and nutrients from flowing surface waters.
Palustrine Aquatic Bed/Unconsolidated Bottom and Palustrine
Persistent Emergent (Stormwater Detention Basins/Treatment
Wetlands)
The general discussion of water quality functioning by treatment wetlands in
Chapter 4 applies to this type of wetland in the Willow Creek subbasin.
Riverine Excavated Artificial
No water quality function exists for this water feature in this subbasin.

Hydrologic Cycling and Flood Storage
Riverine Tidal and Nontidal (Intermittent)/Palustrine Forest
These jurisdictional wetlands and waters generally provide a low level of flood
storage and groundwater recharge. In the foothills region of the Willow Creek
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subbasin, steep gradients contribute sediment to the watershed. Groundwater
infiltration and recharge occurs at the transition zone between steep and gentle
gradients. In the valley and plain region of the lower subbasin, most stream
reaches have been culverted to avoid flooding developed areas. The easternmost
tributary of Willow Creek is located in a utility corridor that averages 0.2 miles
wide. This tributary provides a moderate level of flood storage and groundwater
recharge. The westernmost drainages in the subbasin are located in open space
within the U.S. Naval Weapons Station at Port Chicago. These stream reaches
provide a moderate level of flood storage and groundwater recharge.
Palustrine Aquatic Bed/Unconsolidated Bottom
Many of the ponds in this subbasin are detention basins in developed areas.
These ponds are designed to detain and retain flows and often can recharge
groundwater.
Palustrine Persistent Emergent (Tidal and Nontidal Perennially
Flooded)
This wetland type provides a high to moderate level of flood storage and
groundwater recharge in the subbasin. Vegetation is generally dense in these
wetlands, slowing water flow and enhancing storage and infiltration.
Palustrine Persistent Emergent (Seasonally to Temporarily Flooded)
Flood storage and groundwater recharge function in these wetland types depends
on vegetation type and condition. Mowed, low vegetation, found in seasonal
wetlands along the easternmost tributary of Willow Creek, does not slow water
flows or enhance infiltration as efficiently as dense, unmowed vegetation found
in some seasonal wetlands in the foothills.
Riverine Excavated Artificial
No flood storage or groundwater recharge function exists for these jurisdictional
wetlands and waters in this subbasin.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
Many of the wetlands in the Willow Creek subbasin are adjacent to developed
areas, providing limited opportunities for enhancement of wetlands functioning.
Two of Willow Creek’s three tributaries, and four of the six drainages west of
Willow Creek lie almost completely within developed areas. However, there are
opportunities to improve the functioning of subbasin wetlands. Table 5-3
summarizes the overall quality of wetland types and opportunities for
preservation and restoration.
Restoring and enhancing riparian vegetation, particularly in the understory of
palustrine forest, in the upper foothills portion of the subbasin would increase
habitat and water quality functioning. Regulating livestock access to some
stream reaches may play a role in this restoration.
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Habitat and water quality functions in the upper portion of the subbasin would
also be enhanced by correcting problems with poorly installed culverts, which
would allow riparian vegetation to establish on portions of the bank that are
currently bare. This would reduce fine sediment in the channels downstream.
Altering land use and management in the middle and lower subbasin would
improve habitat and water quality functioning. Day-lighting creeks by removing
culverts and adjacent impervious surfaces would allow for development of a
vegetated floodplain that would function as flood storage and improve water
quality and groundwater recharge. In addition, reducing mowing frequency to
allow dense growth of vegetation in the seasonal wetlands along the easternmost
tributary of Willow Creek would enhance water quality functioning as well as
flood storage and groundwater recharge in the lower portion of the subbasin.
Urban creeks are often plagued by large amounts of trash, as is the case with
neighboring Kirker Creek. Preventing illegal dumping and removing trash would
further enhance water quality in the subbasin.

5.2.2 Kirker Creek
Physical Setting
This subbasin covers approximately 9,500 acres, representing approximately 5%
of the inventory area. Figure 5-4a shows the location of jurisdictional wetlands
and waters found in the Kirker Creek subbasin.

Geology
Much like the Willow Creek subbasin, the headwater areas of the Kirker Creek
basin are underlain by sandstones and siltstones of the Markley formation
(Eocene). Descending north down the subbasin towards its lower lands, areas
are underlain by Pleistocene alluvial fan deposits, which then transition to
Holocene bay mud deposits closer to San Pablo Bay, where tidal marsh and
seasonal wetlands are found. Within the alluvial fan deposits of the lowland bay
fringe area are a sequence of older Pleistocene and younger Holocene fan
deposits (near Highway 4) upstream of the point at which the creek is constrained
in an earthen channel parallel to the railroad tracks.

Soils
The Kirker Creek subbasin is largely dominated by clay loam soils. Wetland
habitat tends to occur in the Pescadero, Rincon, Brentwood, and Capay
complexes due to their low permeability. Low elevation areas are dominated by
the Rincon clay and silty clay loam formation, while upland areas have soils from
the Altamont series. Areas of the Diablo series can be found along stream
networks within the Altamont series. The Diablo series exhibits low
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permeability as well, and wetland habitats can be found in outcroppings of this
soil type.

Climate
Average annual rainfall in the Kirker Creek subbasin is 16 inches. The subbasin
follows the regional pattern of precipitation decreasing as a result of the rain
shadow of Mount Diablo. In the case of Kirker Creek and neighboring subbasins
to the north of Mount Diablo, there is only a small decrease in rainfall from the
south to the north. The southern end of the subbasin averages approximately
18.75 inches of rain per year, and the northern end receives approximately 12.75
inches. The great majority of this rainfall comes in the late fall, winter, and early
spring. The long dry season contributes to the scarcity of perennial stream
reaches in the subbasin. Tidal marsh (PPEM) wetlands in the lower portion of
the subbasin persist throughout the year due to the high groundwater levels close
to the Bay. However, these tidal marshes, located within the Dow wetlands
preserve, do not fall within the study area.

Hydrology and Land Use
Kirker Creek originates in Black Diamond Mines Regional Preserve, on the
northeastern side of the subbasin. The Kirker Creek subbasin covers
approximately 10,000 acres. Topography in the subbasin climbs from sea level
at San Pablo Bay to 1,900 feet at the Kirker Hills watershed divide. The western
side of the watershed contributes flow to one of the unnamed tributaries that can
be seen from Kirker Pass Road. The western tributary joins Kirker Creek below
the intersection of Nortonville and Kirker Pass Roads. The lower watershed
appears to be bounded by Railroad Avenue and Somersville Road. (See Figures
1-1 and 1-2.) Adjacent watersheds are Markley Creek to the east and Willow
Creek to the west. (Willow Creek is the area north of Highway 4, and Lawlor
Ravine is defined south of Highway 4. The larger watershed assemblage is
called Willow Creek.) As with many urban creeks, the channel of Kirker Creek
has been altered. While most of the channel is open, culverts divert the creek
underground at road crossings and along a few segments near the PittsburgAntioch Highway.
Kirker Creek is mostly ephemeral, flowing from November through April,
although some of the lower reaches of the creek are perennial due to artificial
inputs such as irrigation return water and urban runoff. The lower reaches of the
creek and its tributaries have been culverted, concreted, and redirected in reaches
to accommodate residential and industrial uses. The most drastic alteration
occurred in the 1940s, when the creek was diverted away from the property of
U.S. Steel (now USS-POSCO), where it once flowed, directly north into New
York Slough (Kirker Creek Watershed Planning Group [KCWPG] 2004). Today,
the channel turns 90-degrees just north of Highway 4, flows eastward adjacent to
the highway, and then flows into the New York Slough through two channels, the
Dowest Slough and the Los Medanos Wasteway (KCWPG 2004).
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The upper reaches of Kirker Creek support open grasslands with patches of oakwoodlands. The upper channel is deeply incised in some reaches where the creek
is restricted by Kirker Pass and Somersville Road. Poorly installed culverts are
causing bank erosion in some reaches. Because of the steepness and road
restrictions, floodplain features in upper Kirker Creek are minimal.
Land use in this subbasin transitions from protected lands to urban and industrial
use. The headwaters of Kirker Creek lie in Black Diamond Mines Regional
Park. Most of the upper portion of the subbasin is used for grazing land. The
lower Kirker Creek watershed is overlain by residential and industrial
developments. As the creek enters the developed valley region, its gradient
becomes gentler and is slightly influenced by tidal action.

Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the Kirker Creek subbasin include five of
the general types described in Chapter 4.
Riverine nontidal (lower perennial and intermittent).
Palustrine forest.
PAB/UB (agricultural and industrial ponds).
PPEM (stormwater detention basins/treatment marsh wetlands, perennial,
and seasonal wetlands).
Riverine excavated artificial (Contra Costa Canal).
Apart from the aqueduct, palustrine forest comprises most of the jurisdictional
wetlands and waters acreage in this subbasin, followed by PPEM wetlands.
Figure 5-4b shows representative photos of jurisdictional wetlands and waters
commonly found in this subbasin. Table 5-4 summarizes the functions of each
type found in the Kirker Creek subbasin.

Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Nontidal (Perennial and Intermittent)/Palustrine Forest
Streams and adjacent riparian woodland provide variable levels of habitat
function in this subbasin. In the upper portion of the subbasin, within the
foothills geomorphic region, riparian woodland occupies a wider buffer along the
creek than it does in the valley portion, and the adjacent land is grassland, which
can provide foraging and aestivation habitat. The greater width of the riparian
woodland buffer in the foothills region is probably due to lower development
pressure in this area. However, understory development and tree regeneration is
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limited in much of the foothills region, probably because of grazing (KCWPG
2004). Riparian woodland in the subbasin includes species such as valley oak
(Quercus lobata), black walnut (Juglans californica var. hindsii), Fremont
cottonwood, California buckeye, Oregon ash (Fraxinus latifolia), arroyo willow,
and red willow (KCWPG 2004). CRF and CTS have been documented along the
upper reaches of drainages in this subbasin (CNDDB 2003). In the valley portion
of the subbasin, riparian woodland is confined to a narrow corridor with an
understory of ruderal vegetation. Adjacent land is developed or landscaped.
Palustrine Aquatic Bed/Unconsolidated Bottom
See general discussion of agricultural ponds in Section 4.7. Seasonal ponds in
the subbasin may provide breeding habitat for CTS, which has been documented
there (CNDDB 2003), as well as for other amphibians.
Palustrine Persistent Emergent
PPEM wetlands are primarily found in the stream floodplains in the foothills
region of the subbasin. Approximately 21 acres of PPEM wetland were
identified in this subbasin. Most PPEM wetlands within the subbasin are
seasonal, although some artificial PPEM wetlands in the valley portion of the
subbasin are perennial due to contributions from artificial water sources. In
general, the areas surrounding these wetlands consist of grassland. Therefore,
these seasonal wetlands may provide valuable habitat for CTS and other
amphibians. In the valley region, developed areas surround these wetlands,
reducing habitat functioning.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.

Water Quality
Kirker Creek suffers from illegal dumping of trash, which can cause bank erosion
and release toxic substances into the water from debris such as batteries
(KCWPG 2004). Within the Black Diamond Mine Regional Preserve, Kirker
Creek is naturally acidic, with typical pH levels of 4 to 5, from historical coal
mining in the upper watershed. The San Francisco Regional Water Quality
Control Board and East Bay Regional Parks District have determined that
rainwater soaking through the coal mining waste piles becomes acidic before it
enters Kirker Creek. Downstream of the park boundaries, the creek’s water
rapidly becomes neutral, presumably because of the neutralizing effects of soil
and vegetation (KCWPG 2004).
Riverine Nontidal (Perennial and Intermittent)/Palustrine Forest
In the foothills portion of the subbasin, water flows rapidly because of steep
gradients, preventing substantial filtration or settling out of sediments, nutrients
and other pollutants. In the valley portion, a restricted floodplain limits the
amount of filtration the creek can provide.
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Palustrine Aquatic Bed/Unconsolidated Bottom
The majority of agricultural ponds in this subbasin lack vegetation, thus
contributing little to water quality improvement.
Palustrine Persistent Emergent
Several large PPEM wetlands in the foothills region of the watershed enhance
water quality by filtration of sediment and contaminants. Vegetated detention
basins in the valley region, such as the one located at Los Medanos College,
function at a high level to enhance water quality through filtration.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.

Hydrologic Cycling and Flood Storage
Riverine Nontidal (Perennial and Intermittent)/Palustrine Forest
Jurisdictional wetlands and waters in Kirker Creek function at a low to moderate
level for flood storage and groundwater recharge. In the foothills region, steep
gradients supply water and sediment to the creek. In the valley region, the
undeveloped floodplain area is narrow and thus provides low flood storage and
groundwater recharge functions. Flooding is a recurring problem in the
developed portions of this subbasin near Kirker Creek (KCPWG 2004). Riverine
wetlands function to store and convey floodwaters downstream while enhancing
growth of riparian vegetation from accumulated nutrients.
Palustrine Aquatic Bed/Unconsolidated Bottom
Flood storage is the primary function of detention basins throughout the
watershed, particularly in areas that have been covered by impervious surfaces.
Agricultural ponds provide little flood storage capacity because they are small
and shallow.
Palustrine Persistent Emergent
Large seasonal wetlands in the foothills region of the subbasin function at a
moderate level for flood storage because of the presence of riparian vegetation.
Vegetated treatment wetlands in the plain region provide a moderate level of
flood storage.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
The upper portions of Kirker Creek subbasin provide habitat for a diverse suite of
wildlife, because riparian woodland vegetation and adjacent grasslands are
present. This portion of the subbasin, located in the foothills region, delivers
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flows and sediments to the plain region. Development in the plain region has
resulted in limited provision of habitat, water quality, and hydrologic
functioning. Table 5-4 summarizes the overall quality of wetland types and
opportunities for preservation and restoration.
Habitat and water quality functioning in the foothills region of the subbasin could
be increased by correcting poorly installed culverts. If these culverts were
improved, vegetation would stabilize banks and decrease erosion. Restored
sections along Kirker Pass Road could potentially provide a wider riparian
corridor, improving flood storage and habitat conditions. Restoration of a
riparian woodland understory and enhancement of regeneration by riparian tree
species would increase habitat and water quality functioning.
Better management of developed areas in the lower watershed could increase
water quality and hydrologic functioning. Culverts in this area are commonly
undersized, causing channel erosion and flooding. Prevention of illegal trash
dumping and removal of debris in the channel would improve water quality
within urban reaches of Kirker Creek (KCWPG 2004). A detention wetland
planned on Dowest Slough will also improve flood storage and water quality.
Proper disposal or isolation of coal mining waste piles in the Black Diamond
Mine Regional Preserve would benefit water quality and habitat conditions in
portions of the subbasin within and adjacent to the park.

5.2.3 West Antioch Creek
Physical Setting
This subbasin covers approximately 8,000 acres, representing approximately 5%
of the inventory area. Figure 5-5a shows the location of jurisdictional wetlands
and waters found in the West Antioch Creek subbasin.

Geology
Much like the Willow and Kirker Creek subbasins, West Antioch Creek is
largely underlain by sandstones, siltsones, and mudstones of the Markley and
Tulare formations in its headwaters and then transitions to Quaternary alluvial
deposits down basin towards the Bay fringe.

Soils
The West Antioch Creek subbasin is largely dominated by clay loam soils.
Wetland habitat tends to occur in Altamont-Fontana and Brentwood complexes
due to their low permeability. Low elevation areas are dominated by the Rincon
clay and silty clay loam formation, while upland areas have soils from the
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Altamont-Fontana series. The majority of wetland habitats are found in the
upper subbasin in the Altamont-Fontana series. The upper channel of the
easternmost tributary of the subbasin is underlain by the Cropley series. The
Cropley series exhibits low permeability as well, and wetland habitats are found
in outcroppings of this soil type.

Climate
Average annual rainfall in the West Antioch Creek subbasin is approximately 15
inches. This subbasin receives more rainfall than East Antioch Creek, which
receives approximately 13 inches of rainfall on an annual basis. The difference
in rainfall is perhaps due to the rain shadow effect of the higher elevation of West
Antioch Creek compared to the lower elevation of East Antioch Creek.

Hydrology and Land Use
The West Antioch Creek subbasin covers approximately 8,180 acres and contains
several tributaries in the foothills region of the subbasin, including Markley
Canyon Creek. The stream network in the foothills region is dendritic. Most
stream reaches in this subbasin are ephemeral and flow from south to north
draining to San Pablo Bay during winter storm events. In addition to storm flows
collected in the grassland areas of the upper watershed, these drainages also
receive diverted runoff from streets, houses, and parking lots in the lower
urbanized areas. Some of the reaches in the plain region may therefore be
perennial. The hydrology of West Antioch Creek has been altered by the
creation of the Antioch Reservoir near the transition from the foothills region to
the plain region. The Contra Loma Reservoir captures virtually all flows from
the tributary immediately to the west of West Antioch Creek.
Land use in the subbasin follows the typical pattern of dense urban development
in the plain region of the subbasin and open space in the foothills and montane
regions. Streams are routed underground through much of the developed portion
of the subbasin. These underground reaches represent 20% of total stream
channel length in the subbasin (Contra Costa County 2003). In this subbasin, the
foothills and montane regions are almost completely protected open space,
located within Contra Loma and Black Diamond Mine Regional Parks. While
grasslands within the parks may be grazed, grazing in these areas is not heavy.

Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the West Antioch Creek subbasin include
six of the general types described in Chapter 4.
Riverine nontidal (lower perennial and intermittent).
Palustrine forest.
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PAB/UB (agricultural and industrial ponds).
PPEM (stormwater detention basins/treatment marsh wetlands, perennial,
and seasonal wetlands).
Riverine excavated artificial (Contra Costa Canal).
Impounded lacustrine (Contra Loma and Antioch Reservoirs).
Apart from the reservoirs and the aqueduct, palustrine forest wetlands occupy
most of the jurisdictional wetlands and waters acreage in this subbasin, followed
by PPEM wetlands.
Figure 5-5b shows representative photos of jurisdictional wetlands and waters
commonly found in this subbasin. Table 5-5 summarizes the functions of each
type found in the West Antioch Creek subbasin.

Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Nontidal (Lower Perennial)
The lower perennial reaches of West Antioch Creek are surrounded by
development. Significant portions of these reaches have been routed
underground. Aboveground reaches surrounded by development provide habitat
for a limited group of species that can tolerate high levels of disturbance, such as
raccoons (Procyon lotor), Black Phoebes (Sayornis nigricans), and bullfrogs
(Rana catesbeiana).
Riverine Nontidal (Intermittent)
The portions of West Antioch Creek in the foothills region are largely within
protected open space and provide habitat for a diverse group of wildlife species,
including CTS and CRF, which have been documented in the subbasin (CNDDB
2003). Some reaches are characterized by palustrine forest vegetation.
Palustrine forest provides habitat for riparian plant species, including the rare
Diablo Helianthella, which has been documented along Markley Canyon Creek
(CNDDB 2003). Other reaches are characterized by grassland vegetation, which
may provide habitat for Burrowing Owl (Athene cunicularia), a special-status
species that has been documented in the subbasin near the Antioch Reservoir.
Palustrine Aquatic Bed/Unconsolidated Bottom
Stock ponds in the foothills region provide habitat for some amphibians,
including CTS, which has been documented in the subbasin (CNDDB 2003).
Industrial PAB/UB habitat in the plain region of the subbasin provide a very low
level of habitat function.
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Palustrine Persistent Emergent
PPEM wetlands in the foothills region provide habitat for a diverse group of
species, including CRF and CTS, which have been documented in the subbasin
(CNDDB 2003). In the plain region, PPEM wetlands are small, isolated, and
surrounded by development, providing habitat only for those species that can
tolerate high levels of disturbance.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
Impounded Lacustrine
The Contra Loma and Antioch Reservoirs are used for recreation but retain
woodland and grassland vegetation in the vicinity of their shorelines. San
Joaquin kit fox (Vulpes macrotis mutica), an endangered species, has been
documented near the shoreline of the Contra Loma Reservoir.

Water Quality
Riverine Nontidal (Lower Perennial)
Riverine perennial wetlands in the West Antioch Creek subbasin function
modestly to improve water quality. Perennial channels capture and retain
contaminants transported in urban runoff from surrounding developments.
Accumulation of urban runoff contaminants within the channel bottom can
further degrade water quality.
Riverine Nontidal (Intermittent)
Vegetation found in intermittent stream reaches filters sediments and nutrients
from stormwater. Intermittent stream reaches occur in the transition zone from
grazing and protected parklands to urban and residential areas. Water quality
functioning in this transition zone is important to maintain water quality further
downstream. Sediments washing down from uplands can be captured by
vegetation in the channel. Vegetation will also lower water temperature by
shading the channel from the sun.
Palustrine Aquatic Bed/Unconsolidated Bottom
Stock ponds and treatment ponds found in the subbasin improve water quality by
removing sediment and contaminants while cycling nutrients. Treatment
wetlands found in the lower subbasin were constructed to filter discharge waters
from industrial processing. Vegetation growing in these wetlands immobilizes
heavy metals and other contaminants within their plant structure and sediment.
This water quality function is important to prevent degradation of the quality of
water discharging to the Delta.
Palustrine Persistent Emergent
Vegetated wetlands in upper West Antioch Creek filter sediments carried in
surface flows from upland areas. In addition, these wetlands improve water
quality by encouraging generation of dissolved oxygen and are an important
source for groundwater recharge.
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Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
Impounded Lacustrine
The Contra Loma and Antioch Reservoirs capture waters from the upland areas
to prevent flooding of the developed area downstream. The Antioch Reservoir
captures sediments, nutrients, and perhaps residual pesticides from management
of the adjacent golf course. Nutrients and residual contaminants are held within
sediments that settle to the reservoir bottom. The capture of sediment within the
reservoirs prevents sedimentation of downstream channels and culverts that
could increase flooding. Water quality in reservoirs may be degraded by warm
water temperature, which encourages algae and bacterial growth. Maintenance
of good water quality is imperative because both these reservoirs store drinking
water.

Hydrologic Cycling and Flood Storage
Riverine Nontidal (Lower Perennial)
Lower perennial reaches of West Antioch Creek that are naturally lined may
contribute to recharge of the underlying groundwater aquifer. These and
underground reaches offer little flood storage capacity; however they function to
convey floodwaters quickly downstream.
Riverine Nontidal (Intermittent)
Intermittent stream channels in West Antioch Creek provide flood storage in
some reaches where they are connected to a floodplain area. Reaches of Markley
Canyon Creek are connected to a small area of floodplain. However, the land
adjacent to the creek is rapidly being developed for residential housing.
Groundwater recharge also occurs from this type.
Palustrine Aquatic Bed/Unconsolidated Bottom
Stock ponds and treatment ponds contribute limited groundwater recharge.
Palustrine Persistent Emergent
These wetlands also contribute to hydrologic cycling through groundwater
recharge.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
Impounded Lacustrine
The main function of these reservoirs is to provide flood storage and protection
against flooding downstream.
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Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
Most of the West Antioch Creek subbasin is either managed for conservation and
recreation or is developed. Limited improvements in functioning of
jurisdictional wetlands and waters are possible without major changes in land
use. Markley Canyon could expand the area of regularly flooded riparian
vegetation along its banks if portions of Somersville Road were moved further
west. Habitat downstream of the reservoirs could improve somewhat if releases
were managed to imitate natural flow patterns. However, most of the area
downstream of the reservoirs is developed, so increases in habitat functioning
would be limited. Table 5-5 summarizes the overall quality of wetland types and
opportunities for preservation and restoration.

5.2.4 Sand Creek
Physical Setting
This subbasin covers approximately 9,600 acres, representing approximately 6%
of the inventory area. Figure 5-6a shows the location of jurisdictional wetlands
and waters found in the Sand Creek subbasin.

Geology
Bedrock geology of Sand Creek consists of alternating beds of Meganos
Paleocene sandstone, shale, and conglomerate in the upper basin. As the
sandstones erode in the main channel, underlying Quarternary Pleistocene and
Holocene surficial deposits are exposed, particularly in the reach passing through
the city boundary of Antioch. This same bedrock type occupies the majority of
the lower portion of the Sand Creek drainage.

Soils
Soils in upper Sand Creek consist of Los Gatos Loam at higher elevations. At
lower elevations, a mixture of Altamont Clay-Fontana silty clay loam mingled
with patches of Briones loamy sand and various clay loam formations are found.
The creek flows through Rincon clay loam soils, which overlie Quarternary
sedimentary deposits, within the city limits of Antioch. Soils in the lower reach
of Sand Creek are Sycamore silty clay loam. Soils on either side of the lower
creek channel are Capay clay. The lower reaches of Sand Creek are likely to be a
major source of sediment for lower Marsh Creek (Robins and Cain 2002).
Soils in the majority of the Sand Creek watershed are not very permeable due to
their high clay content. These soil types are not very suitable for wetland
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formation; thus, water features found in the majority of this basin are artificial
stock watering ponds. The two lower tributaries to Sand Creek pass through
highly alkali soils of the Pescadero clay loam formation, which contains seasonal
wetlands along the creek channel. The reach from the border of the Cities of
Antioch and Brentwood through the confluence with Marsh Creek cuts through
poorly drained soils of the Sycamore series. Soil in this reach is underlain by
clay at a depth of 40 to 60 inches. This soil type is favorable for wetland habitat.

Climate
Average annual rainfall in the Sand Creek subbasin varies from approximately 22
inches at its headwaters to approximately 14 inches at its confluence with Marsh
Creek.

Hydrology and Land Use
Sand Creek is the lowermost tributary to Marsh Creek and flows in a west-east
direction. The majority of the creek flows through relatively flat topography,
increasing the sinuosity of the channel. Three small tributaries flow into Sand
Creek from the south side of the basin: Oil Canyon Creek in the upper basin and
two unnamed drainages in the lower basin. The sandier soil type in the mid basin
zone is highly erosive, thus increasing the sinuosity of the channel. Slumps and
gullies are common at transition zones in the topography combined with the
erosive soils. Channel incision of up to 10 feet was observed near the Deer
Valley Road crossing. The Sand Creek subbasin crosses three geomorphic
regions: montane, foothills/upper valley, and lower valley/plain.
Water features found in upper Sand Creek tend to be artificial stock watering
ponds because the well-drained soils do not support natural wetlands. However,
perennial pools have been reported along the creek in the upper portion of the
subbasin (Robins and Cain 2002). Limited seasonal wetland areas that retain
water for only short periods are found in the creek channel. The wetlands persist
longer where the creek, or tributaries, crosses soil boundaries with lower
permeability, such as Briones clay loam, or where runoff is received as a constant
supply, such as from golf courses. Seasonal wetlands found near the two
unnamed tributaries receive surface runoff waters as well as groundwater seeps
in some areas.
Sand Creek has been modified to a trapezoidal channel to accommodate
agriculture and residential housing from the Highway 4 bypass to its confluence
with Marsh Creek. The creek is perennial in most of this reach because of runoff
waters from agriculture and residential developments.
Land use in the upper montane region of the subbasin is dominated by grazing.
The foothills/upper valley portion of the subbasin includes grazing land, the
Roddy Ranch golf course, and portions of Black Diamond Mine Regional Park.
The lower valley/plain region contains row crops and residential development.
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Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the Sand Creek subbasin include four of the
general types described in Chapter 4.
Riverine nontidal (intermittent and lower perennial).
Palustrine forest.
PAB/UB (agricultural and golf course ponds).
PPEM (perennial treatment, seasonally flooded, and alkali).
PPEM wetlands account for most of the jurisdictional wetlands and waters
acreage in the subbasin, with palustrine forest also making up a significant
amount of the acreage. Mapped jurisdictional wetlands and waters in the Sand
Creek subbasin are generally located in or adjacent to the creek itself, with the
exception of agricultural and golf course ponds. Palustrine forest is found along a
single reach of the creek in the lower subbasin. The reaches of Oil Canyon Creek
in the montane region are bordered by palustrine forest vegetation as well.
Figure 5-6b shows representative photos of jurisdictional wetlands and waters
commonly found in this subbasin. Table 5-6 summarizes the functions of each
type found in the Sand Creek subbasin.

Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Nontidal (Intermittent and Lower Perennial) /Palustrine
Forest
In the montane region of this subbasin, well-developed palustrine forest
vegetation is found along the Oil Canyon creek channel, providing a high level of
habitat function. Perennial pools in the creek channel in this region are important
habitat features for fish and for amphibians such as CRF, which has been
documented in the montane and foothills/upper valley portions of the subbasin
(CNDDB 2003). In the foothills/upper valley region, the creek is bordered by
ruderal vegetation and appears to suffer from overgrazing. Burrowing Owl,
which has been documented in the Deer Creek subbasin to the south (CNDDB
2003), may use the creek banks for nesting in this region.
Palustrine Aquatic Bed/Unconsolidated Bottom (Agricultural and
Golf Course Ponds)
Agricultural ponds in the Sand Creek subbasin may provide drinking water,
foraging habitat, breeding habitat, and resting habitat for a variety of wildlife.
Livestock use of agricultural ponds in the subbasin has led to the loss of
emergent vegetation and eutrophication from increased nitrogen due to cattle
urine, decreasing their habitat value for wildlife. Seasonal ponds in the subbasin
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may provide habitat for salamanders such as CTS, which has been documented in
the subbasin (CNDDB 2003).
Golf course ponds in the subbasin are landscaped and offer little habitat function
because they lack native vegetation and complex vegetative structure.
Palustrine Persistent Emergent (Perennial Treatment, Seasonally
Flooded, and Alkali)
Perennial treatment
The treatment wetland associated with the Roddy Ranch golf course has welldeveloped emergent marsh vegetation. It is dominated by cattails (Typha spp.)
and surrounded by annual grassland. Although it is small and artificial, it may
provide habitat for a diverse group of species.
Seasonal
Seasonal wetlands in the subbasin provide variable levels of habitat function.
Several large seasonal wetlands in the lower valley/plain region appear to be
regularly mowed to maintain short stature. They are surrounded by agricultural
row crops and residential development, reducing their habitat value for species
that cannot tolerate frequent disturbance. Seasonal wetlands within Black
Diamond Mines Regional Park are likely to have better-developed wetlands
vegetation and are surrounded by oak woodland and grassland. These wetlands
provide a higher level of habitat function. Seasonal wetlands in heavily grazed
portions of the subbasin are unvegetated or dominated by ruderal species. They
may also be trampled by cattle, reducing their habitat value for many species.
However, these wetlands may still provide habitat for CTS and fairy shrimp,
which have been documented in the Briones Creek subbasin to the south
(CNDDB 2003).
Alkali
Alkali wetlands along the creek channel in the foothills/upper valley region
provide potential habitat for special-status plant species. These wetlands are
dominated by saltgrass (Distichlis spicata) and rabbitsfoot grass (Polypogon
monspeliensis). Alkali heath (Frankenia salina) and alkali mallow (Malvella
leprosa) are found in the uplands near these wetlands, indicating the presence of
alkaline soils. San Joaquin spearscale (Atriplex joaquiniana), a rare alkali plant
species, has been documented in the subbasin. While much of this region is
grazed, grazing pressure has not removed all vegetation from alkali wetlands.

