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CALFED
BAY-DELTA
ECOSYSTEM
RESTORATION

recreation,
ecological processes,
research, and aesthetics.

OVERVIEW
The mission of the CALFED Bay-Delta Program is to
develop a long-term comprehensive plan that will
restore ecosystem
health and improve
water
management for beneficial uses of the Bay-Delta
system. The Program addresses problems in four
resource areas: ecosystem quality, water quality, levee
system integrity,
and water supply reliability.
Programs to address problems in the four resource
areas have been designed and integrated to fulfill the
CALFED mission.
Ecosystem goals presented in the Strategic Plan for
Ecosystem Restoration will guide the Ecosystem
Restoration
Program
during
its
W-U
implementation
phase. Strategic Goals include the
following:

1

Achieve recovery of at-risk native species
dependent on the Delta and Suisun Bay as the
first step toward establishing large, selfsustaining
populations
of these species;
support similar recovery of at-risk native
species in the Bay-Delta estuary and the
watershed above the estuary; and minimize the
need for future endangered species listings by
reversing downward
population
trends of
native species that are not listed.

2

Rehabilitate na&ral processes in the Bay-Delta
estuary and its watershed to fully support,
with minimal ongoing human intervention,
natural aquatic and associated terrestrial biotic
communities and habitats, in ways that favor
native members of those communities.

3

Maintain
and/or enhance populations
of
selected species for sustainable commercial and
recreational harvest, consistent with the other
ERP strategic goals.

4

Protect and/or restore functional habitat types
throughout
the Bay-Delta estuary and its
watershed for ecological and public values such
as supporting species and biotic communities,

PROGRAM
PROGRAM
PLAN
scientific

5

Prevent the establishment of additional nonnative invasive species and reduce the negative
ecological and economic impacts of established
non-native species in the Bay-Delta estuary
and its watershed.

6

Improve and/or maintain water and sediment
quality conditions that fully support healthy
and diverse aquatic ecosystems in the BayDelta estuary and watershed; and eliminate, to
the extent possible, toxic impacts to aquatic
organisms, wildlife, and people.

The ERP addresses these Strategic Goals by
restoration of ecological processes associated with
streamflow,
stream channels, watersheds,
and
floodplains. These processes create and maintain
habitats essential to the life history of species
dependent on the Delta. In addition, the Program
aims to reduce the effects of stressors that inhibit
ecological processes, habitats, and species.
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presents the visions for ecological
processesand functions, fish and wildlife habitats,
species,and stressorsthat impair the health of the
processes,habitats, and species.The visionspresented
in Volume I are the foundation of the ERP and
display how the many ecosystem elements relate to
one another and establisha basisfor actions which are
presented in Volume II.

WATERSHED

OF THE PLAN

ORGANIZATION

The ERP comprises three volumes: a Strategic Plan
and the two volume restoration plan.
n

Strategic Plan for Ecosystem Restoration

n

Volume I: Ecological Attributes
Francisco Bay-Delta Watershed

n

Volume
Visions.

STRATEGIC
RESTOFUTION

II:

Ecological
PLAN

of the San

Management
FOR

VOLUME
II: ECOLOGICAL
MANAGEMENT
ZONE
VISIONS
presents the visions for the 14

Zone

ecological management zones and their respective
ecological management units. Each individual
ecological management zone vision contains a brief
description of the management zone and units,
important ecological functions associatedwith the
zone, important habitats, species which use the
habitats, and stressorswhich impair the functioning
or utilization of the processesand habitats. Volume II
also contains strategic
objectives, targets,
programmatic actions, and conservation measures
which describe the ERP approach, and which
balancesand integrates the needsof the Multi-Species
Conservation Strategy (2000) in order to improve the
ecological health of the zone and its contribution to
the health of the Delta. Rationales are alsocontained
in Volume II which clarify, justify, or support the
targets and programmatic actions.

ECOSYSTEM

is the guidance document for
implementing the Ecosystem Restoration Program
Plan. It defines an ecosystem-basedapproach that is
comprehensive, flexible, and iterative, designed to
respond to changes in the complex, variable BayDelta system and changes in the understanding of
how this system works. The Strategic Plan also
presents broad strategic goals and objectives and
establishes“Adaptive Management” as the primary
tool for achieving ecosystem restoration objectives.
The Strategic Plan describeshow conceptual models
should be used in developing restoration programs
and defining information needs.
VOLUME
THE

I: ECOLOGICAL
FRANCISCO
SAN

ATTRIBUTES
OF
BAY-DELTA

INTRODUCTION

VOLUME

II

Volume II, Ecological Management Zone Visions,
integrates the landscape ecological concepts for
processes,habitats, species,and stressorspresented in
Volume I: Visions for EcosystemElements. Volume
II presents this information in population targets,
actions and MSCS Conservation Measures for species
and 14 visions’for the Ecological Management Zones
which comprise the ERPP Study Area (Table 1).

H a b ita ts

Each Ecological Management Zone (Zone) is further
divided into component Ecological Management
Units (Unit). For example, the East San Joaquin
Zone is divided into three Units: Stanislaus River,
Tuolumne River, and Merced River. The vision for
each Ecological Management Zone provides
introductory information; Zone and Unit descriptions
which identify the status of ecological processes,
habitats, and species; and describes how stressors
adversely affect those ecosystemelements.

Processes
Stream flo,w
Watershed

TO

Floodplain

Figure 1. Relationship of ecological processes,
habitats, and species in the Ecosystem
Restoration Program Plan.
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Table 1.Ecologica.l Management

Ecological Management

Zones and Ecological Management

iuisun Marsh/North
Bay

San Francisco

Sacramento River

North

Sacramento Valley

Cottonwood

Creek

Colusa Basin

Butte Basin

Feather River/Sutter

Basin

American River Basin
Yolo Basin
.
Eastside Delta Tributaries
-

the ERPP Study Area;

Ecological Management

Zone

Sacramento-San Joaquin Delta

Units within

Unit

North Delta
South Delta

East Delta
Central and West Delta

Suisun Bay and Marsh
Sonoma Creek
San Pablo Bay

Napa River
Petaluma River

Keswick to Red Bluff
Chico Landing to Colusa
Verona to Sacramento

Red Bluff to Chico Landing
Colusa to Verona

Clear Creek
Be= Creek

Cow Creek
Battle Creek

Upper Cottonwood
Lower Cottonwood

Creek
Creek

Stony Creek
Thomes Creek

Elder Creek
Colusa Basin

Paynes Creek
Mill Creek
Big Chico Creek Butte Creek
Butte Sink

Antelope Creek
Deer Creek

Feather River
Bear River
Sutter Bypass

Yuba River
Honcut Creek

American Basin
Lower American River
Putah Creek
Willow Slough

Cache Creek
Solano
Cosumnes River
Mokelumne River
Calaveras River

I

San Joaquin River

Vernalis to Merced
Mendota Pool to Gravelly Ford

East San Joaquin

Stanislaus River
Tuolumne River
Merced River

Merced to Mendota Pool
Gravelly Ford to Friant

----

West San Joaquin
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PERSPECTIVE

The central theme of the ERPP
is the recognition
that truly
durable and resilient populations
of fish and wildlife inhabiting the
Bay and Delta require, above all
else, the rehabilitation of ecological processes
throughout the Central Valley river and estuary
systems and watersheds.

The ecological hub of the Central Valley is the
Sacramento-San Joaquin Delta and Bay. The ERP
signals a fundamental shift in the way ecological
resources of the Central Valley are managed. For
many decades, government
entities, non-profit
organizations, and the private sector have engaged in
managing, protecting, regulating, and in some cases
propagating fish and wildlife species of the Bay and
Delta - yet many populations have not recovered
sufficiently and remain in decline. In spite of constant
human intervention to repopulate fish and wildlife
that have commercial, recreational, and biological
importance to society (e.g., hatchery progra_ms and
expensive
re-engineered
water
diversions),
populations
have not been sustained at stable,
healthy levels that support historic use of those
resources.

The ERP, like all components of Bay-Delta solution
alternatives, is being developed and evaluated at a
programmatic level. The complex and comprehensive
nature of a Bay-Delta solution means that it will
necessarily be composed of many different programs,
projects, and actions that will be implemented over
time. During the current phase of the Program,
solution alternatives have been evaluated as sets of
programs
and projects and broad benefits and
impacts have been identified. In the implementation
phase of the Program,
more focused analysis,
environmental documentation, and implementation
of specific programs and actions will occur. The
CALFED goal for ecosystem quality will be achieved
by further developing and adhering to the Strategic
Plan for Ecosystem Restoration.
A major effort
toward reaching target levels will be emphasized
during the first 7 years of the implementation
program. Special effort will be directed to actions that
can be implemented to restore ecological processes.
The restoration of these processes is intended to
restore and maintain habitats, and to provide for the
needs of the species dependent on a healthy BayDelta system. For example, restoring stream channels
contributes to sediments, nutrients, and a variety of
habitats. The. strategy
recognizes that not all
processes can or should be completely restored and
that intervention, manipulation, and management
will be required. For example, streambed gravel may
have to be introduced, habitats may have to be
constructed,
and vegetation
planted.
Still, an
important part of the approach is to recommend
measures that in the long-term will limit the need for
continued human intervention.

Historic efforts of individual species regulation and
management will be replaced by an integrated
systems
approach
that aims to reverse the
fundamental causes of decline in fish and wildlife
populations. A systems approach will recognize the
natural forces that created historic habitats and use
these forces to help regenerate habitats. The BayDelta ecosystem is not simply a list of species. Rather,
it is a complex living system sustained by
innumerable interactions that are physical, climatic,
chemical, and biological in nature, both within and
outside of the geographic boundaries of the Delta.
The ERP is fundamentally different from many past
efforts in another way, as well. It is not designed as
mitigation for projects to improve water supply
reliability or to bolster the integrity of Delta levees;
improving ecological processes and increasing the
amount and quality of habitat are co-equal with other
program goals related to water supply reliability,
water quality, and levee system integrity. Solving
serious and long-standing problems in each of these
resource areas will require an ambitious, integrated,
long-term program. We do not know the balance
needed between restoration efforts in the Delta and
Bay and restoration
efforts upstream. However,
aquatic species cannot be the sole driving force for
ecosystem restoration. Ecosystem restoration must
involve the integration of the needs of terrestrial and
aquatic species and plant communities.

Implementation of the ERP is further guided by the
recognition that all landscape units and physical and
biological
components
of the ecosystem
are
interdependent and dynamic. Interdependence means
that actions and stressors in one part of the system
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Sacramento River below Shasta Dam, the San
Joaquin River below the confluence with the Merced
River, and their major tributary watersheds directly
connected to the Bay-Delta system below major
dams and reservoirs. In addition, streams such as Mill
Creek, Deer Creek, Cottonwood
Creek,
and
Cosumnes River, are emphasized due to their freeflowing status and relative high quality of habitats
and ecological processes.

can and do affect populations and conditions that
may be separated by hundreds of miles (e.g., in
watersheds and spawning tributaries), or affect the
food web in ways that may not be felt for several
years.
Natural
systems
are dynamic;
i.e., they are
characterized by response to cycles of change and
episodic catastrophes that are driven by natural or
human factors. Most habitats undergo expansions
and contractions, or shifts in space and time. The
dynamic nature of healthy habitats is the cause of
much biological diversity, and complex habitats tend
to make species populations more resilient to change.
If the mosaic of habitats distributed across a broad
landscape is complex, and if large areas of habitat are
connected by smaller patches and corridors such as
those associated with riparian systems, then healthy
areas of the ecosystem can be relied upon to sustain
species during temporary setbacks in other areas.

GEOGRAPHIC

Secondarily, the ERP addresses, at a broader,
programmatic level, Central and South San Francisco
Bay and their local watersheds (Note: The primary
geographic focus area for the ERP can be divided into
14 management zones, each characterized by a
predominant
physical habitat type and species
assemblage,
Figure . 2). These 14 ecological
management zones constitute the geographic areas in
which the majority of restoration actions will occur.
The upper watersheds surrounding the primary focus
area are important and addressed through general
actions that focus on watershed processes and
watershed planning, management and restoration.
The CALFED Watershed Program addresses the
coordination of planning and restoration actions in
the upper watershed.

SCOPE

The geographic (spatial) scope of the ERP is defined
by the interdependence and linkage of the ecological
zones which encompass the Central Valley. These
ecological zones include the upland river-riparian
systems, alluvial river-riparian
systems, the Delta,
and Greater San Francisco Bay (Note: These
ecological zones are more fully described in the
section on Key Ecological Attributes
of the San
Francisco-Bay
Delta Watershed which follows this
section). The geographic scope defines the locations
where actions might be implemented to maintain,
protect, restore, or enhance important ecological
processes, habitats, and species. Some rivers or
watersheds
have ecological attributes which are
valued higher than the attributes present in others
areas. These ecological values include the condition of
important ecological processes and how well they
support
a diversity
of habitats
and biotic
communities.
The communities
include ,the fish,
wildlife, and plants which occupy or utilize the
habitats within these local areas.

MULTI-SPECIES
CONSERVATION
STRATEGY
CALFED has developed a Multi-Species Conservation
Strategy to serve as the framework for compliance
with the Federal Endangered Species Act (FESA), the
California Endangered Species Act (CESA), and the
State’s Natural Community Conservation Planning
Act (NCCPA) (Multi-Species Conservation Strategy
2000). The Conservation Strategy has identified a
subset of species which are federally and State listed,
or candidate species, other species
proposed,
identified by CALFED that may be affected by and
for which the CALFED Program and the ERI? have
responsibility related to (1) recovery of the species, (2)
contribute to their recovery, or (3) maintain existing
populations.

Species and biotic communities addressed in the ERP
depend on habitat conditions in Suisun Bay, the
Delta, Sacramento River, San Joaquin River, and
many of their tributary streams. For these reasons,
the primary geographic focus of the ERP is the
Sacramento-San Joaquin Delta, Suisun Bay, the

IMPLEMENTATION

STRATEGY

A large and diverse ecosystem like the Bay-Delta is
extremely complex. There are many processes and
relationships at work in the ecosystem that are not
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Figure 2. Location

Map of the 14 Ecosystem

Restoration

fully understood. Th us, there are many difficulties
and uncertainties
associated with a program to
improve ecosystem health. in some cases, problems
are well understood and the steps to improvement are
clear. In other cases, there is some understanding of
the reasons for decline but this understanding is not
sufficient to warrant full-scale implementation
of
remedial measures. In still other cases, additional
research is needed before solutions can be identified
with certainty.

Program

Ecological

Management

Zones

Adaptive management
is a process of testing
alternative ways of meeting objectives, and adapting
future management actions according to what is
learned. Adaptive management
relies upon the
identification
of indicators of ecosystem health,
comprehensive monitoring of indicators to measure
improvement
over time, focused research, and
phasing of actions.
are quantitative
measures
of
ecosystem attributes or elements that are expected to
change over time in response to implementation of
the ERP. Indicators
are selected to provide
measurable evaluations of important
ecological
processes, habitats,
and species whose
status
individually and cumulatively provide an assessment

INDEATORS

The difficulties
and uncertainties
of ecosystem
restoration call for an implementation strategy that
is flexible and can accommodate and respond to new
information.
The foundation
of the EFG’
implementation
strategy is adaptive management.
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of ecological health. Indicators of ecosystem health
are the gauges we will use to measure progress
toward the goal. Some indicators are very broad in
scale while others are very specific. For example, a
very broad or landscape level indicator of ecosystem
health might be a comparison of the total area of
riparian forest to historic coverage or an evaluation of
the average distance between patches of such forest
with closer patches indicating better health than
more distant patches. A more specific indicator might
be the concentration of toxic substances in the flesh
of adult striped bass.

between beneficial uses in the system. Later
implementation stages will be shaped through
adaptive management by the results of restoration
actions in the first 7 years of the program.
The ERP will be refined and implemented according
to the stepslisted below.
1.

REFINE
THE ERP
based on broad public
participation, and using the best scientific
knowledge currently available in the short term.

2.

CREATE
PROGFWM

AN

ECOSYSTEM

SCIENCE

to provide ongoing scientific
evaluation of the ERP. The ScienceProgram will
be a collaborative effort among local and
national, independent stakeholder and agency
scientists and technical experts convened to
addressoutstanding scientific issuesand review
the ERP.

MONITORING
is the process
of measuring the abundance, distribution, change or
status of indicators. For example, contaminant
concentrations in fish tissues can be measured at
various locations and times in the system to
determine if contaminant levels are changing. This
will allow progress to be measured,allow actions to
be modified if necessary,and provide assurancesthat
the restoration objectives are being achieved. (Note:
A Comprehensive Monitoring, Assessment, and
ResearchProgram is being developed. A description
of that program is presented later in this section.)
COMPPEHENSIVE

3.

PREPARE
CONCEPTUAL
MODELS
to
describe the Bay-Delta ecosystem and the
proposed actions of the ERP. Restoration or
rehabilitation programs for complex ecosystems
must be basedon clear concepts about how the
system is believed to function, how it has been
altered or degraded, and how various actions
might improve conditions in the system.
Conceptual models can provide a basis for
quantitative modeling or identify critical
information needsfor researchor monitoring. In
ecosystem restoration, they can be used to link
human activities or management actions to
outcomes important to society. In adaptive
management, the most important uses of
conceptual models are for: linking human
activities t.o valued outcomes, highlighting key
uncertainties where researchor adaptive probing
might be necessary,and identifying monitoring
needs.

4.

DEVELOP
TESTABLE
HYPOTHESES
for
proposed ERP actions. The hypotheses
underlying the ERP will be tested through
experiments using the conceptual models and
on-the-ground research.The results from these
experiments will feed back into the adaptive
management processand will support proposed
actions, suggestrevisionsto actions, and identify
needsfor further research.

RESEARCH
will help answerquestions
about the system and its componentsand increasethe
certainty surrounding the relationships of ecological
processes,habitats, and species.For example, the
relationships among streamflow, storm events, flowrelated shaping of river channels to modify habitat,
and the physical and chemical signals that flow
provides for aquatic speciesall need to be better
understood for effective management of the system.
DIRECTED

IMPLEMENTATION
is the logical
sequence of implementing _ restoration actions to
achieve CALFED goals as effectively as possible.
Phasing will consider all targets and programmatic
actions and will be used to prioritize actions. For
example, actions directed at recovering endangered
speciesand which are consistent with the long-term
restoration program and contribute to ecological
resiliencehave a high priority.
STAGED

Stage I implementation is defined as the first 7 year
stage of the program and will include restoration of
ecological processes and habitats that are most
important for endangeredspeciesrecovery, reduction
of stressorsthat affect threatened and endangered
species,and other actions that may reduce conflicts
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5.

CONDUCT

IMMEDIATE

based on the best and most current information. This
process entails an institutional framework to ensure
that the correct questions
are identified for
monitoring and research actions, that monitoring and
research are conducted appropriately, that the data
collected and obtained are stored properly and
available to those with an interest, and that relevant
information is developed from the data obtained to
further
the incremental
process of adaptive
management.
The Comprehensive
Monitoring,
Assessment and Research Program (CMARP) is being
developed to meet these needs.

DIRECTED

to improve understanding of the
ecosystem and the causes of problems identified
models
and testable
in the conceptual
hypotheses. Use results from short-term studies
to adjust the way that objectives are achieved,
making refinements to the final ERP targets,
actions, and implementation schedule.

RESEARCH

6.

DEVELOP
IMPLEMENTATION

AND

BEGIN
PROGRAM

A

STAGED
THAT

ENTAILS:
n

implementation
of ecosystem
short-term
restoration
demonstration
projects including
stressor reduction measures, to help at-risk
populations begin recovering and to test the
viability and effectiveness of targets and actions,

w

coordinated
monitoring,
evaluation,
and
reporting of the results of recovery efforts, and
the status of ecological indicators in the BayDelta and other zones, and

n

adaptive management of each successive phase of
ERP implementation,
including
pragmatic
adjustments
to ecosystem targets, funding
priorities, and restoration techniques to ensure
that public and private resources are well spent
and complement other related efforts.