Water Quality
Riverine Nontidal (Intermittent and Lower Perennial)
Channel water features improve water quality in the upper subbasin through
contributions of cold temperature water produced from seeps and tall vegetation
shading the channel. Established vegetation prevents channel erosion, and
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therefore reduces sediment transport downstream. Water quality of the lower
perennial reaches of Sand Creek is degraded by agricultural return flow and
urban runoff from residential housing.
Palustrine Aquatic Bed/Unconsolidated Bottom (Agricultural ponds)
Agricultural ponds capture nutrients and sediment generated by cattle grazing.
These ponds tend to have poor water quality due to high water temperatures and
nutrients.
Palustrine Persistent Emergent (Perennial Treatment, Seasonally
Flooded, and Alkali)
Vegetation surrounding seasonal and perennial wetlands maintains high water
quality functioning. The vegetation protects against erosion and filters sediment
from stormwater. Perennial treatment wetlands remove contaminants, such as
residual herbicides, from urban runoff.

Hydrologic Cycling and Flood Storage
Riverine Nontidal (Intermittent and Lower Perennial)
The majority of intermittent reaches in Sand Creek allow for flood storage in the
valley bottom area because of gentle sloping topography. The lower channel has
been modified for flood control and conveyance to protect against damage to
developments and farmland.
Palustrine Aquatic Bed/Unconsolidated Bottom (Agricultural ponds)
The majority of agricultural ponds in the subbasin are located at the base of small
drainages. Storage of these waters may contribute modest amounts to subsurface
groundwater.
Palustrine Persistent Emergent (Perennial Treatment, Seasonally
Flooded, and Alkali)
Seasonal wetlands found in Sand Creek function as flood storage during storm
events. Storage of water in depressional areas encourages modest contributions
to subsurface groundwater and water vapor.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
Regulating livestock access to jurisdictional wetlands and waters in the
foothills/upper valley region of the Sand Creek subbasin would increase habitat
and water quality functioning by allowing vegetation to return to the creek
channel. While the channel may remain highly mobile, and continue to be a
sediment source, well-developed vegetation may prevent unwanted levels of
sediment downstream. Table 5-6 summarizes the overall quality of wetland
types and opportunities for preservation and restoration.
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Residential development is being considered in some of the subbasin’s remaining
open space, which would reduce habitat value and potentially introduce more
pollutants into the streams.
A restoration priority for the Sand Creek subbasin would be to enhance the alkali
habitat along Deer Valley Road and develop a riparian corridor along the lower
channelized reach of Sand Creek east of Highway 4 and south of Sand Creek
Road.

5.2.5 Deer Creek
Physical Setting
This subbasin covers approximately 4,000 acres, representing approximately 2%
of the inventory area. Figure 5-7a shows the location of jurisdictional wetlands
and waters in the Deer Creek subbasin.

Geology
The geology of the Deer Creek watershed influences the stream network and
distribution of jurisdictional wetlands and waters within the subbasin. Deer
Valley is underlain primarily by sandstones from the Meganos Formation dating
from the Paleocene and Late Cretaceous. Siltstone and shale are also found here.
Upper Deer Creek’s floodplain is composed of relatively dense Pleistocene
alluvial fan deposits. As Deer Creek reaches the eastern half of Deer Valley, its
floodplain changes, becoming dominated by less dense Holocene alluvial fan
deposits made up of sand and sandy gravels. These Holocene alluvial deposits
are among the best developed in Contra Costa County. The shift from denser,
Pleistocene deposits to Holocene deposits results in a greater tendency of the
creek to incise.
The location and orientation of geological faults in the Deer Creek subbasin
contributes to an unusual stream network. Rather than a dendritic network, with
tributaries entering at acute angles to the mainstem, Deer Creek’s four major
tributaries enter from the south at nearly right angles to the Creek. This pattern is
driven partly by north-south faults traversing the foothills of Mount Diablo.
These faults create depressions at right angles to Deer Creek that drain the
surrounding hillsides. This structural alignment and drainage pattern are also
seen in the Briones, Sand, and Upper Marsh Creek subbasins.

Soils
The soils of the Deer Creek subbasin are primarily clays and clay loams, with the
exception of several areas of Briones loamy sand primarily located south of the
creek after it leaves Deer Valley and enters the plain region. Los Gatos loams
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comprise the soils on the foothills to the south of the creek, while Altamont and
Capay clays and Rincon and Pescadero clay-loams are found adjacent to the
creek itself. The subbasin’s low permeability clay soils provide the potential for
wetland formation.
Deer Creek’s major tributaries flow exclusively from the south side of the creek.
This pattern can be explained by the distribution of soil types in the subbasin.
The soil types found in the hills north of Deer Valley contain an area of Briones
loamy sand and an area of Altamont Clay-Fontana silty clay loam complex soils,
rather than the less permeable Altamont and Rincon clays directly to the south of
the creek. The more permeable northern soils allow water from the north side of
the valley to infiltrate through the soil and join the creek as shallow subsurface
flow through swales, rather than forming well-defined tributaries. In addition,
the south-facing slopes on the north side of the valley are less steep than the
north-facing slopes across the valley. The gentler, south-facing slopes allow
more time for surface water to infiltrate into the soil.

Climate
Deer Creek subbasin follows the regional pattern of precipitation decreasing from
west to east as a result of the rain shadow of Mount Diablo. The western end of
the subbasin averages approximately 18 inches of rain per year, and the eastern
end receives approximately 12.5 inches. The great majority of this rainfall comes
in the late fall, winter, and early spring. The long dry season contributes to the
absence of perennial streams in the subbasin. Like the streams, many of the
depressional wetlands in the subbasin hold water on a seasonal basis and are dry
for much of the year.

Hydrology and Land Use
Deer Creek and its tributaries are intermittent or ephemeral streams, with the
exception of a perennial reach that begins near the Brentwood Golf Club and
continues until its confluence with Marsh Creek. For most of its length, the creek
receives little sustained contribution from groundwater during the dry season.
Water inputs to Deer Creek and associated jurisdictional wetlands and waters are
primarily from precipitation and surface runoff. Compared to Sand Creek to the
north and Briones Creek to the south, Deer Creek receives less precipitation
because the subbasin does not extend as far west as neighboring subbasins. It is
therefore in the more arid zone of Mount Diablo’s rain shadow. Irrigation water
from agriculture and landscaping makes a significant contribution to lower Deer
Creek. The perennial reach of the creek might be intermittent were it not for
these artificial contributions.
Deer Creek subbasin has been subject to the effects of overgrazing discussed
above for foothill/upper valley subbasins generally. Surface runoff into the
stream is more rapid and carries more sediment than it would in a less intensively
grazed landscape. Portions of Deer Creek are severely incised, and its
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streambanks are degraded, unstable, and devoid of vegetation. The clay soils in
the Deer Creek channel are a significant source of fine sediments and probably
result in increases in turbidity downstream. Deer Creek has less sinuosity than
neighboring Briones and Sand Creeks. This may be a result of creek incision, as
it is typically associated with reduced sinuosity (Riedel et al. 2002). Deer Creek
tributaries appear to be better vegetated and less incised, especially in the upper
slopes of the foothills.
Land-use has contributed to the formation of some depressional wetlands in the
subbasin. For example, road berms at the intersection of Deer Valley Road and
Chadbourne Road help retain road runoff and floodwater from a tributary of Deer
Creek. A berm that crosses Deer Creek south of Balfour Road retains water in a
small reservoir. A headcut has formed upstream of the point where Deer Creek
crosses Deer Valley Road, probably due to the lower elevation of the culverted
road crossing. The plunge pool downstream of the headcut is fringed by a PPEM
wetland with freshwater marsh vegetation dominated by cattails.

Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the Deer Creek subbasin include four of the
general types described in Chapter 4.
Riverine nontidal (lower perennial and intermittent).
Lacustrine excavated artificial.
PAB/UB (golf course and agricultural ponds).
PPEM (seasonally flooded. depressional with artificial structures, and alkali).
PPEM wetlands account for most of the jurisdictional wetlands and waters
acreage in the subbasin. Mapped jurisdictional wetlands and waters in the Deer
Creek subbasin are generally located in or adjacent to the creek itself, with the
exception of golf course ponds. In addition, three small features that are not
located on the creek or its tributaries were mapped in the foothills in the western
half of the watershed. It was not possible to access these areas for this study, so
these features could not be classified. Nevertheless, their position in the
landscape suggests that they are likely seasonal depressional wetlands or swales
fed by surface runoff.
Figure 5-7b shows representative photos of jurisdictional wetlands and waters
commonly found in this subbasin. Table 5-7 summarizes the functions of each
type found in the Deer Creek subbasin.
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Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Nontidal (Lower Perennial)
The perennial stream reach of Deer Creek provides only a low level of habitat
function. This reach traverses a developed area, and a portion of it has been
straightened, channelized, and riprapped. Natural vegetation remains in a small
portion of the reach, adjacent to a soccer field/detention basin near Fairview
Avenue. There is a barrier to fish passage just upstream of the detention basin,
where a cement and rock structure was built to stabilize the elevation drop into
the detention basin.
Riverine Nontidal (Intermittent)
Most of the intermittent streams in the Deer Creek subbasin provide only a low
level of habitat function. Because vegetation is lacking, there is little cover or
structure in the streams to provide habitat for a diversity of wildlife species. The
lack of vegetation also contributes to higher water temperature and a greater
sediment load, which decreases the value of the streams as fish habitat.
However, the unvegetated banks of Deer Creek, together with the adjacent
grassland, may provide nesting habitat for Burrowing Owls, a federal species of
concern and California species of special concern. Burrowing owls typically
occupy burrows excavated by other animals, such as the ground squirrels
observed in the subbasin. Burrowing Owl presence in the subbasin is
documented in the CNDDB (2003).
Some areas along the banks of Deer Creek retain natural vegetation, such as
cattails. These wetlands are classified as stream floodplain palustrine persistent
emergent wetland but are treated here together with the streams. One such
wetland is found along a short reach of the creek just south of the point at which
Deer Creek crosses Deer Valley Road. These wetlands provide habitat for a
greater diversity of wildlife than other jurisdictional wetlands and waters in the
Deer Creek subbasin, although their small size and lack of connectivity with
other habitat limit their function. Although these wetlands are marginal habitat,
waterbirds such as Mallards, Great Blue Heron, American Coot, and Great Egret
may forage or rest in them. Various amphibians such as western spadefoot,
Pacific chorus frog, and western toad may use these wetlands. CRF have been
documented nearby in the Sand Creek subbasin (CNDDB 2003). This species
may use wetlands in the Deer Creek subbasin for foraging, although none of the
seasonal wetlands would provide appropriate breeding habitat.
Lacustrine Excavated Artificial and Palustrine Aquatic Bed/
Unconsolidated Bottom
The reservoir and ponds in the Deer Creek subbasin may provide drinking water,
foraging habitat, breeding habitat, and resting habitat for a variety of wildlife.
The loss of emergent vegetation and increased nitrogen inputs due to livestock
use decrease ponds’ habitat value for wildlife. The reservoir and agricultural
ponds are dry for part of the year. These seasonal ponds may provide breeding
habitat for the CTS and other amphibians. CTS has been documented in Sand
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Creek and Briones Creek, adjoining the Deer Creek subbasin. Golf course ponds
are mostly landscaped, and offer little habitat function because they lack native
vegetation and complex vegetative structure.
Palustrine Persistent Emergent (Seasonal Depressional)
Most seasonal wetlands in the subbasin lack vegetation. Although many of these
wetlands are surrounded by grasslands, they provide low habitat value for most
species. However, they may provide habitat for two species of rare fairy shrimp
(Branchinecto lynchi and Linderiella occidentalis), which have been documented
in the Briones Creek subbasin to the south. CTS may also use these wetlands for
breeding.
Palustrine Persistent Emergent (Alkali)
Alkali wetlands in the subbasin also lack vegetation. These wetlands provide
potential habitat for rare plant species such as San Joaquin saltbush (Atriplex
joaquiniana). San Joaquin saltbush has been documented in Briones Creek
subbasin and Sand Creek subbasins, which lie adjacent to the Deer Creek
subbasin to the north and south. However, it is unlikely that these plant species
could use alkali wetlands in the Deer Creek subbasin under the current grazing
regime.

Water Quality
Riverine Nontidal (Perennial and Intermittent)
Perennial and intermittent streams trap nutrients in channel sediments and
vegetation. The subbasin’s streams enhance water quality through the removal of
nutrients and metals released from naturally occurring deposits or fertilizers
applied to agricultural lands. The ability of streams to filter contaminants is
largely a function of the amount and type of vegetation growing in and adjacent
to the channel. Many of the streams in Deer Creek contain little or no vegetation,
or are dominated by annual grasses of short stature. Therefore, streams in the
subbasin provide limited benefits to water quality. However, the subbasin’s
alluvial clay soils enhance their filtration abilities, because aluminum and iron
found in these soils readily bind phosphorus and nitrogen. Once bound to clay
soils, the phosphorus and nitrogen are unavailable for biological uptake. While
stream channels in this subbasin generally lack well-developed vegetation, there
are small patches of PPEM seasonal wetlands adjacent to the streams at several
locations. These wetlands improve water quality by trapping suspended
sediments and removing nitrogen and phosphorus.
Lacustrine Excavated Artificial and Palustrine Aquatic Bed/
Unconsolidated Bottom
These types enhance water quality by reducing suspended sediments and
removing phosphorus and nitrogen through adsorption to the aluminum and iron
in the subbasin’s clay soils. Reservoirs and ponds, such as those constructed at
golf courses, function as important sources of groundwater recharge and water
quality treatment.
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Palustrine Persistent Emergent
The lack of emergent vegetation in most PPEM wetlands in the subbasin has
degraded their water quality functioning. Under natural conditions, vegetation
growing within seasonal depressional and alkali wetlands would provide
filtration of sediments and infiltration of water to subsurface soils and
groundwater supplies. Without vegetation and its underground root structure,
sediment is scoured and transported downstream during storm events. This
degrades water quality of downstream water features. In addition, nutrient inputs
from livestock can result in nutrient levels in excess of water quality standards.
Alkali wetlands are an important source of minerals and salt in the subbasin.
Presence of water within these wetlands helps flush these minerals from the soils
and transport it downstream. An overabundance of salt dissolved in the water
can degrade water quality to a level unfit for human consumption. However,
concentrations of salt compared to the volume of runoff water from alkali
wetlands do not exceed standards for potable water use.

Hydrologic Cycling and Flood Storage
Riverine Nontidal (Perennial and Intermittent)
The clay soils adjoining Deer Creek and its tributaries have a high capacity for
water retention, enhancing their flood storage capability and allowing for
groundwater recharge to take place. The small patches of PPEM seasonal
wetlands in the subbasin provide flood storage by slowing the flow of water and
thereby increasing infiltration into the soil and groundwater.
Lacustrine Excavated Artificial and Palustrine Aquatic Bed/
Unconsolidated Bottom
These wetland types provide flood storage by collecting surface runoff and
slowly releasing it into the groundwater, streams, and the atmosphere. Because
most of the subbasin’s ponds are on the valley floor rather than in the foothills,
they collect surface runoff from a greater area and provide increased flood
storage.
Palustrine Persistent Emergent
PPEM wetlands provide some temporary flood storage and contribute modestly
to groundwater recharge.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
Wetland functioning would increase in the middle and upper portions of the Deer
Creek subbasin if the grazing regime were altered. Grazing can play an
important role in enhancing biodiversity in this subbasin, particularly in
grassland areas. Regulating livestock access to jurisdictional wetlands and
waters, in particular alkali wetlands and Deer Creek, would facilitate the
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restoration of wetland and riparian vegetation. Increased riparian vegetation
would provide increased food sources and diverse habitat for wildlife.
Vegetation would reduce fine sediments and water temperature, improving
habitat conditions for fish and downstream water quality, and potentially
allowing rare plant species to colonize alkali wetlands in the subbasin. Creek
incision and streambank erosion would be reduced by increased growth of
vegetation and channel sinuosity would therefore increase. If sinuosity returned
to the system, Deer Creek would have a more diverse velocity profile, improving
habitat for species that flourish in a range of stream velocities at different life
history stages. Increased sinuosity and reduced grazing would also improve
flood storage and groundwater recharge functions. Table 5-7 summarizes the
overall quality of wetland types and opportunities for preservation and
restoration.

5.2.6 Dry Creek
Physical Setting
This subbasin covers approximately 2,700 acres, representing approximately
1.5% of the inventory area. Figure 5-8a shows the location of jurisdictional
wetlands and waters found in the Dry Creek subbasin.

Geology
The upper portions of Dry Creek are underlain primarily by shale and sandstone
members of the Meganos Formation (Paleocene). Downstream, towards the
confluence with Marsh Creek, Quaternary alluvial fan deposits comprising sands
and shales are found.

Soils
The Dry Creek subbasin is unique because, unlike Briones and Deer Creeks, Dry
creek cuts through the east-west running ridgelines. The subbasin is crossed by
alternating bands of Altamont clay, Briones loamy sand, and Pescadero clay
loam. Rincon and Capay clays are found in the lower subbasin. Briones loamy
sand is the most permeable of the three types, thus wetland features are not found
in this soil type. The Altamont and Pescadero series have medium to low
permeability, suitable for wetland formation. Pescadero soils tend to be slightly
alkaline.

Climate
Average annual rainfall for the subbasin is approximately 14 inches.
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Hydrology and Land Use
Dry Creek is an ephemeral stream with two major tributaries that drain from
southwest to northeast to the confluence with Marsh Creek. The subbasin is
small, draining approximately 3.5 square miles, and there are approximately 5.8
miles of stream channel (CCCo watershed atlas 2003). The lower subbasin has
been modified to protect developed areas from flood damage. The lower
portions of the two tributaries were relocated underground in culverts. The creek
has been reinforced with riprap at the confluence with Marsh Creek. The creek
passes through a golf course in the middle of the subbasin. Though portions of
the creek pass through underground culverts, the channel may receive year-round
runoff flows from maintenance of the golf course.
Land use of upper areas of the watershed consists of agricultural and park land,
and the lower subbasin is developed for residential use including a golf course.
A wide road and rural houses have been constructed in the upper watershed. In
addition, many unpaved roads and long driveways appear to be associated for
agricultural activities.

Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the Dry Creek subbasin include three of the
general types described in Chapter 4.
Riverine nontidal (intermittent).
PAB/UB (golf course, stock ponds, Dry Creek Reservoir and Detention
Basin).
PPEM (seasonal, alkali).
PPEM wetlands account for most of the jurisdictional wetlands and waters
acreage in the subbasin. A significant proportion of these are alkali wetlands
found in the Pescadero clay loam soils. PAB/UB features also make up a
significant amount of the jurisdictional wetlands and waters acreage. Most of the
ponds in the subbasin are golf course ponds in the lower valley-plain region.
Figure 5-8b shows representative photos of jurisdictional wetlands and waters
commonly found in this subbasin. Table 5-8 summarizes the functions of each
type found in the Dry Creek subbasin.
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Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Nontidal (Intermittent)
Habitat function of stream channels in the subbasin varies by geomorphic region.
In most of the foothills/valley region, the stream channel is surrounded by a
corridor of grassland vegetation 100 feet wide or wider. Vegetation
characteristic of seasonal wetlands and alkali wetlands (saltgrass [Distichlis
spicata], alkali heath [Frankenia salina], brass buttons [Cotula coronopifolia]) is
found in patches in and along the stream channel. These areas provide habitat for
wetland plant species, including rare halophytes such as San Joaquin spearscale
and brittlescale (Atriplex depressa), which have been documented in adjacent
Briones Creek subbasin (CNDDB 2003). Unvegetated creek banks in the
subbasin may provide habitat for Burrowing Owl, which has been documented in
the adjacent Deer Creek subbasin (CNDDB 2003).
In the lower valley/plain region, the creek is surrounded by residential
development and a golf course, with only a narrow corridor of open space
remaining.
Palustrine Aquatic Bed/Unconsolidated Bottom (Golf Course and
Stock Ponds, Reservoir and Detention Basin)
PAB/UB wetlands in the subbasin provide varying levels of habitat function.
Stock ponds in the foothills/upper valley region are surrounded by grassland. If
these stock ponds are seasonal, they may provide habitat for salamanders such as
CTS, which has been documented in the subbasin (CNDDB 2003). Golf course
ponds, Dry Creek Reservoir (which is too small to be classified as lacustrine
impounded), and Dry Creek Detention Basin are landscaped and lack complex
vegetation structure, limiting their habitat function. None of the PAB/UB
habitats in the Dry Creek subbasin retain well-developed marsh vegetation on
their fringes.
Palustrine Persistent Emergent (Seasonal, Alkali)
PPEM wetlands in the subbasin are mostly found in two areas. A cluster of
PPEM wetlands is found at the headwaters of Dry Creek. This cluster is
surrounded by grassland and may provide valuable habitat for salamanders such
as CTS and for fairy shrimp. Molestan blister beetle (Lytta molesta), which is
associated with vernal pool vegetation, has also been documented in the vicinity.
A second cluster of PPEM wetlands is found along the southern branch of Dry
Creek just upstream of the point where the creek is channelized and turns due
north. These wetlands are characterized by alkali vegetation. They adjoin
residential development and a golf course to the north, and grasslands to the
south. These wetlands provide habitat for halophytes, potentially including rare
species such as San Joaquin spearscale, documented in Briones Creek, the
adjacent subbasin to the west.
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Both clusters of wetlands are located in areas of Pescadero clay loam soil, a soil
map unit that contains 10 to 20% alkaline soils (Welch 1977). Both clusters of
wetlands are alkaline.

Water Quality
Riverine Nontidal (Intermittent)
Channel vegetation found in Dry Creek captures and filters sediments and
nutrients from upstream rural residences and agricultural activities, such as
grazing. In addition, sediment generated from use of unpaved roads is trapped by
channel vegetation. Development has restricted the water quality functioning by
reducing the width of vegetated corridors alongside the channel and
modifications to the channel shape, particularly in the lower subbasin.
Palustrine Aquatic Bed/Unconsolidated Bottom (Golf course and
Stock Ponds, Reservoir and Detention Basin)
Stock ponds in the upper subbasin and golf course ponds in the lower subbasin
affect water quality by encouraging nutrients cycling. These ponds commonly
contain high amounts of nutrients from animal waste and high temperature water.
This combination encourages the creation of bioavailable forms of nitrogen and
phosphorus. Growth of algae and aquatic macrophytes are accelerated in
nutrient-rich waters such as these. Golf course ponds also help to trap and store
residual fertilizer and herbicides contained in runoff from lawn maintenance
activities.
The Dry Creek Reservoir and Detention Basin allow suspended sediment to settle
out of the water column. Metals and other contaminants adsorbed to the
sediment particles would also be removed in this manner. This would improve
water quality downstream when the water is released from the reservoir.
Palustrine Persistent Emergent (Seasonal, Alkali)
Urbanization in this subbasin has degraded the water quality functioning of
PPEM wetlands in lower Dry Creek. Under natural conditions, vegetation
growing within seasonal depressional and alkali wetlands would provide
filtration of sediments and infiltration of water to subsurface soils. Without
vegetation and its underground root structure, sediment is scoured and
transported downstream during storm events where impacts to residences may be
felt.
Alkali wetlands are an important mineral sink for the subbasin. Depressional
wetland areas within the landscape capture and retain minerals flushed from
surrounding soils. These wetland soils build up high concentrations of salts, thus
creating unique habitat for halphytic plants. High flows through these wetlands
will transport the salts downstream to creeks or other depressional areas.
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Hydrologic Cycling and Flood Storage
Riverine Nontidal (Intermittent)
The stream channel in the lower subbasin has been altered to attain control of
flooding. To do this, the channel has been straightened and forced into culverts
to direct floodwaters quickly through the system. Unfortunately, flood plain
areas have been reduced to small corridors or removed from functional use by
residential developments. This interruption to the natural hydraulic pathway of
the creek has reduced development of a riparian corridor, which in turn reduces
water quality functioning and wildlife habitat.

Palustrine Aquatic Bed/Unconsolidated Bottom (Golf Course and
Stock Ponds, Reservoir and Detention Basin)
Stock and golf course ponds contribute minor amounts of water to underlying
groundwater supplies. Because of their location in depressional areas, these
ponds can function to store floodwaters. They also contribute water vapor to the
atmosphere through evaporation.
The Dry Creek Reservoir and Detention Basin are connected to the larger flood
control network that was developed to store, divert, and move floodwaters away
from urban development areas. The Dry Creek Reservoir remains dry until
floodwaters exceed a defined level and are diverted to the reservoir. Once filled,
the reservoir holds the floodwater until flows within the channel have declined
before releasing the water downstream.

Palustrine Persistent Emergent (Seasonal, Alkali)
Similarly to PAB/UB ponds, PPEM wetlands contribute to groundwater, the
atmosphere, and flood storage. However, the addition of vegetation growing
within and around PPEM wetlands increases the effectiveness of these functions.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
There is limited potential for improvement of wetland function in Dry Creek.
Table 5-8 summarizes the overall quality of wetland types and opportunities for
preservation and restoration. The following measures would help maintain and
enhance functioning of jurisdictional wetlands and waters in this subbasin.
Protect alkaline wetlands from adjoining residential development,
particularly in the upper and southernmost areas of the subbasin.
Improve riparian corridor in downstream reaches where the creek runs
through residential neighborhoods (opportunities to develop community
parks, educational programs, etc). Improving the lower creek would help
water quality by encouraging filtration and enhancing flood storage
capabilities.
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Protect the upper subbasin from overgrazing and residential development.
Maintain dirt roads to reduce sediment inputs to the channel.

5.2.7 Briones Creek
Physical Setting
This subbasin covers approximately 4,500 acres, representing approximately 3%
of the inventory area. Figure 5-9a shows the location of jurisdictional wetlands
and waters found in the Briones Creek subbasin.

Geology
The northwest/southeast alignment of the Briones Creek subbasin (similar to the
alignment of Deer, Sand, and Upper Marsh Creeks) is a structural feature
according to regional compression and faulting around the Mount Diablo
complex. In the Briones Creek drainage, bedrock beneath the hills to the north
and south of the valley bottom consists of sediments from the Great Valley
sequence (Cretaceous), including sandstone and siltstone members. Towards the
base of the hillslopes transitioning to the valley bottom are found Quarternary
alluvial fans and fluvial fan deposits from the Pleistocene and younger Holocene
alluvial fan deposits in the lower half of the subbasin. The Pleistocene deposits
are less permeable than the Holocene deposits.

Soils
Altamont-Fontana silty clay loam soils are found on the north and south ridges of
the Briones Creek subbasin. The valley cuts through Rincon clay loam and
Capay clay as it flows from northwest to southeast. These soils have slow
permeability but a high runoff potential. Vernal pool wetlands form in
depressions within the topography of these clay soils.

Climate
Due to the influence of Mount Diablo’s rain shadow, annual average rainfall for
the Briones Creek watershed ranges from approximately 19 inches at the
headwaters to approximately 14 inches at its confluence with Marsh Creek. The
great majority of this rainfall comes in the late fall, winter, and early spring. The
long dry season contributes to the absence of perennial streams in the subbasin.
Like the other subbasins, many of the depressional wetlands in the Briones Creek
subbasin hold water on a seasonal basis and are dry for much of the year.
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Hydrology and Land Use
Briones Creek flows from northwest to southeast for approximately 13 miles
from its headwaters to the confluence with Marsh Creek near the Marsh Creek
Reservoir. Streams in the subbasin are mostly ephemeral, with flashy, short
duration surface flows. The channel is highly sinuous and mobile, probably
owning to the shallow, highly erodable alluvial soils through which it runs. The
channel is extremely incised in most reaches of the creek. Channel incision of 15
feet or greater was noted at a few locations. Existing channel incision and
predominant soil type provide few favorable areas for in-channel wetland
formation and flood plain development in this basin. Water features are
commonly stock watering ponds in this basin. Alkali wetlands can be found in
the lower reaches of the creek.
Cattle grazing with patches of residential and agricultural use are the common
land use in this basin. Grazing activities in this basin likely increase sediment
loading downstream and possibly increase sinuosity. East of Deer Valley Road,
much of the subbasin is managed for conservation and recreation as part of the
John Marsh State Historic Park.

Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the Briones Creek subbasin include three of
the general types described in Chapter 4.
Riverine nontidal (intermittent).
PAB/UB (agricultural ponds).
PPEM (seasonally flooded, vernal pools, and alkali).
PPEM wetlands account for most of the jurisdictional wetlands and waters
acreage in the subbasin, with the PAB/UB category also making up a significant
amount of the acreage. Mapped jurisdictional wetlands and waters in the Briones
Creek subbasin are generally located in or adjacent to the creek itself, with the
exception of agricultural ponds. Clusters of northern claypan vernal pools and a
large alkali wetland are found southeast of the intersection of Deer Valley Road
and Briones Valley Road (Contra Costa County 1996). Vernal pools and alkali
wetland were also mapped in the western part of Briones Valley (Contra Costa
County 1996).
Figure 5-9b shows representative photos of jurisdictional wetlands and waters
commonly found in this subbasin. Table 5-9 summarizes the functions of each
type found in the Briones Creek subbasin.
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Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Nontidal (Intermittent)
Much of the channel and banks of Briones Creek are generally unvegetated,
providing habitat for a limited group of species. Portions of the channel bottom
show signs of compaction by cattle. Ground squirrel activity is high in this
subbasin, providing potential habitat for burrowing owls who may nest in the
creek banks and forage in the surrounding grasslands. Burrowing owls have
been documented in the Deer Creek subbasin to the north (CNDDB 2003). The
incised channel and eroding banks lead to high water temperatures and fine
sediment loads, degrading the creek’s habitat quality for fish.
Scattered trees are found along the creek channel. Small patches of marsh
vegetation are found in some incised portions of the creek channel where pools
have formed. Although these patches of marsh vegetation are small, they provide
potential habitat for species that cannot use other portions of the creek.
Palustrine Aquatic Bed/Unconsolidated Bottom(Agricultural Ponds)
Ponds in the Briones Creek subbasin may provide drinking water, foraging
habitat, breeding habitat, and resting habitat for a variety of wildlife.
Agricultural ponds in the subbasin generally lack emergent vegetation and suffer
from eutrophication due to nutrient inputs from livestock, decreasing their habitat
value for wildlife. Ruderal species such as cocklebur (Xanthium spp.) dominate
the shoreline vegetation around some ponds (Contra Costa County 1996), while
the shorelines of other ponds are unvegetated. Amphibians such as CTS, which
has been documented in the subbasin (CNDDB 2003), may use seasonal stock
ponds for breeding habitat.
Palustrine Persistent Emergent (Seasonally Flooded, Vernal Pools,
and Alkali)
Seasonal
Seasonal wetlands in the upper portion of the subbasin lack vegetation, although
many of these wetlands are surrounded by grasslands and provide some habitat
value for most species. Seasonal wetlands in the lower portion of the subbasin
are located within a state park and managed for conservation. CTS, which has
been documented in the subbasin within the state park (CNDDB 2003), may use
these wetlands for breeding. Some seasonal wetlands in this subbasin may
function like vernal pools, providing habitat for species discussed below.
Vernal pools
Vernal pools in the subbasin are found in shallow depressions in impervious clay
soils and are dominated by common vernal pool plant species, such as Vasey’s
coyote thistle (Eryngium vaseyi) and slender popcorn flower (Plagiobothrys
stipitatus var. micranthus) (Contra Costa County 1996). Vernal pools in this area
provide habitat for two species of rare fairy shrimp (Branchinecta lynchi and
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Linderiella occidentalis), which have been documented in the subbasin (CNDDB
2003). Molestan blister beetle, a rare species that is found in vernal pool
vegetation, has been documented in the vicinity (CNDDB 2003), and may use
vernal pool habitat in the subbasin.
Alkali
Alkali wetlands in the subbasin are a mixture of valley sink scrub, dominated by
iodine bush (Allenrolfea occidentalis), alkali heath (Frankenia salina), saltgrass
(Distichlis spicata), as well as unvegetated alkali scalds. These wetlands provide
habitat for rare plant species such as the San Joaquin saltbush. San Joaquin
saltbush has been documented in this subbasin, as well as to the north in the Sand
Creek subbasin.