A substantial monitoring effort in the Bay and Delta
has been carried out for many years under the
auspices of the Interagency Ecological Program (IEP).
The purpose of the CMARP is to build on the work
of IEP and other efforts to assure that information
gathering and evaluation necessary to the success of
the CALFED Program is developed and carried out.
CMARP will help provide those new facts and
scientific interpretations necessary for implementing
the CALFED Program and for the public to judge the
Program’s
success. Major efforts will include
documenting and explaining the status and trends of
the resources, providing timely information for realin design,
time management, and participating
execution, and analysis of adaptive experiments.
CMARP must routinely make available information
on major indicators of program progress. CMARP
efforts must be subjected periodically to independent
scientific review to evaluate the Program’s relevance
and approach and to maintain public confidence in
the Program.

During refinement and implementation of the ERP,
public accountability and program effectiveness will
be assured through continuing public involvement as
well
as environmental
impact
analysis
and
documentation.

CMARP

COMPREHENSIVE
MONITORING;
ASSESSMENT,
AND RESEARCH
PROGRAM

SCOPE

CMARI? is designed to provide information on all of
the CALFED
program elements, including the
Ecosystem Restoration Program, the Multi-Species
Conservation
Strategy, Water Quality Program,
Levee Program, Water Use Efficiency Program,
Water Transfer Program, Storage, Conveyance, and
the Watershed
Program.
CMARP
also has
responsibility
for organizing and evaluating data
generated by projects of the Restoration Coordination
Program. In addition, CMARP will contribute to the
design of monitoring for any mitigation efforts of
CALFED. Finally, CMARP will be coordinated with
existing monitoring and research programs SO that
they can provide a foundation of information for the

The CALFED
Bay-Delta
Program is organized
around the concept of adaptive management because
there is incomplete knowledge of how the ecosystem
functions and the effects of individual project actions
on populations and processes. Monitoring key system
functions (or indicators), completing focused research
to obtain better understanding,
and staging
implementation based on information gained are all
central to the adaptive management process. The
process necessarily includes numerous assessment and
feedback loops so that management decisions are
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Program. The CMARP will include options to ensure
that monitoring, assessment, and research needs are:
n
n

n
n

.

identified
coordinated
to
provide
comprehensive
system-wide coverage
performed by the most appropriate party
completed in a comparable manner by all parties
accomplished with minimum redundancy and
optimum efficiency and effectiveness.

The CMARP ,must also ensure that results from the
monitoring are:
.
n

n

interpreted
made readily available to all interested parties in
a timely manner
incorporated as feedback to facilitate adaptive
management.

CMARP must also assure that study and monitoring
designs are sufficient to detect statistically significant
and ecologically relevant impacts or changes.
The scope of CMARP includes both institutional and
environmental considerations.
It seeks to balance
specific knowledge needs of water managers and the
public versus an understanding
of ecosystem
processes and what can actually be obtained and
measured from the field. For example, CALFED
agencies presently monitor the abundance of several
key species and environmental
attributes such as
streamflow at the State and federal diversion facilities
in the Delta to understand better which species are
entrained, when, how many, during what life stage
and under what kind of environmental conditions.
Although much of this monitoring is designed to
address institutional
needs, limits on knowledge
obtained are based on limitations of monitoring
design which in turn are limited by the physical
system to be monitored. Thus, the programmatic
scope of CMARP must consider both institutional
needs and environmental considerations and should
maintain sufficient flexibility to respond to both as
they change over time.
CALFED
assessment,
component
should be
application
individual

has
determined
that
monitoring,
and research efforts are a critical
of the adaptive management process, and
integral to all program elements. The
of CMARP will be very different for
CALFED
programs.
However,
each

program element has similar needs that include
gathering and assessing data. In addition, the
CMARP must also address the monitoring and
assessment needs of the CALFED
Conservation
Strategy, as well as any mitigation required-as a result
of CALFED program actions.
Restoration projects require special consideration. A
requirement for funding is that project proposals
contain monitoring elements to determine if stated
objectives have been met and to provide guidance for
assessingfuture rehabilitation needs. CMARP will
include recommendationsto ensurethat monitoring
data from all these projects are technically sound,
broadly usable,and provide meaningful information
to guide future actions.
The CMARP Plan will take into consideration the
broad variety of factors that can affect the
environment, its physical structure, chemicalmakeup
and biotic communities. The recommendedprogram
will necessarilybe limited to monitoring only a small
fraction of the possible physical chemical, and
biological, attributes of the environment. Conceptual
modeling will play a key role in helping decidewhich
attributes to monitor.

CMARP

OBJECTIVES

Objectives have been established for CMARP’s
monitoring and assessmentand research functions
that are consistent with the adaptive management
strategy adopted by CALFED.

MONITORING
PROGRAM

AND ASSESSMENT
OBJECTIVES

Provide information necessaryto evaluate the
effectivenessof program actions and to support
ongoing adaptive management actions.
Describe conditions in the Bay-Delta and its
watershed on appropriate temporal and spatial
scales.
Evaluate trends in the measuresof environmental
conditions.
Identify the major factors that may explain the
observed trends.
Analyze data and report results to stakeholders
and agencieson a timely basis.
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RESEARCH

PROGRAM

OBJECTIVES

5.

Build an understanding of physical, chemical and
biological processes in the Bay-Delta and its
watershed that are relevant to CALFED program
actions.

to focus on identifying institutional
functions, and recommending how a monitoring
and research program should operate. The
CMARP Program Report, a separateappendix to
this Programmatic
EIS/EIIX, recommends that
there be a chief scientist, .a sciencecoordination
team, and a sciencereview board.

RESEARCH

Provide information
useful in evaluating the
effectiveness of existing monitoring protocols and
the appropriateness of environmental attributes.

CALFED recognizes the need for reducing
uncertainties about the factors affecting the resources
of the Bay-Delta system. Although a traditional
monitoring, assessmentand research program will
meet this need over a period of decades,CALFED
needsto reducekey uncertainties at a more rapid rate
to meet program goals. Therefore, CALFED will
undertake an active program of adaptive resource
management. Such a program will require a
partnership between resourcemanagersand scientists
in which effects of key factors are better defined by
informed management experiments. Resource
managerswill thereby increase chancesof avoiding
catastrophes and responding successfully to
unexpected events. Informed adaptive experiments
require policy-level recognition and acceptance of
somerisks to the resources.

Test causal relationships among environmental
variables identified in conceptual models
Reduce areas of scientific uncertainty
management actions.
Incorporate
sources.

regarding

relevant new information

from all

Revise conceptual models as understanding
the system increases.

CMARP

PROGRAM

The CMARP development
following steps:
1.

IDENTIFY

THE

GOALS,

of

ACTIVITIES
process has included the

OBJECTIVES

AND

of CALFED Program elements, related
programs, and agency major program goals and
objectives.

NEEDS

2.

3.

TERMS

MONITORING

-

A CONCEPTUAL

PROGRAM

FRAMEWORK

A CALFED

DESIGN

FOCUSED

ERPP

MEASURE:
TWO types of
conservation measureswere developed under the
MSCS: 1) measuresdesignedto avoid, minimize,
and compensatefor CALFED’s adverseeffects on
NCCP communities and evaluated species
(applicable to specieswith “R,” “r,” and “m”
conservation goals; and 2) measuresto enhance
NCCP communities and evaluated speciesthat
are not directly linked to CALFED’s adverse
impacts. The conservation measurespresentedin
Volume 1 and Volume II of the ERP are the
latter type: conservation measuresto enhance
NCCP communities and evaluated species.

Inventory existing monitoring programs
Develop monitoring elements
Develop a processfor data management
Develop a process for data analysis and
monitoring
Restoration
coordination
monitoring
institutional process

DESIGN

IN THE

CONSERVATION

ECOSYSTEM-BASED

4.

USED

The following terms are used in the ERP:

that
focuses on development of explicit conceptual
models for use in designing monitoring and
research programs. (This task is being
accomplished in coordination with monitoring
and research programs from Puget Sound,
ChesapeakeBay and South Florida).
DEVELOP

DEVELOP
AN
INSTITUTIONAL
STRUCTURE
FOR
MONITORING,
ASSESSMENT
AND

MANAGEMENT:

Ecosystem-based management is a resource
management concepr of achieving species
management objectives by sustaining and
enhancing the fundamental ecological structures
and processes
that contribute to the well being of

RESEARCH

to investigate causesand trends,
reduce areas of scientific uncertainty, and
corroborate relationships in conceptual models.
PROGRAM
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the species. A basic tenet of CALFED’s
implementation
of
ecosystem-based
management is, to the extent feasible, to restore
or rehabilitate the natural processes that create
and maintain
the important
elements of
ecosystem
structure.
Ecosystem-based
management
differs fundamentally
from the
more traditional
approach of species-based
management, which seeks to manipulate specific
environmental
factors (e.g., direct removal of
predators
from the environment
to reduce
predation levels on the target species) thought to
be limiting target species populations at levels
below management objectives.

processes. Stream channel processes include
stream meander, gravel recruitment and
transport, water temperature, and hydraulic
conditions. Floodplain processes include
overbank flooding and sediment retention and
deposition.
Habitats are areasthat provide specific
conditions necessaryto support plant, fish, and
wildlife communities. Some important habitats
include gravel bars and riffles for salmon
spawning, winter seasonal floodplains that
support juvenile fish and waterbirds, and shallow
near-shore aquatic habitat
shaded by
overhanging tule marsh and riparian forest.

HABITATS:

ELEMENT:
An ecosystemelement
is a basic component or function which, when
combined with other ecosystemelements, make
up an ecosystem. An ecosystem element can be
categorized asa process,habitat, species,species
community, or stressor.

ECOSYSTEM

LONG-

AND

SHO-RT-TERM

OBJECTIVES:

Objectives can be both short-term and longterm. Short-term objectives should be clearly
feasible, relatively easy to measure, and
achievable in reasonablelength of time (usually
lessthan 25 years). The time period is not the
same asStage I of the CALFED process.Longterm objectives may be more difficult to
determine and require additional resourcesand
knowledge to achieve. (Note: these differ from
Strategic Objectives which are defined later in
this section.)

ECOSYSTEM

REHABILITATION:
Within
CALFED’s concept of ecosystemrestoration, the
EliP
will
largely focus on ecosystem
rehabilitation. In the context of CALFED,
ecosystemrehabilitation is defined as the process
by which resource managers reestablish or
refurbish key elements of ecological structure
.
and functron within the Bay-Delta ecosystemto
a level necessary to achieve ERP goals and
objectives.

A programmatic
action representsa physical, operational, legal, or
institutional change or alternative means to
achievea target. The number of actions and their
level of implementation is subject to adjustment
by adaptive management. For example, the
number of diversions screenedmay be adjusted
up or down depending on the overall responseof
fish. populations to screening and other
restoration actions.

PROGFWMMATIC

RESTORATION:
Ecosystem
restoration is a term sometimesusedto imply the
process of recreating the structural and
functional configurations of an ecosystemto that
present at some agreed to time in the past.
Because the structure and function of many
elements of the Bay-Delta ecosystemhave been
severely disrupted and cannot be feasiblely
restored to a specified historic condition, within
the context of CALFED, ecosystemrestoration is
more realistically defined asthe processby which
resourcemanagersensurethat the capacity of the
ecosystemto provide ecological outcomesvalued
by society is maintained, enhanced, or, restored.

ECOSYSTEM

ACTION:

An example of a programmatic action is to
develop a cooperative program to acquire and
restore 1,500 acres of tidal perennial aquatic
habitat in the Suisun Bay and Marsh Ecological
Management Unit.
DESIGNATION:
The classification
system used to organize speciesby status. The
speciesdesignationsused in the ERP for species
evaluated in the MSCS are identical to the
designations used in the MSCS (recover,
contribute to recovery, and maintain), and

SPECIES

PROCESS:
Ecological processesact
directly, indirectly, or in combination, to shape
and form the ecosystem. These include
streamflow, stream channel, and floodplain

ECOLOGICAL
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include additional designations for species or
biotic communities not addressed in the LMSCS.
The two additional ERP designation include
enhance
and/or
conserve
native
biotic
communities,
and maintain and/or enhance
harvested species. The species designated for
recovery, contribute to recovery, maintain, and
enhance and/or conserve native biotic are
addressed by Strategic Goal 1. Species designated
as maintain and/or enhance harvested species are
addressed by Strategic Goal 3 (maintain and/or
enhance populations
of selected species for
sustainable commercial and recreational harvest
consistent with the other ERP strategic goals).

1 EXPECTATIONS:
Stage 1 expectations
are meant to be measuresof the progresstowards
meeting short-term objectives in the first 7 years
of implementation program. These expectations
have two basic components: improvements in
information to allow better management of the
ecosystem and improvements in physical and
biological properties of the Bay-Delta ecosystem
and watershed.

STAGE

Strategic goals are the broad
statementsthat define the scopeand purposesof
the ERP. Strategic goals provide guidance in
structuring Strategic Objectives, developing
targets, and evaluating proposed restoration
actions.

STFIATEGIC

GOAL:
Goals recommended by the
Multi-Species Conservation Strategy Team for
evaluated species. The MSCS species,goals
include recover, contribute to recovery, and
maintain. The analogousERP terms are found in
the Strategic Objective for Strategic Goal 1
which addressesat-risk species.

SPECIES

The hierarchy for goals, objectives, targets and
programmatic actions follows:

h

GOAL

Strategic
l

PRESCRIPTIONS:

Goal

Strategic Objective
b

A
performance standard to measure progress
toward the speciesgoal by providing habitat or
population targets. (Note: Species Goal
Prescriptions originate from the MSCS. The ERP
equivalent is species target. For species
designated as recover, contribute to recovery, or
maintain, the ERP speciestarget is identical to
the MSCS speciesgoal prescription. For species
not evaluated in the MSCS, the ERP species
target is the performance standard to measure
progress toward the objective.)
.
SPECIES
AND
SPECIES
GROUPS:
Certain
speciesor groups ofspecies are given particular
attention in the ERP. This focusis basedon three
criteria that might be met by a species(including
fish, wildlife, and plants): 1) is it a formally listed
threatened or endangered species(e.g., winterrun chinook salmon, delta smelt), or is it a
speciesproposed for listing; 2) it is economically
important, supporting a sport or commercial
fishery (e.g., striped bass,signal crayfish); 3) is it
a native speciesor speciescommunity that is
presently not listed by which could be if
population abundanceor distribution declines,or
4) it is an important prey species(e.g., Pacific
herring).

SPECIES

GOAL:

Target
t,

Programmatic

Action.

OBJECTIVES:
Strategic Objectives
are associatedwith the Strategic Goals and are
intended to assess
progresstoward achieving the
associatedgoals. Strategic Objectives are futed
and are not expected to change over time.
Strategic objectives are a more detailed
delineation of the Strategic Goal components
and provide a framework to develop and
organize targets and programmatic actions. A
strategic pbjective is the most specific and
detailed description of what the ERP strives to
maintain or achieve for an ecosystem element.
The objectives are stated primarily in terms of
management actions designed to have a
favorable impact on the Bay-Delta system,
however, someare alsostated in terms of studies
that will teach us how the ecosystembehavesso
that principles of adaptive management can be
better employed. (Note: Strategic Objectives
differ from long- and short-term objectives.)

STRATEGIC

Stressorsare natural and unnatural
events or activities that adversely affect
ecosystem processes, habitats, and species.
Environmental stressorsinclude water diversions,

STRESSORS:
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1

water contaminants, levee confinement, stream
channelization and bank armoring, mining and
dredging in streams and estuaries, excessive
harvest of fish and wildlife, introduced predator
and competitor species, and invasive plants in
aquatic and riparian zones. Some major stressors
affecting the ecosystem are permanent features
on the landscape, such as large dams and
reservoirs that block transport of the natural
supply of woody debris and sediment in rivers or
alter unimpaired flows.

water diversions to levels that will not impair
stock
rebuilding
or
species
restoration
(qualitative target).
VISION:
A vision is what the ER.P will accomplish
with
the stated objectives,
targets,
and
programmatic actions for an ecological process,
habitat, species or species group, stressor, or
geographical
unit. The vision statements
included
in the ER.P provide
technical
background
to increase understanding
of the
ecosystem and its elements. Two types of vision
statements are included in the ERP: visions for
ecosystem elements (landscape level visions in
Volume I) and visions for ecological zones and
units (ecological zone level visions in Volume II).

TARGET:
A target is a qualitative or quantitative
statement of a Strategic Objective. Targets are
something to strive for but, unlike Strategic
Objectives, may change over the life 2f the
program with new information and progress, or
may vary according to the configuration
of
storage and conveyance in all alternatives. Target
adjustments will be science driven and based on
the results of adaptive management. Targets
may include a range of values or a narrative
description of the proposed future value of an
ecosystem element. Targets are to be set based
upon realistic expectations, must be balanced
against other resource needs and must be
reasonable,
affordable,
cost effective,
and
practicably achievable.

The broad landscape level resource visions
address an individual
ecological processes,
habitat, species or species group, or stressor,
while the ecological zone and unit visions address
the integration of ecological processes, habitats,
species, and stressors within a clearly delineated
geographical area. Cumulatively, the visions also
provide detailed descriptions of the ecosystem
and its elements as they will look and function
after restoration is accomplished.

The intent of the ERJ? is to achieve ecosystem
health; targets are flexible tools to guide the
effort. The level of implementation
for each
target will be determined or adjusted through
adaptive management. Targets are categorized
according to the three levels of certainty
described above: (1) targets that have sufficient
certainty of success to justify full implementation
in accordance with program priorities and staged
implementation;
(2) targets which will be
implemented in stages with the appropriate
monitoring and evaluation to judge benefits and
successes; and (3) targets for which additional
research, demonstration
and evaluations are
needed to determine feasibility or ecosystem
response.
Examples of targets include restoring 2,000 acres
of tidal perennial aquatic habitat in the South
Delta Ecological Management Unit (quantitative
target) and reducing entrainment
of juvenile
salmon, steelhead, sturgeo.n, and splittail into
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Table 2. Crosswalk

of ERP and MSCS Terminology.

Strategic Goal

The MSCS has no equivalent term for strategic goal.

Strategic Objective

Species Goal

-

Target

Programmatic

Species Goal Prescription

Action

Conservation

Measure

The ERP has adopted the MSCS species goals for
evaluated species (recover, contribute to recovery, and
maintain) which are reflected in three of the objectives
for at-risk species. The ERP has two additional speciesoriented objectives that include enhancing and
conserving biotic communities and maintaining and
enhancing harvested species.
ERP species targets are analogous to the lMSCS use of
species goal prescriptions for evaluated species. The
ERP includes targets for species not evaluated in the
MSCS including biotic communities and harvested
species. The ERP terminology is “target” for processes:
habitats, and stressors and “species target” for species
to differentiate from the MSCS use of “species goal
prescription” for evaluated species.
ERP programmatic
actions and MSCS conservatior
measures are closely related but are not synonomous
Programmatic
actions are physical, operational, 01
regulatory activities to improve ecological health whik
conservation measures provide guidance on the mannel
in which the programmatic actions are implemented
MSCS conservation measures also provide additiona
detail to some ERP programmatic actions.

\
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+ TARGETS,
ACTIONS,
AND MEASURES
FOR SPECIES AND COMMUNITIES
previous designationsand how they are related to the
present designations.

INTRODUCTION
This section has been revised to clarify and integrate
diverse species designations previously described in
the Strategic Plan for Ecosystem Restoration, the
Ecosystem Restoration
Program Plan, and the
Multi-Species Conservation Strategy.
STRATEGIC

RECOVER
RECOVERY “R”: For speciesdesignated “R,” the
CALFED Program has establisheda goal to recover
the species within the CALFED ERP Ecological
Management Zones. A goal of “recovery” was
assignedto thosespecieswhoserecovery is dependent
on restoration of the Delta and Suisun Bay/Marsh
ecosystemsand for which CALFED could reasonably
be expected to undertake all or most of the actions
necessaryto recover the species.Recovery is achieved
when the decline of a speciesis arrested or revered,
threats to the speciesare neutralized, and the species;
long-term survival in nature is assured.

GOALS

Two Strategic Goals are closely related to efforts to
restore species in the Bay-Delta system.
1.

3.

Achieve, first, recovery and then large selfsustaining populations of at-risk native species
dependent on the Delta and Suisun Bay;
support similar recovery of at-risk native species
in the Bay-Delta estuary and its watershed; and
minimize the needfor future endangeredspecies
listings by reversing downward population
trends of native speciesthat are not listed.

Recovery is equivalent, at a minimum, to the
requirements of delisting a speciesunder FESA and
CESA. Certain species,such asanadromousfish, have
threats outside the geographic scopeor purview of
CALFED (e.g., harvest regulated under the
Magnuson-StevensAct). Therefore, in someinstances
CALFED may not be able to complete all actions
potentially necessaryto recover the species;however,

Maintain and/or enhancepopulations of selected
species for sustainable commercial and
recreational harvest, consistent with the other
ERP strategic goals.

SPECIES

DESIGNATIONS

The Multi-Species Conservation Strategy (MSCS)
addressesall federally and State listed, proposed,and
candidate species that may be affected by the
CALFED Program; other species identified by
CALFED that may be affected by the Program and
for which adequate informaiion is available also are
addressed in the MSCS. The term “evaluated
species”is usedto refer to all of the speciesaddressed
by the Conservation Strategy. Please refer to the
MSCS appendix (Multi-Species Conservation
Strategy 1999) for more information and for a
complete list of evaluated species.
The following is a discussionand definition of each
of the five speciesdesignations used in the ERP.
These designations have evolved during the
development of the ERP. The present set of
designations differs from designations previously
presented in the ERP. Table 3, following the
designation descriptions, provides a crosswalk of
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CALFED
will implement all necessary recovery
actions within. the ERP Ecological Management
Zones. For other species, CALFED may choose a
goal that aims to achieve more than would be
required for delisting (e.g., restoration of a species
and/or its habitat to a level beyond delisting
requirements). The effort required to achieve the
goal of “recovery” may be highly variable between
species. In sum, a goal of “recovery” implies that
CALFED is expected to undertake all actions within
the ERP Ecological Management
Zones and
Program scope necessary to recover the species.

CONTRIBUTE

ENHANCE
BIOTIC

AND/OR CONSERVE
COMMUNITIES

ENHANCE
AND/OR
CONSERVE
BIOTIC
COMMUNITIES
(“E”):
For those communities
designated “E,” the ERP will undertake actions to
conserve and enhance their diversity, abundance and
distribution
in a manner that contributes to their
long-term sustainability without adversely affecting
efforts to improve conditions for other at-risk species.

MAINTAIN

AND/OR

HARVESTED

TO RECOVERY

ENHANCE

SPECIES

MAINTAIN
AND/OR
ENHANCE
HARVESTED
SPECIES (“H”):
For those species designated “H”
the CALFED Program will undertake actions to
maintain the species at levels which support or
enhance sustainable harvest rates. The goal “maintain
harvested species” was generally assigned to species
which are harvested for recreational or commercial
purposes and which are not already covered under
one of the four previous designations. A key to
maintaining harvestable surplus levels is to recognize
the need to recover, contribute
to recovery, or
maintain other species. Thus, species interactions
such as competition and predation and habitat needs
for space and flow need to be balanced in favor of
species designated for recovery, contribute to recovery
and maintain. Those three designations apply only to
native species and assemblages while the “maintain
harvested surplus” species include some native species
and non-native species. Thus, actions implemented to
maintain harvestable surplus would be expected, at a
minimum, to not contribute to the need to list an
unlisted species, degrade the status of an already
listed species, or impair in any way efforts to recover,
contribute to recovery, or maintain native species.

CONTRIBUTE
TO RECOVEIW (“r”): For species
designated “r,” the CALFED Program willmake
specific contributions
toward the recovery of the
species. The goal “contribute
to recovery” was
assigned to species for which CALFED actions affect
only a iimited portion of the species range and/or
‘CALFED actions have limited effects on the species.
To achieve the goal of contributing
to a species’
recovery, CALFED is expected to undertake some of
the actions under its control and within its scope
that are necessary to recover the species. When a
species has a recovery plan, CALFED
may
implement both plan measures that are within the
CALFED Problem Area, and some measures that are
outside the Problem Area. For species without a
recovery plan, CALFED will need to implement
specific measures that will benefit the species.

MAINTAIN
MAINTAIN
(“M”):
For species designated “m,” the
CALFED will undertake actions to maintain the
species. This category. is less rigorous
that
“contribute to recovery.” The goal “maintain” was
assigned to species expected to be minimally
affected by CALFED actions. For this category,
CALFED will avoid, minimize, and compensate for
any adverse effects to the species commensurate
with the level of effect on the species. Actions may
not actually contribute to the recovery of the
species; however, at a minimum,
they will be
expected to not contribute to the need to list a
species or degrade the status of a listed species.
CALFED
will also, to the extent practicable,
improve habitat conditions for these species.

MSCS

CONSERVATION
MEASURES

The MSCS defines “conserve,
conserving,
and
conservation”
as the use of all methods and
procedures which
are necessary to bring any
endangered species or threatened species to the point
at which the measures provided pursuant to ESA and
CESA are no longer necessary. These methods and
procedures include, but are not limited to, all
resources
activities
associated
with
scientific
management,
such as research,
census, law
enforcement, habitat acquisition, restoration and
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maintenance,
propagation,
live trapping
and
transplantation, and, in the extraordinary case where
population pressures within
a given ecosystem
cannot be otherwise relieved, may include regulated
taking (iMulti-Species Conservation Strategy 1999).

components of the project. The identification of
additional measures to ensure the that species
conservation goals are met are more global in nature
and developed to provide additional detail to EW
programmatic actions.

Two types of conservation measureswere developed
under the MSCS: 1) measuresto avoid, minimize, or
compensate for CALFED Program impacts on
NCCP communities and evaluated species;and 2)
additional measuresthat ensure the Program meets
the species conservation goals. The majority of
measuresdesigned to help the Program meet the
species conservation goals incorporate and refine
existing ERP and other CALFED actions.The scope,
location, and timing of a particular CALFED
Program action or group of actions, as well z the
current status,,distribution, and needsof the affected
species,will determine which conservation measures
would be necessary to compensate for adverse
impacts. NCCP habitat conservation measuresare
primarily directed at conserving the quality and
quantity of natural habitats.

An important addition to this version of the ERP is
the inclusion of specific conservation measuresthat
provide additional levels of detail to ERP
programmatic actions. These conservation measures
were designedspecifically for MSCS covered species.
This version of the ERP displaysthroughout Volumes
I and II where the conservation measuresfit in and
support existing programmatic actions.
Volume I of the ERP is structured by 1) ecological
process, 2) habitat, 3) species, and 4) stressors.
Generally, few conservation measureswere developed
specifically for ecologicalprocesses,somehabitats and
stressors were emphasized in the conservation
measures,and most speciesare directly addressedin
one or more conservation measures.
The conservation measuresthat add detail to ERP
programmatic actions are from Attachment 5 of the
MSCS.

Generally, measures to avoid, minimize and
compensate adverse effects are addressedearly in
site-specific project development and are specific
Table 3.

List of SpeciesComparing Strategic Plan/ERP Classification, MSCS Designation, and Revised ERP
Designation.

Delta smelt

.

Longfin

smelt

Green

sturgeon

Sacramento

_
splittail

Priority

Group

I

Recover

Recover

Priority

Group

I

Recover

Recover

Priority

Group

I

Recover

Recover

Priority

Group

I

Recover

Recover

Winter-run

chinook

salmon

Priority

Group

I

Recover

Recover

Spring-run

chinook

salmon

Priority

Group

I

Recover

Recover

Central

Valley

fall-run

Central

Valley

steelhead

Mason’s

chinook

lilaeopsis

Priority

- Group

I

Recover

Recover

Priority

Group

I

Recover

Recover

Priority

Group

II

Recover

Recover

Priority

Group

II

Recover

Recover

Suisun

Marsh

Suisun

thistle

Priority

Group

II

Recover

Recover

Soft bird’s-beak

Priority

Group

II

Recover

Recover

Priority

Group

II

Recover

Recover

Antioch
Contra
Lange’s

Dunes
Costa

aster

salmon

evening-primrose
wallflower

metalmark

butterfly

Priority

Group

II

Recover

Recover

Priority

Group

Ill

Recover

Recover
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Valley

elderberry

Suisun

ornate

longhorn
shrew

beetle
1

Priority

Group

II

Priority

Group

II

1
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Recover

Recover

Recover
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Footnotes for Table 3.
a/:

Recover, contribute

to recovery, maintain,

enhance and/or conserve, and maintain

harvest are defined in the text.

b:

Not Evaluated species are species initially considered for inclusion in the MSCS but not evaluated (e.g., Kern brook
lamprey, river lamprey, and Pacific lamprey were considered but not evaluated).

c:

Not Evaluated as a Group includes species assemblages described in the, ERP but not evaluated as a group in the MSCS.
Individual species, however, may have been considered or evaluated (e.g., native resident fishes were not evaluated as a
group in the MSCS but Sacramento perch and hardhead were considered and evaluated in the MSCS).

d:

Not Considered species are native species that were screened from consideration
species.

e:

NCCP Habitat equivalent denotes an ERP plant community that is analogous to one or more of the 18 NCCP habitats
which are broad categories, each of which includes a number of habitat or vegetation types recognized in frequently used
habitat classification systems.

fi

Excluded species are non-native organisms not eligible for consideration
and thus excluded from consideration or evaluation under the MSCS.

by not being on any list of special

under the State or federal endangered

status

species acts
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rock, and emergent
spawning areas.

SPECIES GOALS AND
CONSERVATION
MEASURES
Species

DELTA

with the designation
“Recovery.”

Expand Interagency Ecological Program (IEP)
monitoring efforts in the south Delta for delta
smelt.

.

To the extent consistent
with
CALFED
objectives,
initiate implementation
of the
USFWS’
“Rainbow
Report”
or
similar
documentation
to provide increased water
quality in the south Delta and eliminate or
reduce the need for installation of barriers.

1

Monitor to determine if artificial substrates
used by delta smelt for spawning.

n

Protect critical rearing habitat from high salinity
(~2 ppt) and high concentrations of pollutants
from February 1 to August 3 1.

n

Allow delta smelt unrestricted access to suitable
spawning habitat and protect these areas from
physical disturbance
(e.g., heavy equipment
operation) and flow disruption in the period from
December to July by maintaining adequate flow
and suitable water quality to attract migrating
adults in the Sacramento and San Joaquin River
channels and their tributaries, including Cache
and Montezuma sloughs and their tributaries.

H

in-channel
modification
projects
All
implemented under CALFED should use best
management practices to minimize mobilization
of sediments that might contain toxins, localize
sediment movement, and reduce turbidity.

MSCS
CONSERVATION
MEASURES:
The
following conservation measures are included in the
Multi-Species
Conservation
Strategy (2000) to
provide additional detail to ERP actions that would
help achieve delta smelt species habitat or population
targets.
n

Coordinate
protection,
enhancement,
and
restoration of occupied delta smelt habitats with
other federal, state, and regional programs (e.g.,
the San Francisco Bay Area Wetlands Ecosystem
Goals Project, the Anadromous Fish Restoration
Program, and the U.S. Fish and Wildlife Service
recovery plans) that could affect management of
current and historic habitat use areas to avoid
conflicts
potential
among
management
objectives
and identify
opportunities
for
achieving multiple management objectives.

n

To the extent consistent
with
CALFED
objectives, direct ERP actions towards setting
back levees in the south Delta to increase shallow
water habitat.

n

Restore and enhance delta smelt habitat to
provide
suitable
water
quality
(i.e., low
concentrations of pollutants) and substrates for
egg attachment (submerged tree roots, branches,

to important

n

SMELT

MSCS
SPECIES
GOAL
PRESCRIPTION:
Distribution Criteria: The fall mid-water trawl survey
in September and October must capture delta smelt
in all zones in 2 out of 5 consecutive years and in at
least 2 zones in 3 out of the 5 consecutive years, and
in at least 1 zone in all 5 years; and the 5 consecutive
years must include 2 sequential extreme outflow
years (i.e., at least one critical or dry year followed by
a critical, dry, or wet year). Abundance Criteria: the
fall mid-water trawl catch for September and October
must exceed 239 for 2 out of 5 years and not fall
below 84 for more than 2 consecutive years.

vegetation)

RATIONALE:
is to remove

are

The recovery objective for delta smelt
.delta

smelt

from

the Federal

list of

threatened species through restoration of it
abundance and distribution. Recovery of delta smelt
should not be at the expense of other native fishes.
The basic strategy for recovery is to manage the
estuary in such a way thar it is a berter habitat for
native fish in general and delta smelt in particular.
Improved habitat will allow delta smelt to be widely
distributed throughout the Delta and Suisun Bay,
recognizing that areas of abundance
change with
season.
Recovery

of delta

smelt

will

consist

of two phases,

restoration and delisting. Separate restoration and
delisting periods were selected because it is possible
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MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve longfin smelt species habitat or
population targets.

rhar restoration criteria could be met quicky in the
absenceof consecurive exrreme outflow years (i.e.,
extremely wet or dry years). However, wirbour the
popularion being resredby exrreme ourflows rhere is
no assuranceof long-rerm survival for rhe species.
Thus restoration is defined as a return of rhe
population to pre-decline levels, but delisring is nor
recommendeduntil rhepopularion hasbeen restedby
extreme outflows. Delra smelt will be considered
resrored when its popularion dynamics and
disrriburion parrern wirhin the esruary are similar to
those rhar existed in the 1967-1981 period. This
period was chosen becauseit includes the earliest
continuous data on delta smelt abundancesand was
a period in which populations stayed reasonabh high
in most years. The species will be considered
recovered and qualify for delisting when it
experiences a five-year period that includes two
sequential years of extreme &flows, one of which
musr be dry or crirically dry. Delta smelt will be
considered for delisring when the species meets
recovery criteria under stressor condirions comparable
ro those that led ro listing

and mechanisms

Coordinate protection,
enhancement, and
restoration of occupied longfin smelt habitats
with other federal, state, and regional programs
(e.g., the San Francisco Bay Area Wetlands
Ecosystem Goals Project, the Anadromous Fish
Restoration Program, and the U.S. Fish and
Wildlife Service recovery plans) that could affect
management of current and historic habitat use
areas to avoid potential conflicts among
management
objectives
and
identify
opportunities
for
achieving
multiple
management objectives.
Improve January and February flows for the
longfin smelt during the secondand subsequent
years of drought periods.

are in

Provide sufficient Delta outflows for the longfin
smelt during December through March.

place rhar insure the species’ continued existence.
Improved spring inflow and outflow should benefit
the population by providing attraction flow to adults
moving into the Delta to spawn, by stimularing
aquaric foodweb producrion
to help ensure young
delra smelr survivaf, and by providing transport flow
to larval delta smelt ro move them from rhe Delta
into prime nursery habitat in rhe western Delta and
Suisun Bay. Improving channel hydraulics would
increasethe aquatic foodweb and improve spawning
and rearing habitat. Reducing the effects of water
diversions and contaminanrs would help to improve
survival of young and adult-delta smelt.
LONGFIN

Provide suitable water quality and substratesfor
egg attachment (submerged tree roots, branches,
rock, and emergent vegetation) to spawning
areas in the Delta and tributaries of northern
Suisun Bay.
Provide unrestricted accessto suitable spawning
habitat and protect these areas from physical
disturbance (e.g., heavy equipment operation)
and flow disruption in the period from December
to July by maintaining adequate flow and
suitable water quality to attract migrating adults
in the Sacramento and San Joaquin River
channels and their tributaries, including Cache
and Montezuma sloughs and their tributaries.

SMELT

MSCS SPECIES GOAL PRESCRIPTION: The
recovery goal will be achieved,when 1) the fall midwater trawl surveys in September and October result
in the capture of longfin smelt in all zones in 5 out of
10 years, 2) in 2 zonesfor an additional year, 3) in at
least one zone during 3 of the 4 remaining years in
the 10 year period with no failure to meet site criteria
in consecutiveyears, and 4) abundancemust be equal
to or greater that predicted abundancefor 5 of the 10
year period.

W-4
II

Conduct research to determine the relationship
between X2 and longfin smelt abundance and
distribution.
Consistent with CALFED objectives, mobilize
organic carbon in the Yolo Bypass to improve
food supplies by ensuring flow through the
bypass at least every other year.
Consistent with CALFED objectives, operate
diversions to minimize adverse affects of

MY-DELTA
PROmAh
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diversions on longfin smelt during
spawning period (January - March).
n

n

the peak

GREEN

MSCS
SPECIES GOAL PRESCRIPTION: The
recovery goal will be achieved when 1) the median
population of mature fish (over 1 meter in length) has
reached 1,000 fish, including 500 females over 1.3
metersin total length, over a 50 years period or for 5
generations.

To the extent consistent
with
CALFED
objectives protect the Sacramento and San
Joaquin river and tributary
channels from
physical disturbance
(e.g., sand and gravel
mining, diking, dredging, and levee or bank
protection and maintenance) and flow disruption
(e.g., water diversion that result in entrainment
and in-channel barriers or tidal gates) for the
period February 1 to August 3 1.

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve green sturgeon species habitat or
population targets.

Protect critical rearing habitat from high salinity
(>2 ppt) and high concentration of pollutants
from the beginning of February to the end of
August.

n

RATIONALE:
General restoration objectives are the
sameas thosedescribedfor delta smelt. Longfin smelt
will be considered restored when its population
dynamics and distribution patrerns within the estuary
are similar to those that existed in the 1967-1984
period. This period waschosen becauseit includes the
earliest continuous data on longfin smelt abundances
and was a period in which populations stayed
reasonably high in most years.
Meeting the targets of the Native Fish Recovery Plan
will indicate an increase in the longfin
smelt
population. Without such an increase in the
population, there would
be no guarantee that
recovery is occurring. Improved spring inflow and
outflow should benefit the population by providing
attraction flow to adults moving into the Delta to
spawn, by stimulating aquatic foodweb production to
help ensure young lohgfm smelt survival, and by
providing transport flow to larval longfin smelt to
move them from the Delta into prime nursery habitat
in the western Delta and Suisun Bay.

may limit predation

on longfin

Coordinate protection, enhancement, and
restoration of occupied and historic green
sturgeon habitats with other federal, state, and
regional programs (e.g., the San Francisco Bay
Area Wetlands Ecosystem Goals Project, the
Anadromous Fish Restoration Program, the U.S.
Fish and Wildlife Service recovery plans, the SB
1086 program, and the Corps’ Sacramento and
San Joaquin Basin Comprehensive Study) that
could affect management of current and historic
habitat use areas to avoid potential conflicts
among management objectives and identify
opportunities
for
achieving
multiple
management objectives.

m Provide inflows to the Delta from the
SacramentoRiver greater than 25,000 cfs during
the March to May spawning period in at least 2
of every 5 years.
w Identify and implement measuresto eliminate
stranding of green sturgeon in the Yolo Bypass
or to return stranded fish to the Sacramento
River.
n

Improving channel hydraulics would increase the
aquatic foodweb and improve spawning and rearing
habitat. Reducing the effects of water diversions and
contaminants would help to improve survival of
young and adult longfin
smelt. Reevaluation
of
stocking striped bass and chinook salmoninto prime
nursery habitats of longfin smelt in San Pablo Bay
and Suisun Bay would reduce predation on young
longfin
smelt. Alternative locations and time of
stocking

STURGEON

Conduct research in the MSCS focus area to
determine green sturgeon habitat requirements,
habitat
distribution,
spawning
flow
requirements, and factors limiting population
abundance.