Water Quality
Riverine Nontidal (Intermittent)
Limited vegetation on the banks and within intermittent reaches of Briones Creek
causes sediment to erode from the banks and transport to downstream reaches.
The lack of riparian vegetation along streambanks, together with livestock use of
the banks and channel, further encourages channel erosion and downcutting. The
vegetation that does thrive within and immediately adjacent the channel helps
capture sediment. This vegetation does little to lower or maintain water
temperature through shading.
Palustrine Aquatic Bed/Unconsolidated Bottom (Agricultural Ponds)
Agricultural ponds scattered throughout the basin function to contain nutrients
deposited from nearby sources, such as cattle. These shallow, unvegetated ponds
often hold warm water, which encourages growth of bacteria and algae.
Palustrine Persistent Emergent (Seasonally Flooded, Vernal Pools,
and Alkali)
Seasonal wetland features in the Briones Creek subbasin have reduced water
quality functioning because they lack vegetation, and consequently have a low
capacity for sediment filtration and nutrient cycling. Due to the fine grain size of
the clay soils and overgrazing in this subbasin, water quality within these
seasonal pools tends to be turbid and high in nutrients.

Hydrologic Cycling and Flood Storage
Riverine Nontidal (Intermittent)
Tributary stream channels of Briones Creek appear to have small floodplain
areas. During storm events, water is forced quickly to the mainstem channel and
downstream. High water velocity due to low permeability and high runoff
potential of the soils cause the stream channel to downcut, as opposed to
developing a floodplain. Only modest contributions to groundwater recharge are
made through this water feature.
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Palustrine Aquatic Bed/Unconsolidated Bottom (Agricultural Ponds)
The majority of agricultural ponds in the subbasin are located at the base of small
drainages. Storage of these waters may contribute modest amounts of water and
subsurface groundwater.
Palustrine Persistent Emergent (Perennial Treatment, Seasonally
Flooded, and Alkali)
Seasonal wetlands found in Sand Creek function as flood storage during storm
events. Storage of water in depressional areas encourages modest contributions
to subsurface groundwater and water vapor.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
Wetland functioning would increase in the middle and upper portions of the
Briones Creek subbasin if livestock access to the creek and selected wetlands
were restricted, at least seasonally. Native vegetation would return to the creek,
providing increased food sources, diverse habitat for wildlife, and improving
water quality. Vegetation would reduce fine sediments and water temperature,
improving habitat conditions for fish and downstream water quality, and
potentially allowing rare plant species to colonize alkali wetlands in the subbasin.
Creek incision and streambank erosion would be reduced by increased growth of
vegetation. Reduced grazing pressure on aquatic resources would also improve
flood storage and groundwater recharge functions. Table 5-9 summarizes the
overall quality of wetland types and opportunities for preservation and
restoration.
A restoration priority for the Briones Creek subbasin would be to restrict cattle
from the creek channel by using fencing.

5.2.8 Kellogg Creek
Physical Setting
This subbasin covers approximately 20,700 acres, representing approximately
12% of the inventory area. Figure 5-10a shows the location of jurisdictional
wetlands and waters found in the Kellogg Creek subbasin.

Geology
Bedrock in the Kellogg Creek drainage basin consists of Late Cretaceous
sandstone interbedded with shale and siltstone. Sandstone beds can be 33 feet
thick with approximately 3 to 6.5 feet of interbedded siltstone and mudstone.
Undivided surficial Pleistocene and Holocene deposits are found southeast
Aquatic Resources Inventory, Classification, and
Function for East Contra Costa County
HCP/NCCP Inventory Area

October 2006

5-49

J&S 01478.01

Chapter 5. Analysis and Results

East Contra Costa County Habitat Conservation
Planning Association

towards the delta. Alluvial fan deposits are found close to the creek’s outlet to
the delta.

Soils
Wetlands tend to be found in areas of poorly drained valley fill soils such as
Brentwood clay loam, Pescadero clay loam, and Rincon clay loam. The majority
of wetlands in Kellogg Creek are found in Altamont clay and Rincon clay loam
soils. However, the majority of the basin is made up of bands of Los Osos clay
loam and the Altamont-Fontana complex and small patches of other soil types.
Los Osos clay loam occupies the highest elevations of the basin. This soil type is
found on 15% to 30% slopes and roots can penetrate to 25 to 40 inches.

Climate
Average annual rainfall in the Kellogg Creek drainage is 16 inches.

Hydrology and Land Use
The Kellogg Creek drainage basin encompasses 20,863 acres largely owned and
managed by the Contra Costa Water District. The Los Vaqueros Reservoir
occupies a large portion of the upper watershed. This reservoir can store up to
100,000 acre-feet of drinking water. Major tributaries draining to the reservoir
are Horseshoe, Upper Kellogg, Mallory, Adobe Creeks and Fig Pig Gulch.
Tributaries draining to Kellogg creek downstream of Los Vaqueros are Mariposa,
Buckeye, Kit Fox, and Eagle Creeks. These tributaries are ephemeral. However,
there are some reaches that hold water for long periods of time perhaps because
of year-round agricultural return flows.
This drainage basin crosses three geomorphic regions: montane, foothill/upper
valley, and the Sacramento–San Joaquin Delta region. Wetland types and
distribution differ between regions. The area surrounding and draining to the
reservoir lies in the montane region. Apart from the Los Vaqueros Reservoir,
wetlands in this region are mostly stock ponds located along stream channels.
The area from the dam downstream to the crossing of Vasco Road falls in the
foothills/upper valley region. The wetlands in this region largely consist of
riparian woodland, stock ponds, and seasonal depressional wetlands.
Downstream of Vasco Road, the subbasin is located in the Delta region. The
creek channel in the Delta region has been modified for flood conveyance and
irrigation. Jurisdictional wetlands and waters in this area are riparian woodland,
irrigation ditches and ponds, and seasonal wetlands.
Most of the Kellogg Creek subbasin is managed to protect water quality of
waters stored by the Los Vaqueros Reservoir. Watershed protection lands are
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also used for grazing. The Delta portion of the subbasin is used principally for
crop production. Less than 5% of the land is covered by impervious surfaces.

Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the Kellogg Creek subbasin include five of
the general types described in Chapter 4.
Riverine nontidal (intermittent and lower perennial).
Palustrine forest and scrub.
PAB/UB (ponds).
Lacustrine impounded.
PPEM (perennial, seasonally flooded, and alkali).
Apart from the Los Vaqueros reservoir, PPEM wetlands account for most of the
jurisdictional wetlands and waters in the subbasin, with palustrine forest also
making up a significant amount of the acreage. Mapped jurisdictional wetlands
and waters in the Kellogg Creek subbasin are generally located in or adjacent to
the creek itself. Palustrine forest is principally found at the transition from the
foothills/upper valley region to the Delta region. Alkali wetlands are mapped in
Pescadero clay loam soils in the foothills/upper valley region adjacent to Eagle
and Kit Fox Creeks.
Figure 5-10b shows representative photos of jurisdictional wetlands and waters
commonly found in this subbasin. Table 5-10 summarizes the functions of each
type found in the Kellogg Creek subbasin.

Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Nontidal (Intermittent)
Intermittent streams in the subbasin are surrounded by grasslands and woodland
vegetation. In some reaches, riparian woodland and emergent marsh vegetation
are well developed adjacent to the stream channel. These reaches are located in
the montane and foothills/upper valley regions, which are protected from
development in order to protect water quality in the Los Vaqueros Reservoir.
They provide habitat for a diverse group of wildlife species. In the downstream
portion of the foothills/upper valley region, grazing pressure is higher, but the
banks of intermittent streams retain seasonal wetland vegetation and appear to be
stable.
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Riverine Nontidal (Lower Perennial)
Perennial streams in the subbasin are located in the foothills/upper valley region
downstream of the reservoir and in the Delta region. These streams are supplied
by agricultural return flows year round. In the foothills/upper valley region,
these streams are surrounded by grassland and have well-developed woodland
and marsh vegetation along their channels. They provide habitat for a diverse
group of species, including rare species such as the WPT and CRF, which have
been documented in the montane and foothills/upper valley regions of the
subbasin (CNDDB 2003).
In the Delta region, Kellogg Creek has been channelized and is surrounded by
orchards and annual cropland. While the creek channel and adjacent drainage
ditches may retain marsh vegetation, only species that can tolerate the
disturbance and lack of native vegetation in the surrounding cropland can use this
habitat.
Palustrine Forest and Scrub
Palustrine scrub in this subbasin consists of dense thickets of willow and alders
in the montane region and in the upper portion of the foothills/upper valley
region. The complex structure and dense cover that these areas provide serve
important habitat functions for a variety of species. Palustrine forest is also
found at the transition from the foothills/upper valley region to the Delta region,
where it consists of less dense woodland vegetation dominated by valley oak,
surrounded by grassland. These areas provide habitat for fewer species than
denser palustrine forest and scrub upstream.
Palustrine Aquatic Bed/Unconsolidated Bottom (Ponds)
Grazing intensity within watershed lands is relatively low, allowing for the
development of marsh vegetation around some ponds. Ponds in the montane and
foothills/upper valley region are surrounded by grassland. Seasonal ponds
provide potential habitat for CTS, which has been documented in the montane
and foothills/upper valley regions of the subbasin (CNDDB 2003). Ponds in the
Delta region are surrounded by annual cropland and orchards. These ponds
provide a lower level of habitat function.
Lacustrine Impounded
Los Vaqueros Reservoir is surrounded by grassland and woodland vegetation. It
provides habitat for species such as Great Blue Heron, Mallards, Snowy Egret,
and Double-crested Cormorant (Phalacrocorax auritus).
Palustrine Persistent Emergent (Perennially Flooded, Seasonally
Flooded, Alkali)
Perennially flooded
Perennial wetlands in the subbasin are located along perennial stream reaches.
The dominant plant species are bulrushes (Scirpus spp.) and cattails. These
wetlands are surrounded by grasslands. They provide cover, foraging and
nesting habitat for a variety of species, including CRF, which has been
documented in the subbasin (CNDDB 2003).
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Seasonally flooded
Seasonally flooded wetlands in the foothills/upper valley region are surrounded
by grassland. They therefore provide potential breeding habitat for amphibians
such as CTS, which can aestivate in adjacent uplands and has been documented
in the subbasin (CNDDB 2003). Seasonal wetlands were also mapped in the
Delta region adjacent to annual cropland. These wetlands appear to be mowed or
plowed, and provide a low level of habitat function.
Alkali
Alkali wetlands in the subbasin provide habitat for halophytes, including rare
species such as brittlescale and San Joaquin spearscale, which have both been
documented in the subbasin.

Water Quality
Riverine Nontidal (Intermittent and Lower Perennial)
Riverine water features improve water quality in upper Kellogg Creek through
contributions of cold temperature water produced from seeps and tall vegetation
shading the channel. Water quality of the lower perennial reaches of Kellogg
Creek is degraded by agricultural return flows.
Palustrine Forest and Scrub
Established vegetation found in this wetland type prevents streambank erosion,
and therefore reduces sediment transport downstream and prevents degradation
of downstream water quality.
Palustrine Aquatic Bed/Unconsolidated Bottom (Agricultural ponds)
Agricultural ponds capture nutrients and sediment generated by cattle grazing.
These ponds tend to have poor water quality due to high water temperatures and
nutrients.
Lacustrine Impounded
The Los Vaqueros Reservoir functions as drinking water storage and is
maintained to prevent degradation of water quality. The surrounding upper
watershed is also managed and protected. The management program in place
ensures water quality of the reservoir is protected from degradation and
contamination.
Palustrine Persistent Emergent (Perennial Flooded, Seasonally
Flooded, and Alkali)
Vegetation surrounding seasonal and perennial wetlands maintains high water
quality functioning. The vegetation protects against erosion and filters sediment
from stormwater. Perennial wetlands remove contaminants, such as residual
herbicides, from agricultural runoff.
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Hydrologic Cycling and Flood Storage
Riverine Nontidal (Intermittent and Lower Perennial)
The majority of intermittent reaches in Kellogg Creek allow for limited flood
storage in the valley bottom area where the topography gently slopes and a
floodplain area is present. The lower channel has been modified for flood control
and conveyance to protect against damage to developments and farmland and to
capture agricultural return flows.
Palustrine Forest and Scrub
This type of wetland is commonly found in upper Kellogg Creek and thus
conveys, rather than stores, stormwater.
Palustrine Aquatic Bed/Unconsolidated Bottom (Ponds)
The majority of agricultural ponds in the subbasin are located at the base of small
tributary drainages. Storage of these waters may contribute modest amounts of
water and subsurface groundwater.
Lacustrine impounded
Because of the large surface area of the Los Vaqueros Reservoir, a considerable
amount of water may evaporate to the atmosphere thus increasing local humidity
and influencing the climate via a “lake effect.”
Palustrine Persistent Emergent (Perennial Flooded, Seasonally
Flooded, and Alkali)
Seasonal wetlands found in Kellogg Creek function as flood storage during storm
events. Storage of water in depressional areas encourages modest contributions
to subsurface groundwater and water vapor.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
Habitat could be improved by restoring portions of the channel in the Delta
region but at the loss of adjacent agricultural land. Table 5-10 summarizes the
overall quality of wetland types and opportunities for preservation and
restoration.
Water quality would be enhanced by a sediment removal restoration project that
has been proposed and is seeking funding (Contra Costa County 2003).
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5.2.9 Brushy Creek
Physical Setting
This subbasin covers approximately 24,500 acres, representing approximately
14% of the inventory area. Figure 5-11a shows the location of jurisdictional
wetlands and waters found in the Brushy Creek subbasin.

Geology
Bedrock geology in the upper Brushy Creek drainage basin consists of Late
Cretaceous sandstone interbedded with shale and siltstone. Sandstone beds can
be 33 feet thick with approximately 3 to 6 feet of interbedded siltstone and
mudstone. Undivided surficial Pleistocene and Holocene deposits comprise
Lower Brushy Creek bedrock. Alluvial fan deposits are found close to the
Clifton Court Forebay and Delta.

Soils
Soils in the Brushy Creek drainage are strongly alkali, especially in the lower
portion of the basin. Soils in this basin have slow to very slow permeability
rates, which is conducive to wetland formation. The majority of the water
features in the upper basin are found in the Altamont Clay-Fontana silty clay
loam complex (AcF) and the Pescadero formation. The AcF complex is found on
30% to 50% slopes. Altamont soils are found on lower and north-facing slopes,
while Fontana soils are found along ridge crests and south-facing slopes. This
complex has a low potential for runoff and a high infiltration rate. The Pescadero
soils are formed from sedimentary rock and found in small inland valleys and on
basin rims in 0% to 2% slopes. Pescadero clay loam is found in stream channels
in the northwest area of the basin and has high alkali content. This soil is subject
to ponding and slow surface water runoff.
Water features in the lower basin are found in Marcuse and Solano soils. The
Marcuse series are found on slopes less than 2% and are typically saturated from
mid-December to March unless artificially drained. Marcuse clays, such as those
found in this basin, have strong alkali content and are poorly drained. Solano
soils are found in the southeastern portion of the basin and are somewhat poorly
drained. The soils retain water from November to June and dry out during the
summer. Similar to Marcuse soils, Solano soils are strongly alkali.

Climate
Average annual rainfall in this basin is 13 inches.
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Hydrology and Land Use
The Brushy Creek drainage area covers 24,422 acres of mostly agricultural lands
primarily used for grazing. Surface waters drain from an elevation of 1,220 feet
in the southwest to sea level in the northeast. This drainage basin crosses four
geomorphic regions: montane, foothills/upper valley region, lower valley/plain
region, and Sacramento–San Joaquin Delta region. Approximately 99.7% of the
stream channels in this watershed have not been structurally reinforced. Streams
are located in steep v-shaped meandering valleys. Wetlands found in the upper
basin are located in depressional areas within stream channels. The majority of
the water features in the upper basin are grazing ponds. Water features of the
lower basin consist of alkali wetland areas and agricultural ditches.
Land use consists of grazing lands in the upper basin and agricultural croplands
in the lower basin. Some areas in the western portion of the subbasin are
protected open space, part of Vasco Caves Regional State Park or Contra Costa
Water District land managed as part of the Los Vaqueros watershed.
Approximately 800 acres of Byron Airport have been set aside as a wildlife
preserve targeting San Joaquin kit fox (Williams et al. 1998). Lands covered by
impervious surfaces, such as residential or urbanized areas, comprise 5% of the
watershed, mostly in the lower basin. Channel incision, as much as 7 feet, was
noted in some portions of the watershed. Incision in this basin may be caused by
grazing pressure or poorly designed culverts.

Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the Brushy Creek subbasin include five of
the general types described in Chapter 4.
Riverine nontidal (intermittent and lower perennial).
Palustrine forest and scrub.
Riverine excavated artificial.
PPEM (seasonal, alkali, vernal pools).
PAB/UB (stock ponds, detention ponds).
Most jurisdictional wetlands and waters in the subbasin are PPEM alkali
wetlands. PPEM seasonal wetlands also account for a significant amount of
jurisdictional wetlands and waters. Most of the PPEM alkali wetlands are
located in the foothills region on areas of Pescadero clay and Solano loam. Many
alkali wetlands have been mapped in the vicinity of the Byron Airport.
Figure 5-11b shows representative photos of jurisdictional wetlands and waters
commonly found in this subbasin. Table 5-11 summarizes the functions of each
type found in the Brushy Creek subbasin.
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Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Nontidal (Intermittent and Lower Perennial)/Palustrine
Forest and Scrub
Nontidal Intermittent/Palustrine Forest and Scrub
Riverine nontidal intermittent jurisdictional wetlands and waters in the subbasin
are principally located in the foothills region. The creek channel contains many
patches of palustrine scrub dominated by willows, particularly in the upper
reaches, as well as emergent marsh vegetation dominated by bulrushes (Scirpus
spp.). These reaches of creek are surrounded by grasslands. These features
provide habitat for numerous species, including curved foot hygrotus diving
beetle (Hygrotus curvipes) which may use seasonal pools in the creek channel
and which has been documented in the subbasin. CRF has also been documented
in the subbasin.
Creek reaches at the transition from the foothills to the lower valley/plain region
lack vegetation and appear more heavily grazed. These reaches may provide
habitat for Burrowing Owl, which has been documented in the subbasin.
Nontidal Lower Perennial
Lower perennial reaches of the creek in this area occur within the Delta and
lower valley/plain regions. Many of these portions of the creek channel have
been diverted and channelized to facilitate agriculture (Contra Costa County
2003). Invasive vegetation, such as water hyacinth (Eichhornia crassipes), is
found in these portions of the creek. Creek banks in these reaches may provide
habitat for the special-status plant rose mallow (Hibiscus lasiocarpus), which has
been documented along sloughs in this area.
Riverine Excavated Artificial
Drainage ditches in the subbasin may contain marsh vegetation but are narrow
and surrounded by intensive agriculture. They provide habitat for species able to
tolerate frequent human disturbance.
Portions of the Delta-Mendota Canal are present in this subbasin, but provide
little habitat function.
Palustrine Persistent Emergent (Seasonal, Alkali, Vernal Pools)
PPEM wetlands in the foothills region are surrounded by grassland. Some of
these wetlands are in areas managed for conservation goals by the EBRPD and
CCWD. Freshwater wetlands provide habitat for a variety of species, including
special-status species such as CTS, which has been documented in the subbasin.
PPEM alkali wetlands provide similar habitat function to wildlife species. Alkali
wetlands are crucial habitat for some special-status plant species, such as San
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Joaquin saltbush and brittlescale, which have both been documented in the
subbasin.
Large areas of PPEM wetlands are also found in the lower valley-plain and Delta
regions of the subbasin. In these areas, wetlands are surrounded by intensive
agriculture, and therefore only provide habitat for species that can tolerate human
disturbance. The extensive alkali wetlands in these areas still provide suitable
habitat for special-status plant species.
While vernal pools have not been mapped for this inventory, they are known to
be present in this subbasin, and provide important habitat for species such as
Contra Costa goldfields (Lasthenia conjugens) and fairy shrimp, which have both
been documented in the subbasin.
Palustrine Aquatic Bed/Unconsolidated Bottom (Stock Ponds,
Detention Ponds)
Numerous stock ponds are located in the foothills and montane regions of the
subbasin. While grazing pressure reduces the amount of vegetation present
around these ponds, they can still provide habitat for amphibians such as CTS
and CRF, which have been documented in the subbasin.
Detention ponds in the lower valley/plain region provide little habitat value.

Water Quality
Riverine Nontidal (Intermittent and Lower Perennial)/Palustrine
Forest
In the foothills portion of the subbasin, water flows rapidly due to steep
gradients, preventing substantial filtration or settling out of sediments, nutrients
and other pollutants. In the valley portion, a restricted floodplain and high
grazing pressure limits the amount of filtration the creek can provide. Grazing
activities increase the amount of sediment moving downstream through the
watershed. Perennial reaches convey agricultural return flows to the Delta.
Waters within these reaches often contain high concentrations of nutrients and
other contaminants from agriculture and urban land use.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
Palustrine Persistent Emergent (Seasonal, Alkali)
See discussion of PPEM wetlands in Section 4.2. Several large PPEM wetlands
in the foothills region of the Brushy Creek subbasin enhance water quality by
filtering sediment and associated contaminants. Vegetated detention basins in
the valley region, function at a high level to enhance water quality through
filtration. Alkali wetlands serve as important sinks for minerals and salts
dissolved in surface waters.
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Palustrine Aquatic Bed/Unconsolidated Bottom (Stock Ponds,
Detention Ponds)
See discussion of PAB/UB habitats in Section 4.7. The majority of agricultural
stock ponds in this subbasin lack vegetation and thus function poorly to remove
sediment and improve water quality. Stormwater detention ponds improve water
quality by allowing sediment to settle out of the water column.

Hydrologic Cycling and Flood Storage
Riverine Nontidal (Perennial and Intermittent)/Palustrine Forest
These reaches of Brushy Creek function for flood storage and groundwater
recharge at a low to moderate level. In the foothills region, steep gradients
transport sediment to the creek. In the valley region, a confined floodplain
provides low potential for flood storage and groundwater recharge. Perennial
channels in the lower Delta region convey return flows to the Delta.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
Palustrine Persistent Emergent (Seasonal, alkali)
Large seasonal wetlands in the foothills region of the subbasin function at a
moderate level for flood storage due to the presence of riparian vegetation.
Seasonal and alkali wetlands contribute minor amounts to groundwater. These
wetlands provide little in terms of flood storage functions.
Palustrine Aquatic Bed/Unconsolidated Bottom (Stock Ponds,
Detention Ponds)
Stormwater detention basins function at a moderate to high level for flood
storage. Agricultural and wastewater treatment ponds function at a low to
moderate level for flood storage. Wastewater treatment ponds are not connected
to surrounding surface water features, such as creek channels or wetlands.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
Protection of sensitive alkali habitat is imperative in the Brushy Creek subbasin.
Modifying the grazing regime by reducing stocking rates and restricting access to
creek channels, especially in the dry season, would lessen sediment loading to the
creek, thus improving water quality. This would also allow development of a
riparian corridor, which would improve wildlife habitat. Water quality of sloughs
and the Delta can be enhanced through minimizing use of fertilizers and
pesticides on agricultural lands. Table 5-11 summarizes the overall quality of
wetland types.
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5.3 Lower Valley/Plain Region
East Antioch Creek, Oakley, and Lower Marsh Creek subbasins are located
primarily in the lower valley/plain region.

5.3.1 East Antioch Creek
Physical Setting
This subbasin covers approximately 7,261 acres, representing approximately 4%
of the inventory area. Figure 5-12a shows the location of wetland types found in
the East Antioch Creek subbasin.

Geology
Much like West Antioch Creek, East Antioch Creek is largely underlain by
Tertiary bedrock in its upland areas. Pleistocene alluvial fan deposits underlie
the lower flatland areas. These deposits also extend upland along tributaries
adjacent to channels. The Younger Holocene alluvial fan deposits can be found
within stream channels in the lower plains region.

Soils
The East Antioch Creek subbasin is largely dominated by clay loam soils.
Wetland habitat tends to occur in Rincon clay and clay loam complexes because
these complexes have low permeability. Low-elevation areas are dominated by
the Rincon clay and silty clay loam formation, while upland areas are dominated
by clay soils. Patches of alkali clay and clay loam are found in the upper
subbasin.

Climate
Average annual rainfall in the East Antioch Creek subbasin is approximately 13
to 14.5 inches. This subbasin receives less rainfall than West Antioch Creek,
which receives approximately 15 to 18 inches of rainfall annually. The
difference in rainfall is due to the rain shadow effect of the higher elevation of
West Antioch Creek compared to the lower elevation of East Antioch Creek.
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Hydrology and Land Use
The East Antioch Creek subbasin contains one major tributary originating in the
foothills region of the subbasin. East Antioch Creek is ephemeral and flows from
east to northwest, draining to the Delta during winter storm events. In addition to
storm flows collected in the grassland areas of the upper watershed, the creek
receives diverted runoff from streets, houses, and parking lots from urbanized
areas, the dominant land cover. Detention basins and levees have been built
along the creek to promote infiltration and prevent the floodwaters from moving
into adjacent subbasins (Contra Costa County 2003). Approximately 87% of the
main East Antioch Creek channel lies above ground (Contra Costa County 2003).
A 1-mile reach of the creek upstream of Highway 4 is underground.
Land use in the subbasin follows the typical pattern of dense urban development,
with small patches of parkland scattered throughout the subbasin. Sixty percent
of the watershed is impervious (Contra Costa County 2003). Restoration projects
in the lower subbasin are underway just upstream of Alhambra Lake and in the
tidal marsh areas close to the Delta, outside the inventory area.

Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the East Antioch Creek subbasin include six
of the general types described in Chapter 4.
Riverine nontidal (intermittent and lower perennial).
Riverine excavated artificial.
Lacustrine impounded.
Palustrine forest.
PAB/UB (detention basins).
PPEM (seasonal).
Figure 5-12b shows representative photos of jurisdictional wetlands and waters
commonly found in this subbasin. Table 5-12 summarizes the functions of each
type found in the East Antioch Creek subbasin.
Apart from the Alhambra Lake reservoir and the Contra Costa Canal, about 60%
of the jurisdictional wetlands and waters in this subbasin are palustrine
forest/scrub, while the remaining 40% are PPEM wetlands. Most of these
jurisdictional wetlands and waters are concentrated in an open space corridor
north of Highway 4. South of Highway 4, only riverine nontidal intermittent
jurisdictional wetlands and waters are found in this subbasin.
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Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Nontidal (Intermittent and Lower Perennial)
Much of East Antioch Creek has been culverted or is surrounded by dense
residential development. However, the reach of creek between Highway 4 and
Calaveras Circle is surrounded by grassland. In this area, some reaches of the
channel contain marsh vegetation and others are lined with palustrine forest.
This area provides habitat to a diverse group of wildlife species, including CRF,
which has been documented in the neighboring subbasin (CNDDB 2003).
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
Lacustrine Impounded
Lake Alhambra is surrounded by dense development and therefore provides
habitat only to species that use open water and tolerate high levels of human
disturbance.
Palustrine Forest
Two areas of palustrine forest are present in this subbasin. One of these is
located adjacent to the Bidwell School, southeast of Hillcrest Street and East 18th
Street. This area is surrounded by dense development and thus provides habitat
only for species that can tolerate high levels of human disturbance. The second
area is located in an open space corridor between Highway 4 and Calaveras
Circle. This area of palustrine forest is larger and is surrounded by grassland and
PPEM wetland, providing habitat for a greater number of more sensitive species.
Palustrine Aquatic Bed/Unconsolidated Bottom (Detention Basins)
Only two small areas totaling 0.6 acres of PAB/UB habitats are mapped in the
subbasin. These areas are surrounded by dense residential development and
therefore provide habitat for few species.
Palustrine Persistent Emergent (Seasonal and Perennial)
PPEM wetlands in the open space corridor between Highway 4 and Calaveras
Circle contain well-developed wetlands vegetation surrounded by or adjacent to
grassland, palustrine forest, and the creek channel. These wetlands may provide
habitat for a diverse group of species, including CTS and CRF, which have been
documented in this subbasin or in adjacent subbasins.