RATIONALE:
resrored

Green sturgeon
will be considered
in the Sacramento-San
Joaquin estuary once

rhe median population of mature individuals (over 1
meter

smelt.

total

length)

has reached

1,000

individuals

(including 500 f emales over 1.3 meters total length)
over a 50 year period
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MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve splittail specieshabitat or population
targets.

is the minimum age ofsexual maturity). Ifpopulation
estimates are fewer chat 1,000 fish for more than
three years in a row, the restoration period will be
restarted. (Note: This definition is subject co revision
asmore information becomes available.) Restoration
will
be measured by determining population sizes
from tagging programs or other suitable means. The
presenc sturgeon tagging programs, which focus on
white sturgeon, are inadequate for determining
accurately the abundance of green
sturgeon.
Therefore, a median population goal of 1,000 fish
over 1 meter total length (including 500 females over
I .3 meters total length) is achievable with numbers
determined through a monitoring program that
focusesspecifically on green sturgeon. Thus, the first
restoration criterion will be establishment-of an
adequate population determination through a
monitoring program. Once chat program is in place,
the minimum population goals can be re-evaluated
and a realistic, presumably higher, goal established.
It may be desirableto have the numbershigh enough
cosupport the removal of a minimum of 50 fish over
1 meter total length per year by a fishery (assuming
an exploitation race of 5 percent is sustainable) (U.S.
Fish and Wildlife Service 1996).

Coordinate protection,
enhancement, and
restoration of occupied and historic Sacramento
splittail habitats with other, federal, state, and
regional programs (e.g., the San Francisco Bay
Area Wetlands Ecosystem Goals Project, the
Anadromous Fish Restoration Program, the U.S.
Fish and Wildlife Service recovery plans, the SB
1086 program, and the Corps’ Sacramento and
San Joaquin Basin Comprehensive Study) that
could affect management of current and historic
habitat use areas to, avoid potential conflicts
among management objectives and identify
achieving
multiple
opportunities
‘for
management objectives.

n

spring inflow and outflow should benefit
the populations by providing attraction flow co adults
moving through the Delta into the rivers to spawn,
by stimulating aquatic foodweb production to help
ensure young sturgeon survival, and by Providing
transport flow to larval sturgeon to move them from
the rivers in to prime nursery habitat in the Delta and
Suisun Bay. Improving channel hydraulics would
increase the aquatic fvodweb and improve juvenile
rearing habitat. Reducing the effects of water
diversions and contaminants_would help co improve
survival ofyoung and adult sturgeon.

Improved

n

To the extent consistent with CALFED
objectives, remove diversion dams that block
splittail accessto lower floodplain river spawning
areas.

n

Minimize changes in the timing and volume of
freshwater flows in the rivers to the Bay-Delta.

n

To the extent consistent with CALFED
objectives, direct ERP actions towards setting
back leveesin the south Delta to increaseshallow
water habitat.

n

To the extent consistent with CALFED
objectives, reduce the extent of reversed flows in
the lower ,San Joaquin and Delta during the
period from February through June.

n

Reduce lossof splittail at south Delta pumping
plants from predation and salvagehandling and
transport.

n

Reduce the lossof young splittail to entrainment
into south Delta pumping plants.

n

To the extent practicable, reduce ‘the loss of
splittail at 1,800 unscreened diversions in the
Delta.

n

Reduce lossesof adult splittail spawnersduring
their upstream migration to recreational fishery
harvest.

SPLITrAIL

MSCS
SPECIES GOAL
PRESCRIPTION:
Speciesrecovery objectives will be achievedwhen 2 of
the following 3 criteria are met in at least 4 of every
5 years for a 15-year period: 1) the fall mid-water
trawl survey numbers must be 19 or greater for 7 of
15 years, 2) Suisun Marsh catch per trawl must be
3.8 or greater and the catch of young-of-year must
exceed 3.1 per trawl for 3 of 15 years, and 3) Bay
Study otter trawls must be 18 or greater AND catch
of young-of-year must exceed 14 for 3 out of 15
years.
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To the extent consistent
with
CALFED
objectives,
improve Delta water quality
particularly in dry years when pesticide levels
and total dissolved solids are high.

n

historical occupied habitat areas of the Bay and
Delta from February 1 to August 31.

To the extent consistent
with
CALFED
objectives, modify operation of the Delta Cross
Channel to minimize potential to increase
exposure of splittail population in the Delta to
the south Delta pumping plants.

a

Modify operation of the barrier at the Head of
Old River to minimize the potential for drawing
splittail toward the south Delta pumping plants.

n

To the extent practicable, design and construct
overflow basins from existing leveed lands in
stages using construction design and operating
schemes and procedures developed through pilot
studies and project experience to minimize the
potential for stranding as waters recede from
overflow areas.

n

Consistent with CALFED
objectives, design
modifications
to South Delta channels to
improve circulation and transport of north of
Delta water to the south Delta pumping plants
to ensure habitat supports splittail and to not
increase transport of splittail to the south Delta
pumping plants.

n

n

n

n

n

To the extent .practicable with
CALFED
objectives, design seasonal wetlands that have
hydrological connectivity with occupied channels
to reduce the likelihood for stranding and to
provide the structural conditions necessary for
spawning.
’
To the extent conxistent
with
CALFED
objectives, protect spawning areas by providing
suitable water quality (i.e., low concentrations of
pollutants) and substrates for egg attachment
(e.g., submerged tree roots and branches and
emersed and submerged vegetation).
Avoid or minimize adverse effects on rearing
habitat of physical disturbance (e.g., sand and
gravel mining, diking, dredging, and levee or
bank protection and maintenance) and flow
disruption (e.g., water diversions, in-channel
barriers, or tidal gates).
To the extent consistent
objectives, maintain a low

n

To the extent consistent
with
CALFED
objectives, provide unrestricted access of adults
to spawning habitat from December to July by
maintaining adequate flow and water quality,
and minimizing disturbance and flow disruption.

n

Expand the IEP monitoring efforts in the south
Delta for Sacramento splittail.

n

To the extent consistent
with
CALFED
objectives,
initiate implementation
of the
USFWS’
“Rainbow
Report”
or similar
documentation
to provide increased water
quality in the south Delta and eliminate or
reduce the need for installation of barriers.

n

To the extent consistent
with CALFED
objectives, reduce the effects on splittail from
changes in reservoir operations and ramping
rates for flood control.

n

To the extent consistent
with
CALFED
objectives, reduce the loss of freshwater and lowsalinity splittail habitat in the Bay-Delta as a
result of reductions in Delta inflow and outflow.

n

To the extent consistent
with CALFED
objectives, increase the frequency of flood bypass
flooding in non-wet years to improve splittail
spawning and early rearing habitat.

n

To the extent consistent
with CALFED
objectives, ensure that the Yolo and Sutter
Bypasses are flooded during the spawning season
at least once every 5 years.

n

To. the ‘extent
consistent
with CALFED
objectives, improve the frequency, duration, and
extent of bypass flooding in all years.

n

Develop a water management plan to allocated
multiyear water supply in reservoirs to protect
drought year supplies and sources of winterspring Delta inflow and outflow needed to
sustain splittail and their habitat.

Improved spring inff ow and outf7 ow
should benefit the population by providing attraction
flow to adults moving upstream into the Delta and
rivers to spawn, by increasing flooding of riparian
vegetation and flood plain processes which provide
important
spawning
habitat
of splittail,
by

RATIONALE:

with
CALFED
salinity zone in
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stimulating
aquaric foodweb
production to help
ensure young &lircail survival-Improving
channel
hydraulics would increase rhe aquatic foodweb and
improve spawning and rearing habitat. Improving
shallow water, slough, and werland habirars should
increasethe spawning and rearing habitat of splitrail.
Reducing rhe effects of wafer diversions and
conraminanrs would help ro improve survival of
young and adult splittail.
SACRAMENTO

WINTER-RUN
SALMON
ESU

The goal of the Sacramento River
winter-run chinook salmon is to establish a
framework for the recovery of the population through
a logical program of improving rhe habitat and
environment of the species. Specifically, the recovery
of this speciesrequires actions which increase their
abundance and improve their habitat to the point
char the probability of subsequent extinction will be
very low. When the underlying causes of the species’
decline are no longer in effect and the species has
rebounded to relatively healthy levels, winter-run
chinook can be removed from the list of threatened
and endangered
species; char is, it can be “delisted.”
RATIONALE:

CHINOOK

MSCS SPECIES
GOAL
PRESCRIPTION:
The
mean annual spawning abundance over any 13
consecutive years will be 10,000 females. The
geometric meanof the Cohort ReplacementRaie over
those same 13 years will be greater than 1.0.
Estimates of these criteria will be based on natural
production alone and will not include hatcheryproduced fish. If the precision for estimating
spawning run abundance hasa standard error greater
than 25%, then the sampling period over which the
geometric mean of the Cohort Replacement Rate is
estimated will be increased by 1 additional year for
each 10% of additional error over 25%.

An

.

extinction

model

was

used

to develop

the

delisting criteria to ensure a low probability of
extinction once rhe criteria have been reached. The
risk level chosen was a probability of less than 0.1
within the 50 years following delisting. Assurance of
rhe probability of extinction required specification of
the population growth rate in addition to population
abundance.

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
hle p achieve specieshabitat or population targets.
H

To the extent consistent with CALFED
objectives, manage operations at the Red Bluff
diversion dam to improve fish passage,reduce
the level of predation on juvenile fish, and
increasefish survival.

n

Improved spring inflow and outflow should benefit
the populations by providing attraction flow to adults
moving through the Delta into the rivers to spawn,
by stimulating

Coordinate protection, enhancement, and
restoration of occupied and historic chinook
salmon habitats with other federal, state, and
regional programs (e.g., the San Francisco Bay
Area Wetlands Ecosys_temGoals Project, the
Anadromous Fish Restoration Program, the U.S.
Fish and Wildlife Service recovery plans, the SB
IO86 Program, and the Corps’ Sacramento and
San Joaquin Basin Comprehensive Study) that
could affect management of current and historic
habitat use areas to avoid potential conflicts
among management objectives and identify
opportunities
for
achieving
multiple
management objectives.

aquatic

foodweb

production

to help

ensure young survival, and by providing transport
flow ro juvenile salmon to move rhem from the rivers
into prime nursery habitat in the Delta and Bay.
Improving channel hydraulics would increase the
aquatic’ foodweb and improve
juvenile
rearing
habitat.

Reducing

the effects of water diversions and
to improve
survival of

contaminants would help
young and adult salmon.
SACFWMENTO

SPRING-RUN
SALMON
ESU

CHINOOK

MSCS SPECIES
GOAL
PRESCRIPTION:
The
Central Valley
spring-run chinook salmon
Evolutionarily Significant Unit (ESU) will be
regarded as restored when the ESU meets specific
viability criteria to be established in the NMFS
recovery plan for Central Valley salmonids. Viability
of the Central Valley spring-run ESU will be assessed
according to the “Viable Salmonid Populations”’

Implement management measuresidentified in
the proposed recovery plan for the Sacramento
River winter-run chinook salmon.
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(VSP) framework
developed by the NIMFS. The
framework deals with four population characteristics:
I_

2.

AENNDANCE:
populations are large enough to
resist extinction due to random environmental,
demographic and genetic variation.
PRODUCTIVITY:
populations have enough
reproductive
capacity to ensure resistance to
episodes of poor freshwater or ocean conditions
and the ability to rebound rapidly during
favorable periods, without the aid of artificial
propagation.

3.

SPATIAL
DISTRIBUTION:
populations are
distributed
widely
and
with
sufficient
connectivity such that catastrophic events-do not
deplete all populations and stronger populations
can rescue depleted populations.

4.

DIVERSITY:
populations have enough genetic
and life history diversity to enable adaptation to
long-term
changes
in the environment.
Populations
achieve sufficient expression of
historic life history strategies (migration timing,
spawning
distribution),
are not negatively
impacted by outbreeding depression resulting
from straying of domesticated hatchery fish, and
are not negatively impacted by inbreeding
depression due to small population size and
inadequate connectivity between populations.

The NMFS recovery planning for Central Valley
salmonids will proceed in two phases. The first phase
will be conducted by a technical recovery team (TRT)
that will produce numeric recovery criteria for
populations
and the ESU following
the VSP
framework,
factors for decline, early actions for
recovery, and provide plans for monitoring
and
evaluation. The TRT will review existing salmonid
population recovery goals and management programs
being implemented by federal and State agencies and
will coordinate with agency scientists, CALFED staff
and Central Valley science/restoration teams such as
the Interagency Ecological Program work teams
during this first phase.
TRT products will be
peer-reviewed
and made available for public
comment.
The second phase will
measures and estimates
achieve recovery. The
participation by agency

be identification of recovery
of cost and time required to
second phase will involve
and CALFED staff as well as

involvement
by a broad range of stakeholders,
including local and private entities, with the TRT
providing technical guidance on biological issues.
MSCS
CONSERVATION
MEASURES:
The
following conservation measures are included in the
Multi-Species
Conservation
Strategy (2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.
Coordinate
protection,
enhancement,
and
restoration of occupied and historic chinook
salmon habitats with other federal, state, and
regional programs (e.g., the San Francisco Bay
Area Wetlands Ecosystem Goals Project, the
Anadromous Fish Restoration Program, the U.S.
Fish and Wildlife Service recovery plans, the SB
IO86 Program, and the Corps’ Sacramento and
San Joaquin Basin Comprehensive Study) that
could affect management of current and historic
habitat use areas to avoid potential conflicts
among management objectives and identify
multiple
opportunities
for
achieving
management objectives.
Implement applicable management measures
identified in the restoration
plan for the
Anadromous Fish Restoration Program and the
recovery plan for the native fishes of the
Sacramento/San Joaquin Delta.
To the extent consistent
with
CALFED
objectives, operate existing inchannel barriers
and any new barriers that may be constructed to
avoid changes in Delta channel hydraulics that
increase the number of fish or proportions of fish
populations drawn toward the pumps or affected
by poor water quality.
Manage operations at the Red Bluff diversion
dam to improve fish passage, reduce the level of
predation on juvenile fish, and increase fish
survival.
RATIONALE:
Spring-run chinook salmon are listed
as a threatened species under the California
Endangered Species Act and proposed for listing
under the ESA. Because of their fife history patterns,
spring-run chinook enter the Sacramento River early
in the year and ascend to tributaries where they
oversummer
to spawn during the following fall.
Young fish may rear for a year or longer in the
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tributaries before entering the Sacramento .River
during their seawardmigration.

Deer, Antelope, Butte, Big Chico, Beegum, South
Fork Cottonwood, and Clear creeks (ifrhe Yuba River
proves to still have a natural run of spring-run
chinook, the population goal should be raised by
whatever number
of spawners the stream can
support); and (3) smolt survival through the Delta.

The status of a spring-run chinook salmon in the
mainstem Sacramento River is uncertain, however,
evidence suggests that there may be a significant
introgression with fall-run chinook. The role of the
Sacramento River in sustaining spring-run chinook
salmon is primarily to provide adult fish passageto
the tributary streams and to provide rearing and
emigration habitat for juveniles during their seaward
migration.

Spring-run chinook salmon populations will be
considered healthy when the average number of
spawners in tributary
streams to the Sacramento
River exceeds 5,000 fish each year over a 15-year
period (five generations
times 3 yearsper generation),
with 3 of the 15 years being dry or critically dry. The
average number of natural, wild spawners over the
15-year period must not be fewer than 8,000 fish

Natural populations and their essentialhabitat must
be suficiently abundant to ensureSacramento River
spring-run chinook salmon’slong-term survival. In
order to achieve recovery, the remaining Tatural,
non-introgressed populations of spring run and any
reestablished natural populations must be protected,
monitored, and proven to be self-sustaining to the
satisfaction of the Department of Fish and Game and
the Fish and Game Commission.Recovery goals must
ensurethat the individual populations, as well as the
collective metapopulation, are sufficiently abundant
to avoid genetic risks of small population size. Thus,
recovery goals need to address abundance levels
(adult spawning escapements),population stability
criteria, population distribution, and length of time
for determining sustainability.

(USFWS

SACRAMENT~O
CHINOOK

The California Deparrment of Fish and Game’s
objectives for Sacramento River spring-run
chinook salmon are (1) the protection and
enhancement of the existing natural populations; (2)
the re-establishment of additional, viable native
populations; and (3) rhe restoration and protection of
natal, rearing, and migratory streams within the
Sacramento River basin .(California Department of
Fish and Game 1998).

Note: The Central Valley fall/late fall-run ESU is a
candidate species, not a threatened or endangered
species,under the ESA. The NMFS recovery plan for
Central Valley salmonidswill therefore not include
formal recovery goals for populations in this ESU.
The recovery plan for Central Valley salmonidswill
identify factors-of concern and measuresto ensurethe
long-term conservation of the Central Valley fall/late
fall-run ESU and recovery actions proposedfor listed
ESUs will be evaluated to ensure that they do not
place non-listed speciesat significant risk. CALFED,
DFG and the NMFS will work together to identify
restoration goals following the VSP framework in a
processseparate from the NMFS recovery planning
process.These goalswill aim to ensurethe long-term
viability of Sacramentoand SanJoaquin fall-run and
Sacramento late fall-run chinook salmon.

The U.S. Fish and Wildlife Service (1996) has
recommended restoration objectives and criteria for
Sacramento River spring-run chinook salmon based
on the objective of establishing self-sustaining
populations which will persist indefinitely for each
spe,cies
addressed.Additionally, the population goals
chinook

salmon

runs

include

extra

LATE-FALL-RUN
SALMON

SPECIES TARGETS:
Achieve speciesrecovery by 1)
increasing the number of wild spawning fish in the
Sacramento River to a mean number of 22,000 fish
and maintain the population such that it does not
drip below 15,000 fish for 15 years, 3 of which are
dry or critical and 2) achieving juvenile survival rates
that approach pre-CVP and SWP levels following
years when the adult populations are fewer that
15,000 fish in the Sacramento liiver (U.S. Fish and
Wildlife Service 1996).

recovery

‘for

1996).

adult

production for allowing sustainedlimited harvests of
each run. The plan states that restoration will be
measuredby three interacting criteria: (1) presenceof
self-sustaining spawning populations in Mill and
Deer creeks; (2) total number of spawnersin Mill,

CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
MSCS
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provide additional detail to ERP actions that would
help achieve species habitat or population targets.

February, and March. Late-fall-run
chinook
abundancehas declined due to passageproblems at
Red Blufit Diversion Dam, loss of habitat,
poor
survival of emigrating smolts, sport and commercial
harvesr, and other factors, such as disease and
pollutants.

Coordinate
protection,
enhancement,
and
restoration of occupied and historic chinook
salmon habitats with other federal, state, and
regional programs (e.g., the San Francisco Bay
Area Wetlands Ecosystem Goals Project, the
Anadromous Fish Restoration Program, the U.S.
Fish and Wildlife Service recovery plans, the SB
1086 Program, and the Corps’ Sacramento and
San Joaquin Basin Comprehensive Study) that
could affect management of current and historic
habitat use areas to avoid potential conflicts
among management
objectives and identify
opportunities
for
achieving
m_ultiple
management objectives.

n

FALL-RUN
MSCS

fl

Operate hatcheries such that the maintenance,
and expansion of natural populations are not
threatened by the release of hatchery fish.

n

To the extent consistent
with
CALFED
objectives, manage operations at the Red Bluff
diversion dam to improve fish passage, reduce
the level of predation on juvenile fish, and
increase fish survival.

n

To the extent consistent
with
CALFED
objectives, manage export flows from the San
Joaquin
River to improve
conditions
for
upstream migration of adult fish (i.e., attraction
flows).

fl

To the extent consistent
with
CALFED
objectives, operate physical barriers in the Delta
in a manner to assist in achieving recovery goals.

w

Continue research to determine causes for low
outmigration
survival of fish from the San
Joaquin River in the south Delta and identify
and
implement
measures
to
improve
outmigration survival.

SALMON

ESU

SPECIES GOAL PRESCRIPTION:

SanJoaquin Fall Run: Achieve speciesrecovery by 1)
increasingthe number of naturally spawning fish in
the Stanislaus, Tuolumne, and Merced rivers to a
median number of 20,000 fish and maintaining a
three-year running average that doesnot drop below
3,000 fish for 15 years, three of which are dry and
critical and 2) achieving smolt survival rates that
approach pre-CVP and SWP levels when adult
numbers decline to fewer that 3,000 natural
spawning fish.

Implement applicable management measures
identified in the restoration
plan for the
Anadromous Fish Restoration Program and the
recovery plan for the native fishes of the
Sacramento/San Joaquin Delta.

n

CHINOOK

Sacramento Fall Run: Restore self-sustaining
populations to all their native streams.
Note: The Central Valley fall/late fall-run ESU is a
candidate species,not a threatened or endangered
species,under the ESA. The NMFS recovery plan for
Central Valley salmonids will therefore not include
formal recovery goals for populations in this ESU.
The recovery plan for Central Valley salmonidswill
identify factors of concern and measuresto ensurethe
long-term conservation of the Central Valley fall/late
fall-run ESU and recovery actions proposedfor listed
ESUs will be evaluated to ensure that they do not
place non-listed speciesat significant risk. CALFED,
DFG and the NMFS will work together to identify
restoration goals following the VSP framework in a
processseparatefrom the NMFS recovery planning
process.Thesegoalswill aim to ensurethe long-term
viability of Sacramento and SanJoaquin fall-run and
Sacramentolate fall-run chinook salmon.
‘MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.
n

Presently,
fate-fall-run
chinook
salmon have no specialprotection. The great majority
of late-fall-run chinook appear to spawn in the
mainstem Sacramento River during January,
RATIONALE:

29

Coordinate protection, enhancement, and
restoration of occupied and historic chinook
salmon habitats with other federal, state, and
regional programs (e.g., the San Francisco Bay
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Area Wetlands
Ecosystem Goals Project, the
Anadromous Fish Restoration Program, the U.S.
Fish and Wildlife Service recovery plans, the SB
1086 Program, and the Corps’ Sacramento and
San Joaquin Basin Comprehensive Study) that
could affect management of current and historic
habitat use areas to avoid potential conflicts
among management
objectives and identify
for
achieving
opportunities
multiple
management objectives.

habitats can be restored through a comprehensive
program that strives to restoreor reactivate ecological
processes, fimctions, and habitat elements on a
systematic basis, while reducing or eliminating
known sourcesof mortality and other stressorsthat
impair the survival of chinook salmon.
There are three major programs to restore chinook
salmon populations in the Central Valley. The
Secretary of the Interior is required by the Central
Valley Project Improvement Act (PL 102-575)
to
double the natural production of Central Valley
anadromousfish stocks by 2002 (USFWS 1995). The
National Marine FisheriesService is required under
the federal ESA to develop and implement a recovery
plan for the endangered winter-run chinook salmon
and to restore the stock to levels that will allow its
removal from the list of endangered species (NMFS
1996). The California Department of Fish and Game
is required under state legislation (the Salmon,
SteelheadTrout and Anadromous FisheriesProgram
Act of 1988) to double the numbers ofsalmon that
werepresent in the Central Valley in 1988 (Reynolds

Implement
applicable management measures
identified in the restoration
plan for the
Anadromous Fish Restoration Program and the
recovery plan for the native fishes of the
Sacramento/San Joaquin Delta.
_
Operate hatcheries such that the maintenance,
and expansion of natural populations are not
threatened by the release of hatchery fish.
To the extent consistent
with
CALFED
objectives, manage operations at the Red Bluff
diversion dam to improve fish passage, reduce
the, level of predation on juvenile fish, and
increase fish survival.

ef al. 1993).

Each of the major chinook salmon restoration
/recovery programs has developed specific goals for
Central Valley chinook salmon stocks. ERPP
embraceseach of the restoration/recovery goals and
will contribute to each agency’sprogram by restoring
critical ecological processes,functions, and habitats,
and by reducing or eliminating stressors.ERPP’s
approach is to contribute to managing and restoring
each stock with the goal of maintaining
cohort
replacement rates ofmuch greater than 1.O while the
individual stocks are rebuilding to desired levels.
When the stocks approach the desired population
goals, ERP will contribute to maintaining
a cohort
replacement rate of 1 .O.

To the extent consistent
with
CALFED
objectives, manage export flows from the San
Joaquin
River to improve
conditions
for
upstream migration of adult fish (i.e., attraction
flows).
To the extent consistent
with
CALFED
objectives, operate physical barriers in the Delta
in a manner to assist in achieving recovery goals.
.
Continue research to determine causes for low
outmigration
survival pf fish from the San
Joaquin River in the south Delta and identify
and
implement
measures
to
improve
outmigration survival.

CENTRAL

RATIONALE:
Because
of their
life-history
requirements,
typical of all Pacific salmon, Central
Valley chinook salmon require high-quality habitats
for migration, holding, spawning, egg incubation,
emergence, rearing, and emigration to the ocean.
Thesediversehabitats are still present throughout the
Central Valley and are successfully maintained to
varying degrees by existing ecologicalprocesses.Even
though the quality and accessibility of the habitats
have beendiminished by human-causedactions, these

wm4
b

VALLEY

STEELHEAD

ESU

MSCS
SPECIES GOAL PRESCRIPTION:
The
Central Valley steelhead Evolutionarily Significant
Unit (ESU) will be regarded as restored when the
ESU meetsspecific viability criteria to be established
in the NMFS recovery plan for Central Valley
salmonids. Viability of the Central Valley steelhead
ESU will be assessedaccording to the “Viable
Salmonid Populations” (VSP) framework developed
by the NMFS (in review). The framework dealswith
four population characteristics:

BAY-DELTA
PROGRAM
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1.

populations are large enough
resist extinction
due to
random
environmental,
demographic and genetic
variation.

including local and private entities, with the TRT
providing technical guidance on biological issues.

ABUNDANCE:
t0

2.

CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.
MSCS

PRODUCTIVITY:
populations have enough
reproductive capacity to ensure resistance to
episodesof poor freshwater or ocean conditions
and the ability to rebound rapidly during
favorable periods, without the aid of artificial
propagation.

3.

SPATIAL
DISTRIBUTION:
populations are
distributed
sufficient
widely
and with
connectivity such that catastrophic events do not
deplete all populations and stronger populations
can rescuedepleted populations.

4.

DIVERSITY:
populations have enough genetic
and life history diversity to enable adaptation to
long-term
changes in the environment.
Populations achieve sufficient expression of
historic life history strategies (migration timing,
spawning distribution), are not negatively
,impacted by outbreeding depression resulting
from straying of domesticated hatchery fish, and
are not negatively impacted by inbreeding
depression due to small population size and
inadequate connectivity between populations.

Coordinate protection, enhancement, and
restoration of occupied and historic Central
Valley steelheadESU habitats with other federal,
state, and regional programs (e.g., the San
Francisco Bay Area Wetlands Ecosystem Goals
Project, the Anadromous Fish Restoration
Program, the U.S. Fish and Wildlife Service
recovery plans, the SB IO86 Program, and the
Corps’ Sacramento and San Joaquin Basin
Comprehensive Study) that could affect
management of current and historic habitat use
areas to avoid potential conflicts among
management
objectives
and
identify
achieving
multiple
opportunities
for
management objectives.

n

The NMFS recovery planning for Central Valley
salmonidswill proceed in two phases. The first phase
will be conducted by a technical recovery team (TRT)
that will produce numeric recovery criteria for
populations and the ESU following the VSP
framework, factors for decline, early actions for
recovery, and provide plans for monitoring and
evaluation. The TRT will review
existing salmonid
population recovery goalsand management programs
being implemented by federal and State agenciesand
will coordinate with agency scientists, CALFED staff
and Central Valley science/restoration teams such as
the Interagency Ecological Program work teams
during this first phase. TRT products will be
peer-reviewed and made available for public
comment.

n

Implement applicable management measures
identified in the restoration plan for the
Anadromous Fish Restoration Program and the
recovery plan for the native fishes of the
Sacramento/SanJoaquin Delta.

n

Implement
management
measures as
recommended by DFG that are applicable to
CALFED actions and achieving CALFED
objectives.

n

Minimize flow fluctuations to reduce or avoid
stranding of juveniles.

RATIONALE:
NM33 has identified steelhead
populations in the Central Valley as composing a
single evolutionarily significant unit (ESU) basedon
a variety ofphysical and biological data. These data
include the physical environment (geology, soil type,
air temperature,
precipitation,
riverflow patterns,
water temperature,
and vegetation);
biogeography
(marine, estuarine, and freshwater fish distributions);
and life history traits (age at smoking,
age at
spawning, river entry timing, spawning timing, and
genetic uniqueness).

The second phase will be identification of recovery
measuresand estimates of cost and time required to
achieve recovery. The second phase will involve
participation by agency and CALFED staff aswell as
involvement by a broad range of stakeholders,

The Central Valley steefheadESU encompasses
the
Sacramento River and its tributaries
and the San

Volume II: Ecosystem &storation Program Plan
Targets, Actions, and Measures for Species and Species Groups
July 2000

31

Joaquin River and its tributaries downstream of the
confluence with the Merced River (including the
Merced River). Recent data from genetic studiesshow
that samplesof steelheadfrom Deer and MJl creeks,
the Stanislaus River, Coleman National Fish
Hatchery on Battle Creek, and Feather River
Hatchery are well difirerentiated from all other
samples of steelhead from California Busby et al.
1996; NMFS 1997).
Within the broad context of ecosystem restoration,
steelhead restoration will indude a wide variety of
efforts, many of which are being implemented for
other ecological purposes, or that are nonspecific to
steelhead trout. For example, restoration of riparian
woodlands along the Sacramento River b_etween
Keswick Dam and Verona will focus on natural
stream
meander,
flow,
and
natural
revegetation/successional

processes.

These

will

be

extremely important in providing shaded riverine
aquatic habitat, woody debris, and other necessary
habitats required by lower trophic organisms and
juvenile and adult steelheadpopulations.
Operation of the water storage and conveyance
systems throughout the Central Valley for their
potential ecological benefits can be one of the more
important elements in restoring a wide spectrum of
ecological resources, including
steelhead
trout.
Inadequate connectivity
between upstream holding,
spawning, and rearing habitat in certain tributary
streams has impaired or reduced the reproductive
potential of most steelhead stocks. Providing stream
flows, improving fish ladders, and removing dams
will contribute greatly to efforts to rebuild steelhead
populations.
’
MASON’S

n

Maintain processesthat support the dynamic
habitat distributed throughout the speciesrange
and associatedwith existing sourcepopulations
(speciesoccurs on eroding margins of levees).

n

To the extent practicable, design restoration of
tidal habitats to create unvegetated, exposed
substrate habitat at tidal margins of tidal fresh
emergent wetland and tipatian habitat.

n

To the extent consistent with CALFED
objectives, incorporate sufficient edge habitat to
support the speciesin levee set back and channel
island habitat restoration designs.

n

To the extent practicable, maximize sinuosity of
restored and created slough channelsto increase
water-land edge habitat.

n

To the extent consistent with CALFED
objectives, maintain and restore habitat and
populations throughout the species’geographic
ranges and expand habitat and populations to
their historical and ecological ranges based on
hydrologic,
salinity
and other habitat
requirements of the species.
Consistentwith CALFED objectives, incorporate
suitable habitat for these species in band
protection designsusedin CALFED actions.
Monitor status and distribution of the speciesat
five-year intervals and document expansion of
the speciesinto restored habitat for the duration
of the Program.

RATIONALE: Mason’s lilaeopsis is dependent on
saturated clay soils that are regularly inundated by
waves and tidal action. Proposedhabitat restoration
action in the Sacramento-San Joaquin
Delta and
Suisun Marsh/North San Francisco Bay Ecological
Management Zones will contribute to the recovery of

LILAEOPSIS

MSCS
SPECIES GOAL
PRESCRIPTION:
Expand suitable and occupied habitat by 100 linear
miles and protect at least 90% of the currently
occupied habitat including 90% of high quality
habitat occurrences in the North, South, and East
Delta and Napa River Ecological Management Units.

this species.

SUISUN

MARSH

ASTER

MSCS
SPECIES GOAL
PRESCRIPTION:
Expand suitable and occupied habitat by 100 linear
miles and protect at least 90% of the currently
occupied habitat including 90% of high quality
habitat occurrences in the North, South, and East
Delta and Napa River Ecological Management Units.

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresate included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
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Multi-Species
Conservation
Strategy
(2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.

IMaintain processes that support the dynamic
habitat distributed throughout the species range
and associated with existing source populations
(species occurs on eroding margins of levees).

n

H To the extent practicable, design restoration of
tidal habitats to create unvegetated, exposed
substrate habitat at tidal margins of tidal fresh
emergent wetland and riparian habitat.
n

To the extent consistent with CALFED
objectives, incorporate sufficient edge habitat to
support the speciesin levee set back and channel
island habitat restoration designs.

n

To the extent practicable, maximize sinuosity of
restored and created slough channels to increase
water-land edge habitat.

n

To the extent consistent with CALFED
objectives, maintain and restore habitat and
populations throughout the species’geographic
ranges and expand habitat and populations to
their historical and ecological ranges based on
hydrologic,
salinity
and other
habitat
requirements of the species.

n

Consistent with CALFED objectives, incorporate
suitable habitat for these species in band
protection designsused in CALFED actions.

SPECIES

Control and reduce populations of non-native
marsh specieswith potential effects on Suisun
thistle and potential Suisun thistle habitat.

n

Monitor the population size and vigor of all
extant occurrencesat a two-year interval for the
duration of the Program.

n

Modify conservation measuresaccording to the
adaptive management process as more
understanding is developed of recovery needs.

BIRD’+BEAK

MSCS
SPECIES
GOAL
PRESCRIPTION:
Maintain the current distribution and existing
populations of soft bird’s-beak and reestablish and
maintain viable populations throughout its historic
range.
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.
MSCS

THISTLE
GOAL

q

SOFT

Monitor status and distribution of the speciesat
five-year intervals and document expansion of
the speciesinto reitored habitat for the duration
of the Program.
RATIONALE:
Suisun Marsh aster has habitat
requirements similar to those described for Mason’s
lilaeopsis. Proposed habitat restoration action in the
Sacramento-San Joaquin
Delta
and Suisun
Marsh/North
San Francisco Bay Ecological
Management Zones will contribute to the recovery of
this species.

MSCS

Identify opportunities for establishing new
populations or expanding existing populations
and habitat.

RATIONALE:
Suisun thistle is known from only two
location in Suisun Marsh. It occurs on the edges of
salt and brackish marsh habitat that are periodically
inundated during high tides. Proposed habitat
restoration action in the Suisun Marsh/North San
Francisco Bay Ecological Management Zone will
contribute to rhe recovery of this species.

n

SUISUN

n

n

Expand potential habitat by improving tidal
circulation to diked wetlands that sustain some
existing exchange.

n

Identify opportunities for establishing new
populations or expanding existing populations
and habitat.

n

Establish soft bird’s-beak populations to existing
and restored suitable habitat.

PRESCRIPTION:

Maintain the current distribution and existing
populations of Suisun thistle, establish 10 new
populations, and increaseoverall population size tenfold.
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w

Control and reduce populations of non-native
marsh species with potential effects on soft bird’s
beak and potential soft bird’s-beak habitat.
Monitor the populations size and vigor of all
extant occurrences at two-year interval for the
duration of the Program
and design and
implement remediation measures if the recovery
goal is not met.

n

DUNES

AND CONTRA

Annually monitor establishment successand
modify
establishment and management
techniques as needed using adaptive
management.

WALLFLOWER

4

Coordinate protection, enhancement, and
restoration of inland dune scrub habitat with
other federal and state programs (e.g., U.S. Fish
and Wildlife Service speciesrecovery plans and
management of the Antioch Dunes Preserve)
that could affect management of current and
historic habitat areasto avoid potential conflicts
among management objectives and identify
achieving
multiple
opportunities
for
management objectives.

n

Conduct surveys to locate potential habitat
restoration sites on Tinnin soils and identify
opportunities for and implement permanent
protection, restoration, and managementof these
habitat areas to enhance habitat conditions for
the Lange’smetalmark.

H

Monitor enhanced and restored habitat areasto
determine the success of enhancement and
restoration methods, and to determine the
responseof Lange’smetalmark populations and
management.

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
hle p achieve specieshabitat or population targets.

.

BUTTERFLY

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.

MSCS
SPECIES GOAL
PRESCRIPTION:
Continue protection of and expand the size of these
species’ Antioch Dunes populations; enhance and
restore suitable habitat at and in the vicinity of the
Antioch Dunes; and achieve recovery goalsidentified
in the USFWS recovery plan.

n

METALMARK

MSCS
SPECIES GOAL
PRESCRIPTION:
Continue protection of and expand the site of the
Antioch Dunes population of the Lange’smetalmark
butterfly; enhanceand restoresuitable habitat at and
in the vicinity of the Antioch Dunes; and achieve
recovery goals identified in the USFWS recovery
plan.

EVENING-PRIMROSE
COSTA

n

LANGE’S

RATIONALE:
Soft bird’s-beak inhabits the upper
reachesof salt grass-pickleweed marshesat or near
the limit of tidal action. Proposedhabitat restoration
action in the Suisun Marsh/North San FranciscoBay
Ecological Management Zone will contribute to the
recovery of this species.

ANTIOCH

Enhance and maintain existing populations.

RATIONALE: Protection and restoration
of rhese
two species at the Antioch Dunes is a major objective
of efforts to improve and expand suitable dune
habitat. Although the speciesdistribution is limited,
the species appear stable.

Modify conservation measures according to the
adaptive
management
process
as more
understanding is developed of recovery needs.

n

n

Coordinate prote’ction and restoration of inland
dune scrub habitats with other programs (e.g.,
U.S. Fish and Wildlife Service recovery plans and
management of the Antioch Dunes Preserve)
that could affect management of occupied and
‘historic habitat areasto avoid potential conflicts
among management objectives and identify
opportunities
for
achieving
multiple
management objectives.
Conduct surveys to locate potential habitat
restoration sites on Tinnin soils and identify
opportunities for and implement permanent
protection, restoration, and managementof these
habitat areas to enhance habitat conditions for
these species.
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RATIONALE:
Protection and restoration of Lange’s
metalmark habitat at the Ancioch Dunes is a major
objective of the species recovery plan (U.S. Fish and
Wildlife Service 1.984~).
VALLEY

ELDERBERRY
BEETLE

establishment and long-term maintenance of
suitable habitat.
RATIONALE:
The primary reason attributable to
the decline in numbers and distribution of the valley
elderberry longhorn beetle populations is the
extensive lossor degradation of its historical riparian
habitats in the Central Valley to urban and
agricultural uses, and flood control and water supply
projects to support choseuses(U.S. Fish and Wildlife
Service
1984b). Protection, restoration, and
enhancement of large expansesof suitable riparian
habitat within the species historical and current
range, therefore, will protect existing populations
from future decline
and provide habitat area
necessary for existing populations co expand.

LONGHORN

MSCS
SPECIES GOAL
PRESCRIPTION:
LMaincain and restore connectivity among riparian
habitats occupied by the valley elderberry longhorn
beetle and within its historic range along the
Sacramento and San Joaquin rivers and their major
tributaries.
MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare includedin the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.
n

SUISUN

Within the speciescurrent range, design ERP
riparian habitat enhancements and restorations
to include suitable riparian edge habitat,
including elderberry savanna.

n

Initially direct Ew rjparian habitat actions
towards enhancement and restoration of habitat
areaslocated near occupied habitat to encourage
the natural expansion of the speciesrange.

n

Include sufficient buffer habitat around suitable
restored and enhanced habitat areaswithin the
species’range to reduce potential adverse effects
associatedwith pesticide drift.

n

To the extent consistent with CALFED
objectives, implement levee maintenance
guidelines to protect suitable habitat.

n

To the extent consistent with CALFED
objectives, design levees to encourage the

SHREW

MSCS
SPECIES GOAL
PRESCRIPTION:
Maintain the current distribution and existing
populations of the Suisun ornate shrew and
reestablish and maintain viable species’populations
throughout its historic range in the portion of the
Bay Region within the ERP focus area.