Water Quality
Riverine Nontidal (Intermittent and Lower Perennial)
Long reaches of East Antioch Creek exist as an open vegetated channel. A
section of the channel southwest of Highway 4 is located in an underground
culvert. However, the majority of the creek has been modified and relocated to
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accommodate residential housing and vehicle transportation. The vegetated
channels slow flows during high precipitation events and filter sediment and
contaminants from the water column.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
Lacustrine Impounded
Reservoirs, such as Lake Alhambra, improve water quality by settling sediment
and associated contaminants from urban runoff. Sediment and contaminants are
collected on the reservoir bottom and made unavailable to plants and wildlife
through the decomposition process. Because Lake Alhambra is near the most
downstream end of the watershed, it perhaps serves as the last filtration
mechanism to improve water quality of East Antioch Creek.
Palustrine Aquatic Bed/Unconsolidated Bottom (Detention Basins)
Stormwater detention basins function to improve water quality through filtration
of sediment and removal of urban contaminants adsorbed to sediment particles.
After the stormwater is held for a period, gates are lifted and the filtered and
settled water is allowed to pass along downstream channels or through the storm
drain network. Detention basins are particularly important at the lower end of the
watershed area because contaminants and sediment have a chance to be removed
before flowing to downstream areas and the Delta.
Palustrine Persistent Emergent (Seasonal and Perennial)/Palustrine
Forest
The riparian areas in the middle of the watershed north of Highway 4 function to
improve water quality by filtering sediments associated with new residential
construction and runoff from vehicle use on the highway. This large riparian
area is one of the few places in the watershed where contaminants contained in
surface waters have an opportunity to be removed.

Hydrologic Cycling and Flood Storage
Riverine Nontidal (Intermittent and Lower Perennial)
Flood storage in the channel has been reduced by urban development. The
watershed has been modified to accommodate storm flows in storm drain
networks leading to detention basins and reservoirs.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
Lacustrine Impounded
In addition to serving recreational functions, Lake Alhambra absorbs flood flows
from storm events. Incoming storm flows are held in the lake then slowly
released to the marsh area below the reservoir and to the Delta. Lake Alhambra
protects the residences in this flat and downstream area of the watershed from
flooding.
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Palustrine Aquatic Bed/Unconsolidated Bottom (Detention Basins)
Water held in these basins prevents storm runoff from flooding developed areas.
Detention basins are particularly important to protect developments at the bottom
of the watershed area from flooding.
Palustrine Persistent Emergent (Seasonal and Perennial)/Palustrine
Forest
The large open space area north of Highway 4 provides ample flood storage
capacity for surface waters from upper areas of the watershed. There is little
flood storage capacity in the upper subbasin because of residential developments
and relocated stream channels in culverts. The flood plain area north of
Highway 4 is large compared to other subbasins in the inventory area.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
The East Antioch Creek subbasin is dominated by dense residential and
commercial development. Wetland functioning can be maintained by preventing
development along the channel downstream of Highway 4 to encourage riparian
corridor development and improve wildlife habitat in the lower channel. This
will also provide flood storage and improve water quality. Table 5-12
summarizes the overall quality of wetland types and opportunities for
preservation and restoration.
In addition, storm drains need to be better maintained to prevent migration of
garbage and other contaminants to the stream channel. Stencilling storm drains
in this subbasin with signs indicating that they drain to the creek and the Delta
may be helpful in reducing dumping of pollutants.

5.3.2 Oakley
Physical Setting
This subbasin covers approximately 3,892 acres, representing approximately 2%
of the inventory area. Figure 5-13a shows the location of wetland types found in
the Oakley subbasin.

Geology
Brentwood dune sands, deposited in the Pleistocene and Holocene, dominate the
geology of the Oakley subbasin.
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Soils
Soils of the Oakley subbasin can be characterized as nearly level and are
dominated by Delhi sands with patches of clay loam. The Delhi sands are
ancient dune deposits. Aside from the sands, these clay loams have low
permeability and are highly alkaline. These soils will hold water for long periods
unless intentionally drained.

Climate
Average annual rainfall in the Oakley subbasin ranges from 12 to 13 inches.

Hydrology and Land Use
This subbasin lacks a naturally defined channel network. Runoff from
impervious surfaces are collected in underground storm drain networks and
conveyed to stormwater detention and retention basins, or discharged northwards
to the Delta. There are several industrial wastewater treatment ponds in this
subbasin. These ponds do not discharge to the Delta or groundwater supplies.
The tidal marshes in this subbasin are located outside the inventory area.
Land use in the Oakley subbasin is a mixture of intensive agriculture, residential,
and industrial development. However, residential developments are quickly
becoming the dominant land use in the subbasin. An active railroad line runs
through this subbasin. Maintenance and operation of rail lines involve
lubrication of the tracks and wheels with oils and greases. These contaminants
can be transported to drainage channels and ultimately to the Delta, further
degrading water quality.

Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the Oakley subbasin include four of
the general types described in Chapter 4.
Riverine excavated artificial.
Palustrine scrub/shrub.
PPEM (perennial, seasonal).
PAB/UB (stormwater and industrial wastewater treatment ponds).
Figure 5-13b shows representative photos of jurisdictional wetlands and waters
commonly found in this subbasin. Table 5-13 summarizes the functions of each
type found in the Oakley subbasin.
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Ponds (PAB/UB) associated with industry and water treatment make up
the majority of the jurisdictional wetlands and waters in this subbasin,
followed by PPEM wetlands. PPEM wetlands are located in agricultural
areas and adjacent to the Suisun Bay salt marshes. Tidal wetlands with
palustrine scrub/shrub vegetation are found adjacent to the Suisun Bay salt
marshes.

Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4. In some
cases, drainage ditches in this subbasin contain freshwater marsh vegetation and
may provide habitat for species that can use marsh vegetation surrounded by
intensive agriculture.
Palustrine Scrub/Shrub
Two patches of palustrine scrub/shrub in the subbasin are located adjacent to
tidal marshes on Suisun Bay. Although commercial and industrial development
is present nearby, these wetlands may provide habitat for a diverse group of
sensitive species. Antioch Dunes evening primrose (Oenothera deltoides ssp.
howellii) has been documented in the subbasin and may be present on remnant
river bluffs in the area. A third area of palustrine scrub/shrub is located adjacent
to intensive agriculture and industrial development. This area provides habitat
for species able to tolerate frequent human disturbance.
Palustrine Persistent Emergent (Perennial, Seasonal)
A few PPEM wetlands in the subbasin are located adjacent to the Suisun Bay
tidal marshes and provide habitat for a diverse group of species. Antioch Dunes
evening primrose has been documented in the subbasin and may be present on
remnant river bluffs in the area.
Most of the PPEM wetlands in the subbasin are surrounded by intensive
agriculture or residential development. These wetlands provide habitat for
species able to tolerate frequent human disturbance.
Palustrine Aquatic Bed/Unconsolidated Bottom (Stormwater and
Industrial Wastewater Treatment Ponds)
PAB/UB features in the subbasin are surrounded by industrial development and
provide little habitat value.

Water Quality
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
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Palustrine Aquatic Bed/Unconsolidated Bottom (Stormwater and
Industrial Wastewater Treatment Ponds)
Wastewater treatment ponds capture industrial discharge and urban stormwater
runoff function to improve water quality through filtration and settling of
sediment, thus removing urban contaminants adsorbed to sediment particles.
Water from these ponds is not released to nearby stream channels or the Delta;
thus, water quality of the surrounding environment is not affected unless the
treatment pond is not maintained and contaminants leach to the surrounding area
and underlying groundwater.
Palustrine Persistent Emergent (Perennial, Seasonal)
There is a group of perennial and seasonal wetlands on the northeast boarder of
the Oakley subbasin. These wetlands function to filter out sediment and
associated nutrients and urban runoff contaminants contained in surface runoff
flows from the surrounding area. The wetlands serve as the last surface water
filtering mechanism for that area before the water reaches the Delta.

Hydrologic Cycling and Flood Storage
Riverine excavated artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
Palustrine Aquatic Bed/Unconsolidated Bottom (Industrial
Wastewater and Stormwater Treatment Ponds) and
Palustrine Persistent Emergent (Perennial and Seasonal)
Industrial wastewater ponds and seasonal wetlands provide little flood storage
capacity. Stormwater treatment ponds function to capture and retain runoff
waters from surrounding impervious surfaces. The perennial and seasonal
wetlands near the Delta help stabilize the shoreline from wave erosion during
high winds.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
The following measures are advisable to maintain and enhance the functioning of
jurisdictional wetlands and waters in this subbasin.
Protect perennial and seasonal wetlands adjacent to Suisun Bay tidal marshes
on the northeast portion of the subbasin.
Maintain industrial wastewater treatment ponds to prevent contamination of
the Delta.
Limit the increase in impervious surfaces within the subbasin to prevent
impacts on adjacent tidal wetlands.
Table 5-13 summarizes the overall quality of wetland types.
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5.3.3 Lower Marsh Creek
Physical Setting
This subbasin covers approximately 10,454 acres, representing approximately
6% of the inventory area. Figure 5-14a shows the location of wetland types
found in the Lower Marsh Creek subbasin.

Geology
Lower Marsh Creek is underlain by a variety of Quaternary deposits that have
been recently mapped in detail by Helley & Graymer (1977). Downstream of the
confluence with Briones Creek, the Lower Marsh subbasin consists of Holocene
levee-overbank deposits (Qhl), which are generally porous and permeable;
alluvial fan deposits (Qhaf), which are generally more gravelly; and finer
Holocene basin deposits (Qhb) comprising silty clay and clays. To the north
toward the San Joaquin river channel are found Quaternary dune sands (Qds) that
originate from the lower sea levels of the Last Glacial Maximum (LGM) and
provide very well-draining soils.

Soils
Soil in and adjacent to the Marsh Creek channel from the Marsh Creek Reservoir
to just downstream of the confluence with Sand Creek is Sorrento silty clay loam.
The creek cuts through a band of Rincon clay loam, and then through alternating
patches of Delhi sand, Sorrento silty clay loam with a sandy substrate, and
Sycamore silty clay loam.

Climate
Annual average rainfall in the entire Marsh Creek watershed is 17 inches.

Hydrology and Land Use
Marsh Creek becomes perennial at its confluence with Dry Creek. From its
confluence with Sand Creek to its mouth in the Delta, the creek is confined to a
trapezoidal channel that functions to quickly convey floodwater downstream.
Vegetation in the Lower Marsh Creek channel is not chemically managed.
Riparian vegetation growing along the channel banks, including areas of
freshwater marsh, is dominated by cattails and hardstem bulrush (Scirpus acutus)
and areas of seasonal wetland dominated by rabbit’s root grass (Polypogon
monspeliensis) and dotted smartweed (Polygonum punctatum). However, marsh
and riparian vegetation is cleared regularly, and the channel is periodically
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dredged (Robins and Cain 2002). The southernmost portion of the subbasin is
located at the transition between the foothills/upper valley and lower valley/plain
regions. A portion of this area west of the Marsh Creek channel consists of
rangeland containing several stock ponds and seasonal wetlands. The reach from
the Marsh Creek Reservoir to the confluence with Dry Creek runs through a
corridor of palustrine forest surrounded by agricultural fields. The reach from
Dry Creek to the confluence with Sand Creek is surrounded by residential
housing and is therefore restricted from meandering or floodplain inundation.
Land use in this portion of Marsh Creek is largely residential and industrial with
patches of agricultural farmland. The southernmost portion of the subbasin,
between Concord Avenue and the reservoir, is located within John Marsh State
Historic Park. Creekside Park, a small municipal park, surrounds a short reach of
Marsh Creek between Arlington Way and Balfour Road. There are two active
railroad lines that run through this subbasin. Maintenance and operation of rail
lines involve lubrication of the tracks and wheels with oils and greases. These
contaminants can be transported to drainage channels and ultimately to the Delta,
further degrading water quality.

Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters types in the Lower Marsh Creek subbasin
include six of the general types described in Chapter 4.
Riverine nontidal (intermittent and lower perennial).
Riverine tidal (lower perennial).
Riverine excavated artificial.
Palustrine forest.
PAB/UB (stock ponds, wastewater treatment ponds).
PPEM (seasonal).
Figure 5-14b shows representative photos of jurisdictional wetlands and waters
commonly found in this subbasin. Table 5-14 summarizes the functions of each
type found in the Lower Marsh Creek subbasin.
Apart from the aqueduct and wastewater treatment plant, riverine lower perennial
areas make up most of the jurisdictional wetlands and waters in this subbasin,
with significant areas of PPEM as well. Outside of the creek channel itself,
nearly all of the jurisdictional wetlands and waters in the subbasin are located
south of the confluence with Dry Creek and consist of palustrine forest along the
channel and stock ponds and seasonal wetlands in rangeland.
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Functions of Jurisdictional Wetlands and Waters
Habitat
Riverine Nontidal (Intermittent and Lower Perennial)/Palustrine
Forest
South of Creekside Park, most of the creek channel is surrounded by palustrine
forest or grasslands. This reach of the creek is likely to be somewhat sediment
starved because of its location just downstream of Marsh Creek Reservoir.
However, the reach provides habitat for a variety of wildlife.
Downstream of Creekside Park, the channel is frequently disturbed and is
surrounded by development or intensive agriculture, limiting its habitat value.
Riverine Tidal (Lower Perennial)
These features are formed near the mouth of Marsh Creek. The portion of the
creek closest to the mouth provides important riverine mudflat and tidal marsh
habitat for many species, but it is outside the inventory area. The portion in the
inventory area is surrounded by intensive agriculture and consists of a trapezoidal
flood control channel, providing limited habitat value.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
Palustrine Aquatic Bed/Unconsolidated Bottom (Stock Ponds)
Seasonal stock ponds in the southern portion of the subbasin may provide habitat
for amphibians such as CTS, which has been documented in this area of the
subbasin (CNDDB 2003).
Palustrine Persistent Emergent (Seasonal)
Seasonal PPEM wetlands in the Lower Marsh Creek subbasin are located
principally in the grazing land in the southern portion of the subbasin. These
wetlands, while largely unvegetated, still provide potential habitat for amphibians
such as CTS and invertebrates such as fairy shrimp (Branchinecta lynchi) and
molestan blister beetles (Lytta molesta), all of which have been documented in
this area of the subbasin (CNDDB 2003).

Water quality
Riverine Nontidal (intermittent and lower perennial)
Lower Marsh Creek downstream of Marsh Creek Reservoir captures
contaminants contained in urban runoff from surrounding residential housing and
agricultural fields. Contaminants such as oils and grease, carbon particulates,
and nutrients from fertilizers are washed to the channel and conveyed
downstream. These contaminants are adsorbed to fine sediments and transported
into the channel. Although reaches of the channel within residential
neighborhoods have been planted with grass, shrubs, and trees to provide
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filtering of runoff waters, the primary function of the channel in this area is to
convey floodwaters; thus, the majority of these sediments are transported
downstream where water quality is further degraded. Sediments within Lower
Marsh Creek also contain high concentrations of mercury washed from mines
and soils higher in the watershed.
The lower perennial reach of Marsh Creek has been modified to support
agriculture and urban development. This reach carries agriculture return and
runoff flows from the surrounding developed land. Maintenance and operation
activities for active railroads can deposit oils and grease to nearby channels.
Contaminants carried from these sources, in addition to contaminants from
upland sources, degrade water quality.
Riverine Tidal (Lower Perennial)
Tidal reaches of Lower Marsh Creek mix and dilute with surface waters carried
from the upper watershed with brackish Delta water. Stable vegetation grows in
the channel in this reach. The vegetation helps to filter and remove excessive
nutrients and metals from surface and Delta waters.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
Palustrine Aquatic Bed/Unconsolidated Bottom (Stock Ponds,
Wastewater Treatment Ponds)
Wastewater treatment ponds found in the Lower Marsh Creek subbasin are part
of the treatment process for the City of Brentwood Sunset Wastewater Treatment
Plant. Wastewater treatment ponds function to improve water quality through
filtration and settling of sediment, thus removing urban contaminants adsorbed to
sediment particles. Water from these ponds is not commonly released to nearby
stream channels, so water quality of the surrounding environment is not
degraded. Similarly, stock ponds remove sediment from the water column.
However, use of these ponds by cattle degrades water quality through high
concentrations of nutrients and high turbidity from trampling of the soils.
Palustrine Persistent Emergent (Seasonal)
Seasonal wetlands found on grazed lands function to filter out sediment and
associated nutrients and urban runoff contaminants contained in surface runoff
flows from the surrounding area. These wetlands can serve as the last surface
water filtering mechanism before the water reaches the Delta.

Hydrologic Cycling and Flood Storage
Riverine Nontidal (Intermittent and Lower Perennial)
Because of residential developments in the flatland areas low in the watershed,
creek channels have been modified to convey floodwaters quickly to the Delta.
Floodwaters from this subbasin are carried to the Delta through these engineered
channels, as well as culverts and storm drain networks.
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Riverine Tidal (Lower Perennial)
Vegetation growing in tidally influenced reaches of Lower Marsh Creek provides
structure against bank erosion due to wave action. This is particularly important
during storm events when waves become large and more forceful.
Riverine Excavated Artificial
See discussion of the Contra Costa Canal in Section 4.5 of Chapter 4.
Palustrine Aquatic Bed/Unconsolidated Bottom (Stock Ponds,
Wastewater Treatment Ponds) and Palustrine Persistent Emergent
(Seasonal)
Ponds and seasonal wetlands provide little flood storage capacity.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
There are many opportunities for restoration in the Lower Marsh Creek subbasin
to improve habitat and water quality. Table 5-14 summarizes the overall quality
of wetland types and opportunities for preservation and restoration. Listed below
are a few potential opportunities for this subbasin.
Restore vegetative and wildlife habitat to upper reaches of the channel.
Restore channel sinuosity and create step pool habitat (also works for flood
control).
Ensure wastewater treatment ponds are being properly maintained so
contaminants are not leaching to surface or groundwater supplies.
Maintain grates to stormwater drains in residential neighborhoods to reduce
recruitment of garbage and debris to the channel.
Post notices to prevent local residents from depositing oil, grease, paint, and
other chemicals down storm drains, which ultimately transport to Lower
Marsh Creek.
Enforce prevention of illegal dumping of garbage and chemicals to the
stream channels and drainage ditches.
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5.4 Sacramento–San Joaquin Delta
The Sacramento–San Joaquin Delta region supports numerous drainages, which
are treated here collectively as a single subbasin, the East County Delta
Drainages subbasin. The East County Delta Drainages include Indian, Rock,
Sand Mound, Dutch, Piper, and Taylor Sloughs, as well as False River.

5.4.1 East County Delta Drainages
Physical Setting
This subbasin covers approximately 20,385 acres, representing approximately
12% of the inventory area. Figure 5-15a shows the location of jurisdictional
wetlands and waters found in the East County Delta Drainages subbasin.

Geology
Brentwood dune sands, deposited in the Pleistocene and Holocene, underlie the
East County Delta Drainages. This deposit type extends through the northern
portion of the region. These sands are being buried by Basin Deposits found in
the surrounding areas of this region. The Basin Deposits are very fine silty clay
and clay deposits at alluvial fan edges and adjacent to bay mud.

Soils
Soils of the East County Delta Drainages can be characterized as nearly level
silty clay and clay loams. These comprise Capay clay, Brentwood clay loam,
Marcuse clay, alkali Sacramento clay, with patches of Sycamore clay, Marcuse
sand, and Rincon clay loam. A band of Delhi sands crosses the area from the
northwest towards the southwest. Aside from the sands, these soils have low
permeability and high alkali content. These soils hold water for long periods of
time unless intentionally drained.

Climate
Average annual rainfall in this subbasin is 11 inches.
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Hydrology and Land Use
Elevation in the subbasin ranges from 100 feet above sea level, towards the
south, to 20 feet below sea level, in the northeast. Water originating in the
subbasin from pumped groundwater and agricultural return flows generally flows
northeast towards the San Joaquin River and ultimately to the Delta. Additional
water for agricultural use is pumped from the Delta. Channels in this basin
consist of constructed irrigation and flood control channels, including the Contra
Costa Canal, as well as channelized sloughs. Channelized reaches of Indian,
Rock, Sand Mound, Dutch, Piper, and Taylor Sloughs are found in this subbasin,
as well as False River. These channels are perennial due to return flows from
agriculture and the conveyance of potable water. Some of these channels are
vegetated, while others are formed by impervious concrete. PPEM wetlands are
found in depressional areas along the northern and eastern edges of the subbasin
boundary. Many of these wetlands are adjacent to sloughs or drainage channels,
particularly along Old River, on the eastern edge of the subbasin.
Land use in this subbasin is dominated by agriculture, though portions are rapidly
being developed for residential use. Row crops, such as corn, are grown in fields
irrigated by groundwater and captured surface water. There are two active
railroad lines that run through this subbasin. Maintenance and operation of rail
lines involve lubrication of the tracks and wheels with oils and greases. These
contaminants can be transported to drainage channels and thence to the Delta.

Types of Jurisdictional Wetlands and Waters
Jurisdictional wetlands and waters in the East County Delta Drainages subbasin
include three of the general types described in Chapter 4.
PPEM (perennial, seasonal).
Riverine (tidal and nontidal lower perennial).
Riverine excavated artificial.
PPEM wetlands make up about 40% of jurisdictional wetlands and waters in the
subbasin. Riverine lower perennial areas account for about 20% of jurisdictional
wetlands and waters in the subbasin.
Figure 5-15b shows representative photos of jurisdictional wetlands and waters
commonly found in this East County Delta Drainages subbasin. Table 5-15
summarizes the functions of each type found in the subbasin.
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Functions of Jurisdictional Wetlands and Waters
Habitat
Palustrine Persistent Emergent (Perennial, Seasonal)
PPEM wetlands in the subbasin are surrounded by intensive agriculture. Some of
these wetlands are themselves farmed and therefore provide habitat only for
those species that can tolerate frequent human disturbance. These PPEM
wetlands do provide habitat for plant species associated with emergent marshes
and seasonal wetlands. However, large populations of exotic ruderal species are
associated with agricultural land adjacent to these wetlands, and these exotic
species may compete aggressively with some native wetlands species. Seasonal
wetlands in the subbasin may provide habitat for vernal pool fairy shrimp, which
have been documented in the subbasin (CNDDB 2003).
Riverine Tidal and Nontidal (Lower Perennial)
Riverine habitats in the subbasin include tidal portions of Old River and an
unnamed tributary of False River along the eastern and north edges of the
subbasin, as well as nontidal drainages in the center of the subbasin. Some of
these sloughs, particularly on the northern edge of the subbasin, flow into tidal
marsh along the Suisun Bay. While these sloughs are adjacent to agricultural
areas, their proximity to tidal marsh implies that they may provide secondary
habitat for marsh species. Slough banks may provide habitat for rose mallow,
which has been documented in the area.
Riverine Excavated Artificial
The Contra Costa Canal provides very limited habitat functions, as described
above. Some artificial drainage ditches in the subbasin contain abundant marsh
vegetation and provide habitat for species able to tolerate the frequent human
disturbance associated with adjacent agricultural areas and periodic maintenance
of the ditches themselves. Larger drainage channels contain dense populations of
water hyacinth (Eichhornia crassipes), an invasive exotic plant species.

Water Quality
Riverine Tidal and Nontidal (Lower Perennial)
The lower perennial drainages have been modified to support agriculture and
urban development. These drainages carry agriculture return and runoff flows
from the surrounding developed land. Water within these channels is degraded
by fertilizers, pesticides, and heavy metals from machinery, all contributing to
reduced water quality for aquatic life. Maintenance and operation activities for
active railroads can deposit oils and grease to nearby channels. Contaminants
carried from these sources, in addition to contaminants from upland sources,
degrade water quality.
Stable vegetation grows in the channel in this reach. The vegetation helps to
filter and remove excessive nutrients and metals from surface and Delta waters.
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Tidal reaches help dilute surface waters carried from upland areas with brackish
water of the Delta.
Palustrine Persistent Emergent (Alkali)
Alkali wetlands are an important source of minerals and salts in the subbasin.
Presence of these wetlands flushes minerals from the soils; the minerals are
transported downstream and made available for uptake by aquatic life. An
overabundance of salts dissolved in the water can degrade water quality to a level
unfit for human consumption. However, concentrations of salt deposited in
alkali wetlands in this subbasin have a minimal impact on the quality of potable
water supplies.

Hydrologic Cycling and Flood Storage
Riverine Tidal and Nontidal (Lower Perennial)
Channels of the East Delta Drainages function to capture and convey agricultural
irrigation and return flows to and from the Delta. These channels function to
convey, rather than store, flood flows. Vegetation growing in these perennial
reaches provides structure against bank erosion due to wave action. This is
particularly important during storm events when waves become larger and more
forceful.
Palustrine Persistent Emergent (Alkali)
Seasonal wetlands provide little flood storage capacity.

Management Considerations for Conservation and
Enhancement of Jurisdictional Wetlands and Waters
Table 5-15 summarizes the overall quality of types of jurisdictional wetlands and
waters. Listed below are a few potential opportunities to improve habitat and
water quality for this subbasin.
Encourage farmers to reduce quantity of fertilizers and herbicides used on
fields to improve water quality of marsh areas and ultimately the Delta.
Discourage illegal dumping of garbage and chemical waste near and into
sloughs and drainage channels.
Reduce or remove invasive plant species growing within drainage channels
to encourage establishment of native plant species and ultimately native
wildlife species.
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Table 5-0. Impervious Cover and Jurisdictional Wetlands and Waters by Subbasin in the Inventory Area
Existing Condition (acres
and % of subbasin total)

Subbasin

(acres, with number mapped shown in parentheses)

Total Riverine Miles

Riverine excavated
artificial
(Aqueduct, drainage
channels)

Riverine tidal (Slough)

Riverine nontidal
(Upper and lower
perennial, intermittent)

Total WoUS Acres (and
number mapped)

Lacustrine impounded
(Reservoir)

PAB/UB and PNEM
(ponds)

Palustrine forest/scrub

PPEM (Permanent or
Seasonal [undetermined])

Pervious
Land Cover2

PPEM (Seasonal)

Impervious
Land Cover1

PPEM (Alkali)

Total
Size
(acres)

Jurisdictional Wetlands and Waters

(Miles)

Briones Creek

4,257

143 (3%)

4,384 (97%)

5 (2)

7 (3)

4 (13)

0.1 (1)

8 (8)

2 (1)

26.1
(28)

19

0

0

19

Brushy Creek

24,557

991 (4%)

23,566
(96%)

384
(60)

42 (6)

161 (55)

15 (5)

29 (48)

46
(11)

677
(185)

47

8.7

48.5

104.2

Deer Creek

4,034

901 (22%)

3,133 (78%)

6 (2)

1 (3)

7 (6)

0

10 (20)

7 (1)

31
(32)

12

0

0

12

Dry Creek

2,668

725 (27%)

1,943 (73%)

17 (7)

1 (1)

3 (7)

0

8 (25)

0

29
(40)

7

0

0.3

7.3

East Antioch
Creek

7,170

5,027 (70%)

2,143 (30%)

0

0

10 (3)

13 (3)

1 (2)

21 (2)

45
(10)

7

0.7

0.3

8

East County
Delta
Drainages

20,385

2,101 (10%)

18,284
(90%)

0

13 (5)

110 (21)

11 (2)

6 (6)

34 (5)

174
(39)

0

3

93

96

Kellogg
Creek

20,732

269 (1%)

20,463
(99%)

15 (3)

11 (4)

48 (36)

26 (20)

20 (57)

1437
(2)

1,557
(122)

56

11.5

4

71.5

Kirker Creek

9,496

3,059 (32%)

6,437 (68%)

0

12 (7)

7 (19)

43 (10)

3 (15)

7 (1)

72
(52)

41

0.2

0.4

41.6

Lower Marsh
Creek

10,454

4,654 (45%)

5,800 (55%)

0

18 (11)

46 (14)

1 (4)

26 (5)

91
(34)

4

6

10.4

20.4

0

Table 5-0 Continued

Page 2 of 2

Existing Condition (acres
and % of subbasin total)

Subbasin

(acres, with number mapped shown in parentheses)

Total Riverine Miles

Riverine excavated
artificial
(Aqueduct, drainage
channels)

Riverine tidal (Slough)

Riverine nontidal
(Upper and lower
perennial, intermittent)

Total WoUS Acres (and
number mapped)

Lacustrine impounded
(Reservoir)

PAB/UB and PNEM
(ponds)

Palustrine forest/scrub

PPEM (Permanent or
Seasonal [undetermined])

Pervious
Land Cover2

PPEM (Seasonal)

Impervious
Land Cover1

PPEM (Alkali)

Total
Size
(acres)

Jurisdictional Wetlands and Waters

(Miles)

Oakley

3,892

2,755 (71%)

1,137 (29%)

0

1 (1)

29 (10)

7 (3)

3 (1)

64 (3)

104
(18)

0

0

0.1

Sand Creek

9,611

1,261 (13%)

8,351 (87%)

11 (3)

75 (7)

13 (9)

20 (3)

17 (43)

0

136
(65)

29

2

0

31

Upper Marsh
Creek

28,375

360 (1%)

28,015
(99%)

0

1 (2)

19 (29)

171 (30)

35 (104)

31 (2)

257
(167)

90

0

0

90

Upper Mt
Diablo Creek

8,235

1,800 (22%)

6,434 (78%)

0

0.3
(2)

3 (7)

13 (4)

6 (19)

0

22.3
(32)

36

0

0

36

West Antioch
Creek

8,018

3,433 (43%)

4,586 (57%)

0

2 (1)

19 (17)

45 (14)

3 (14)

126
(2)

195
(48)

25

0.8

0.1

25.9

Willow Creek

11,372

6,018 (53%)

5,354 (47%)

0

14 (6)

52 (34)

39 (18)

10 (16)

12 (1)

127
(75)

28

0

1

29

173,256

33,497

140,030

438
(77)

180.3
(48)

503
(277)

449.1
(127)

160
(382)

1813
(36)

3,543
(947)

401

32.9

158.1

592

Total
1
2

Estimate of impervious cover mapped as urban, aqueduct, wind turbines, and landfill.
All other land cover types mapped in the HCP including grassland, chaparral, oak woodland, wetland, aquatic, irrigated agriculture, and turf.

0.1

Table 5-1. Upper Mount Diablo Creek Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic
(HGM) Class

Biological Functions

Biological
Quality

Hydrologic Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Riverine nontidal
(upper perennial and
intermittent streams)

Montane Stream
Channels

Pool and riffle formations
within the channel provide
unique habitat for rare wildlife
species, such as CRF and
juvenile fish.

High

Steep topography and transport of
sediment and large woody debris to the
channel creates step-pools, thus providing
high quality in-channel habitat for fish
and wildlife. Cold water inputs to the
channel reduces water temperature thus
improving water quality.

High

High

High

Riverine nontidal
(upper perennial and
intermittent streams)
continued

Foothill/Terrace
Stream Channels
Valley Stream
Channels

Areas protected by state parks
provide moderate to high
quality plant and wildlife
habitat. Where adjacent land is
grazed or occupied by
residential use the channel
contains less species diversity.

Moderate

Residential use in the lower subbasin has
reduced groundwater recharge and flood
storage functions. Many reaches of
stream channels have been routed
underground to prevent flood damage to
property, thus reducing hydrologic
functions.

Low

Moderate in
protected
areas
Low in
residential
areas

High in
nonresidential
areas
Low in
residential
areas

Palustrine forest
(riparian forest)

Montane StreamBanks

Rare plant and wildlife species
found in the high quality
habitat provided by upper
riparian woodlands

High

Riparian vegetation, particularly tall trees,
contributes to the formation of step-pools
when branches or tree trunks fall and
become lodged in the channel. This
improves water quality and hydrologic
functioning.

High

High

High

Palustrine persistent
emergent (PPEM)
(seasonally or
temporarily flooded
wetlands)

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins

Adjacent land is occupied by
grassland or oak woodland
habitat that is managed for
cattle grazing or open space.
High quality habitat for foothill
and valley species is found
here.

High

These wetlands function to improve water
quality through filtration of sediment and
nutrients from surface flows.

High

High

High

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB)
(ponds)

Agricultural Ponds
and Reservoirs

Breeding habitat for CTS and
other amphibians are provided
by these ponds

Moderate

Ponds function to provide small quantities
of flood storage and groundwater
recharge.

Low

Moderate

Moderate

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-2. Upper Marsh Creek Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic
Class (HGM)

Riverine nontidal upper
perennial

Montane stream
channels

Pool and riffle formations,
sandy point bars, within the
channel provide a variety of
habitats. Habitat for rare
wildlife species, such as
CRF and WPT.

High

Riverine nontidal lower
perennial

Valley Stream
Channels

Habitat quality varies
depending on adjacent land
cover (riparian forest or
grassland). CRF and WPT
occurrences documented.

Riverine nontidal intermittent

Montane stream
channels,
Foothill/Terrace
Stream Channels

Palustrine forest (riparian
forest)

Palustrine persistent emergent
(PPEM) (seasonally or
temporarily flooded wetlands)

Palustrine aquatic
bed/unconsolidated bottom
(PAB/UB) (ponds)
Impounded lacustrine

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Mercury contamination downstream of
Dunn Creek. Sediment sources.

Moderate
(most upper
perennial
reaches are
upstream of
Dunn
Creek)

High

High

Moderate

Mercury contamination. Filtration capacity
higher in eastern portion of subbasin where
high clay soils are found. High flood storage
and groundwater recharge function,
especially at transition from steep to gentle
gradients.

Low

Low

Moderate

Intact riparian forest adjacent
to channel provides high
quality habitat for species
such as CTS.

High

Mercury contamination downstream of
Dunn Creek. High clay content in the
Brentwood soils, concentrated in eastern part
of subbasin, facilitate filtration.

Low

Moderate

Moderate

Montane StreamBanks

Rare plant and wildlife
species found in the high
quality habitat provided by
upper riparian woodlands

High

Generates coarse woody debris, increasing
channel variability. Maintains cool water
temperatures.

High

High

High

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins
Agricultural ponds

Habitat quality varies with
adjacent land use. Adjacent
land is occupied by grassland
or oak woodland habitat,
sometimes overgrazed.

Moderate

Filtration capacity higher in eastern part of
subbasin because of high clay soils.
Wetlands in and adjacent to streams provide
greater water quality functioning because of
lower livestock impacts.

Moderate

Moderate

High

Breeding habitat for CTS
and other amphibians are
provided by these ponds

Moderate

Ponds function to provide small quantities of
flood storage and groundwater recharge. Instream ponds store mercury in trapped
sediments.

Low

Moderate

Moderate

Reservoir

Woodland surrounding
reservoir enhances habitat.
WPT occurrences
documented.

Low

Stores mercury in sediments on reservoir
bottom. Sediment sink results in sediment
starved waters downstream, increasing
erosivity of creek flows. Provides flood
storage and groundwater recharge.

Low

Low

Low

Biological Functions

Biological
Quality

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Hydrologic Functions

Table 5-3. Willow Creek Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic Class
(HGM)

Biological Functions

Biological
Quality

Hydrologic Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Riverine nontidal
intermittent

Foothill/Terrace Stream
channels; Valley Bottom
Stream Channels

Adjacent land cover
varies from grassland
and riparian forest to
developed. CTS and
CRF habitat in
foothills.

Moderate

Wetland vegetation in some reaches filters pollutants.
Groundwater recharge is greatest at transition zone from
foothills to valley. Some valley reaches are undeveloped and
provide flood storage and groundwater recharge. Poorly
installed culverts increase erosion.

Low

Low

Moderate

Palustrine forest
(riparian forest)

Foothill/Terrace StreamBanks

Forest corridor is
narrow and understory
may be overgrazed in
some areas.

Low

Reduce flow velocity and filter sediment. Maintain cool water
temperatures.

Moderate

Low

Moderate

Palustrine persistent
emergent (PPEM)
(seasonally or
temporarily flooded
wetlands)

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins

Fragments of tidal
marsh may provide
secondary habitat for
some species.
Seasonal wetlands
provide CTS habitat.

Low

Wetland vegetation, which is generally denser in upper
subbasin, enhances filtration. Detention basins store flood flows
and recharge groundwater.

Moderate

Low

Moderate

Riverine excavated
artificial

Aqueduct

Open water habitat for
waterfowl, shorebirds
and some amphibians.

Low

Human drinking water conveyance

Low

Low

Low

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB)
(ponds)

Agricultural Ponds,
Recreational Ponds

Vegetation generally
lacking. Stock ponds
may provide CTS
habitat.

Moderate

Some pollutants adsorb to the abundant clay soils in subbasin.
Small amount of flood storage and groundwater recharge.

Low

Low

Low

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-4. Kirker Creek Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic
Class (HGM)

Biological Functions

Biological
Quality

Hydrologic Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Riverine nontidal
intermittent

Foothill/Terrace
Stream channels;
Valley bottom
stream channels

Adjacent grassland and
woodland enhance
riverine habitat in the
foothills, where CRF
and CTS have been
documented. Adjacent
development limits
habitat function in
valley.

Moderate

Foothills provide sediment source. Poorly installed
culverts increase erosion. Restricted floodplain
reduces flood storage and groundwater recharge.
Low pH in headwaters area due to historic coal
mines.

Low

Low

Moderate

Riverine nontidal lower
perennial

Valley bottom
stream channels

Adjacent development
limits habitat function.

Low

Restricted floodplain reduces flood storage and
groundwater recharge. Problems with flooding in
developed areas. Illegal dumping compromises water
quality.

Low

Low

Moderate

Palustrine forest (riparian
forest)

Foothill/Terrace
Stream-Banks;
Valley bottom
stream banks

Forest corridor narrows
from foothills to valley.
Understory in foothills
may be overgrazed.

Low

Reduce flow velocity and filter sediment. Maintain
cool water temperatures.

Moderate

Low

Moderate

Palustrine persistent
emergent (PPEM)
(seasonally or temporarily
flooded wetlands)

Valley Bottom
depressional
wetlands, Stream
Floodplains,
Bottomlands or
Pond Margins

Floodplain wetlands
with grassland adjacent
provide habitat for CTS
and other amphibians in
the foothills.

Moderate

Wetlands in the foothills and vegetated detention
basins in the valley filter contaminants and provide
flood storage.

Moderate

Moderate

Moderate

Riverine excavated
artificial

Aqueduct

Open water habitat for
waterfowl, shorebirds
and some amphibians.

Low

Human drinking water conveyance

Low

Low

Low

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB) (ponds)

Agricultural Ponds,
Recreational Ponds

Vegetation generally
lacking. Stock ponds
may provide CTS
habitat.

Moderate

Unvegetated detention basins provide flood storage
and groundwater recharge. Stock ponds provide
these services at low levels.

Low

Low

Low

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-5. West Antioch Creek Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic Class
(HGM)

Biological Functions

Biological
Quality

Hydrologic Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Riverine nontidal
intermittent

Foothill/Terrace Stream
channels; Valley bottom
stream channels

Adjacent protected
forest and grasslands in
foothills enhance
habitat quality for
species including CTS
and CRF.

Moderate

Vegetated reaches filter contaminants. Stream reaches
in the transition zone may provide groundwater
recharge.

Moderate

Moderate

Moderate

Riverine nontidal
lower perennial

Valley bottom stream
channels

Low habitat quality due
to adjacent developed
land and culverted
reaches

Low

Sediment sink. Contaminants from urban runoff may
be trapped in bottom sediments. Naturally lined
channels provide groundwater recharge.

Low

Low

Low

Palustrine forest
(riparian forest)

Foothill/Terrace StreamBanks

Protected forest areas
provide habitat for
species including
Diablo helianthella.

High

Reduce flow velocity and filter sediment. Maintain
cool water temperatures.

High

High

High

Palustrine persistent
emergent (PPEM)
(seasonally or
temporarily flooded
wetlands)

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins

Wetlands in the
foothills provide habitat
for CTS and CRF.
Wetlands in the Lower
Valley/Plain are small
and isolated.

Moderate

Wetlands in the foothills filter contaminants and
provide flood storage.

Moderate

Moderate

Moderate

Riverine excavated
artificial

Aqueduct

Open water habitat for
waterfowl, shorebirds
and some amphibians.

Low

Human drinking water conveyance

Low

Low

Low

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB)
(ponds)

Agricultural Ponds

Stock ponds provide
habitat for CTS.

Moderate

Stock ponds provide a low level of flood storage and
groundwater recharge.

Low

Moderate

Moderate

Lacustrine impounded

Reservoir

Where adjacent land
has not been developed
or landscaped for
recreation, habitat value
is enhanced.

Low

Sediment sink. Flood storage and groundwater
recharge.

Low

Low

Low

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-6. Sand Creek Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic Class
(HGM)

Biological Functions

Biological
Quality

Hydrologic Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Riverine nontidal
intermittent

Foothill/Terrace Stream
channels; Valley bottom
stream channels

Riparian forest along some
reaches enhances habitat
quality for species such as
CRF and fish. Lack of
riparian vegetation
compromises habitat
quality in overgrazed areas.

Moderate

Sandy soils are important sediment source for
Marsh Creek. Gentle gradients and adjacent
grassland allow flood storage.

Moderate

Moderate

High

Riverine nontidal
lower perennial

Valley bottom stream
channels

Engineered trapezoidal
channel adjacent to
development provides low
habitat function.

Low

Flood water conveyance.

Low

Low

Moderate

Palustrine forest
(riparian forest)

Foothill/Terrace StreamBanks

Riparian forest along
perennial reaches of Oil
Canyon Creek provides
high-quality habitat.

High

Reduce flow velocity and filter sediment.
Maintain cool water temperatures.

High

High

High

Palustrine persistent
emergent (PPEM)
(seasonally or
temporarily flooded
wetlands)

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins

Wetlands within preserve
offer high quality habitat.
Wetlands in overgrazed
and mowed areas provide
habitat for disturbancetolerant species.

Low

Filter contaminants and provide flood storage and
limited groundwater recharge.

Moderate

Low

Moderate

PPEM Alkali

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins

Alkali wetlands in foothills
provide potential habitat
for rare species such as San
Joaquin spearscale if
livestock access is
regulated.

Moderate

Filter contaminants and provide flood storage and
limited groundwater recharge.

Moderate

Moderate

High

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB)
(ponds)

Agricultural Ponds,
Recreational Ponds

Stock ponds provide
potential habitat for CTS.

Moderate

Low level of flood storage and groundwater
recharge.

Low

Low

Low

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-7. Deer Creek Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic Class
(HGM)

Biological Functions

Biological
Quality

Hydrologic Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Riverine nontidal
intermittent

Foothill/Terrace Stream
channels; Valley bottom
stream channels

Riparian vegetation
lacking due to
overgrazing.
Streambanks may
provide burrowing
owl habitat.

Low

Erosion results in abundant fine sediment. Gentle gradient
and clay soils with high water retention allow flood storage.

Low

Low

Moderate

Riverine nontidal
lower perennial

Valley bottom stream
channels

Adjacent
development
compromises habitat
quality. Portions
have been riprapped.

Low

Flood water conveyance.

Low

Low

Low

Palustrine persistent
emergent (PPEM)
(seasonally or
temporarily flooded
wetlands)

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins

Lack of vegetation
compromises habitat
quality. Some
wetlands retain
marsh vegetation.
May provide fairy
shrimp and CTSA
habitat.

Low

Lac of vegetation due to livestock impacts limits filtration
capacity. Provide flood storage and limited groundwater
recharge.

Low

Low

Moderate

PPEM Alkali

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins
Agricultural Ponds,
Recreational Ponds

Potential special
status species habitat
if livestock access is
regulated.

Low

Heavy grazing reduces vegetation, limiting filtration
capacity. Provide flood storage and limited groundwater
recharge.

Low

Low

Moderate

Stock ponds provide
potential habitat for
CTS.

Moderate

Low level of flood storage and groundwater recharge.

Low

Low

Low

Reservoir

Potential CTS
habitat

Low

Flood storage and groundwater recharge

Moderate

Low

Low

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB)
(ponds)
Lacustrine impounded

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-8. Dry Creek Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic
Class (HGM)

Biological Functions

Biological
Quality

Hydrologic Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Riverine nontidal
intermittent

Foothill/Terrace
Stream Channels;
Valley Bottom Stream
Channels

Adjacent grassland in foothills
region enhances habitat quality for
burrowing owl and other species.
Some reaches provide habitat for
halophytic plant species such as
San Joaquin spearscale. Adjacent
development in lower valley/plain
region reduces habitat quality.

Moderate

Unpaved roads contribute fine sediment to
channel. Filtration is limited because of narrow
vegetated riparian buffers. Floodplain areas are
narrow in lower subbasin. Channel functions for
flood water conveyance.

Low

Low

Moderate

Palustrine persistent
emergent (PPEM)
(seasonally or
temporarily flooded
wetlands, mostly
Alkali)

Valley Bottom
depressional
wetlands, Stream
Floodplains,
Bottomlands or Pond
Margins

Adjacent grassland at Dry Creek’s
headwaters enhance PPEM habitat
for CTS, fairy shrimp and other
species. Other PPEM wetlands
provide habitat for halophytes such
as San Joaquin spearscale but
quality is limited by adjacent
development.

Moderate

Short stature wetlands vegetation limits the
extent of filtration. Some flood storage and
groundwater recharge.

Low

Moderate

Moderate

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB)
(ponds)

Agricultural ponds,
recreational ponds,

Stock ponds provide potential CTS
habitat. Golf course ponds and
detention basins provide little
habitat

Low

Sediment traps. Some flood storage and
groundwater recharge.

Low

Low

Low

Riverine Excavated
Artificial

Aqueduct

Open water habitat for waterfowl,
shorebirds, and some amphibians.

Low

Human drinking water conveyance

Low

Low

Low

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-9. Briones Creek Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic Class
(HGM)

Biological Functions

Biological
Quality

Hydrologic Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Riverine nontidal
intermittent

Foothill/Terrace Stream
Channels; Valley Bottom
Stream Channels

Overgrazing in foothills
region limits the development
of riparian vegetation and thus
limits habitat quality. Stream
banks provide potential
burrowing owl habitat. Lower
subbasin is in state park.

Low

Incised channel and eroding banks lead to high
sediment loads and water temperatures. Limited
floodplain development due to downcutting results in
limited flood storage. Soils with low permeability
reduce groundwater recharge potential.

Low

Low

Moderate

Palustrine
forest/scrub

Foothill/Terrace Stream
Banks; Valley Bottom
Stream Banks

Small patches of woodland
vegetation provide limited
habitat quality

Low

Sediment filtration and water cooling limited by small
size of patches

Low

Low

Moderate

Palustrine
persistent emergent
(PPEM)
(seasonally or
temporarily
flooded wetlands)

Foothill/Terrace Stream
Channels; Valley Bottom
Stream Channels; Valley
Bottom depressional
wetlands, Stream
Floodplains, Bottomlands
or Pond Margins

Overgrazing in upper
subbasin reduces habitat
quality. Most PPEM
wetlands are in lower
subbasin within state park and
provide habitat for fairy
shrimp and CTS.

Moderate

Lack of vegetation reduces filtration capacity in upper
subbasin. Greater filtration capacity in lower
subbasin. Flood storage and small amounts of
groundwater recharge.

Moderate

Moderate

High

PPEM Alkali

Same as above

Mostly within state park.
Provide habitat for halophytic
species such as San Joaquin
spearscale.

High

Short stature of vegetation limits filtration capacity.
Flood storage and small amounts of groundwater
recharge.

Low

Moderate

Moderate

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB)
(ponds)

Agricultural ponds

Potential habitat for CTS

Low

Sediment and nutrient traps. Modest amounts of flood
storage and groundwater recharge.

Low

Low

Low

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-10. Kellogg Creek Subbasin: Summary of Wetland Functions/Valuation
Hydrogeomorphic Class
(HGM)

Biological Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Riverine nontidal
intermittent

Foothill/Terrace Stream
channels; Valley Bottom
Stream channels

Adjacent grasslands provide
good habitat for a variety of
species, including CRF.

High

Outside the protected watershed area, the floodplain
is restricted and livestock access to the channel
increases erosion and nutrient delivery downstream.

Moderate

Moderate

High

Riverine nontidal
lower perennial

Foothill/Terrace and
Valley Stream channels

Agricultural land use has
degraded the quality of habitat
in these reaches. Species found
here are accustomed to human
disturbance.

Low

Poor water quality due to high nutrients and other
contaminants from agricultural return flows in the
lower subbasin. Low flood storage due to
confinement of the adjacent floodplain.

Low

Low

Moderate

Palustrine forest and
scrub

Foothill/Terrace StreamBanks

Willow, alders, oaks, and
grassland provide habitat for a
wide variety of species. Fewer
species are found closer to the
Delta.

High

Improved water quality through sediment removal.
Patches of forest and scrub locally reduce water
temperature.

Moderate

Moderate

High

Palustrine persistent
emergent (PPEM)
(seasonally or
temporarily flooded
wetlands)

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins

Intensive agriculture surrounds
wetlands and vernal pools in
the lower subbasin. Special
status plants and wildlife have
been documented throughout
the subbasin.

Moderate

Removal of sediments and associated contaminants
improves water quality. However, grazing pressure
may reduce this function in some areas.

Moderate

Moderate

High

PPEM Alkali

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins
Agricultural Ponds

Many special status plant
species. Many alkali wetlands
are stressed by adjacent
agricultural uses.

Moderate

Important sink for minerals and salts dissolved in
surface waters.

Moderate

Moderate

High

Numerous stock ponds are
found throughout the subbasin.
The ponds provide habitat for
CTS and CRF.

Moderate

Some pollutants adsorb to the abundant clay soils in
subbasin. Little flood storage and groundwater
recharge.

Low

Low

Low

Lacustrine impounded

Reservoir

Habitat for bird species is
provided by the Los Vaqueros
reservoir.

High

Human drinking water supply. Sediment and
associated contaminants settle out of the water
column here.

High

High

High

Riverine excavated
artificial

Aqueduct

Open water habitat for
waterfowl, shorebirds and
some amphibians.

Low

Human drinking water conveyance

Low

Low

Low

Functional Type

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB)
(ponds)

Biological
Quality

Hydrologic Functions

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-11. Brushy Creek Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic Class
(HGM)

Biological Functions

Biological
Quality

Hydrologic Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Riverine nontidal
intermittent

Foothill/Terrace Stream
channels; Valley bottom
stream channels

Adjacent grasslands
provide good habitat for
a variety of species,
including CRF.

High

Restricted floodplain and livestock access to the channel in
the valley reduce water quality filtration mechanisms and
flood storage capacity

Low

Moderate

High

Riverine nontidal
lower perennial

Valley bottom stream
channels

Agricultural land use has
degraded the quality of
habitat in these reaches.
Invasive aquatic plants
dominate the channels.

Low

Poor water quality due to high nutrients and other
contaminants from agricultural return flows. Low flood
storage due to confinement from agricultural use.

Low

Low

Moderate

Palustrine forest and
scrub

Foothill/Terrace StreamBanks

Scrub habitat, found in
the upper subbasin, is
often degraded by
livestock.

Moderate

Improved water quality through sediment removal. Patches
of forest and scrub locally reduce water temperature.

Moderate

Moderate

High

Palustrine persistent
emergent (PPEM)
(seasonally or
temporarily flooded
wetlands)

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins

Intensive agriculture
surrounds wetlands and
vernal pools. Special
status plants and wildlife
have been documented
here.

Moderate

Removal of sediments and associated contaminants
improves water quality. However, this function is reduced
where begetation cover is impacted by livestock.

Moderate

Moderate

High

PPEM Alkali

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins
Agricultural Ponds

Many special status
plant species. Many
alkali wetlands are
stressed by adjacent
agricultural uses.

Moderate

Important sink for minerals and salts dissolved in surface
waters.

Moderate

Moderate

High

Numerous stock ponds
are found in the upper
subbasin. The ponds
provide habitat for CTS
and CRF.

Moderate

Some pollutants adsorb to the abundant clay soils in
subbasin. Little flood storage and groundwater recharge.

Low

Low

Low

Open water habitat for
waterfowl, shorebirds
and some amphibians.

Low

Human drinking water conveyance

Low

Low

Low

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB)
(ponds)
Riverine excavated
artificial

Aqueduct

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-12. East Antioch Creek Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic Class
(HGM)

Biological Functions

Biological
Quality

Hydrologic Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Riverine nontidal
intermittent

Foothill/Terrace Stream
channels; Valley bottom
stream channels

Adjacent development
along most of creek
degrades habitat quality.
Adjacent protected forest
and grasslands in creek
reach northwest of Hwy 4
enhance habitat quality for
species including CTS and
CRF

Low

Vegetated reaches filter contaminants. Stream reaches
in the transition zone may provide groundwater
recharge.

Moderate

Low

Low

Riverine nontidal
lower perennial

Valley bottom stream
channels

Low habitat quality due to
adjacent developed land
and culverted reaches

Low

Sediment sink. Contaminants from urban runoff may
be trapped in bottom sediments. Naturally lined
channels provide groundwater recharge.

Low

Low

Low

Palustrine forest
(riparian forest)

Foothill/Terrace StreamBanks

Small patches of forest,
some surrounded by
development, provide
habitat for limited number
of species.

Moderate

Reduce flow velocity and filter sediment. Maintain cool
water temperatures.

High

Moderate

Moderate

Palustrine persistent
emergent (PPEM)
(seasonally or
temporarily flooded
wetlands)

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins

Wetlands in the Lower
Valley/Plain are adjacent
to an open space corridor,
and mayprovide habitat
for CTS and CRF.

Moderate

Well-developed wetlands vegetation filters
contaminants and provide flood storage.

Moderate

Moderate

Moderate

Riverine excavated
artificial

Aqueduct

Open water habitat for
waterfowl, shorebirds and
some amphibians

Low

Human drinking water conveyance

Low

Low

Low

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB)
(ponds)

Recreational Ponds

Recreational ponds are
surrounded by
development and provide
little habitat function.

Low

Highly disturbed ponds increase sediment mobility,
thus degrading water quality. Some flood storage and
groundwater recharge.

Low

Low

Low

Lacustrine impounded

Reservoir

Lake Alhambra is
surrounded by
development and provides
little habitat function.

Low

Provides a sediment sink and flood storage.

Low

Low

Low

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-13. Oakley Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic
Class (HGM)

Palustrine scrub

Valley Stream Banks

May provides habitat for a
variety of sensitive species,
particularly in areas adjacent to
tidal marshes.

Moderate

Palustrine persistent
emergent (PPEM)
(seasonal and
perennial)

Valley Bottom
depressional
wetlands, Stream
Floodplains,
Bottomlands or Pond
Margins
Industrial Ponds

Habitat quality varies with
adjacent land use. Adjacent
land is occupied by intensive
agriculture, mostly grazing and
row crops, or by development.

Aqueduct

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB)
(ponds)
Riverine excavated
artificial

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Scrub vegetation removes sediment and associated
contaminants through filtration of surface waters.
Vegetation at tidal fringes helps to stabilize banks from
erosion.

High

High

High

Low

Filtration capacity of vegetation improves water quality
of surface runoff waters. Little flood storage
functioning.

Moderate

Low

Low

Adjacent development limits
habitat function.

Low

Lined ponds do not provide flood storage and
groundwater recharge.

Low

Low

Low

Open water habitat for
waterfowl, shorebirds and some
amphibians.

Low

Human drinking water conveyance

Low

Low

Low

Biological Functions

Biological
Quality

Hydrologic Functions

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-14. Lower Marsh Creek Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic Class
(HGM)

Biological Functions

Biological
Quality

Hydrologic Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Palustrine persistent
emergent (PPEM)
(seasonal)

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins

Habitat quality varies with
adjacent land use. Adjacent
land is occupied by intensive
agriculture, mostly grazing
and row crops. CTS and
fairy shrimp have been
documented.

Moderate

Filtration capacity of vegetation improves water
quality of surface runoff waters. Little flood storage
functioning.

Moderate

Moderate

Moderate

Palustrine forest
(riparian forest)

Foothill/Terrace StreamBanks

Forest areas, found
surrounding the Marsh
Creek Reservoir and
upstream, provide habitat for
a variety of species.

Moderate

Reduce flow velocity and encourages sediment
removal from the water column. Maintains cool water
temperatures.

High

Moderate

Moderate

Riverine tidal and
nontidal (lower
perennial)

Coastal Plain Stream
Channels

Limited habitat in tidal
reaches due to modification
of channel banks for flood
conveyance. Frequent
disturbance and surrounding
development and intensive
agriculture limits habitat
value.

Low

Riverine channels function to capture and convey
agricultural waters. The filtration capacity of
vegetated channels is important to improve degraded
water quality of agricultural return waters.

Moderate

Moderate

Moderate

Riverine nontidal
(intermittent)

Foothill/Terrace and
Valley Stream Channels

Adjacent land use consists
of palustrine forest and
grasslands or residential and
agricultural use. Forests and
grasslands found in the
upper subbasin provides a
better variety of habitat than
land use of the lower
subbasin.

Moderate

Primary use of the stream channel is to convey
floodwaters away from developed areas. Water
quality is degraded by residential, industrial, and
agricultural use.

Low

Moderate

Moderate

Palustrine aquatic
bed/unconsolidated
bottom (PAB/UB)
(ponds)

Agricultural Ponds

Stock ponds provide habitat
for CTS.

Moderate

Stock ponds provide a low level of flood storage and
groundwater recharge. Frequently disturbed ponds
increase sediment delivery to downstream habitats.

Low

Low

Moderate

Riverine excavated
artificial

Aqueduct

Open water habitat for
waterfowl, shorebirds and
some amphibians.

Low

Human drinking water conveyance

Low

Low

Low

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.

Table 5-15. East County Delta Drainages Subbasin: Summary of Wetland Functions/Valuation

Functional Type

Hydrogeomorphic Class
(HGM)

Biological Functions

Biological
Quality

Hydrologic Functions

Hydrologic
Quality

Overall
Quality

Potential
Quality*

Palustrine
persistent
emergent (PPEM)
(seasonally or
temporarily
flooded wetlands)

Valley Bottom
depressional wetlands,
Stream Floodplains,
Bottomlands or Pond
Margins

Habitat quality varies with
adjacent land use. Adjacent land is
occupied by intensive agriculture,
mostly row crops. Exotic
aggressive ruderal species
dominate. Vernal pool fairy
shrimp have been documented.

Low

Filtration capacity of vegetation improves water
quality of surface runoff waters. However,
surrounding land uses degrades water quality. Little
flood storage functioning.

Low

Low

Moderate

Riverine tidal

Coastal Plain Stream
Channels

Marsh vegetation present in
sloughs adjacent to agricultural
lands provides habitat for a variety
of species including rose mallow,
documented in the area.

Moderate

The filtration capacity of vegetated channels improves
degraded water quality of agricultural return waters.
Vegetation prevents erosion from tidal action.

Moderate

Moderate

Moderate

Palustrine forest

Valley Stream Banks

Habitat quality limited by adjacent
intensive agriculture.

Low

Filters sediment and cools water.

Moderate

Low

Low

Riverine
excavated
artificial

Aqueduct, Drainage
channels

Open water habitat for waterfowl,
shorebirds and some amphibians.
Drainage channels may have
PPEM vegetation.

Low

Human drinking water conveyance. Flood water
conveyance.