Coordinate protection and restoration of riparian
habitats with other federal and state programs
(e.g., U.S. Fish and Wildlife Service recovery
plans, the SB 1086 program,’ and the Corps’
Sacramento
and
San Joaquin
Basin
Comprehensive Study) that could affect
managementof occupied and historic habitat use
areas to avoid potential conflicts among
and
management
objectives
identify
opportunities
achieving
multiple
for
management objectives.

n

ORNATE

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.
n

The geographic priorities for implementing
actions to protect, enhance, and restore saline
emergent wetlands and associatedhabitats for
the Suisun ornate shrew should be: 1) western
Suisun Marsh, 2) Napa Marshes, and eastern
Suisun Marshes, 3) Sonoma Marshes and
Highway $7 marsheswest of Sonoma Creek.

n

Coordinate protection,
enhancement, and
restoration of saltmarsh and associatedhabitats
with other federal, state, and regional programs
(e.g., the San Francisco Bay Area Wetlands
Ecosystem Goals Project, and USFWS species
recovery plans) that could affect management of
current and historic habitat use areas to avoid
potential
conflicts
among management
objectives and identify opportunities for
achieving multiple management objectives.

n

Initial speciesrecovery efforts should be directed
to locations where there are immediate
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opportunities
for protection, enhancement,
restoration of suitable habitat.

or

restored habitats have developed sufficiently
provide suitable habitat.

To the extent practicable, direct ERP salt marsh
enhancement efforts towards existing - degraded
marshes
that are of sufficient
size and
configuration
to develop fourth order tidal
channels (marshes would likely need to be at
least 1,000 acres in size).

n

Restore wetland and perennial grassland habitats
adjacent to occupied habitats to create a buffer of
natural habitat to protect populations from
adverse affects that could be associated with
future changes in land use on nearby lands and
to provide habitat suitable for the natural
expansion of populations.

n

n

To the extent practicable, design salt marsh
enhancements and restorations to provide lowangle upland slopes at the upper edge of marshes
to provide for the establishment of suitable and
sufficient wetland to upland transition habitat.
Transition habitat zones should be at least 0.25
mile in width.

w

Manage enhanced and restored habitat areas to
avoid or minimize impacts on the Suisun ornate
shrew associated with recreational uses on lands
acquired
or managed
under conservation
easements.

n

Direct salt marsh habitat enhancements and
towards
increasing
habitat
restorations
connectivity among existing and restored tidal
marshes within the range of the Suisun ornate
.
shrew.

n

To the extent
practicable,
design dikes
constructed
in enhanced and restored saline
emergent wetlands to provide optimal wetland
to upland transitional habitat.

n

Identify and implement feasible methods for
controlling invasive non-native marsh plants.

n

To the extent practicable, control non-native
predator populations in occupied habitat and
saltmarshes enhanced and restored under the
ERP.

n

Provide interim management of occupied salt
marshes to maintain source populations until

to

n

Acquire conservation easements to adjust grazing
regimes to enhance wetland to upland transition
habitat conditions in occupied habitat areas.

n

Conduct research to determine use of restored
salt marsh habitats by Suisun ornate shrews and
the rate at which restored habitats are colonized.

RATIONALE:
The Suisun ornate shrew is a listed as
a species of special concern by the California
Deparrment
of Fish and Game, bur its limited
habitat and distribution indicate it may qualify as a
threatened species. Long-term
survival
of this
subspecies is dependent upon ridal wetland, as
opposed ro diked wetlands, and has to have adequate
physical structures
and’ plant communities
for
survival. Its tidal marsh habirar has to have adjacent
upland habirar for survival of the species during
periods when rhe marsh is inundated. The upland
habitar has to have relarively low densiries of exotic
predators. Resroring habitar would not only benefit
the Suisun ornate shrew but other species, such as the
salt marsh harvest mouse, thar also use tidal marsh
and upland marsh habitats.
SUISUN
MSCS
Maintain
populations
reestablish
throughout
and Delta

SONG

SPARROW

SPECIES
GOAL
PRESCRIPTION:
the current distribution
and existing
of the Suisun song sparrow
and
and maintain viable species’ populations
its historic range in portions of the Bay
Regions within the ERI? focus areas.

MSCS
CONSERVATION
MEASURES:
The
following conservation measures are included in the
Multi-Species
Conservation
Strategy (2000)
to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.
n

The geographic priorities for implementing ERP
actions to protect, enhance, and restore saline
emergent wetlands and associated habitats for
the Suisun song sparrow should be: 1) western
Suisun Marsh, 2) eastern Suisun Marsh, and 3)
the Contra Costa County shoreline.

n

Coordinate
protection,
enhancement,
and
restoration of saltmarsh and associated habitats
with other federal, state, and regional programs
(e.g., the San Francisco Bay Area Wetlands
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Ecosystem Goals Project, and USFWS species
recovery plans) that could affect management of
current and historic habitat use areas to avoid
potential
management
conflicts
among
objectives
and identify
opportunities
for
achieving multiple management objectives.

connectivity
among existing
restored tidal marshes.

Restore wetland and perennial grassland habitats
adjacent to occupied nesting habitats to create a
buffer of natural habitat to protect nesting pairs
from adverse affects that could be associated with
future changes in land use on nearby lands and
to provide suitable foraging habitat and nesting
habitat area suitable for the natural expansion of
populations.
Initial species recovery efforts should be fiected
to locations
where
there are immediate
opportunities
for protection, enhancement, or
restoration of suitable habitat.
To the extent
practicable,
design dikes
constructed
in enhanced and restored saline
emergent wetlands to provide optimal wetland
to upland transitional habitat.

occupied

and

n

To the extent practicable, direct ERP restorations
to improve tidal circulation to diked wetlands
that currently sustain partial tidal exchange.

n

To the extent practicable, control non-native
predator populations in occupied habitat areas
and salt marshes enhanced and restored under
the ERP.

H

Identify and implement feasible methods for
controlling invasive non-native marsh plants.

n

Conduct research to determine use of restored
salt marsh habitats by Suisun song sparrows and
the rate at which restored habitats are’colonized.

n

Acquire conservation easements to adjust grating
regimes to enhance wetland to upland transition
habitat conditions.

RATIONALE:
The Suisun song sparrow occurs only
in and near Suisun Marsh, in about 13 isolated
populations. Populations of this unusual subspecies
are declining for a variety of reasons bur mainly the
degradation of their habitat. Reductions in fresh
water outflow
from the Sacramento-Sgn Joaquin
Rivers and diking and channelization of marsh lands
have contributed to their decline. Restoration of their
populations is likely to be a good indicator of rhe
success of restoration of brackish tidal marshes in the
Suisun Marsh area.

To the extent practicable, direct ERP salt marsh
enhancement efforts towards existing degraded
marshes that are of sufficient
size and
configuration
to develop fourth order tidal
channels (marshes would likely need to be at
least 1,000 acres in size).
To the extent practicable, design salt marsh
enhancements and restorations to provide lowangle upland slopes at the upper edge of marshes
to provide for the-establishment
of suitable and
sufficient wetland to upland transition habitat.
Transition habitat zones should be at least 0.25
mile in width.

SAN

PABLO

SONG

SPARROW

MSCS
SPECIES
GOAL
PRESCRIPTION:
Maintain the current distribution
and existing
populations oi the San Pablo song sparrow and
reestablish and maintain viable species’ populations
throughout its historic range in the portion of the
Bay Region within the ERP focus area.

Control
non-native
plants in existing salt
marshes where non-native plants have degraded
habitat quality and in salt marshes restored
under the ERP.

MSCS
CONSERVATION
MEASURES:
The
following conservation measures are included in the
Multi-Species
Conservation
Strategy (2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.

Manage enhanced and restored habitat areas to
avoid or, minimize impacts on the Suisun song
sparrow associated with recreational uses on
lands acquired or managed under conservation
easements.

n

Direct salt marsh habitat enhancements and
restorations
towards
increasing
habitat

The geographic priorities for implementing ERP
actions to protect, enhance, and restore saline
emergent wetlands and associated habitats for
the San Pablo song sparrow should be: 1)
Gallinas/Ignacio marshes and Napa Marshes, 2)
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Sonoma Marshes,
Petaluma Marshes,
and
Highway 37 marshes west of Sonoma Creek, 3)
Point Pinole Marshes, 4) Highway 37 marshes
east of Sonoma Creek,

lands acquired or managed under conservation
easements.

Coordinate
protection,
enhancement,
and
restoration of saltmarsh and associated habitats
with other federal, state, and regional programs
(e.g., the San Francisco Bay Area Wetlands
Ecosystem Goals Project, and USFWS species
recovery plans) that could affect management of
current and historic habitat use areas to avoid
potential
conflicts
among
management
objectives
and identify
opportunities
for
achieving multiple management objectives.

n

To the extent practicable, control non-native
predator populations in occupied habitat areas
and salt marshes enhanced and restored under
the ERP.

n

Identify and implement feasible methods for
controlling invasive non-native marsh plants.

n

Conduct research to determine use of restored
salt marsh habitats by San Pablo song sparrows
and the rate at which restored habitats are
colonized.

RATIONALE:
The San Pablo song sparrow occupies
habitat only in rhe North San Francisco Bay Region
and is dependent on saline emergent wetland habitat.
Recover of this species may depend on the success of
restoring additional saline emergent wetlands and
associated transitional habitats.

Restore wetland and perennial grassland habitats
adjacent to occupied nesting habitats to create a
buffer of natural habitat to protect nesting pairs
from adverse affects that could be associated with
future changes in land use on nearby lands and
to provide suitable foraging habitat and nesting
habitat area suitable for the natural expansion of
populations.

Species with the designation
“Contribute
to Recovery”.

Initial species recovery efforts should be directed
to locations
where
there are immediate
opportunities
for protection, enhancement, or
restoration of suitable habitat.

___-. .--.CALIFORNIA

CLAPPER

F&AIL

MSCS
SPECIES
GOAL
PRESCRIPTION:
Maintain the current distribution
and existing
populations
of the California clapper rail and
reestablish and maintain viable species’ populations
throughout its historic range in the portion of the
Bay Region within the ERP focus area.

Design dikes constructed
in enhanced and
restored saline emergent wetlands to provide
optimal wetland to upland transitional habitat.
To the extent practicable, direct ERP salt marsh
enhancement efforts towards existing degraded
marshes
that are of sufficient
size and
configuration
to develop fourth order tidal
channels (marshes would likely need to be at
least 1,000 acres in size).

MSCS
CONSERVATION
MEASURES:
The
following conservation measures are included in the
Multi-Species
Conservation
Strategy (2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.

To the extent practicable, design salt marsh
enhancements and restorations to provide lowangle upland slopes at the upper edge of marshes
to provide for the establishment of suitable and
sufficient wetland to upland transition habitat.
Transition habitat zones should be at least 0.25
mile in width.

n

Manage.enhanced and restored habitat areas to
avoid or minimize impacts on the San Pablo song
sparrow associated with recreational uses on

The geographic priorities for implementing
actions to protect, enhance, and restore saline
emergent wetlands and associated habitats for
the California
clapper rail should be: 1)
Gallinas/Ignacio marshes and Napa Marshes, 2)
Sonoma Marshes,
Petaluma Marshes,
and
Highway 37 marshes west of Sonoma Creek, 3)
Point Pinole Marshes, 4) Highway 37 marshes
west of Sonoma Creek, and 5) the Contra Costa
County shoreline.

Volume II: Ecosystem Restoration Program Plan
Targets, Actions, and Measures for Species and Species Groups
July 2000

38

Coordinate
protection,
enhancement,
and
restoration of saltmarsh and associated habitats
with other federal, state, and regional programs
(e.g., the San Francisco Bay Area Wetlands
Ecosystem Goals Project, and USFWS species
recovery plans) that could affect management of
current and historic habitat use areas to avoid
potential
conflicts
among
management
objectives
and identify
opportunities
for
achieving multiple management objectives.

n

Restore wetland and perennial grassland habitats
adjacent to occupied nesting habitats to create a
buffer of natural habitat to protect nesting pairs
from’ potential adverse affects that could be
associated with future changes in land-use on
nearby lands and to provide suitable foraging
habitat and nesting habitat area suitable for the
natural expansion of populations.

n

n

Initial species recovery efforts should be directed
to locations
where
there are immediate
opportunities
for protection, enhancement, or
restoration of suitable habitat.

n

To the extent
practicable,
design dikes
constructed
in enhanced and restored saline
emergent wetlands to provide optimal wetland
to upland transition habitat.

n

Manage enhanced and restored habitat areas to
avoid or minimize impacts on the California
clapper rail associated with recreational uses on
lands acquired or managed under conservation
easements.

n

actions
Direct
ERP
restoration
towards
improving tidal circulation to dikes wetlands
that currently sustain partial tidal exchange.

n

To the extent practicable, control non-native
predator populations in occupied habitat areas
and salt marshes enhanced and restored under
the ERP.

n

Identify and implement feasible methods for
controlling invasive non-native marsh plants.

n

Monitor to determine use of restored salt marsh
habitat by California clapper rails and the rate at
which restored habitats are colonized.

urban, industrial, and agricultural uses(U.S. Fish and
Wildlife Service 1984a). Restoration of large expanses
of suitable salt marsh habitat within the species
historical and current range, therefore, will provide
habitat area necessaryfor populations to expand.
CALIFORNIA

BLACK

FIAIL

MSCS
SPECIES GOAL
PRESCRIPTION:
Maintain the current distribution and existing
populations of the California black rail and reestablish
and maintain viable species’populations throughout
its historic range in portions of the Delta and Bay
Regionswithin the ERP focus area.
MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.

To the extent practicable, design salt marsh
enhancements and restorations to provide lowangle upland slopes at the upper edge of marshes
to provide for the establishment of suitable and
sufficient wetland to upland transition habitat.
Transition habitat zones should be at least 0.25
mile in width.

w

Direct
some habitat
enhancements
and
restorations
towards
increasing
habitat
connectivity among existing and restored tidal
marshes.

RATIONALE:
The primary reason attributable to
the declinein California clapper rail populations is the
extensive loss of its historical salt marsh habitat to

Direct ERP salt marsh enhancement efforts
towards existing degraded marshes that are of
sufficient size and configuration
to develop
fourth order tidal channels (marshes would likely
need to be at least 1,000 acres in size).

n

n

n

The geographic priorities for implementing
actions to protect, enhance, and restore saline
emergent wetlands and associatedhabitats for
the California black rail should be: 1) western
SuisunMarsh, 2) Gallinas/Ignacio marshes,Napa
Marshes, and easternSuisunMarshes, 3) Sonoma
Marshes, Petaluma Marshes, and Highway 37
marsheswest of Sonoma Creek, 4) Point Pinole
Marshes, 4) Highway 37 marshes west of
SonomaCreek, and 6) the Contra Costa County
shoreline.
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Coordinate
protection,
enhancement,
and
restoration of saltmarsh and associated habitats
with other federal, state, and regional programs
(e.g., the San Francisco Bay Area Wetlands
Ecosystem Goals Project, and USFWS species
recovery plans) that could affect management of
current and historic habitat use areas to avoid
potential
conflicts
among
management
and identify
opportunities
for
objectives
achieving multiple management objectives.

n

Restore wetland and perennial grassland habitats
adjacent to occupied nesting habitats to create a
buffer of natural habitat to protect nesting pairs
from potential adverse affects that could be
associated with future changes in land use on
nearby lands and to provide suitable fo;ging
habitat and nesting habitat area suitable for the
natural expansion of populations.

n

n

Initial species recovery efforts should be directed
to locations
where
there are immediate
opportunities
for protection, enhancement, or
restoration of suitable habitat.

Direct
some habitat
enhancements
and
restorations
towards
increasing
habitat
connectivity among existing and restored tidal
marshes.

n

To the extent practicable, control non-native
predator populations in occupied habitat areas
and salt marshes enhanced and restored under
the ERP.

n

Identify and implement feasible methods for
controlling invasive non-native marsh plants.

n

Monitor to determine use of restored salt marsh
habitat by California clapper rails and the rate at
which restored habitats are colonized.

n

Acquire conservation
easements in occupied
habitat areas to adjust grazing regimes to
enhance wetland to upland transition habitat
conditions.

RATIONALE:
The primary reason attributable to
the decline in California black rail populations is the
extensive loss of its historical tidal marsh habitat to
urban, industrial, and agricultural uses. Restoration
of large expanses of suitable tidal marsh habitat
within
the species historical and current range,
therefore, will provide habitat area necessary for
populations to expand.

To the extent
practicable,
design dikes
constructed
in enhanced and restored saline
emergent wetlands to provide optimal wetland
to upland transition habitat.
Direct EN? salt marsh enhancement efforts
towards existing degraded marshes that are of
sufficient size and configuration
to develop
fourth order tidal channels (marshes would likely
need to be at least 1,000 acres in size).
n

n

SWAINSON’S

HAWK

MSCS
SPECIES
GOAL
PRESCRIPTION:
Protect, enhance, and increase habitat sufficient to
support a viable breeding population. The interim
prescription
is to increase the current estimated
population of 1,000 breeding pairs in the Central
Valley to 2,000, breeding pairs. This prescription will
be modified based on results of a population viability
analysis
being conducted
by the California
Department of Fish and Game.

To the extent practicable, design salt marsh
enhancements and restorations to provide lowangle upland slopes at the upper edge of marshes
to provide for the establishment of suitable and
sufficient wetland to upland transition habitat.
Transition habitat zones should be at least 0.25
mile in width.

MSCS
CONSERVATION
MEASURES:
The
following conservation measures are included in the
Multi-Species
Conservation
Strategy (2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.

Manage enhanced and restored habitat areas to
avoid or minimize impacts on the California
black rail associated with recreational uses on
lands acquired or managed under conservation
easements.
Direct
ERP
restoration
actions
towards
improving tidal circulation to dikes wetlands
that currently sustain partial tidal exchange.

n

Proposed ERP actions designed to restore
valley/foothill riparian habitat should initially be
implemented in the Delta.

n

To the extent practicable,
design restored
seasonal wetlands in occupied habitat areas to
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provide overwinter refuge for rodents to provide
source prey populations
during spring and
summer.

MSCS
CONSERVATION
MEASURES:
The
following conservation measures are included in the
Multi-Species
Conservation
Strategy
(2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.

To the extent consistent
with
CALFED
objectives, enhance at least 10% of agricultural
lands to be enhanced under the ERP in the
Delta, Sacramento River, and San Joaquin River
Regions to increase forage abundance and
availability within 10 miles of occupied habitat
areas.
To the extent
objectives, manage
under conservation
by the species to
current population

The geographic priorities for implementing
actions to protect, enhance, and restore saline
emergent wetlands and associated habitats for
the salt marsh harvest mouse should be: I)
western
Suisun Marsh,
2) Gallinas/Ignacio
marshes, Napa Marshes, and eastern Suisun
Marshes, 3) Sonoma Marshes, Petaluma Marshes,
and Highway 37 marshes west of Sonoma Creek,
4) Point Pinole Marshes, 5) Highway 37 marshes
west of Sonoma Creek, and 6) the Contra Costa
County shoreline.-

consistent
with CALFED
lands purchased or acquired
easements that are occupied
maintain or increase their
levels.
”

To the extent practicable, manage restored or
enhanced habitats under the ERP to maintain
desirable rodent populations
and minimize
potential impacts associated with rodent control.