Low

Low

Low

* “Potential” as related to management considerations or mitigation efforts as proposed here or in the HCP.
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Representative Photos of Deer Creek Subbasin

Figure 5-8a Wetland Types in Dry Creek Subbasin
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Representative Photos of Dry Creek Subbasin
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Figure 5-9b
Representative Photos of Briones Creek Subbasin
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Figure 5-10b
Representative Photos of Kellogg Creek Subbasin
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Figure 5-10b
Representative Photos of Kellogg Creek Subbasin

Figure 5-11a Wetland Types in Brushy Creek Subbasin
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Figure 5-11b
Representative Photos of Brushy Creek Subbasin
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Representative Photos of
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Figure 5-13a Wetland Types in Oakley Subbasin
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Figure 5-13b
Representative Photos of Oakley Subbasin

Figure 5-14a Wetland Types in Lower Marsh Creek Subbasin
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Figure 5-14b
Representative Photos of
Lower Marsh Creek Subbasin

Figure 5-15a Wetland Types in East Delta Drainages Subbasin
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Figure 5-15b
Representative Photos of
East Delta Drainages Subbasin

Chapter 6

Evaluation of Planning Scenario

This chapter illustrates the potential application of the aquatic resources
inventory to regional planning in the study area. The following analysis utilizes
information about aquatic resources in the study area to assess the regional
implications of a planning scenario currently under consideration in the
HCP/NCCP. This planning scenario identifies particular portions of the study
area as development areas and other portions as high, medium, or low priority for
conservation (conservation areas).
Development areas are defined in the Draft HCP/NCCP as proposed
development within the cities of Clayton, Pittsburg, Oakley, and Brentwood
excluding tidally-influenced areas along the Delta. Small areas in Contra Costa
County surrounding Byron and the Byron Airport are also included, as are
selected rural infrastructure projects outside the Urban Limit Line such as roads
and detention basins. The City of Antioch is not participating in the HCP/NCCP
so its development is not included. Up to 14,502 acres of development is
proposed in the Draft HCP/NCCP (see the Draft HCP/NCCP for details).
Not all wetlands within the development area would be lost under this scenario.
Avoidance and minimization measures would reduce wetland losses
considerably. In particular, no more than 0.6 miles of perennial and intermittent
streams and 4.0 miles of ephemeral streams are expected to be lost or degraded
under this development scenario, out of the 532 miles of streams within the
inventory area. A much greater length of stream would be protected within the
conservation area than the length lost or degraded in the development area, and
an equivalent or greater length of streams would be restored or enhanced in the
conservation area. Up to 250 acres of wetlands or wetland complexes are
expected to be lost within the development area. This loss would be balanced by
the conservation, enhancement and creation of wetlands within the conservation
areas. Wetland types and valuation rankings were compared between wetlands in
the development area and the conservation areas. The conservation area is
divided into areas of high acquisition priority, medium acquisition priority, and
low acquisition priority, based on the value of biological resources in these areas,
proximity to existing open space, and other factors (see Chapter 5 of the
HCP/NCCP for details). The wetland valuation methodology used is described
in Chapter 2. This comparison aids in understanding the overall implications of
wetland loss, conservation, enhancement and creation under this planning
scenario.
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Chapter 6. Evaluation of Planning Scenario

East Contra Costa County Habitat Conservation
Planning Association

Wetlands in the development area tend to be ranked lower in overall quality than
wetlands in the conservation area (Table 6-1). For example, approximately 44%
of the wetlands in the development area were ranked as having low overall
quality, while only 10% of the wetlands in the conservation area are ranked low.
Conversely, only 7% of the wetlands in the development area are ranked as
having high overall quality, while 15% of the wetlands in the conservation area
are ranked high. Almost a third of wetlands in the high priority acquisition
portions of the conservation area are ranked as having high quality. The
difference in wetland rankings between the development and conservation area is
due to the influence of surrounding land use, which is primarily urban and
agricultural in the development area. Wetlands were ranked lower if adjacent
land use was urban or intensive agriculture. Urban land use and intensive
agriculture in the study area is concentrated in the downstream portions of
subbasins (Figure 3-4). The development area is located in the downstream
portion of the subbasins, as well. Thus, the current planning scenario would
result in the loss of predominantly lower-ranked wetlands, and the protection of
predominantly higher-ranked wetlands.
Table 6-1. Distribution of High, Medium, and Low Ranked* Wetlands by HCP/NCCP Planning
Designation (Acres)
Extent of Wetlands by Value Rank
(Percentage of Total in Each Area)

Total Extent of
Wetlands**

High

Medium

Low

159

11 (7%)

78 (49%)

70 (44%)

High Acquisition Priority

182

56 (31%)

112 (62%)

13 (7%)

Medium Acquisition Priority

141

22 (16%)

119 (84%)

0 (0%)

Low Acquisition Priority

448

38 (9%)

366 (81%)

44 (10%)

Conservation Area Overall

751

116 (15%)

597 (77%)

58 (7%)

1,568

277 (18%)

1,066 (68%)

225 (14%)

HCP/NCCP Planning Designation
Development Area
Conservation Area

Total in Study Area***

*See Chapter 2 for Ranking Methodology.
** Wetland acreages do not include the Contra Costa Canal.
***The Study Area includes the Development Area, the Conservation Area, and other areas with neither
designation. Therefore, the total wetland areas in the Development and Conservation Areas combined are less than
the wetland area in the Study Area.

Table 6-2 describes wetland distribution, estimated impacts, and relative
conservation by subbasin.
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Table 6-2. Evaluation of Jurisidictional Wetlands and Waters by Basin, Estimated Impacts, Preservation Status, and Location Relative to
Acquisition Priorities of the HCP/NCCP

Basin / Watershed

Landcover Type

1

Total
of
Acres polygons
5.5
2
1.5
1
8.3
33
0.1
0
6.5
3
0.0
0
4.1
13
26.1
52

Within Impact Area
Number of
Acres polygons3
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0

Within Existing
Protected Lands2
Number of
Acres
polygons3
5.5
2
1.5
1
3.1
7
0.1
0
6.3
1
0.0
0
1.8
6
18.3
17

Predominant
Acquisition
Outside Impact
Priority of
Area and Existing
2
Subbasin1
Protected Lands
Number of High / Medium /
Acres polygons3 Low / None4
0.0
0
0.0
0
5.1
26
0.0
0
M
0.2
2
0.0
0
2.4
7
7.8
35

Briones

alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

Brushy

alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

326.0
45.5
29.4
14.7
42.3
42.1
144.5
644.5

42
5
48
5
5
3
46
154

18.8
0.0
0.5
0.0
0.0
0.1
0.9
20.3

3
0
2
0
0
0
1
6

157.9
1.1
7.8
3.2
3.2
27.0
11.4
211.6

11
0
12
2
0
1
13
39

149.3
44.4
21.0
11.5
39.2
15.0
132.2
412.6

28
5
34
3
5
2
32
109

H/L

Clifton Court Forebaalkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

0.0
0.4
0.0
0.0
0.0
0.0
0.1
0.5

0
5
0
0
0
0
0
5

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
0.3
0.0
0.0
0.0
0.0
0.1
0.4

0
4
0
0
0
0
0
4

0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.1

0
1
0
0
0
0
0
1

None
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1

Within Existing
Protected Lands2
0.0
0.0
0.1
0.0
0.1
0.0
0.1
0.4

Outside Impact
Area and Existing
Protected Lands2
6.4
2
6.7
1
10.0
17
0.0
0
0.4
1
0.0
0
0.7
4
24.3
25

Predominant
Acquisition
Priority of
Subbasin1

Basin / Watershed Landcover Type
Deer
alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

Total
6.4
6.7
10.2
0.0
1.4
0.0
6.8
31.6

2
1
19
0
3
0
6
31

Dry

alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

17.2
0.0
8.4
0.0
0.9
0.0
3.2
29.8

3
0
24
0
1
0
6
34

9.6
0.0
0.1
0.0
0.0
0.0
0.8
10.5

1
0
1
0
0
0
0
2

2.6
0.0
0.9
0.0
0.0
0.0
0.0
3.5

0
0
6
0
0
0
0
6

5.0
0.0
7.4
0.0
0.9
0.0
2.4
15.8

2
0
17
0
1
0
6
26

High

alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

0.0
21.2
0.6
13.3
0.0
0.0
10.0
45.1

0
1
2
3
0
0
5
11

0.0
0.0
0.1
0.0
0.0
0.0
2.3
2.5

0
0
1
0
0
0
1
2

0.0
18.0
0.5
0.0
0.0
0.0
0.0
18.5

0
1
1
0
0
0
0
2

0.0
3.2
0.0
13.3
0.0
0.0
7.7
24.2

0
0
0
3
0
0
4
7

None

East County Delta alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

0.0
48.8
5.5
11.2
13.3
83.5
109.3
271.7

0
5
6
1
5
8
19
44

0.0
0.0
0.0
0.0
7.1
13.7
39.4
60.2

0
0
0
0
1
1
4
6

0.0
0.0
4.2
11.0
0.0
52.8
1.8
69.9

0
1
1
0
0
0
0
2

0.0
48.8
1.3
0.2
6.2
17.1
68.1
141.7

0
4
5
1
4
7
15
36

Low

East Antioch

Within Impact Area
0.0
0
0.0
0
0.0
0
0.0
0
0.9
1
0.0
0
6.0
1
6.9
2

0
0
2
0
1
0
1
4

High

Page 3 of 6

Basin / Watershed Landcover Type
Kellogg
alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL
Kirker

Lower Marsh

Lower Mt. Diablo

1

Within Impact Area
0.0
0
0.0
0
0.0
0
1.1
0
0.0
0
0.0
0
0.1
0
1.2
0

Within Existing
Protected Lands2
14.8
1433.8
18.0
5.1
0.0
3.2
35.6
1510.6

Outside Impact
Area and Existing
Protected Lands2
0.0
0
0.0
0
2.4
7
20.0
9
11.2
3
1.1
0
11.9
5
46.6
24

Predominant
Acquisition
Priority of
Subbasin1

Total
14.8
1433.8
20.3
26.2
11.2
4.3
47.5
1558.3

3
2
57
11
3
1
33
110

alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

0.0
6.7
2.9
43.0
11.8
0.0
6.9
71.3

0
1
15
8
7
0
20
51

0.0
0.0
0.4
8.0
3.0
0.0
1.0
12.4

0
0
2
2
4
0
4
12

0.0
6.7
0.2
0.0
1.7
0.0
2.4
10.9

0
1
2
0
2
0
6
11

0.0
0.0
2.2
35.0
7.2
0.0
3.6
48.0

0
0
11
6
1
0
10
28

Mixed (High /
Low / None)

alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

0.0
25.7
4.7
45.9
0.0
69.5
16.5
162.3

0
3
4
5
0
3
10
25

0.0
0.0
0.7
13.0
0.0
48.3
11.6
73.5

0
0
3
2
0
0
6
11

0.0
0.0
0.0
11.2
0.0
20.9
2.8
34.8

0
0
0
1
0
1
1
3

0.0
25.7
4.0
21.8
0.0
0.4
2.1
53.9

0
3
1
2
0
2
3
11

Mixed (High /
Low / None)

alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.3

0
0
2
0
0
0
0
2

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
0.0
0.0

0
0
0
0
0
0
0
0

0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.3

0
0
2
0
0
0
0
2

Low / None

3
2
50
2
0
1
28
86

Low
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Basin / Watershed Landcover Type
Oakley
alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL
Sand

Total
0.0
64.3
2.7
6.6
0.8
0.0
28.7
103.2

1

0
3
1
3
1
0
10
18

Within Impact Area
0.0
0
0.0
0
0.0
0
1.7
1
0.8
1
0.0
0
19.4
4
22.0
6

Within Existing
Protected Lands2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0
0
0
0
0
0
0

Outside Impact
Area and Existing
Protected Lands2
0.0
0
64.3
3
2.7
1
4.9
2
0.0
0
0.0
0
9.3
6
81.2
12

alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

10.5
0.0
17.0
19.6
14.4
13.8
12.8
88.2

3
0
43
3
7
0
8
64

2.7
0.0
0.8
2.9
12.7
10.0
4.2
33.3

2
0
1
0
3
0
2
8

0.0
0.0
2.0
3.8
0.3
0.0
2.6
8.7

0
0
11
2
1
0
4
18

7.8
0.0
14.2
12.9
1.4
3.8
6.0
46.1

Upper Marsh

alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

0.0
30.7
35.3
170.5
1.0
0.0
18.8
256.4

0
1
102
13
2
0
28
146

0.0
0.0
0.0
19.9
0.0
0.0
2.2
22.1

0
0
0
2
0
0
1
3

0.0
0.1
8.8
23.7
0.0
0.0
6.3
38.8

0
1
27
2
0
0
12
42

0.0
30.7
26.6
126.9
1.0
0.0
10.3
195.5

Upper Mt. Diablo

alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

0.0
0.0
5.6
13.4
0.3
0.0
2.9
22.3

0
0
18
4
1
0
7
30

0.0
0.0
0.2
0.2
0.0
0.0
0.4
0.8

0
0
1
0
0
0
1
2

0.0
0.0
0.5
0.0
0.0
0.0
0.1
0.6

0
0
2
0
0
0
1
3

0.0
0.0
4.8
13.2
0.3
0.0
2.5
20.9

1
0
31
1
3
0
2
38

Predominant
Acquisition
Priority of
Subbasin1

Low / None

High

0
0
75
Mixed (High /
9 Medium / Low /
2
None)
0
15
101
0
0
15
4
1
0
5
25

High / Low
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1

Within Existing
Protected Lands2
0.0
0.0
2.5
23.0
2.4
0.0
18.6
46.5

Basin / Watershed Landcover Type
West Antioch
alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

Total
0.0
125.4
3.2
44.6
2.4
0.0
18.8
194.4

0
2
14
11
1
0
15
43

Willow

alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland
TOTAL

0.0
12.4
10.8
38.9
14.3
0.0
51.6
127.9

0
1
17
15
5
0
29
67

0.0
12.4
5.1
12.2
6.4
0.0
12.0
48.1

0
1
8
6
3
0
14
32

0.0
0.0
0.2
1.2
0.0
0.0
6.9
8.3

alkali wetland
aquatic
pond
riparian5
seasonal wetland
slough/channel
wetland

380.5
1823.1
165.2
448.2
120.7
213.3
482.7
3633.8

55
31
405
82
44
15
255
887

31.1
12.4
8.0
59.1
31.0
72.0
100.2
313.9

6
1
19
13
13
1
39
92

180.9
1461.5
48.9
82.4
13.8
103.9
90.5
1981.8

Total for
Inventory Area

GRAND TOTAL

Within Impact Area
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
2
11
10
1
0
14
38
0
0
1
1
0
0
1
3

Outside Impact
Area and Existing
Protected Lands2
0.0
0
125.4
0
0.7
3
21.7
1
0.0
0
0.0
0
0.2
1
147.9
5
0.0
0.0
5.5
25.5
7.9
0.0
32.7
71.5

0
0
8
8
2
0
14
32

16 168.5
13 349.2
133 108.3
20 306.8
6
75.9
3
37.4
87 292.0
278 1338.1

33
17
253
49
25
11
129
517

Predominant
Acquisition
Priority of
Subbasin1

None

Low / None
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Predominant
Acquisition
Outside Impact
Priority of
Within Existing
Area and Existing
1
2
2
Basin / Watershed Landcover Type
Subbasin1
Protected Lands
Total
Within Impact Area
Protected Lands
1 Assumes the maximum Urban Development Area (UDA) scenario. Wetland features within the UDA may be avoided by
development activities and may not necessarily be impacted.
2

Protected lands refers to non-urban parks, public watershed lands, or deed restricted open space.

3

Approximately 15 wetland polygons straddle the boundary of an existing park or open space area or the boundary of the
impact area. For this analysis, when a polygon straddled the boundary of the impact area or the boundary of an existing
park or open space area, it was assumed to be entirely within that impact area or park. Such polygons are therefore not
counted in the column for wetlands that are neither impacted nor preserved.

4

This is a generalization of the acquisition priorities presented in Figure 5-3 of the HCP. Where there was no dominant
priority, all acquisition priority designations were listed. "None" refers to areas that are not within an cquisition analysis zone.

5

Impact estimates and take limits for riparian land-cover in the HCP/NCCP were set lower than the acreage of riparian within
the Impact Area because large portions of the riparian land-cover within the Impact Area are in built-out areas and are not
expected to be impacted further.
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Appendix A

Jurisdictional Wetlands and Waters
Inventory Tables

Appendix A-1. Valuation for Wetlands in the Study Area
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ID
Wetland Type
Briones Creek Subbasin
326 Wetland
332 Wetland
338 Pond
341 Pond
344 pond
358 pond
359 pond
361 pond
365 pond
370 pond
371 pond
372 wetland
374 pond
383 wetland
389 pond
390 pond
394 seasonal wetland
395 pond
398 pond
399 pond

Acreage

Geomorphic Primary Land
Region
Cover

Secondary Land
Cover

0.26
0.27
0.19
0.17
0.12
0.24
0.08
0.18
0.12
0.14
0.28
0.10
0.43
0.67
0.09
0.11
0.22
0.11
0.03
1.10

Foothills
Foothills
Foothills
Montane
Foothills
Montane
Montane
Foothills
Foothills
Montane
Foothills
Foothills
Montane
Foothills
Foothills
Montane
Foothills
Montane
Foothills
Montane

grassland
grassland
grassland
oak savannah
grassland
grassland
oak woodland
grassland
oak woodland
grassland
grassland
grassland
grassland
grassland
grassland
oak savanna
grassland
oak savannah
grassland
grassland

401

pond

0.36

Foothills

oak woodland

403
405
406
407
408
415
418
422
423
426
429
430

pond
pond
pond
wetland
pond
pond
pond
pond
wetland
pond
wetland
seasonal wetland

0.13
0.12
0.15
0.09
0.10
0.11
0.18
0.30
0.39
0.13
0.57
0.03

Montane
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Foothills
Foothills
Foothills
Foothills
Foothills

grassland
grassland
grassland
grassland
grassland
oak woodland
grassland
grassland
grassland
grassland
grassland
grassland

grassland
grassland
grassland
oak savannah
grassland
grassland
oak woodland
grassland
oak savannah
grassland
grassland
grassland
grassland
grassland
grassland
oak savanna
grassland
oak savannah
grassland
oak savannah/ oak
woodland
oak savannah/
grassland
oak woodland
grassland
grassland
grassland
grassland
grassland
grassland
oak woodland
grassland
grassland
grassland
grassland

Habitat

Level of Function
Water
Overall
Hydrologic Existing
Quality

Overall
Potential

Low
Low
Low
High
Low
High
High
Low
Medium
High
Low
Low
High
Low
Low
High
Low
Medium
Medium
High

Low
Low
Low
High
Low
High
High
Low
Medium
High
Low
Low
High
Low
Low
High
Low
Medium
Medium
High

Low
Low
Low
High
Low
High
High
Low
Medium
High
Low
Low
High
Low
Low
High
Low
Medium
Medium
High

Low
Low
Low
High
Low
High
High
Low
Medium
High
Low
Low
High
Low
Low
High
Low
Medium
Medium
High

High
High
Medium
High
Medium
High
High
Medium
Medium
Medium
Medium
High
High
High
Medium
High
High
Medium
Medium
High

High

High

High

High

High

High
Low
Low
Low
Low
Medium
High
High
Low
Low
Low
Low

High
Low
Low
Low
Low
Medium
High
High
Low
Low
Low
Low

High
Low
Low
Low
Low
Medium
High
High
Low
Low
Low
Low

High
Low
Low
Low
Low
Medium
High
High
Low
Low
Low
Low

High
Low
Low
High
Medium
Medium
Medium
Medium
High
Medium
High
High
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ID
Wetland Type
443 wetland
451 pond
459 seasonal wetland
461 pond
472 alkali wetland
476 pond
478 alkali wetland
481 pond
491 pond
496 wetland
504 wetland
510 pond
515 wetland
519 pond
520 pond
522 wetland
524 wetland
528 pond
Brushy Creek Subbasin
500 wetland
555 wetland
566 pond
575 alkali wetland

Acreage
0.28
0.09
6.28
0.16
1.04
0.49
4.44
0.18
0.04
0.17
0.32
0.12
0.10
0.05
2.17
0.09
0.83
0.05

Geomorphic
Region
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Lowland
Foothills
Lowland
Foothills
Foothills

Primary Land
Cover
grassland
grassland
grassland
urban
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

Secondary Land
Cover
grassland
grassland
grassland
urban
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

5.16
3.52
1.45
13.20

Delta
Delta
Delta
Delta

cropland
cropland
cropland
alkali grassland

582
585
588
590
591
593
595
598
599
602
605
606

5.89
29.69
0.12
1.91
0.58
14.66
0.88
7.61
3.24
0.62
6.93
4.01

Delta
Delta
Delta
Delta
Delta
Delta
Lowland
Delta
Delta
Lowland
Delta
Delta

cropland
cropland
cropland
urban
urban
cropland
grassland
urban
urban
ruderal
cropland
urban

pasture
cropland
cropland
croplad/ urban/
wetland
alkali grassland
cropland
cropland
cropland
urban
cropland
grassland
pasture
urban
ruderal
urban
urban

wetland
wetland
pond
wetland
wetland
seasonal wetland
pond
alkali wetland
pond
wetland
wetland
pond

Habitat
Medium
Medium
High
Low
Medium
High
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Low
Low
Low
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
High
High
High
Medium Medium
Medium

Overall
Potential
High
Medium
High
Low
High
High
High
Medium
Medium
High
High
Medium
High
Medium
High
Medium
High
Medium

Medium
Medium
Medium
Medium

Low
Low
Low
Medium

Low
Low
Low
Medium

Medium
Medium
Medium
Medium

Medium
Medium
Medium
High

Medium
Medium
Low
Low
Low
Medium
Medium
Low
Low
Low
Medium
Low

Medium
Low
Low
Low
Low
Low
Medium
Low
Low
Low
Low
Low

Medium
Low
Low
Low
Low
Low
Medium
Low
Low
Low
Low
Low

Medium
Medium
Low
Low
Low
Medium
Medium
Low
Low
Low
Medium
Low

High
Medium
Low
Medium
Medium
Medium
Medium
Medium
Low
Medium
Medium
Low

Appendix A-1. Continued

ID
608
617
619
620
622
623
624
629
630
633
635
636
638
640
644
645
646
647
649
652
653
654
658
660
661
667
670
675
677
681
682
689
690
691
692
693

Wetland Type
pond
pond
alkali wetland
pond
wetland
riparian
riparian
pond
alkali wetland
wetland
seasonal wetland
seasonal wetland
alkali wetland
pond
seasonal wetland
pond
pond
alkali wetland
alkali wetland
alkali wetland
pond
alkali wetland
alkali wetland
riparian
pond
wetland
wetland
pond
alkali wetland
alkali wetland
alkali wetland
alkali wetland
alkali wetland
wetland
wetland
alkali wetland
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Acreage
1.88
0.31
16.74
1.10
28.24
5.50
5.12
0.47
9.51
5.68
0.96
10.27
0.95
0.22
0.38
0.55
0.08
17.36
1.65
18.95
0.56
0.61
0.81
0.84
0.29
7.89
5.99
0.13
11.80
0.38
4.10
1.71
18.86
0.11
1.26
0.96

Geomorphic
Region
Delta
Foothills
Delta
Foothills
Delta
Lowland
Foothills
Lowland
Delta
Foothills
Foothills
Delta
Delta
Lowland
Delta
Lowland
Lowland
Lowland
Foothills
Delta
Lowland
Lowland
Lowland
Delta
Foothills
Delta
Delta
Lowland
Delta
Lowland
Delta
Lowland
Foothills
Foothills
Delta
Lowland

Primary Land
Cover
wetland
urban
alkali grassland
grassland
alkali grassland
ruderal
ruderal
grassland
alkali grassland
ruderal
ruderal
cropland
alkali grassland
grassland
cropland
grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
crop
alkali grassland
ruderal
alkali grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
grassland
grassland
alkali grassland
alkali grassland

Secondary Land
Cover
cropland
urban
cropland
ruderal
cropland
ruderal
ruderal
grassland
alkali grassland
ruderal
ruderal
cropland
alkali grassland
grassland
cropland
grassland
alkali grassland
alkali grassland
grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
aqueduct
alkali grassland
alkali grass/ pasture
ruderal
alkali grassland
pasture
alkali grassland
pasture
alkali grassland
alkali grassland
grassland
alkali wetland
alkali grassland

Habitat
Medium
Medium
Medium
Medium
Medium
Low
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
Low
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Medium
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Low
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Medium
High
High
High
Low
Low
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium

Overall
Potential
Medium
Medium
High
Medium
High
Medium
High
Medium
High
High
High
Medium
High
Medium
Medium
Medium
Medium
High
High
High
Medium
High
High
Medium
High
Medium
High
Medium
High
High
High
High
High
High
High
High

Appendix A-1. Continued

ID
694
695
697
698
699
700
701
702
703
704
705
706
707
709
710
713
714
715
716
717
718
719
722
724
725
726
727
728
729
731
732
735
737
738
739
741

Wetland Type
pond
alkali wetland
alkali wetland
alkali wetland
pond
pond
alkali wetland
alkali wetland
wetland
alkali wetland
alkali wetland
alkali wetland
pond
pond
wetland
pond
pond
alkali wetland
wetland
wetland
pond
wetland
alkali wetland
pond
wetland
wetland
alkali wetland
alkali wetland
wetland
wetland
alkali wetland
wetland
wetland
pond
wetland
wetland
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Acreage
0.13
3.79
0.76
3.22
0.09
0.05
30.42
1.35
0.21
1.80
5.18
3.24
0.13
0.16
0.80
0.10
0.33
0.79
1.65
0.25
0.13
0.43
1.54
0.19
1.23
3.08
2.23
45.79
1.43
0.60
4.43
0.23
0.77
0.50
0.18
0.30

Geomorphic
Region
Lowland
Lowland
Lowland
Foothills
Foothills
Foothills
Lowland
Lowland
Delta
Foothills
Lowland
Delta
Delta
Foothills
Lowland
Lowland
Foothills
Delta
Foothills
Foothills
Lowland
Foothills
Delta
Foothills
Foothills
Foothills
Delta
Lowland
Lowland
Foothills
Foothills
Foothills
Delta
Lowland
Foothills
Foothills

Primary Land
Cover
alkali grassland
alkali grassland
grassland
alkali grassland
grassland
grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
grassland
alkali grassland
alkali grassland
grassland
alkali grassland
grassland
grassland
alkali wetland
grassland
alkali grassland
grassland
grassland
grassland
alkali grassland
alkali grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

Secondary Land
Cover
alkali grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
grassland
grassland/ wetland
alkali grassland
urban
alkali grassland
alkali grassland
alkali grassland
alkali grassland
grassland
grassland
alkali grassland
grassland
alkali grassland
grassland
grassland
alkali wetland
grassland
alkali grassland
grassland
grassland
grassland
alkali grassland
grassland
grassland
grassland
alkali grassland
grassland
pasture
grassland
grassland
grassland

Habitat
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
High
Medium
High
Medium
Medium
Medium
Medium
Medium
High
High
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium

Overall
Potential
Medium
High
High
High
Medium
Medium
High
High
Medium
High
High
High
Medium
Medium
High
Medium
High
High
High
High
Medium
High
High
Medium
High
High
High
High
High
High
High
High
High
Medium
High
High

Appendix A-1. Continued

ID
742
743
744
745
746
747
748
750
753
754
758
760
765
766
767
768
769
770
773
777
778
779
780
781
786
787
788
789
790
791
792
793
794
798
799
800

Wetland Type
wetland
wetland
pond
pond
alkali wetland
wetland
alkali wetland
alkali wetland
wetland
alkali wetland
pond
wetland
pond
pond
pond
wetland
wetland
pond
alkali wetland
seasonal wetland
alkali wetland
wetland
pond
alkali wetland
pond
alkali wetland
alkali wetland
wetland
pond
pond
alkali wetland
wetland
wetland
pond
wetland
wetland
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Acreage
0.62
1.62
0.43
0.15
0.61
1.58
55.15
0.18
0.95
3.39
3.17
2.97
0.06
0.09
0.96
3.92
0.58
0.05
8.24
15.34
1.10
0.67
0.26
8.11
0.82
4.43
2.59
3.44
1.28
0.14
1.50
5.45
0.10
1.21
7.44
1.19

Geomorphic
Region
Delta
Foothills
Lowland
Delta
Lowland
Delta
Lowland
Lowland
Lowland
Lowland
Delta
Delta
Foothills
Foothills
Lowland
Delta
Foothills
Foothills
Lowland
Lowland
Foothills
Delta
Foothills
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Foothills
Lowland
Foothills
Foothills
Foothills
Lowland
Lowland

Primary Land
Cover
ruderal
grassland
grassland
ruderal
alkali grassland
ruderal
alkali grassland
alkali wetland
grassland
alkali grassland
cropland
ruderal
grassland
grassland
alkali grassland
ruderal
grassland
grassland
alkali grassland
grassland
alkali grassland
ruderal
grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
grassland
grassland
grassland
alkali grassland
grassland
grassland
alkali grassland
grassland
grassland

Secondary Land
Cover
ruderal
grassland
grassland
ruderal
alkali grassland
ruderal
grassland
alkali wetland
urban
grassland
alkali grassland
ruderal
grassland
grassland
grassland
ruderal
grassland
grassland
grassland
alkali grassland
alkali grassland
ruderal
grassland
alkali grassland
alkali grassland
alkali grassland
alkali grassland
grassland
grassland
grassland
grassland
grassland
grassland
alkali grassland
grassland
grassland

Habitat
Low
High
Medium
Low
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Low
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Low
Low
Low
High
High
High
Medium Medium
Medium
Low
Low
Low
Medium Medium
Medium
Low
Low
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Low
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium

Overall
Potential
Medium
High
Medium
Low
High
Medium
High
High
High
High
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
High
High
High
Medium
High
High
Medium
High
High
High
Medium
Medium
High
High
High
High
High
High

Appendix A-1. Continued

ID
Wetland Type
802 pond
803 pond
804 pond
805 alkali wetland
807 wetland
810 pond
811 alkali wetland
814 wetland
815 riparian
816 pond
817 riparian
818 pond
819 pond
823 wetland
825 pond
827 wetland
828 pond
829 wetland
830 pond
835 pond
838 wetland
883 slough/channel
911 slough/channel
919 slough/channel
929 alkali wetland
Deer Creek Subbasin
292 pond
296 pond
299 wetland
303 wetland
307 pond
309 pond
312 pond
313 pond
315 pond
317 seasonal wetland
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Geomorphic
Acreage
Region
0.41
Lowland
0.53
Foothills
0.27
Foothills
1.44
Lowland
0.31
Foothills
0.15
Foothills
0.96
Lowland
0.42
Foothills
2.42
Foothills
0.08
Foothills
0.79
Foothills
0.16
Foothills
0.09
Foothills
0.31
Foothills
0.53
Foothills
0.28
Foothills
0.88
Foothills
1.97
Foothills
0.10
Montane
0.47
Foothills
0.21
Montane
2.25076902 Delta
11.6991298 Delta
28.1834995 Delta
8.54
Lowland

Primary Land
Cover
grassland
grassland
alkali grassland
alkali grassland
grassland
grassland
alkali grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
alkali grassland
cropland
alkali grassland
alkali grassland

Secondary Land
Cover
grassland
grassland
alkali grassland
alkali grassland
grassland
grassland
alkali grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
ruderal
alkali grassland
ruderal
urban grassland

Habitat
Medium
High
High
Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
High
Medium
High
High
High
High
High
Low
Medium
Medium
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
Low
Low
Low
Low
Medium
Medium
Medium Medium
Medium
Medium Medium
Medium

0.84
0.60
0.13
0.15
0.93
0.15
0.17
0.33
0.43
0.10

grassland
turf
grassland
grassland
grassland
grassland
grassland
turf
grassland
grassland

grassland
turf
grassland
grassland
grassland
grassland
grassland
turf
grassland
grassland

Low
Low
Low
Low
Low
Medium
Medium
Low
Low
Low

Low
Low
Low
Low
Low
Medium
Medium
Low
Low
Low

Foothills
Lowland
Foothills
Foothills
Foothills
Foothills
Foothills
Lowland
Foothills
Foothills

Low
Low
Low
Low
Low
Medium
Medium
Low
Low
Low

Low
Medium
Low
Low
Low
Medium
Medium
Medium
Low
Low

Overall
Potential
Medium
High
High
High
High
Medium
High
High
High
Medium
High
Medium
Medium
High
High
High
High
High
High
High
High
Medium
High
High
High
Low
Medium
High
High
Low
Medium
Medium
Medium
Low
High

Appendix A-1. Continued

ID
Wetland Type
319 wetland
320 pond
321 pond
325 seasonal wetland
327 pond
328 seasonal wetland
329 pond
331 wetland
333 pond
334 pond
336 pond
337 pond
345 pond
347 wetland
351 pond
352 wetland
356 pond
357 alkali wetland
362 alkali wetland
392 pond
Dry Creek Subbasin
335 pond
339 pond
343 pond
348 wetland
349 pond
350 pond
355 pond
364 seasonal wetland
366 alkali wetland
367 wetland
369 pond
373 pond
376 wetland
377 alkali wetland
378 pond
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Acreage
0.20
1.23
1.67
0.54
0.59
0.92
0.78
6.00
0.88
0.80
0.69
0.52
0.07
0.15
0.08
0.19
0.07
0.77
5.66
0.16

Geomorphic
Region
Foothills
Lowland
Lowland
Foothills
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills

Primary Land
Cover
grassland
turf
turf
grassland
turf
urban
turf
grassland
urban
turf
urban
turf
grassland
grassland
grassland
grassland
chaparral
alkali grassland
grassland
oak woodland

Secondary Land
Cover
grassland
turf
turf
grassland
turf
urban
turf
grassland
urban
turf
urban
turf
oak woodland
grassland
grassland
grassland
chaparral
alkali grassland
alkali grassland
oak woodland

Habitat
Low
Low
Low
Medium
Low
Low
Low
Medium
Low
Low
Low
Low
Medium
Low
Low
Low
Medium
Low
Low
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Low
Low
Low
Low
Low
Medium
Low
Low
Medium
Medium Medium
Medium
Low
Low
Medium
Low
Low
Low
Low
Low
Medium
Medium Medium
Medium
Low
Low
Low
Low
Low
Medium
Low
Low
Low
Low
Low
Medium
Medium Medium
Medium
Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium Medium
Medium
Low
Low
Low
Low
Low
Low
Medium Medium
Medium

0.70
1.59
0.94
0.76
0.42
0.28
0.50
0.89
0.44
0.47
0.29
0.64
1.23
3.91
0.54

Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Foothills
Lowland
Foothills
Foothills
Lowland

turf
turf
turf
urban
turf
turf
turf
urban
urban
grassland
grassland
turf
grassland
grassland
turf

turf
turf
turf
urban
turf
turf
turf
urban
urban
grassland
grassland
turf
grassland
grassland
turf

Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium
High
Low
High
High
Low

Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium
High
Low
High
High
Low

Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium
High
Low
High
High
Low

Medium
Medium
Medium
Low
Medium
Medium
Medium
Low
Low
Medium
High
Medium
High
High
Medium

Overall
Potential
High
Medium
Medium
High
Medium
Low
Medium
High
Low
Medium
Low
Medium
Medium
High
Low
High
Medium
High
High
Medium
Medium
Medium
Medium
Low
Medium
Medium
Medium
Low
Low
Medium
High
Medium
High
High
Medium
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ID
Wetland Type
Acreage
381 pond
0.38
384 wetland
0.13
385 pond
0.05
386 pond
0.27
387 wetland
0.14
388 alkali wetland
12.87
391 pond
0.14
396 pond
0.09
400 wetland
0.47
402 pond
0.07
409 pond
0.12
410 pond
0.06
414 pond
0.40
417 pond
0.40
419 pond
0.09
424 pond
0.22
435 pond
0.09
439 pond
0.01
450 pond
0.09
East Antioch Creek Subbasin
48
wetland
0.87
61
pond
0.49
84
wetland
2.86
92
wetland
2.34
93
riparian
2.97
105 riparian
8.28
109 wetland
0.75
110 wetland
3.17
114 riparian
2.06
174 pond
0.12
East County Delta Drainages
69
pond
0.18
70
pond
0.97
75
pond
0.13
76
pond
2.72
83
pond
0.46
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Geomorphic
Region
Lowland
Lowland
Lowland
Lowland
Foothills
Lowland
Lowland
Foothills
Lowland
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills

Primary Land
Cover
turf
urban
turf
turf
grassland
grassland
alkali wetland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

Secondary Land
Cover
turf
urban
turf
turf
grassland
urban/ turf
alkali wetland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

Habitat
Low
Low
Low
Low
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
High
Medium
High
Medium
Medium
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Low
Low
Medium
Low
Low
Low
Low
Low
Low
Low
Low
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium

Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland

urban
urban
ruderal
ruderal
urban
ruderal
ruderal
ruderal
ruderal
orchard

urban
urban
ruderal
ruderal
urban
ruderal
ruderal
ruderal
ruderal
orchard

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Medium
Medium
Low
Medium
Medium
Medium
Low
Low

Low
Low
Medium
Medium
Low
Medium
Medium
Medium
Low
Low

Delta
Delta
Delta
Delta
Delta

urban
urban
urban
pasture
pasture

urban
urban
urban
pasture
pasture

Low
Low
Low
Medium
Medium

Low
Low
Low
Low
Low

Low
Low
Low
Low
Low

Low
Low
Low
Medium
Medium

Low
Low
Low
Medium
Medium

Overall
Potential
Medium
Low
Low
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
High
Medium
High
Medium
Medium
Medium

Appendix A-1. Continued

ID
Wetland Type
86
pond
88
riparian
99
seasonal wetland
104 seasonal wetland
107 seasonal wetland
124 seasonal wetland
132 seasonal wetland
160 slough/channel
177 slough/channel
178 slough/channel
179 slough/channel
183 slough/channel
187 slough/channel
208 slough/channel
211 slough/channel
212 wetland
215 wetland
219 wetland
220 wetland
224 wetland
245 wetland
251 wetland
257 wetland
268 wetland
310 wetland
346 wetland
855 wetland
856 wetland
868 wetland
891 wetland
892 wetland
899 wetland
902 wetland
903 wetland
Kellogg Creek Subbasin
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Geomorphic
Acreage
Region
1.03
Delta
11.05
Delta
0.42
Delta
7.13
Delta
1.27
Delta
1.63
Delta
2.89
Delta
2.8408833 Delta
5.04425012 Delta
2.7628164 Delta
3.79719926 Delta
8.39747086 Delta
28.9065806 Delta
19.1663752 Delta
12.617575 Delta
3.46
Delta
26.41
Delta
3.79
Delta
1.84
Delta
0.93
Delta
3.36
Delta
3.99
Delta
0.78
Delta
0.77
Delta
11.54
Delta
6.68
Delta
4.82
Delta
6.78
Delta
2.38
Delta
1.60
Delta
17.29
Delta
7.26
Delta
1.62
Delta
4.02
Delta

Primary Land
Cover
pasture
pasture
cropland
pasture
cropland
cropland
cropland
cropland
cropland
urban
urban
pasture
pasture
cropland
pasture
urban
urban
urban
urban
urban
urban
pasture
pasture
pasture
cropland
cropland
pasture
pasture
pasture
pasture
pasture
pasture
cropland
ruderal

Secondary Land
Cover
pasture
pasture
cropland
wetland
cropland
cropland
cropland
pasture
urban_pasture
cropland
cropland
wetland_cropland
cropland
pasture_wetland
wetland_cropland
wetland/ pasture
pasture/ slough
pasture
urban
pasture
cropland
pasture
pasture
pasture
cropland
cropland
pasture
pasture
pasture
pasture
pasture
pasture
cropland
cropland

Habitat
Medium
Medium
Low
Medium
Medium
Medium
Medium
Low
Low
Low
Low
Medium
Medium
Medium
Medium
Low
Low
Low
Low
Low
Low
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Low
Low
Medium
Low
Low
Medium
Low
Low
Low
Medium Medium
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Medium Medium
Medium
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium

Overall
Potential
Medium
Medium
Medium
High
Medium
Medium
Medium
Low
Low
Low
Low
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
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ID
457

Wetland Type
riparian

Acreage
6.96

Geomorphic Primary Land
Region
Cover
Delta
cropland

Secondary Land
Cover
pasture/ grassland

Habitat
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Low
Low
Medium

466
474
492
493
494
499
505
508
509
513
516
517
521
523
526
527
532
533
541
542
549
552
558
563
571
573
587
600
607
609
614
615
625
626

riparian
wetland
pond
pond
wetland
wetland
wetland
riparian
seasonal wetland
seasonal wetland
pond
pond
pond
riparian
wetland
pond
pond
riparian
pond
pond
wetland
seasonal wetland
riparian
riparian
riparian
riparian
pond
pond
wetland
wetland
alkali wetland
pond
pond
pond

7.91
1.11
0.18
0.08
0.10
0.71
3.17
0.26
3.38
7.19
0.37
0.13
0.29
0.60
2.37
0.23
0.72
0.83
0.21
0.16
0.99
1.40
0.36
0.50
0.87
2.05
0.51
0.04
0.84
0.73
8.26
0.08
0.69
0.07

Delta
Lowland
Delta
Lowland
Lowland
Lowland
Lowland
Lowland
Delta
Delta
Lowland
Lowland
Foothills
Lowland
Lowland
Lowland
Delta
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Foothills
Lowland
Lowland
Foothills
Foothills
Foothills
Foothills

cropland
grassland
orchard
grassland
grassland
grassland
grassland
grassland
cropland
cropland
grassland
grassland
grassland
grassland
grassland
grassland
orchard
grassland
grassland
grassland
ruderal
grassland
grassland
ruderal
ruderal
grassland
grassland
grassland
grassland
grassland
alkali grassland
alkali grassland
grassland
grassland

Medium
Medium
Low
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Low
Medium
Low
Low
Low
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium

Medium
Medium
Low
Medium
Medium
Medium
Medium
Medium
Low
Low
Medium
Medium
High
Medium
Medium
Medium
Low
Medium
Medium
Medium
Low
Medium
Low
Low
Low
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium

grassland
grassland
orchard
grassland
grassland
grassland
grassland
grassland
cropland
cropland
grassland
grassland
grassland
grassland
grassland
grassland
orchard
grassland
grassland
grassland
ruderal
grassland
ruderal
grassland
ruderal
grassland
grassland
grassland
grassland
grassland
alkali grassland
alkali grassland
grassland
grassland

Low
Medium
Low
Medium
Medium
Low
Medium
Medium
Low
Low
Medium
Medium
High
Medium
Medium
Medium
Low
Medium
Low
Medium
Low
Medium
Low
Low
Low
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium

Medium
Medium
Low
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Low
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium

Overall
Potential
Medium
High
Medium
Low
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium
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ID
632
637
641
648
650
655
656
659
662
663
664
665
669
671
673
674
676
678
679
680
683
684
687
688
696
708
711
712
721
723
730
734
736
740
749
759

Wetland Type
alkali wetland
alkali wetland
pond
wetland
pond
pond
wetland
wetland
wetland
wetland
riparian
wetland
wetland
pond
wetland
pond
wetland
wetland
wetland
pond
wetland
pond
wetland
pond
pond
wetland
pond
pond
wetland
riparian
pond
wetland
wetland
wetland
pond
pond
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Acreage
0.88
5.69
1.40
0.12
0.04
0.15
0.63
0.74
1.39
1.13
3.35
0.31
0.44
0.21
0.82
0.33
0.05
0.07
0.22
0.16
0.27
0.18
0.46
0.17
0.33
1.39
0.08
2.40
2.57
1.62
0.72
0.34
0.35
0.12
0.53
0.21

Geomorphic
Region
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Foothills

Primary Land
Cover
alkali grassland
alkali grassland
grassland
grassland
grassland
oak woodland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
oak savannah
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

Secondary Land
Cover
grassland
grassland
grassland
grassland
grassland
oak woodland
oak savannah
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
oak savanna
grassland
oak woodland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

Habitat
Medium
High
High
Medium
Medium
Medium
Medium
High
High
High
High
Medium
Medium
High
High
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
High
Medium
High
High
Medium
High
Medium
Medium
Medium
High
High

Level of Function
Water
Overall
Hydrologic Existing
Quality
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
Medium Low
Medium
Medium Medium
Medium
Medium Low
Medium
High
Low
High
High
High
High
High
High
High
High
High
High
Medium Medium
Medium
Medium Low
Medium
High
Low
High
High
Low
High
High
Low
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Low
Medium
Medium Low
Medium
Medium Medium
Medium
Medium Low
Medium
High
High
High
High
High
High
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
High
High
High

Overall
Potential
High
High
High
High
Medium
Medium
High
High
High
High
High
High
High
High
High
High
High
High
High
Medium
High
Medium
High
Medium
High
High
Medium
High
High
High
High
High
High
High
High
High
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ID
761
762
764
771
775
776
782
783
785
795
796
797
801
806
808
809
812
813
820
821
822
824
826
831
832
833
834
836
837
839
840
841
842
843
844
845

Wetland Type
pond
pond
pond
pond
pond
pond
pond
wetland
pond
pond
pond
pond
pond
wetland
wetland
pond
wetland
pond
pond
pond
pond
pond
pond
wetland
pond
pond
pond
pond
pond
pond
pond
wetland
pond
pond
wetland
pond
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Acreage
0.11
1.51
0.16
0.60
0.08
0.33
0.22
0.17
0.06
0.14
0.19
0.27
0.19
0.82
0.83
0.80
0.48
0.26
0.64
0.14
0.26
0.55
0.74
17.03
0.33
0.20
0.31
0.11
0.09
0.15
0.46
0.18
0.40
0.17
2.52
0.16

Geomorphic
Region
Foothills
Montane
Foothills
Montane
Montane
Foothills
Montane
Foothills
Foothills
Foothills
Foothills
Montane
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Montane
Montane
Montane
Montane
Foothills
Montane
Foothills
Foothills
Montane
Montane
Montane
Montane
Montane
Foothills
Foothills
Foothills
Foothills

Primary Land
Cover
grassland
grassland
grassland
oak woodland
grassland
oak savanna
grassland
grassland
oak savanna
grassland
grassland
urban
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

Secondary Land
Cover
grassland
oak woodland
grassland
grassland
grassland
grassland
oak woodland
grassland
oak savanna
grassland
grassland
urban
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
oak woodland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
oak woodland
grassland
grassland
oak savannah
grassland

Habitat
Medium
High
Medium
High
High
High
High
Medium
Medium
Medium
Medium
Medium
Medium
High
High
High
Medium
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
Medium
High
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Medium Medium
Medium
High
High
High
Medium Medium
Medium
High
High
High
High
High
High
High
High
High
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
High
High
High
High
High
High
Medium Medium
Medium
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
Medium Medium
Medium
High
High
High
Medium Medium
Medium

Overall
Potential
Medium
High
Medium
High
High
High
High
High
Medium
Medium
Medium
Medium
Medium
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
Medium
High
Medium
High
Medium
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ID
Wetland Type
906 slough/channel
Kirker Creek Subbasin
38
seasonal wetland
42
wetland
54
riparian
57
wetland
58
seasonal wetland
65
riparian
78
riparian
87
pond

Acreage
4.31

Geomorphic Primary Land
Region
Cover
Delta
grassland

Secondary Land
Cover
orchard

Habitat
Low

Level of Function
Water
Overall
Hydrologic Existing
Quality
Low
Low
Low

2.42
0.39
4.22
0.28
0.81
1.58
3.32
0.20

Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland

urban
urban
ruderal
ruderal
ruderal
ruderal
ruderal
nonnative woodland

Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Low
Low

Medium
Low
Low
Low
Medium
Low
Low
Medium

Medium
Low
Low
Low
Medium
Low
Low
Medium

89
95
101
102
103
112
116
117
120
122
123
126
128
130
133
134
136
139
140
141
142
145
152
154
157

20.11
0.58
0.21
0.08
0.47
0.15
0.16
0.11
5.04
0.09
0.10
0.19
4.84
0.80
0.11
0.16
7.21
0.08
0.06
0.05
1.98
0.07
2.66
0.04
1.31

Lowland
Lowland
Lowland
Lowland
Lowland
Foothills
Lowland
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills

urban
urban
ruderal
urban
urban
grassland
ruderal
oak woodland
grassland
grassland
grassland
grassland
grassland
urban
oak woodland
grassland
urban
grassland
grassland
grassland
grassland
grassland
urban
grassland
grassland

Low
Low
Low
Low
Low
Medium
Low
Medium
High
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium
Medium
Medium
High

Low
Low
Low
Low
Low
Medium
Low
Medium
High
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium
Medium
Medium
High

Low
Low
Low
Low
Low
Medium
Low
Medium
High
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium
Medium
Medium
High

Low
Low
Low
Low
Low
Medium
Low
Medium
High
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium
Medium
Medium
High

Low
Low
Low
Low
Low
Medium
Low
Medium
High
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
Medium
High
Medium
High
Medium
High
Medium
High

riparian
pond
wetland
seasonal wetland
seasonal wetland
pond
wetland
wetland
riparian
wetland
wetland
pond
riparian
wetland
wetland
pond
seasonal wetland
pond
pond
wetland
wetland
wetland
riparian
pond
seasonal wetland

ruderal
urban
urban
ruderal
ruderal
urban
urban
nonnative
woodland
urban
urban
ruderal
ruderal
urban
grassland
ruderal
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
seasonal wetland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

Overall
Potential
Medium
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ID
Wetland Type
Acreage
158 riparian
1.23
159 wetland
0.17
164 pond
0.20
167 wetland
0.28
168 pond
0.19
169 wetland
1.26
176 pond
0.18
192 pond
0.29
195 wetland
0.03
197 wetland
0.10
198 wetland
0.34
199 wetland
0.05
201 wetland
0.39
218 seasonal wetland
0.29
227 pond
0.10
241 pond
0.23
243 pond
0.24
Lower Marsh Creek Subbasin
97
wetland
2.60
100 riparian
1.59
113 riparian
0.94
166 wetland
1.06
207 wetland
1.52
213 riparian
1.07
255 wetland
1.45
324 wetland
0.57
342 riparian
37.57
368 wetland
0.48
411 wetland
0.96
428 wetland
7.14
431 pond
0.46
432 wetland
0.87
437 wetland
0.63
449 pond
0.19
455 pond
0.03
458 riparian
6.12
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Geomorphic
Region
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Montane
Foothills
Foothills
Montane
Foothills
Montane
Montane
Montane
Montane

Primary Land
Cover
grassland
grassland
grassland
grassland
grassland
grassland
oak savannah
grassland
grassland
oak savannah
grassland
grassland
grassland
oak savannah
oak woodland
grassland
grassland

Secondary Land
Cover
grassland
grassland
grassland
grassland
grassland
grassland
oak savannah
grassland
grassland
oak savannah
grassland
grassland
grassland
oak woodland
oak woodland
grassland
oak woodland

Habitat
Medium
Medium
Medium
Medium
Medium
High
Medium
High
High
Medium
Medium
High
Medium
Low
Low
Low
High

Level of Function
Water
Overall
Hydrologic Existing
Quality
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Low
High
Medium
Low
High
Medium
Low
High
Medium
High
High
High

Delta
Delta
Delta
Lowland
Lowland
Lowland
Lowland
Lowland
Delta
Delta
Lowland
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Delta

urban
urban
pasture
ruderal
urban
urban
urban
urban
orchard
orchard
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

urban
cropland
pasture
urban
urban
urban
urban
urban
urban grassland
orchard
grassland
grassland
grassland
grassland
grassland
grassland
grassland
orchard

Low
Low
Low
Low
Low
Low
Low
Low
Medium
Low
Medium
High
High
High
Medium
Medium
Medium
Medium

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium
High
High
High
Medium
Medium
Medium
Medium

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium
High
High
High
Medium
Medium
Medium
Low

Low
Low
Low
Medium
Low
Low
Low
Low
Medium
Low
Medium
High
High
High
Medium
Medium
Medium
Medium

Overall
Potential
High
Medium
Medium
Medium
Medium
High
Medium
High
High
Medium
Medium
High
Medium
Medium
Medium
Medium
High
Low
Low
Low
Medium
Low
Low
Low
Low
Medium
Low
Medium
High
High
High
Medium
Medium
Medium
Medium
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ID
857
861

Wetland Type
slough/channel
slough/channel

888

slough/channel

Oakley Subbasin
49
wetland
55
seasonal wetland
56
wetland
59
wetland
60
riparian
62
riparian
63
wetland
64
wetland
67
riparian
68
wetland
73
pond
106 wetland
111 wetland
118 wetland
119 wetland
Sand Creek Subbasin
209 pond
214 wetland
216 seasonal wetland
217 pond
221 pond
222 pond
225 pond
226 wetland
229 pond
230 pond
231 pond
234 pond
236 pond
238 pond

Page 15 of 25

Geomorphic
Acreage
Region
13.3781939 Delta
28.2550655 Delta
41.7124594 Lowland

Primary Land
Cover
pasture
urban
urban

Secondary Land
Cover
cropland_urban
crop_orch_past_rude
ral
crop_orch_past_rude
ral

Habitat
Medium
Low

Level of Function
Water
Overall
Hydrologic Existing
Quality
Low
Low
Medium
Low
Low
Low

Overall
Potential
Medium
Low

Low

Low

Low

Low

Low

0.85
0.80
0.86
0.67
2.95
1.57
0.81
1.13
2.12
2.40
2.74
16.89
3.00
0.41
1.91

Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland

urban
urban
urban
urban
ruderal
urban
riparian
ruderal
ruderal
ruderal
orchard
urban
urban
urban
urban

urban
urban
urban
urban
ruderal
wetland
vineyard
ruderal
ruderal
ruderal
orchard
ruderal
urban
urban
urban

Low
Low
Low
Low
Low
Low
Medium
Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Medium
Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Medium
Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Medium
Low
Medium
Medium
Medium
Medium
Medium
Low
Low
Low
Low

Low
Low
Low
Low
Medium
Low
Medium
Medium
Medium
Medium
Medium
Low
Low
Low
Low

0.42
2.56
0.47
0.24
0.17
2.39
0.02
0.32
0.01
0.07
0.07
0.02
0.13
0.14

Foothills
Foothills
Foothills
Foothills
Montane
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills

grassland
grassland
grassland
grassland
oak woodland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

grassland
grassland
grassland
grassland
oak woodland
grassland
grassland
grassland
grassland
oak woodland
grassland
grassland
grassland
grassland

High
High
Medium
High
High
High
Low
Medium
Medium
Medium
Medium
Medium
Medium
Medium

High
High
Medium
High
High
High
Low
Medium
Medium
Medium
Medium
Medium
Medium
Medium

High
High
Medium
High
High
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium

High
High
Medium
High
High
High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium

High
High
High
High
High
High
Medium
High
Medium
Medium
Medium
Medium
Medium
Medium
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ID
239
240
244
246
247
248
249

Wetland Type
riparian
riparian
wetland
pond
pond
wetland
riparian

Acreage
2.11
15.96
0.29
0.35
0.24
4.90
1.71

Geomorphic
Region
Foothills
Lowland
Foothills
Foothills
Foothills
Foothills
Foothills

Primary Land
Cover
grassland
grassland
grassland
grassland
grassland
grassland
grassland

250
252
253
254
259
260
262
263
264
266
269
270
271
273
274
275
276
277
281
282
283
284
285
286
287
288
289
291

wetland
wetland
pond
pond
wetland
pond
wetland
pond
pond
pond
pond
pond
seasonal wetland
alkali wetland
seasonal wetland
seasonal wetland
pond
seasonal wetland
pond
pond
pond
seasonal wetland
pond
pond
pond
pond
pond
alkali wetland

3.31
0.47
0.15
0.12
0.27
0.14
0.92
0.07
0.46
0.24
0.50
0.03
0.11
2.02
8.10
0.57
0.23
4.06
0.26
1.06
1.38
0.68
0.37
0.54
0.85
1.12
0.32
0.69

Lowland
Foothills
Foothills
Foothills
Lowland
Foothills
Lowland
Montane
Lowland
Foothills
Foothills
Foothills
Foothills
Foothills
Lowland
Lowland
Foothills
Lowland
Foothills
Foothills
Lowland
Foothills
Foothills
Lowland
Foothills
Lowland
Foothills
Foothills

grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
urban
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
turf
grassland
grassland
turf
grassland
turf
oak savanna
grassland

Secondary Land
Cover
oak woodland
cropland/ urban
oak woodland
grassland
oak woodland
grassland
oak savannah/ oak
woodland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
urban
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
turf
grassland
grassland
turf
grassland
turf
grassland
grassland

Habitat
High
Medium
Medium
High
High
High
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
High
High
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
High
High
High
High
High
High
Medium Medium
Medium

Overall
Potential
Medium
Medium
High
High
High
High
Medium

Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Low
High
High
Medium
Medium
Medium
Medium
Medium
High
Medium
High
High
Low
Medium
High
Low
High
Low
High
Medium

Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Low
High
High
Medium
Medium
Medium
Medium
Medium
High
Medium
High
High
Low
Medium
High
Low
High
Low
High
Medium

High
High
Medium
Medium
Medium
Medium
High
High
Low
High
High
Medium
High
High
High
Medium
High
High
High
High
Medium
High
High
Medium
High
Medium
High
High

Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Low
High
High
Medium
Medium
Medium
Medium
Medium
High
Medium
High
High
Low
Medium
High
Low
High
Low
High
Medium

Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Low
High
High
Medium
Medium
Medium
Medium
Medium
High
Medium
High
High
Medium
Medium
High
Medium
High
Medium
High
Medium
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ID
Wetland Type
Acreage
294 seasonal wetland
0.25
297 pond
0.08
298 alkali wetland
7.77
300 pond
0.90
302 pond
0.54
304 pond
0.66
305 pond
0.10
306 pond
0.76
308 wetland
0.08
311 pond
0.44
314 pond
0.07
316 pond
0.04
318 pond
0.58
322 pond
0.09
323 pond
0.16
330 pond
0.44
Upper Marsh Creek Subbasin
375 pond
0.40
379 wetland
2.18
380 pond
0.12
382 pond
0.15
393 pond
0.47
397 pond
0.37
404 wetland
0.43
412 pond
0.47
413 pond
0.88
416 pond
0.60
420 pond
0.72
421 pond
0.07
425 wetland
0.69
427 pond
0.11
433 pond
1.47
434 pond
2.17
436 wetland
0.58
438 wetland
0.24
440 wetland
0.37
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Geomorphic
Region
Foothills
Montane
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Foothills
Foothills
Foothills
Montane
Montane

Primary Land
Cover
grassland
grassland
grassland
turf
grassland
turf
grassland
grassland
oak woodland
grassland
grassland
grassland
turf
grassland
oak savannah
grassland

Secondary Land
Cover
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
oak woodland
grassland

Habitat
Medium
High
High
Medium
High
Medium
Medium
High
Medium
High
High
Medium
Medium
Medium
High
High

Level of Function
Water
Overall
Hydrologic Existing
Quality
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
High
High
High

Montane
Montane
Montane
Foothills
Montane
Montane
Foothills
Foothills
Foothills
Montane
Montane
Montane
Foothills
Foothills
Foothills
Montane
Montane
Foothills
Foothills

oak savannah
oak savannah
oak savannah
oak savannah
grassland
grassland
oak woodland
oak savannah
oak savannah
oak savannah
oak savannah
oak savanna
oak woodland
oak woodland
oak woodland
grassland
grassland
grassland
urban

oak savannah
oak savannah
oak savannah
oak woodland
grassland
grassland
oak woodland
oak savannah
grassland
oak woodland
oak savannah
oak woodland
oak woodland
oak woodland
ruderal
grassland
grassland
oak woodland
grassland

High
High
Medium
Medium
High
High
Low
High
High
High
Medium
High
Low
Low
Low
High
High
Low
Medium

High
High
Medium
Medium
High
High
Low
High
High
High
Medium
High
Low
Low
Low
High
High
Low
Medium

High
High
Medium
Medium
High
High
Medium
High
High
High
Medium
High
Medium
Medium
Medium
High
High
Medium
Medium

High
High
Medium
Medium
High
High
Medium
High
High
High
Medium
High
Medium
Medium
Medium
High
High
Medium
Medium

Overall
Potential
High
High
High
Medium
High
Medium
Medium
High
High
High
High
Medium
Medium
Medium
High
High
High
High
Medium
Medium
High
High
Medium
High
High
High
Medium
High
Medium
Medium
Medium
High
High
Medium
Medium
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ID
441
442
444
445
446
447
448
452
453
454
456
460
462
463
464
465
467
468
469
470
471
473
475
477
479
480
482
483
484
485
486
487
489
490

Wetland Type
pond
wetland
pond
pond
pond
pond
pond
wetland
wetland
pond
riparian
seasonal wetland
pond
riparian
pond
pond
riparian
pond
pond
pond
pond
wetland
wetland
seasonal wetland
pond
pond
pond
riparian
riparian
pond
pond
pond
wetland
pond
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Acreage
0.10
0.65
0.42
0.14
0.05
0.05
1.31
0.39
0.41
0.11
22.07
0.41
0.27
8.03
0.81
0.19
9.39
0.24
0.05
0.12
0.24
0.39
0.36
0.60
0.87
0.03
0.07
3.23
44.04
0.31
0.23
0.26
1.09
0.46

Geomorphic
Region
Foothills
Foothills
Montane
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Montane
Foothills
Lowland
Foothills
Foothills
Foothills
Lowland
Lowland

Primary Land
Cover
wetland
grassland
oak savannah
oak woodland
urban
oak savanna
grassland
urban
grassland
oak savannah
grassland
grassland
grassland
oak woodland
oak woodland
ruderal
grassland
ruderal
oak woodland
oak savannah
grassland
oak woodland
grassland
oak woodland
grassland
oak savannah
oak savannah
oak woodland
grassland
oak woodland
oak woodland
oak woodland
grassland
grassland

Secondary Land
Cover
urban
oak savanna
grassland
grassland/ urban
urban
oak savanna
grassland
urban
grassland
oak savannah
urban
oak woodland
grassland
grassland
oak woodland
ruderal
oak woodland
ruderal
oak savanna
oak savannah
urban
oak savannah
urban
grassland
oak woodland
oak savannah
oak woodland
grassland
ruderal
oak woodland
oak woodland
oak woodland
riparian
grassland

Habitat
Low
Low
High
Low
Low
Medium
High
Low
Medium
High
Low
Low
High
High
High
Low
Medium
Low
High
Low
Medium
Medium
Medium
Medium
High
High
High
Medium
Medium
High
High
High
Medium
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Low
Medium
Medium
Low
Medium
Medium
High
High
High
Low
Medium
Medium
Low
Low
Low
Medium Medium
Medium
High
High
High
Low
Low
Low
Medium Medium
Medium
High
High
High
Low
Medium
Medium
Low
Medium
Medium
High
High
High
High
High
High
High
High
High
Low
Low
Medium
Low
High
Medium
Low
Medium
Medium
High
High
High
Low
Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
High
High
High
High
High
High
Low
High
Medium
Medium Medium
Medium
High
High
High
High
High
High
High
High
High
Medium Medium
Medium
Medium Medium
Medium