Coordinate
protection,
enhancement,
and
restoration of saltmarsh and associated habitats
with other federal, state, and regional programs
(e.g., the San Francisco Bay Area Wetlands
Ecosystem Goals Project, and USFWS species
recovery plans) that could affect management of
current and historic habitat use areas to avoid
potential
conflicts
among
management
objectives
and identify
opportunities
for
achieving multiple management objectives.

RATIONALE:
Historically,
Swainson’s
hawk
foraging habitat consisted of large expanses of open
grasslands that supported abundant prey species.
Swainson’s hawks typically nest in riparian forests,
small groves of trees, or lone trees within open
habitats. Today, as a result of conversion of large
expanses of historic grassland to urban, industrial,
and agricultural uses, agricultural lands are major
foraging habitat areas for Swainson’s hawks. Some
types of agriculture, however, are unsuitable because
they do not support sufficient prey populations or
because prey is unavailable as a result of dense
vegetation (e.g., rice and vineyards). Over 85% of
nesring territories in tile Central Valley are associated
with riparian systems adjacent to suitable foraging
habitats (California Department of Fish and Game
1992). Consequently, improving prey abundance and
availability on agricultural lands adjacent to restored
riparian habitats will provide important elements of
the specie’s habitat necessary for the population to
expand.
SALT

MARSH

HARVEST

Restore wetland and perennial grassland habitats
adjacent to occupied nesting habitats to create a
buffer of natural habitat to protect nesting pairs
from adverse affects that could be associated with
future changes in land use on nearby lands and
to provide suitable foraging habitat and nesting
habitat area suitable for the natural expansion of
populations.
Initial species recovery efforts should be directed
to locations
where
there are immediate
opportunities
for protection, enhancement, or
restoration of suitable habitat.
To the extent
practicable,
design dikes
constructed
in enhanced and restored saline
emergent wetlands to provide optimal wetland
to upland transition habitat.

MOUSE

MSCS
SPECIES
GOAL
PRESCRIPTION:
Maintain the current distribution
and existing
populations of salt marsh harvest mouse and establish
and maintain viable species’ populations throughout
its historic range in the portion of the Bay Region
within the ERP focus area.

To the extent practicable, direct ERP salt marsh
enhancement efforts towards existing degraded
marshes
that are of sufficient
size and
configuration
to develop fourth order tidal
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channels (marshes would
least 1,000 acres in size).

likely need to be at

is the extensive loss of its historical high tidal salt
marsh
and adjacenr upland habitats to urban,
industrial, and agricultural uses (U.S. Fish and
Wildlife Service 1984a). Restoration of large expanses
of suitable salt marsh habitat adjacent ro uplands
within the species historical
and current
range,
rherefore,
will provide
habitat
area necessary for
populations to expand.

To the extent practicable, design salt marsh
enhancements and restorations to provide lowangle upland slopes at the upper edge of marshes
to provide for the establishment of suitable and
sufficient wetland to upland transition habitat.
Transition habitat zones should be at least 0.25
mile in width.

n

SAN

n

n

Direct restoration efforts towards improving tidal
circulation to diked wetlands that currently
sustain partial tidal exchange.

n

Direct
some habitat enhancements and
restorations
towards
increasing habitat
connectivity among existing and restored tidal
marshes.

n

To the extent practicable, control non-native
predator populations in occupied habitat areas
and salt marshes enhanced and restored under
the ERP.

n

Control non-native invasive plants in existing
salt marshes where non-native plants have
degraded habitat quality and in salt marshes
restored under the ERP.

n

Monitor the use of restored salt marsh habitats
by salt marsh harvest mice and the rate at which
restored habitats are colonized.

.

Acquire conservation easementsto adjust grazing
regimesto enhance wetland to upland transition
habitat conditions.

n

CALIFORNIA

VOLE

MSCS
SPECIES GOAL
PRESCRIPTION:
Maintain the current distribution and existing ,
populations of San Pablo California vole and establish
and maintain viable species’populations throughout
its historic range in portions of the Delta and Bay
Regionswithin the ERP focus area.

Manage enhanced and restored habitat areas to
avoid or minimize impacts on the salt marsh
harvest mouse associated with recreational uses
on lands
acquired
or managed
under
conservation easements.
Direct restoration efforts towards restoration of
lands adjacent to occupied habitat areas.

n

PABLO

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.

To the extent consistent with CALFED
objectives, manage lands purchased or acquired
under conservation easementsthat are occupied
by the species to maintain or increase their
current population levels.

RATIONALE:
The primary reasdn attributable to
the decline in salt marsh harvest mouse populations

n

Coordinate protection, enhancement, and
restoration of saltmarsh and associatedhabitats
with other federal, state, and regional programs
(e.g., the San Francisco Bay Area Wetlands
Ecosystem Goals Project, and USFWS species
recovery plans) that could affect management of
current and historic habitat use areas to avoid
potential
conflicts
among management
objectives and identify opportunities for
achieving multiple management objectives.

n

Restorewetland and perennial grasslandhabitats
adjacent to occupied habitats to create a buffer of
natural habitat to protect populations from
potential adverseaffects that could be associated
with future changesin land use on nearby lands
and to provide habitat suitable for the natural
expansion of populations.

n

Manage enhanced and restored habitat areasto
avoid or minimize impacts on the San Pablo
California vole associatedwith recreational uses
on lands acquired or managed under
conservation easements.

n

To the extent practicable, acquire, restore and
manage historic tidal salt marshes and
surrounding lands occupied by the San Pablo
California vole along the west side of Point
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Pinole to tidal marsh with sufficient wetland to
upland transition and adjacent upland habitat to
improve habitat conditions for the San Pablo
California vole.
n

To the extent practicable, control non-native
predator populations in occupied habitat areas
and salt marshes enhanced and restored under
the ERP.

n

Identify and implement feasible methods for
controlling invasive non-native marsh plants.

n

To the extent
objectives, manage
under conservation
by the species to
current population

Implement reintroductions into suitable habitat
areas and manage habitat areas to maintain
introduced populations.
RATIONALE: The Sacramentoperch was once one
of the most abundanr fish in lowland habicaa of the
Central Valley. With the exception of a small
population in Clear Lake, it has been exrirpated from
natural habirats within its native range due to
competition and predation from in traduced
centrarchid fishes, such as black bass. It would
certainly be formally listed asan endangered species
except chat it has been widely introduced into
reservoirs,lakes, and ponds outside its native habitats
in California and other western states.

consistent
with
CALFED
land purchases or acquired
easement that are occupied
maintain or increase their
levels.

RIPARIAN~

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.

PERCH

Coordinate protection and restoration of riparian
brush rabbit populations and its habitats with
other federal and state programs (e.g., U.S. Fish
and Wildlife Service speciesrecovery plans) that
could affect management of occupied and
historic habitat areasto avoid potential conflicts
among management objectives and identify
opportunities
achieving
multiple
for
management objectives.

MSCS
SPECIES GOAL
PRESCRIPTION:
Establish multiple self-sustaining populations of
Sacramento perch within the Central Valley.
MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.
n

RABBIT

MSCS
SPECIES GOAL
PRESCRIPTION:
Protect the CaswellMemorial State Park population;
protect, enhance, and expand the species’Caswell
Memorial Park population; and restore four
additional self-sustaining populations in the Delta
and along the SanJoaquin River by 2020.

RATIONALE:
The San Pablo vole is a California
Department of Fish and Game Special Concern
species.
Although little
is known about its
distribution, biology, or taxonomy, it appearsto be a
distinct form that is confined to salt marshesand
adjoining grasslands in Contra Costa County. TO
limit the decline of the populations even further, salt
marsh and adjoining grassland habitats in Contra
Cosa County need to be protected and further
degradation and lossof habitat halted.
SACRAMENTO

BRUSH

Conduct surveys to identify suitable habitat areas
for establishmentof additional populations in the
Delta and along the San Joaquin River and
implement introductions to establish four
additional populations in these areasaby 2020.

Coordinate protection and restoration of
Sacramento perch and its habitats with other
federal and state programs (e.g., U.S. Fish and
Wildlife Service species recovery plans) that
could affect management of occupied and
historic habitat areasto avoid potential conflicts
among management objectives and identify
opportunities
for
achieving
multiple
management objectives.

Direct ERP actions proposed for the Stanislaus
River towards protecting, enhancing, and
restoring suitable riparian and associatedflood
refuge habitats in and adjacent to occupied
habitat at Caswell Memorial State Park.

Targets, Actions,
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Develop and implement a monitoring
assess populations status and trends.

n

]oaquin Valley woodrat populations is the extensive
loss and fragmentation of its historical riparian
habitats in the San ]oaquin Valley urban and
agricultural uses, and flood control and water supply
projects to support those uses (U.S. Fish and Wildlife
Service
1997). Protection,
restoration, and
enhancement of large expansesof suitable riparian
habitat within the species historical and current
range, therefore, will protect existing populations
from future decline and provide habitat area
necessaryfor existing populations to expand.

plan to

Prorecrion and restoration of exisring
occupied riparian brush rabbit habitat at &swell
Memorial State Park and actions to reduce the
probability for mortality as a result of flooding, fire,
and predation are major objectives of the species
recovery plan (U.S. Fish and Wildlife Service 1997).
RATIONALE:

SAN JOACNJIN

VALLEY

WOODFIAT

MSCS
SPECIES GOAL
PRESCRIPTION:
Protect the &swell Memorial State Park Population;
protect, enhance, and expand the species’Caswell
Memorial Park population; and improve habitat
connectivity and genetic interchange among kolated
populations.

GREATER

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.

Coordinate protection and restoration of San
Joaquin Valley woodrat populations and its
habitats with other federal and state programs
(e.g., U.S. Fish and Wildlife Service species
recovery plans and the Corps’ Sacramento and
San Joaquin Basin Comprehensive Study) that
could affect management of occupied and
historic habitat areasto avoid potential conflicts
among management objectives and identify
opportunities
for
achieving
multiple
management objectives.

n

n

CRANE

MSCS
SPECIES GOAL
PRESCRIPTION:
Achieve recovery objectives identified in the Pacific
Flyway Management Plan for the Central Valley
population of greater sanclhill cranes and Assembly
Bill (AB) 1280 legislation,that applicable to CALFED
problem area, the Butte Sink, and other species’use
areasconsistent with CALFED’s mission.

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.
n

SANDHILL

To the extent consistent with CALFED
objectives, implement ERP actions in concert
with the speciesrecovery strategies identified in
AB 1280 and the Pacific Flyway Plan.
Implementation of proposed ERP actions to
enhanceagricultural habitats should give priority
to improving the abundance and availability of
upland agricultural forage (e.g., corn and winter
wheat) in the core useareacentered around Bract
Tract.

Direct ERP actions proposed for the Stanislaus
River towards protecting, enhancing, and
restoring suitable riparian and associatedflood
refuge habitats in and adjacent to occupied
habitat at Caswell Memorial State Park.

Implementation of proposed ERP actions to
restore wetlands should give priority to restoring
and managing wetland habitat area within the
core use areacentered on Bract Tract that would
provide suitable roosting habitat.

Direct ERP actions proposedfor the SanJoaquin
River and its major tributaries within the current
range of the species towards protecting and
enhancing existing occupied habitat areas;
restoring suitable habitat adjacent to occupied
habitat areas; and restoring suitable riparian
habitat to create habitat corridors linking
isolated populations.

Avoid or minimize recreational usesin the core
area centered on Bract Tract that could disrupt
crane habitat usepatterns from October-March.
To the extent consistent with CALFED
objectives, at least 10% of agricultural lands to
be enhanced under the EEP in the Delta and the
Butte Sink should be managed to increaseforage

RATIONALE: The primary reason attributable to
the decline in numbers and distribution of the San
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abundance and availability for cranes. Priority
should be given to implementing these habitat
improvements
within 10 miles of core habitat
area centered on Bract Tract.
fl

Monitor to determine use of protected, restored,
and enhanced habitats by sandhill cranes in core
wintering areas.

YELLOW

WARBLER

MSCS’
SPECIES
GOAL
PRESCRIPTION:
Maintain and enhance suitable riparian corridor
migration habitats and restore suitable breeding
habitat within the historic breeding range of this
species in the Central Valley.
MSCS
CONSERVATION
MEASURES:
The
following conservation measures are included in the
Multi-Species
Conservation
Strategy (2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.
n

n

A portion of restored riparian habitat area should
be designed
to include
riparian
scrub
communities.

n

To the extent practicable, restore riparian habitat
in patch sizes sufficient to discourage nest
parasitism by brown-headed cowbirds..

RATIONALE:
Neotropical
migratory
birds
consriture
a diverse group of largely passerine
songbirds that overwinter in the tropics but breed in
or migrate through the Central Valley and Bay-Delta
region. As a group, they are in decline because ofloss
of habitat on their breeding grounds, in their
migratory corridors, and in their wjntering grounds.
The species within this group are good indicators of
habitat quality and diversity and their popularity
with birders means that populations are tracked and
have high public interest. They can also be good
indicators of contaminant
levels, by monitoring
reproductive success and survival in areas near sources
of contamination. Riparian forests are particularly
important
to this group because they are major
migration corridors and breeding habitat for many
species. By providing
improved
nesting
and
migratory habitat, it may be possible to partially
compensate for increased mortality
rates in the
wintering grounds. Improved habitat for songbirds
also provides habitat for many other species of
animals and plants.

Suirable shallow-water
roosting
habitat used by greater sandhill cranes during winter
in the Delta is limited. Restoration and management
of seasonal wetlands specifically to provide suitable
roosting habitat free from disturbance near suitable
foraging habitats will increase rhe area of available
roosting habitat and may improve distribution of
wintering cranes. Increases in food availability and
abundance on agricultural lands will also be likely to
improve disrribution and winter survival of cranes in
the Delta.

RATIONALE:

CALIFORNIA

w

LEAST

BELL’S

VIREO

MSCS
SPECIES
GOAL
PRESCRIPTION:
Achieve recovery objectives identified in the least
Bell’s vireo recovery plan applicable to the ERP focus
study area.

Coordinate protection and restoration of riparian
habitat areas with other federal and state
programs
(e.g., ;he Riparian Habitat Joint
Venture, the SB LOS6 Program,
and the Corps’
Sacramento
and
San
Joaquin
Basin
Comprehensive
Study)
that could affect
management of occupied and historic habitat
areas to avoid potential
conflicts
among
management
objectives
and
identify
achieving
opportunities
for
multiple
management objectives.

MSCS
CO~ERVATION
MEASURES:
The
following conservation measures are included in the
Multi-Species
Conservation
Strategy (2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.
n

To the extent consistent
with
CALFED
objectives, protect existing suitable riparian
habitat corridors from potential future changes in
land use or other activities that could result in
the loss or degradation of habitat

Coordinate protection and restoration of riparian
habitat areas with other federal and state
programs (e.g., the least Bell’s vireo recovery
plan team, Riparian Habitat Joint Venture, and
the Corps’ Sacramento and San Joaquin Basin
Comprehensive
Study)
that could
affect
management of occupied and historic habitat
conflicts
among
areas to avoid potential
and
identify
management
objectives
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opportunities
management
n

H

achieving
for
objectives.

management of occupied and historic habitat
areas to avoid potential conflicts among
management
objectives
and
identify
opportunities
for
achieving
multiple
management objectives.

multiple

To the extent consistent
with
CAL.FED
objectives, protect existing riparian habitat areas
from potential future changes in land use or
other activities that could result in the loss or
degradation of habitat areas that would be
suitable
for
reintroductions
or
natural
colonization of the species.

n

A portion of restore riparian habitat area should
be designated
ro include riparian
scrub
communities.

Initially direct ERP actions to restore suitable
valley/foothill riparian forest and woodland along
at least 10 contiguous miles of channels in the
Delta to create a riparian forest corridor at least
200 meters in width.

fl

Restore large contiguous blocks of suitable
valley/foothill riparian forest and woodland at
least 200 meters in width and 500 acres in size
along reachesof the Sacramento River adjacent
to occupied habitat areas(Red Bluff to Chico).

To the extent practicable,
restore riparian
habitats in patch sizes sufficient to discourage
nest parasitism by brown-headed cowbirds.

n

RATIONALE:
The priniary reason acrributable to
the decline in numbers and distribution of the
western yellow-billed cuckoo is the extensive lossor
degradation of its historical riparian forest habitats in
the Central Valley to urban and agricultural uses,and
flood control and water supply projects to support
those uses (California Department of Fish and Game
1992). Protection, restoration, and enhancement of
large expansesof suitable riparian habitat within the
specieshistorical and current range, therefore, will
protect existing populations from future decline and

RATIONALE:
A major reason attributable to rhe
extirpation of the least Bell’s vireo from its historical
range in rhe Cenrral Valley is the extensive lossand
fragmentation of its historical riparian habitats to
urban and agricultural uses,and flood control and
water supply projects to support those uses (U.S. Fish
and Wildlife Service 1998). Protection, restoration,
and enhancement of large expanses of suitable
riparian habitat within the specieshistorical range is
an objective of the least Bell’s vireo recovery plan
(U.S. Fish and Wildlife’ Service 1998) and will
provide habitat area necessary for existing
populations to expand.
WESTERN

YELLOW-BILLED

provide
habitat
area
populations
to expand.

BANK

CUCKOO

for

existing

SWALLOW

MSCS SPECIES GOAL PRESCRIPTION: Allow
reachesof the Sacramento River and its tributaries
that are unconfined by flood control structures (i.e.,
bank revetment and levees) to continue to meander
freely, thereby creating suitable bank nesting
substratesthrough the processof bank erosion.

MSCS
SPECIES GOAL
PRESCRIPTION:
Protect existing suitable riparian forest habitat areas
within the species’historic range and increase the
areasof suitable riparian forest
_ habitat sufficiently to
allow the natural expansion of the SacramentoValley
population.

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in, the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERI’ actions that would
help achieve specieshabitat or population targets.
n

necessary

H

Coordinate protection and restoration of riparian
habitat areas with other federal and state
programs (e.g., the Riparian Habitat Joint
Venture, the SB IO86 Program, and the Corps’
Sacramento and
San Joaquin
Basin
Comprehensive Study) that could affect

Coordinate protection and restoration of channel
meander belts and existing bank swallow
colonies with other federal and state programs
(e.g., the SB 1086 Program and the Corps’
Basin
Sacramento
and
San Joaquin
Comprehensive Study) that could affect
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management of occupied and historic habitat
areas to avoid potential
conflicts
among
management
objectives
and
identify
achieving
multiple
opportunities
for
management objectives.
n

Proposed ERP actions designed to protect or
restore stream meander belts should initially be
implemented along reaches of the Sacramento
River and its tributaries that support nesting
colonies or potential nesting habitat.

n

Monitor to determine the response of bank
swallows to restoration of stream meander belts
and riparian habitat.

n

Coordinate with BOR
spring-summer
reservoir
that would reduce the
effects on nesting colonies
large, pulsed, releases.

n

and DWR to-phase
releases in a manner
potential for adverse
that could result from

To the extent
consistent
with
CALFED
objectives, protect all known nesting colonies
from potential future changes in land use or
activities that could adversely affect colonies.

WILLOW

Coordinate protection and restoration of riparian
habitat areas with other federal and state
programs (e.g., the Riparian Habitat Joint
Venture, the SB 1086 Program, and the Corps’
Sacramento
and
San
Joaquin
Basin
Comprehensive
Study)
that could affect
management of occupied and historic habitat
areas to avoid potential
conflicts
among
management
objectives
and
identify
multiple
opportunities
for
achieving
management objectives.

n

To the extent consistent
with
CALFED
objectives, protect existing suitable riparian
habitat corridors from potential future changes in
land use or other activities that could result in
the loss or degradation of habitat

n

A portion of restored riparian habitat area should
be designed
to include
riparian
scrub
communities.

n

To the extent practicable, restore riparian habitat
in patch sizes sufficient to discourage nest
parasitism by brown-headed cowbirds..