Overall
Potential
Medium
Medium
High
Medium
Low
Medium
High
Low
High
High
Medium
Medium
High
High
High
Medium
Medium
Medium
High
Medium
Medium
Medium
Medium
High
High
High
High
Medium
Medium
High
High
High
High
Medium
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ID
495

Wetland Type
riparian

Acreage
9.80

Geomorphic Primary Land
Region
Cover
Foothills
grassland

497
498
501
502
503
506
507
511
512
514
518
525
529
530
531
534
535
536
537
538
539
540
543
544

pond
riparian
riparian
riparian
wetland
pond
pond
pond
pond
pond
pond
pond
pond
wetland
pond
pond
wetland
pond
pond
wetland
pond
pond
pond
riparian

0.20
1.95
6.46
9.27
0.19
2.07
0.10
0.30
0.21
0.44
0.13
0.69
0.78
0.08
0.15
0.17
2.24
0.18
0.11
1.83
0.78
0.06
0.13
1.71

Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Montane
Lowland
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Foothills

grassland
grassland
oak woodland
oak woodland
oak savannah
oak savannah
grassland
oak woodland
oak woodland
grassland
urban
oak woodland
oak woodland
oak woodland
oak savannah
oak savannah
grassland
grassland
grassland
grassland
grassland
oak savannah
grassland
grassland

545
546
547
548
550
551
553
554

wetland
pond
pond
pond
riparian
pond
pond
wetland

0.10
0.33
0.20
0.24
1.73
0.09
0.04
0.16

Foothills
Foothills
Foothills
Montane
Lowland
Foothills
Montane
Foothills

grassland
oak woodland
grassland
oak savannah
grassland
oak savannah
oak woodland
urban

Secondary Land
Cover
oak savannah/ oak
woodland/ urban/
orchard
oak savannah
oak savannah
oak woodland
urban
oak savannah
oak savannah
grassland
oak woodland
oak woodland
grassland
urban
oak woodland
oak woodland
grassland
oak savannah
grassland
riparian
grassland
urban
grassland
oak woodland
oak savannah
grassland
oak savannah/ oak
woodland
grassland
oak woodland
oak woodland
oak savannah
grassland
oak woodland
oak savannah
oak savannah

Habitat
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Medium Medium
Medium

Overall
Potential
Medium

Medium
Low
Medium
Low
Medium
High
Medium
Medium
High
High
Low
High
High
Medium
High
High
Medium
Medium
Medium
High
High
Medium
High
Medium

Medium
Low
Low
Low
Medium
High
Medium
Low
High
High
Low
High
High
Medium
High
High
Medium
Medium
Medium
High
High
Medium
High
Medium

Medium
Medium
High
Medium
Medium
High
Medium
High
High
High
Low
High
High
Medium
High
High
Medium
Medium
Medium
High
High
Medium
High
Medium

Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
High
High
Low
High
High
Medium
High
High
Medium
Medium
Medium
High
High
Medium
High
Medium

Medium
Medium
Medium
Medium
High
High
Medium
Medium
High
High
Low
High
High
Medium
High
High
High
Medium
Medium
High
High
Medium
High
Medium

Medium
High
Medium
High
Medium
Medium
High
Medium

Medium
High
Medium
High
Medium
Medium
High
Medium

Medium
High
Medium
High
Medium
Medium
High
Medium

Medium
High
Medium
High
Medium
Medium
High
Medium

High
High
Medium
High
Medium
Medium
High
Medium
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ID
556
557
559
560
561

Wetland Type
pond
pond
pond
pond
riparian

Acreage
0.07
0.17
0.36
0.16
29.40

Geomorphic
Region
Montane
Montane
Foothills
Lowland
Foothills

Primary Land
Cover
oak woodland
oak woodland
oak woodland
grassland
grassland

Secondary Land
Cover
oak savannah
oak woodland
oak woodland
grassland
ruderal/ oak
woodland/ oak
savannah/ cropland/
orchard

562
564
565
567
568
569
570
572
574
576
577
578
579
580
581
583
584
586
589
592
594
596
597
601
603
604
610

pond
pond
pond
wetland
pond
wetland
pond
pond
pond
pond
wetland
pond
riparian
pond
pond
wetland
pond
pond
pond
pond
pond
pond
wetland
wetland
wetland
pond
pond

0.51
0.03
0.05
0.45
0.05
0.14
0.74
0.09
0.08
0.46
0.27
0.05
23.55
0.25
0.27
0.29
0.17
0.68
0.25
0.45
0.17
0.06
0.21
0.56
3.65
0.49
0.38

Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Montane
Foothills
Montane
Foothills
Foothills
Foothills
Montane
Foothills
Foothills
Montane
Foothills
Foothills
Foothills
Montane
Foothills
Foothills
Foothills
Foothills
Montane
Montane

grassland
grassland
grassland
grassland
grassland
grassland
oak savannah
oak savannah
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
oak woodland
oak savannah
oak woodland
oak savannah
oak savannah
grassland
oak savannah
oak savanna
oak woodland

grassland
grassland
grassland
grassland
grassland
grassland
oak savannah
oak savannah
grassland
oak woodland
grassland
grassland
orchard/ ruderal
grassland
urban
grassland
grassland
oak woodland
grassland
oak savannah
oak woodland
oak woodland
oak savannah
grassland
oak woodland
oak woodland
oak savannah/
grassland

Habitat
High
High
High
Medium
Low

Level of Function
Water
Overall
Hydrologic Existing
Quality
High
High
High
High
High
High
High
High
High
Medium Medium
Medium
Low
Medium
Medium

Overall
Potential
High
High
High
Medium
Medium

High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
Low
High
Medium
Medium
High
High
High
Medium
High
Medium
Medium
Medium
High
High
High

High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
Low
High
Medium
Medium
High
High
High
Medium
High
Medium
Medium
Medium
High
High
High

High
Medium
Medium
High
Medium
High
Medium
Medium
Medium
High
High
Medium
Medium
High
Medium
High
High
High
High
Medium
High
Medium
Medium
High
High
High
High

High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
High
Medium
Medium
High
High
High
Medium
High
Medium
Medium
Medium
High
High
High

High
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
High
Medium
Medium
High
High
High
Medium
High
Medium
Medium
Medium
High
High
High
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ID
Wetland Type
Acreage
611 pond
0.30
612 pond
0.07
613 pond
0.13
616 pond
0.12
618 wetland
0.11
621 pond
0.77
627 pond
0.04
628 pond
1.39
631 pond
0.15
634 pond
0.26
639 pond
0.11
642 pond
0.50
651 pond
0.15
657 pond
0.34
666 pond
0.04
668 pond
0.10
672 wetland
0.07
685 wetland
0.73
686 pond
0.15
720 pond
0.22
733 pond
0.21
752 pond
1.19
757 pond
0.25
763 pond
0.60
772 pond
0.14
774 pond
0.13
784 pond
0.29
Upper Mt. Diable Creek Subbasin
162 riparian
4.61
170 pond
0.05
204 pond
0.86
205 pond
0.42
206 pond
0.89
223 wetland
0.63
228 pond
0.25
232 pond
0.10
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Geomorphic
Region
Montane
Foothills
Montane
Foothills
Foothills
Foothills
Montane
Montane
Montane
Foothills
Montane
Montane
Foothills
Foothills
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane
Montane

Primary Land
Cover
oak savannah
grassland
oak savannah
oak savanna
oak woodland
oak woodland
oak savanna
grassland
grassland
grassland
grassland
oak woodland
grassland
oak savannah
oak woodland
oak woodland
oak savannah
grassland
grassland
oak woodland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

Secondary Land
Cover
oak woodland
grassland
oak savannah
grassland
oak woodland
grassland
oak savanna
grassland
grassland
oak woodland
grassland
grassland
oak woodland
oak savannah
oak woodland
oak woodland
oak savannah
grassland
grassland
oak woodland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

Habitat
High
Medium
Medium
Medium
Medium
High
High
High
High
High
High
High
Medium
High
High
High
High
High
High
High
High
High
High
High
High
High
High

Level of Function
Water
Overall
Hydrologic Existing
Quality
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
Medium Medium
Medium
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High

Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Foothills
Foothills

grassland
grassland
turf
turf
turf
grassland
grassland
grassland

grassland
grassland
turf
turf
turf
grassland
grassland
grassland

High
Medium
Medium
Medium
Medium
High
High
Medium

High
Medium
Medium
Medium
Medium
High
High
Medium

High
Medium
Medium
Medium
Medium
High
High
Medium

High
Medium
Medium
Medium
Medium
High
High
Medium

Overall
Potential
High
Medium
Medium
Medium
Medium
High
High
High
High
High
High
High
Medium
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
Medium
Medium
Medium
Medium
High
High
Medium
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ID
233
235
237
242
256
258
261
265
267
272
278
279
280

Wetland Type
seasonal wetland
wetland
pond
wetland
pond
wetland
pond
pond
pond
pond
riparian
wetland
riparian

Acreage
0.31
0.07
0.06
0.26
0.21
0.13
0.12
0.13
0.28
0.06
2.15
0.97
5.19

Geomorphic
Region
Foothills
Montane
Montane
Foothills
Foothills
Montane
Montane
Foothills
Montane
Montane
Foothills
Montane
Foothills

Primary Land
Cover
grassland
grassland
grassland
grassland
grassland
grassland
grassland
oak woodland
grassland
grassland
urban
grassland
urban

290
293
295
301

wetland
pond
pond
riparian

0.37
0.23
0.50
1.46

Foothills
Foothills
Montane
Foothills

grassland
wetland
grassland
urban

340 pond
0.46
353 pond
0.69
354 pond
0.15
360 pond
0.13
363 wetland
0.51
West Antioch Creek Subbasin
108 riparian
22.25
115 pond
0.59
129 pond
0.05
131 riparian
0.98
135 wetland
0.16
137 riparian
5.77

Foothills
Foothills
Foothills
Montane
Foothills

urban
oak woodland
oak woodland
grassland
oak woodland

Lowland
Lowland
Foothills
Foothills
Foothills
Lowland

urban
urban
riparian
grassland
ruderal
urban

143
144
146
147

Foothills
Lowland
Lowland
Foothills

grassland
aquatic
grassland
grassland

riparian
riparian
riparian
pond

9.05
1.03
0.73
0.07

Secondary Land
Cover
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
urban
grassland
grassland/ oak
woodland
urban
urban
oak woodland
orchard/ oak
woodland
oak savannah
grassland
oak woodland
grassland
oak woodland
ruderal/ grassland
urban
ruderal/ grassland
oak woodland
ruderal
ruderal/ grassland/
turf
urban
ruderal/ urban
grassland
grassland

Habitat
Medium
High
High
Medium
High
High
High
Medium
High
High
Medium
High
Medium

Level of Function
Water
Overall
Hydrologic Existing
Quality
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
High
High
High
High
High
High
High
High
High
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
High
High
High
Medium Medium
Medium

Overall
Potential
Medium
High
High
Medium
High
High
High
Medium
High
High
Medium
High
Medium

Medium
Medium
High
Low

Medium
Medium
High
Low

Medium
Medium
High
Low

Medium
Medium
High
Low

Medium
Medium
High
Low

Medium
High
Medium
High
Medium

Medium
High
Medium
High
Medium

Medium
High
Medium
High
Medium

Medium
High
Medium
High
Medium

Medium
High
Medium
High
Medium

Low
Low
Medium
Medium
Low
Low

Low
Low
Medium
Medium
Low
Low

Low
Low
Medium
Medium
Low
Low

Low
Low
Medium
Medium
Medium
Low

Low
Low
Medium
Medium
Medium
Low

Medium
Low
Medium
Medium

Medium
Low
Medium
Medium

Medium
Low
Medium
Medium

Medium
Medium
Medium
Medium

Medium
Medium
Medium
Medium
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ID
Wetland Type
148 riparian
149 wetland
150 riparian
151 riparian
153 wetland
155 wetland
156 wetland
161 wetland
163 riparian
165 pond
171 pond
172 pond
173 pond
175 wetland
180 pond
181 wetland
182 pond
184 riparian
185 wetland
186 pond
188 wetland
189 seasonal wetland
190 pond
191 wetland
193 pond
194 wetland
196 wetland
200 wetland
202 wetland
203 pond
210 pond
Willow Creek Subbasin
1
wetland
2
wetland
3
wetland
4
wetland
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Acreage
1.17
3.63
1.21
0.42
1.41
2.91
1.73
1.82
0.18
0.09
0.16
0.45
0.49
1.72
0.10
0.82
0.29
1.83
0.34
0.11
1.39
2.36
0.18
0.28
0.29
0.16
0.52
1.48
0.44
0.12
0.23

Geomorphic
Region
Lowland
Foothills
Foothills
Lowland
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Montane
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills

Primary Land
Cover
aquatic
riparian
aquatic
grassland
aquatic
aquatic
aquatic
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
oak woodland
oak woodland

Secondary Land
Cover
ruderal
grassland
grassland
grassland
turf
turf
turf
grassland
grassland
grassland
grassland
grassland
turf/ wetland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
oak savannah
oak woodland

Habitat
Low
High
Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
High
Medium
High
Medium
High
High
Medium
Medium
Medium
High
High
High
Medium
High
Medium
Medium
High
Medium
Medium
High

Level of Function
Water
Overall
Hydrologic Existing
Quality
Low
Low
Medium
High
High
High
Medium Low
Medium
Medium Medium
Medium
Medium Low
Medium
Medium Low
Medium
Medium Low
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
High
High
High
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High
High
High
High
High
High
High
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium
High
High
High

5.79
2.30
1.08
3.77

Lowland
Lowland
Lowland
Lowland

grassland
ruderal
urban
grassland

grassland
ruderal
urban
grassland

Medium
Low
Low
Medium

Medium
Low
Low
Medium

Medium
Low
Low
Medium

Medium
Medium
Low
Medium

Overall
Potential
Medium
High
Medium
Medium
Medium
Medium
Medium
High
Medium
Medium
Medium
High
Medium
High
Medium
High
High
Medium
Medium
Medium
High
High
High
Medium
High
Medium
Medium
High
Medium
Medium
High
High
Medium
Low
High
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ID
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
39
40
41

Wetland Type
wetland
wetland
pond
pond
pond
riparian
wetland
riparian
wetland
wetland
wetland
wetland
pond
riparian
wetland
wetland
riparian
wetland
wetland
riparian
riparian
wetland
wetland
riparian
wetland
pond
riparian
wetland
pond
wetland
wetland
riparian
wetland
pond
riparian
seasonal wetland
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Acreage
0.59
0.64
0.31
0.46
0.95
0.74
1.25
1.40
1.60
0.75
0.44
0.30
0.25
1.21
0.56
0.37
1.43
0.62
1.18
0.71
0.87
0.53
12.13
5.96
0.16
0.12
0.83
2.36
0.10
0.46
4.21
0.42
1.04
0.50
2.52
0.38

Geomorphic
Region
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Foothills
Lowland
Lowland
Foothills
Lowland
Lowland
Lowland
Foothills
Foothills
Lowland
Lowland
Foothills
Foothills
Lowland
Lowland
Foothills
Lowland
Lowland
Lowland

Primary Land
Cover
grassland
grassland
grassland
urban
urban
grassland
grassland
grassland
grassland
grassland
grassland
grassland
urban
urban
urban
urban
urban
grassland
urban
urban
grassland
ruderal
ruderal
urban
grassland
grassland
urban
urban
grassland
grassland
ruderal
urban
grassland
grassland
ruderal
grassland

Secondary Land
Cover
grassland
grassland
grassland
urban
urban
grassland
grassland
grassland
grassland
grassland
urban
urban
urban
ruderal
urban
ruderal
ruderal
grassland
urban
urban
grassland
ruderal
ruderal
urban
grassland
grassland
urban
ruderal
grassland
grassland
urban
urban
grassland
urban
urban
urban

Habitat
Medium
Medium
Medium
Low
Low
Medium
Medium
Medium
Medium
Medium
Low
Low
Low
Low
Low
Low
Low
Medium
Low
Low
Medium
Low
Low
Low
Medium
Medium
Low
Low
Medium
Medium
Low
Low
High
Medium
Low
Low

Level of Function
Water
Overall
Hydrologic Existing
Quality
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Low
Low
Low
Low
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Medium Medium
Medium
Low
Low
Low
Low
Low
Low
Medium Medium
Medium
Low
Low
Low
Low
Low
Medium
Low
Low
Low
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Low
Low
Low
Low
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Medium
Low
Low
Low
High
High
High
Medium Medium
Medium
Low
Low
Medium
Low
Low
Medium

Overall
Potential
Medium
Medium
Medium
Low
Low
Medium
High
Medium
High
High
Medium
Medium
Low
Low
Low
Low
Low
Medium
Low
Low
High
Low
High
Low
Medium
Medium
Low
Low
Medium
Medium
Low
Low
Medium
Medium
Low
Medium

Appendix A-1. Continued

ID
43
44
45
46
47
50
51
52
53
66
71
72
74
77
79
80
81
82
85
90
91
94
96
98
121
127

Wetland Type
wetland
seasonal wetland
seasonal wetland
riparian
riparian
pond
pond
pond
pond
riparian
riparian
wetland
pond
pond
wetland
wetland
pond
wetland
wetland
wetland
seasonal wetland
seasonal wetland
riparian
pond
pond
pond
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Acreage
0.81
4.38
0.34
7.34
6.18
0.84
0.79
0.85
0.84
7.44
0.64
0.36
1.28
2.51
0.34
0.45
0.21
0.28
0.97
6.93
0.31
8.14
1.21
0.19
0.17
0.39

Geomorphic
Region
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Lowland
Foothills
Lowland
Lowland
Lowland
Lowland
Foothills
Foothills
Lowland
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills
Foothills

Primary Land
Cover
urban
grassland
grassland
ruderal
grassland
turf
turf
turf
turf
grassland
aqueduct
grassland
turf
urban
grassland
grassland
urban
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

Secondary Land
Cover
ruderal
aqueduct
aqueduct
urban
ruderal
turf
turf
turf
turf
grassland
urban/ grassland
ruderal
turf
urban
grassland
grassland
urban
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland
grassland

Habitat
Low
Medium
Medium
Low
Medium
Low
Low
Low
Low
High
Low
Low
Low
Low
Medium
Medium
Low
Medium
High
High
Medium
High
Medium
Medium
Medium
High

Level of Function
Water
Overall
Hydrologic Existing
Quality
Low
Low
Low
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Medium
Medium Medium
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
High
High
High
Low
Low
Medium
Low
Low
Medium
Low
Low
Medium
Low
Low
Low
Medium Medium
Medium
Medium Medium
Medium
Low
Low
Low
Medium Medium
Medium
High
High
High
High
High
High
Medium Medium
Medium
High
High
High
Medium Medium
Medium
Medium Medium
Medium
Medium Medium
Medium
High
High
High

Overall
Potential
Low
Medium
Medium
Low
High
Medium
Medium
Medium
Medium
High
Low
Low
Medium
Low
Medium
Medium
Low
Medium
Medium
High
High
High
High
Medium
Medium
High

Appendix A-2. Valuation for Streams in the Study Area

Reach
Geomorphic
Code
Miles
Region
Willow Creek Subbasin
1A
1.85
Lowland
1B
1.31
Foothills
2A
0.33
Lowland
3A
1.55
Lowland
4A
0.04
Lowland
4B
0.19
Foothills
5A
1.61
Lowland
6A
0.43
Lowland
7A
0.32
Lowland
8A
0.91
Lowland
8B
0.31
Foothills
9A
0.83
Foothills
10A
0.04
Lowland
10B
0.28
Foothills
11A
0.82
Foothills
12A
1.20
Foothills
13A
0.49
Lowland
14A
1.76
Lowland
14B
0.70
Foothills
15A
0.40
Foothills
16A
1.40
Lowland
17A
2.40
Foothills
17B
0.28
Lowland
17C
0.10
Montane
18A
1.39
Lowland
18B
0.24
Foothills
19A
0.15
Foothills
20A
1.86
Lowland
21A
2.16
Foothills
21B
0.59
Lowland
22A
2.20
Lowland

Adjacent
land cover
Natural
Natural
Natural
Urban
Natural
Natural
Natural
Urban
Urban
Urban
Urban
Natural
Natural
Natural
Urban
Natural
Urban
Urban
Urban
Natural
Urban
Natural
Natural
Natural
Urban
Urban
Natural
Urban
Natural
Natural
Natural

Habitat
Medium
High
Medium
Low
Medium
High
Medium
Low
Low
Low
Medium
High
Medium
High
Medium
High
Low
Low
Medium
High
Low
High
Medium
High
Low
Medium
High
Low
High
Medium
Medium
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Water
Quality
Medium
High
Medium
Low
Medium
High
Medium
Low
Low
Low
Medium
High
Medium
High
Medium
High
Low
Low
Medium
High
Low
High
Medium
High
Low
Medium
High
Low
High
Medium
Medium

Level of Function
Overall
Hydrologic Existing
Medium
High
Medium
Low
Medium
High
Medium
Low
Low
Low
Medium
High
Medium
High
Medium
High
Low
Low
Medium
High
Low
High
Medium
High
Low
Medium
High
Low
High
Medium
Medium

Medium
High
Medium
Low
Medium
High
Medium
Low
Low
Low
Medium
High
Medium
High
Medium
High
Low
Low
Medium
High
Low
High
Medium
High
Low
Medium
High
Low
High
Medium
Medium

Overall
Potential
Medium
High
Medium
Low
Medium
High
Medium
Low
Low
Low
Medium
High
Medium
High
Medium
High
Low
Low
Medium
High
Low
High
Medium
High
Low
Medium
High
Low
High
Medium
Medium

Overall Existing
score (0-18)
Subbasin
9
15
9
1
9
15
9
1
1
1
7
15
9
15
7
15
1
1
7
15
1
15
9
18
1
7
15
1
15
9
9

Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow
Willow

Appendix A-2. Continued

Reach
Geomorphic
Code
Miles
Region
22B
0.10
Foothills
Kirker Creek Subbasin
23A
10.43
Lowland
23B
1.40
Foothills
24A
21.67
Foothills
24B
0.14
Lowland
24C
5.91
Montane
25A
0.23
Lowland
26A
0.77
Lowland
27A
0.13
Lowland
West Antioch Creek Subbasin
28A
9.23
Lowland
28B
1.58
Foothills
29A
3.38
Foothills
29B
0.66
Lowland
29C
0.47
Montane
30A
0.59
Foothills
31A
3.63
Foothills
31B
0.02
Montane
32A
2.51
Foothills
33A
0.14
Lowland
33B
2.57
Foothills
East Antioch Creek Subbasin
34A
0.64
Lowland
35A
4.23
Lowland
36A
2.29
Lowland
37A
0.29
Lowland
Upper Mt Diablo Creek Subbasin
38A
9.71
Foothills
39A
0.20
Foothills
40A
0.28
Foothills
41A
0.28
Foothills
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Adjacent
land cover
Natural

Habitat
High

Water
Quality
High

Level of Function
Overall
Hydrologic Existing
High
High

Overall
Potential
High

Overall Existing
score (0-18)
Subbasin
15
Willow

Urban
Urban
Natural
Natural
Natural
Natural
Urban
Natural

Low
Medium
Low
Medium
Low
Medium
Low
Medium

Low
Medium
Low
Medium
Low
Medium
Low
Medium

Low
Medium
High
Medium
High
Medium
Low
Medium

Low
Medium
Medium
Medium
Medium
Medium
Low
Medium

Low
Medium
Medium
Medium
Medium
Medium
Low
Medium

1
7
15
9
18
9
1
9

Kirker
Kirker
Kirker
Kirker
Kirker
Kirker
Kirker
Kirker

Urban
Urban
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural

Low
Medium
High
Medium
High
High
High
High
High
Medium
High

Low
Medium
High
Medium
High
High
High
High
High
Medium
High

Low
Medium
High
Medium
High
High
High
High
High
Medium
High

Low
Medium
High
Medium
High
High
High
High
High
Medium
High

Low
Medium
High
Medium
High
High
High
High
High
Medium
High

1
7
15
9
18
15
15
18
15
9
15

West Antioch
West Antioch
West Antioch
West Antioch
West Antioch
West Antioch
West Antioch
West Antioch
West Antioch
West Antioch
West Antioch

Urban
Natural
Urban
Natural

Low
Medium
Low
Medium

Low
Medium
Low
Medium

Low
Medium
Low
Medium

Low
Medium
Low
Medium

Low
Medium
Low
Medium

1
9
1
9

East Antioch
East Antioch
East Antioch
East Antioch

Urban
Natural
Natural
Natural

Medium
High
High
High

Medium
High
High
High

Medium
High
High
High

Medium
High
High
High

Medium
High
High
High

7
15
15
15

Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo

Appendix A-2. Continued

Reach
Geomorphic
Code
Miles
Region
41B
0.00
Montane
42A
0.41
Montane
42B
0.09
Foothills
43A
5.68
Foothills
43B
5.46
Montane
44A
0.43
Foothills
45A
3.52
Foothills
45B
0.81
Montane
46A
0.36
Foothills
47A
0.82
Foothills
47B
0.03
Montane
48A
4.94
Foothills
48B
3.00
Montane
Sand Creek Subbasin
49A
19.77
Foothills
49B
2.49
Montane
49C
5.37
Lowland
50A
0.13
Lowland
51A
0.45
Lowland
52A
0.22
Lowland
53A
0.46
Lowland
54A
1.09
Lowland
Lower Marsh Creek Subbasin
55A
0.96
Delta
55B
0.02
Lowland
56A
0.69
Lowland
57A
0.30
Lowland
57B
0.09
Delta
58A
0.40
Delta
58B
0.34
Lowland
59A
1.04
Lowland
60A
1.31
Lowland
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Adjacent
land cover
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural

Habitat
High
High
High
High
High
High
High
High
High
High
High
High
High

Water
Quality
High
High
High
High
High
High
High
High
High
High
High
High
High

Level of Function
Overall
Hydrologic Existing
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High
High

Overall
Potential
High
High
High
High
High
High
High
High
High
High
High
High
High

Overall Existing
score (0-18)
18
18
15
15
18
15
15
18
15
15
18
15
18

Subbasin
Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo
Upper Mt Diablo

Natural
Natural
Natural
Urban
Agriculture
Urban
Agriculture
Urban

High
High
Medium
Low
Low
Low
Low
Low

High
High
Medium
Low
Low
Low
Low
Low

High
High
Medium
Low
Low
Low
Low
Low

High
High
Medium
Low
Low
Low
Low
Low

High
High
Medium
Low
Low
Low
Low
Low

15
18
9
1
2
1
2
1

Sand
Sand
Sand
Sand
Sand
Sand
Sand
Sand

Agriculture
Agriculture
Urban
Agriculture
Agriculture
Urban
Urban
Agriculture
Urban

Medium
Low
Low
Low
Medium
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Low
Low
Low

Medium
Low
Low
Low
Medium
Low
Low
Low
Low

Medium
Low
Low
Low
Medium
Low
Low
Low
Low

3
2
1
2
3
2
1
2
1

Lower Marsh
Lower Marsh
Lower Marsh
Lower Marsh
Lower Marsh
Lower Marsh
Lower Marsh
Lower Marsh
Lower Marsh

Appendix A-2. Continued

Reach
Geomorphic
Code
Miles
Region
61A
0.31
Lowland
62A
1.82
Lowland
63A
1.56
Lowland
63B
0.92
Delta
63C
0.01
Foothills
Deer Creek Subbasin
64A
3.71
Lowland
65A
7.64
Foothills
65B
1.02
Lowland
Dry Creek Subbasin
66A
2.97
Lowland
67A
0.59
Foothills
67B
0.16
Lowland
68A
1.80
Foothills
68B
0.98
Lowland
Briones Creek Subbasin
69A
1.80
Lowland
69B
16.05
Foothills
69C
0.97
Montane
Upper Marsh Creek Subbasin
70A
3.05
Lowland
70B
46.55
Foothills
70C
39.70
Montane
Kellogg Creek Subbasin
71A
0.04
Lowland
71B
30.34
Delta
71C
7.53
Foothills
71D
11.19
Montane
72A
6.41
Lowland
72B
0.63
Delta
Brushy Creek Subbasin
73A
2.27
Lowland
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Adjacent
land cover Habitat
Agriculture
Low
Urban
Low
Natural
Medium
Natural
Medium
Natural
High

Level of Function
Water
Overall
Quality
Hydrologic Existing
Low
Low
Low
Low
Low
Low
Medium
Low
Medium
Medium
Low
Medium
High
High
High

Overall
Overall Existing
Potential score (0-18)
Low
2
Low
1
Medium
9
Medium
10
High
15

Subbasin
Lower Marsh
Lower Marsh
Lower Marsh
Lower Marsh
Lower Marsh

Urban
Natural
Natural

Low
Low
Low

Low
Low
Low

Low
Low
Low

Low
Low
Low

Low
Medium
Medium

1
15
9

Deer
Deer
Deer

Urban
Natural
Natural
Natural
Natural

Low
High
Medium
High
Medium

Low
High
Medium
High
Medium

Low
High
Medium
High
Medium

Low
High
Medium
High
Medium

Low
High
Medium
High
Medium

1
15
9
15
9

Dry
Dry
Dry
Dry
Dry

Natural
Natural
Natural

Low
Low
High

Low
Low
High

Low
Low
High

Low
Low
High

Medium
Medium
High

9
15
18

Briones
Briones
Briones

Natural
Natural
Natural

Low
Medium
High

Low
Low
High

Medium
High
High

Low
Medium
High

Low
Medium
High

9
15
18

Upper Marsh
Upper Marsh
Upper Marsh

Natural
Natural
Natural
Natural
Agriculture
Agriculture

Medium
Medium
High
High
Low
Medium

Medium
Medium
High
High
Low
Low

Low
Low
Low
High
Low
Low

Medium
Medium
Medium
High
Low
Medium

Medium
Medium
Medium
High
Low
Medium

9
10
15
18
2
3

Kellogg
Kellogg
Kellogg
Kellogg
Kellogg
Kellogg

Natural

Medium

Medium

Medium

Medium

Medium

9

Brushy
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Reach
Code
73B
73C
73D
74A

Miles
21.01
21.21
0.96
6.20

Geomorphic
Region
Delta
Foothills
Montane
Delta
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Adjacent
land cover Habitat
Natural
Medium
Natural
High
Natural
High
Agriculture
Medium

Level of Function
Water
Overall
Quality
Hydrologic Existing
Medium
Medium
Medium
High
High
High
High
High
High
Low
Low
Medium

Overall
Overall Existing
Potential score (0-18)
Medium
10
High
15
High
18
Medium
3

Subbasin
Brushy
Brushy
Brushy
Brushy