RATIONALE:
A major reason attributable to the
extirpation
of the little willow flycatcher as a
breeding species from its historical range in the
Central Valley is the extensive loss and fragmentation
of its historical riparian habitats to urban and
agricultural uses, and flood control and water supply
projects to support those uses (Zeiner et al. 1990,
California. Department of Fish and Game 1992).
the protection,
restoration,
and
Consequently,
enhancement of large expanses of suitable riparian
habitat within the species historical range will provide
habitat area necessary for existing ,populations to
expand. ’

RATIONALE:
The decline in numbers
and
distribution
of bank
swallow
populations
is
attributable to the loss of the natural depositional and
erosional processes of rivers that create and sustain
the types of channel bank nesting substrates required
by the species largely as a result of flood control
projects that have impeded the ability of rivers to
erode their banks (California Department of Fish and
Game 1992). Restoration of the ability of channels of
major rivers in the Gentral Valley to erode their
banks iill increase the availability of suitable nesting
habitat, providing
the. additional habitat area
necessary for existing populations to expand.
LITTLE

n

GIANT

FLYCATCHER

GARTER

SNAKE

MSCS
SPECIES
GOAL
PRESCRIPTION:
Protect the existing population and habitat within
the Delta Region and restore, enhance, and manage
suitable habitat areas adjacent to known populations
to encourage, the natural expansion of the species.

MSCS
SPECIES
GOAL
PRESCRIPTION:
Maintain and enhance suitable riparian corridor
migration habitats and restore suitable breeding
habitat within the historic breeding range of this
species in the Central Valley.

MSCS
CONSERVATION
MEASURES:
The following conservation measures are included in
the Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.

MSCS
CONSERVATION
MEASURES:
The
following conservation measures are included in the
Multi-Species
Conservation
Strategy (2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.
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RATIONALE:
The giant garter snake is listed by
both state and federal governments as a threatened
species. Mosr of rhe original giant garter
snake

A substantial portion of tidal wetlands co be
restored under the ERP should be restored in the
North Delta (the Yolo Basin and Bypass)

habitat,
freshwater
marshes,
has been lost to
agriculture.
This snake residesin marsh habitat where
there are pools and sloughs that exist year round to
provide the frogs and invertebrates
on which they
feed. This snake survives
today because small
numbers live in rice fields and along irrigation
ditches. Survival of the species, however, is likely to
depend upon increasing its natural habitat through
marsh restoration
combined
with special protection
measures on the agricultural
land it currently

To the extent
consistent
with
CALFED
objectives, protect existing and restore additional
habitat in the east Delta co create a corridor of
suitable habitat linking
Scone Lakes, the
Cosumnes River, and White Slough.
To the extent practicable, design setback levees
in
the
restored
Stone
LakesKosumnes
River/White Slough habitat corridor to include a
mosaic of habitats.

inhabits.
Identify opportunities
for implementing levee
maintenance practices in the Delta th.at will
maintain suitable levee habitat or minimize the
impacts of necessary maintenance on the species
and its habitat.

DELTA

BEETLE

MSCS
SPECIES -‘GOAL
PRESCRIPTION:
Protect all known occupied habitat areas from
potential adverseaffects associatedwith current and
potential future land uses and establish three
additional populations of the delta green ground
beetle within its current and/or historic range.

Incorporate restoration of permanent or seasonal
flooded (April-October)
suitable habitat areasas
part of a mosaic of the seasonal wetland and
agricultural
land
enhancements
to
be
implemented under the ERP.

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.

To the extent
consistent
with
CALFED
marsh
objectives,
locate
EIU? nontidal
restorations near existing occupied habitat areas
and design restorations
co include suitable
upland habitat areas at least 200 feet around
restored wetlands.

n

Coordinate protection, enhancement, and
restoration of delta green ground beetle
populations and its habitat with other federal
and state programs (e.g., U.S. Fish and Wildlife
Service speciesrecovery plans and management
of the Jepson Prairie Preserve) that could affect
managementof current and historic habitat areas
to avoid potential conflicts among management
objectives and identify opportunities for
achieving multiple management objectives.

n

Direct ERP actions towards protecting,
enhancing, and restoring suitable vernal pool and
associatedgrassland habitat within the species
historic range, including expansion of Jepson
Prairie Preserve westward to Travis Air Force
Base.

n

To the extent consistent with ERP objectives,
direct ERP actions towards protection of the
Davis Antenna Site population.

Include improvements
to and maintenance of
suitable agricultural infrastructure
habitat (i.e.,
ditches, drains, canals, and levees) as part of ERP
actions to improve wildlife
habitat values
associated with agricultural
lands.
_
To the extent
objectives, manage
under conservation
by the species to
current population

GREEN GROUND

consistent
with
CALFED
lands purchased or acquired
easements that are occupied
maintain or increase their
levels.

Monitor suitable wetlands restored in the Delta
Region adjacent to or near occupied habitats co
assess if and when (relative to habitat maturity)
giant garter snake occupy restored habitat or to
identify reasons they are not using restored and
apparently suitable habitat.
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n

Conduct surveys to identify suitable habitat
areas, including enhanced and restored habitats,
for establishment of additional populations in the
Delta and Bay Regions and implement species
introductions
to establish three additional
populations.

Ecosystem Goals Project, and USFWS species
recovery plans) that could affect management of
current and historic habitat use areas to avoid
potential
conflicts
among
management
objectives
and identify
opportunities
for
achieving multiple management objectives.

n

To the extent consistent
with
CALFED
objectives, manage lands purchased or acquired
under conservation easements that are occupied
by the species to maintain or increase current
population levels and enhance occupied habitat
areas.

Restore wetland and perennial grassland habitats
adjacent to occupied nesting habitats to create a
buffer of natural habitat to protect nesting pairs
from potential adverse affects that could be
associated with future changes in land use on
nearby lands and to provide suitable foraging
habitat and nesting habitat area suitable for the
natural expansion of populations.

RATIONALE:
The Delta green ground beetle is
federally listed as a rhrearened species that is
curren try known only from Iepson Prairie Preserve
(Sofano County). Habitat requirements
for this
species are not dearly understood but the beetles
seem to require open places near vernal pools. A
better knowledge would help restoration efforts.

Initial species recovery efforts should be directed
to locations
where
there are immediate
opportunities for protection, enhancement, or
restoration of suitable habitat.
To the extent practicable,
design dikes
constructed in enhanced and restored saline
emergent wetlands to provide optimal wetland
to upland transitional habitat.

SALTMARSH
COMMON
YELLOWTHROAT
MSCS
SPECIES
GOAL
PRESCRIPTION:
Maintain
the current distribution
and existing
populations of the saltmarsh common yellowthroat
and reestablish
and maintain
viable species’
populations throughout
its historic range in the
portion of the Bay Region within the ERP focus area.

To the extent practicable, direct ERP salt marsh
enhancement efforts towards existing degraded
marshes that are of sufficient
size and
configuration
to develop fourth order tidal
channels (marshes would likely need to be at
least 1,000 acres in size).

MSCS
CONSERVATION
MEASURES:
The
following conservation measures are included in the
Multi-Species
Conservation
Strategy (2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.
H

n

To the extent practicable, design salt marsh
enhancements and restorations to provide lowangle upland slopes at the upper edge of marshes
to provide for the establishment of suitable and
sufficient wetland to upland transition habitat.
Transition’habitat
zones should be at least 0.25
mile in width.

The geographic priorities for implementing ERP
actions to protect, enhance, and restore saline
emergent wetlands and associated habitats for
the saltmarsh common yellowthroat should be:
I) Gallinas/Ignacio marshes and Napa Marshes,
2) Sonoma Marshes, Petaluma Marshes, and
Highway 37 marshes west of Sonoma Creek, 3)
Point Pinole Marshes, 4) Highway 37 marshes
east of Sonoma Creek, and 5) the Contra Costa
County Shoreline.

Manage enhanced and restored habitat areas to
avoid or minimize impacts on the saltmarsh
yellowthroat
associated
with
common
recreational uses on lands acquired or managed
under conservation easements.
Direct
some habitat
enhancements
and
restorations
towards
increasing
habitat
connectivity among existing and restored tidal
marshes.

Coordinate
protection,
enhancement,
and
restoration of saltmarsh and associated habitats
with other federal, state, and regional programs
(e.g., the San Francisco Bay Area Wetlands

To the extent practicable, control non-native
predator populations in occupied habitat areas
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and salt marshes enhanced and restored under
the ERP.
n

Identify and implement feasible methods for
controlling invasive non-native marsh plants.

n

Monitor to determine use of restored salt marsh
habitats by saltmarsh common yellowthroat and
the rate at which restored habitats are colonized.

RATIONALE:
Saltmarsh common yellowthroat
occupies habitat
year round
in the Suisun
Marsh/North
San
Francisco Bay
Ecological
Management Zone. Contributions to the recovery of
this species will include the consideration and
integration of this species’sneedsinto the design and
implemencation of habitat restoration projects-in the
region.

BRISTLY

SEDGE

Maintain and restore Point Reyes bird’s-beak
around San Pablo Bay in conjunction with
restoration of saline emergent wetlands.

n

Prepare and implement a management plan to
control and reduce non-native weeds near
existing and new populations.

TUCTORIA

MSCS
SPECIES GOAL
PRESCRIPTION:
Review and update recovery plan targets, protect all
extant occurrences, and manage habitat to benefit
Crampton’s tuctoria (e.g., manage grazing).
MSCS
CONSERVATION
MEASURES:
The
following conservation measuresareincluded in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.

Identify and implement opportunities to restore
suitable wetland habitat within ERP nontidal
freshwater marsh restoration actions.

RATIONALE: Bristly sedge is dependent on nontidal perennial aquatic habitats such as lakes and
ponds. This species wiJ benefit from the restoration
of habitats in the SuisunMarsh/North San Francisco
Bay Ecological Managemenr Zone.

REVES

n

CFZAMPTON’S

MSCS
CONSERVATION
MEASURE:
The
following conservation measure is included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.

POINT

Identify and implement restoration of suitable
habitat in high marsh and marsh/upland
transition areas. Incorporate high marsh and
margin suitable habitat in ERP salt marsh
restoration programs.

RATIONALE: Point Reyes bird’s-beak occurs or has
the potential to occur in the SuisunMarsh/Norrh San
Francisco Bay Ecological Management Zone.
Program to restore salrmarshesin this Zone will
contribute to the recovery of this species.

MSCS
SPECIES GOAL
PRESCRIPTION:
Research habitat requirements and use knowledge
gained to develop and implement specific recovery
measures.

n

w

n

Establishthree new self-sustainingpopulations in
conjunction with establishment of Delta green
ground beetle populations.

n

Maintain existing populations.

RATIONALE:
Crampton’s tuctoria occurs only in
Solano and Yolo counties and is dependent on the
day bottoms
of drying vernal pools and lakes.
Actions to contribute to the recovery of this species
will also benefit the Delta green ground beetle.

BIRD’S-BEAK

MSCS
SPECIES GOAL
PRESCRIPTION:
Maintain, enhance and restore suitable high marsh
and high marsh-upland transition habitat around San
Pablo Bay.

DELTA

MUDWORT

AND’ DELTA

TULE

PEA
IViSCS
SPECIES GOAL
PRESCRIPTION:
Protect at least 90% of occupied habitat including
90% of high quality habitat throughout the range of
the species to protect geographic diversity, and
expand suitable and occupied habitat by 100 linear
miles.

MSCS
CONSERVATION
MEASURES:
The
following conservation measuresare included in the
Multi-Species Conservation Strategy (2000) to
provide additional detail to ERP actions that would
help achieve specieshabitat or population targets.
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MSCS
CONSERVATION
MEASURES:
The
following conservation measures are included in the
LMulti-Species Conservation
Strategy (2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.

over existing extent. Increase population
and
individually by 25 % over present existing conditions.
MSCS
CONSERVATION
MEASURES:
The
following conservation measures are included in the
Multi-Species
Conservation
Strategy (2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.

Maintain process that support the dynamic
habitat of Delta mudwort and Delta tule pea
throughout the species range and associated with
existing source populations.

n

Survey all extant population
and update
ecological,
ownership information.

To the extent consistent
with
CALFED
objectives, create unvegetated, exposed substrate
at tidal margins of restored and created tidal
fresh emergent wetland and riparian habitat.

n

n

To the extent
consistent
with
C&FED
objectives, incorporate suitable habitat for these
species into levee designs.

n

Incorporate sufficient edge habitat to support the
species in levee setback and channel island
habitat restoration.

n

Maximize sinuosity of restored and created
slough channels to increase water-land
edge
habitat.

n

H

Bring at least 10 of the largest, extant, naturally
occurring populations found during surveys into
permanent protected status.
Manage the protected populations for long-term
viability. This measure includes research into
appropriate management strategies.
Establish and protect new populations in newly
created floodplain habitat along the San Joaquin
River and associated sloughs in Merced and
Stanislaus Counties.
Restore, enhance, and protect
near existing populations and
existing populations
to the
practicable during restoration

Maintain and restore habitat and populations
throughout the species geographic ranges and
expand the species ranges to the historical and
ecological ranges based on hydrological, salinity,
and other habitat attributes.

suitable habitat
avoid impacts on
greatest extent
activities.

Monitor the status and distribution of all (natural
and restored) populations at two-year intervals
for the duration of CALFED
and evaluate
methods for active reintroduction into restored
and enhanced habitat when natural colonization ’
does not occur. Evaluate appropriate habitat
management measures for maintaining suitable
habitat.

Monitor existing populations and their habitat at
five year intervals

RATIONALE:
These.two species inhabit freshwater
and brackish marshes. Actions to enhance existing
marsh habitats and to restgre tidal marsh areas will
con tribute to the recovery of delta de pea and delta
mudwort.
DELTA

and suitable habitat
population,
and

RATIONALE:
Delta coyore-thistle occurs on day
soils on sparsely vegetated margins of seasonally
flooded floodplains and swales, freshwater marshes
and riparian areas. Actions to enhance and restore
those habitat types will contribute to the recovery of
Delra coyote-thistle.

COYOTE-THISTLE

MSCS
SPECIES
GOAL
PRESCRIPTION:
Survey all extant populations and suitable habitat and
update status and ownership information. Bring at
least 10 of the largest extant, naturally occurring
populations found during surveys into permanent
protected status and bring at least 50% of all extant
populations
and individuals
under permanent
protected status. Manage protected populations for
long-term viability. Increase suitable habitat by 50%

ALKALI

MILK-VETCH

MSCS
SPECIES
GOAL,
PRESCRIPTION:
Protect extant populations and reintroduce species
near extirpated populations.
MSCS
following

CONSERVATION
MEASURES:
The
conservation measures are included in the
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1MulciSpecies Conservation
Strategy (2000) to
provide additional detail to ERP actions that would
help achieve species habitat or population targets.
n

Monitor status and distribution of populations
conservation
and design
and implement
measures if a decline in population size or vigor
is observed.

n

Protect extant populations
and reintroduce
species near extirpated populations.

RATIONALE:
Alkali milk-vetch is dependent on
vernal pool habitat. Actions to protect, enhance,and
restore vernal pools will contribute to the recovery of
this species.

NOTE: The following species designated as
“Maintain” all share the following common species
goal prescription: An increase in or no
discernable adverse effect on the size or
species
populations.
distribution
of
Additionally, these speciesare covered by general
conservation measureswhich broadly apply to each.
A few specieshave specificconservation measuresand
they have been included.
GENERAL
n

w

n

CONSERVATION

MEASURES

Conduct surveys in suitable habitat areaswithin
portions of the species’ range that could be
affected by CALFED actions to determine the
presence and distribution of the speciesbefore
implementing actionsthat could result in take or
lossor degradation of occupied habitat.
Avoid or minimize (except as noted in specific
species conservation measures) implementing
CALFED actions that could result in or take of
evaluated speciesor the loss or degradation of
habitat occupied by evaluated species.
Coordinate CALFED actions with U.S. Fish and
Wildlife Service, National Marine Fisheries
Service and/or California Department of Fish and
Game to avoid potential conflicts with existing
and potential future CALFED actions that may
be implemented to recover evaluated species.

Coordinate CALFED actions with other federal,
state, and regional programs (e.g., the San
Francisco Bay Wetlands Ecosystem Goals
Project, the Anadromous Fish Restoration
Program, the SenateBill (SB) 1086 program, the
Corps’ Sacramento and SanJoaquin River Basins
Comprehensive Study, the Riparian Habitat
Joint Venture, the Central Valley Habitat Joint
Venture, and the Grassland Bird Conservation
plan) that could affect management of evaluated
species to avoid potential conflicts among
management objectives.
Avoid implementing CALFED actions that could
result in the substantial loss or degradation of
suitable habitat in areas that support core
populations of evaluated speciesand that are
essential to maintaining the viability and
distribution of evaluated species.
CALFED actions that potentially could mobilize
large quantities of toxic materials from the soil
should include an analysis to determine the
amount of contaminants that could be mobilized
and, if releasedand contaminant loadings could
be harmful to evaluated species,modify actions
to the extent practicable to reduce loadings of
mobilized contaminants.
To the extent consistent with CALFED
objectives, manage lands purchased or acquired
under conservation easementsto maintain or
increase current population levels of resident
evaluated species.
MAD-DOG

SKULLCAP

MSCS CONSERVATION MEASURE: Conduct
surveys in suitable habitat areasthat could be affected
by CALFED actions to determine whether speciesare
present before implementing actionsthat could result
in the lossor degradation of occupied habitat.
RATIONALE:
Mad-dog skullcap inhabits mesic
meadows and marshesand is known only from two
locations in San]oaquin County. Actions to protect,
enhance, or restore wet meadows or marshes can
provide a means to maintain this native species in the
ERF’ ecological

management

zones.
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restore suitable habitats to benefit Colusa grass in
occupied habitat.

ROSE-MALLOW
MSCS

CONSERVATION

MEASURES:

RATIONALE:
Colusagrassis dependent on large or
deep vernal pools with substrares of adobe mud.
Actions to prorect, restore, and enhancevernal pools
will help maintain this native species.

Avoid or minimize
adverse effect on the
ecological processes that support the dynamic
habitat of rose mallow throughout the species’
range and associated with existing source
populations.

n

n

Conduct research to determine the extent and
physical and biological qualities of existing
habitat and populations before implementing
actions to rehabilitate or restore levees.

n

To the extent consistent with ERP objectives,
create unvegetated, exposed substrate at tidal
margins of restored and created tidat fresh
emergent wetland and riparian habitats.

CONTRA

n

RATIONALE:
Contra Costa goldfields is a vernal
pool dependent species.Action to protect, enhance,
and restore vernal pool will contribute to efforts to
maintain self-sustaining populations of this native
species.

BOGGS

To the extent consistent with ERF’ objectives,
maximize sinuosity of restored and created
slough channels to increase water-land edge
habitat.

AND

RATIONALE:
Actions to protect and restore vernal
pool will help to maintain viable populations of these
two vernal pool species

RECURVED LARKSPUR
HEARTSCALE
MSCS

PONDWEED

MSCS CONSERVATION MEASURE: Conduct
surveys in suitable habitat areasthat could be affected
by CALFED actions to determine whether speciesare
present before implementing actions that could result
in the lossor degradation of occupied habitat.
Eel-grasspondweed is dependent on
ditches, ponds, lakes, and slow-moving streams.
Actions to protect, enhanceand restore theseaquatic
habitats can assistin maintaining this native species.
RATIONALE:

COLUSA

LAKE
HEDGE-HYSSOP
GREEN’S LEGENERE

MSCS CONSERVATION
MEASURE:
TO the
extent consistent with ERP objectives, enhance or
restore suitable habitats to benefit these speciesin
occupied habitat areas.

RATIONALE:
Rose-mallow is dependent on open,
freshwater marsh habitats along the lower portions of
the Sacramento and San Joaquin rivers. Action to
improve and restore floodplain habitats and
freshwater marsheswill contribute to the recovery of
this species.
EEL-GROSS

GOLDFIELDS

MSCS CONSERVATION MEASURE: Conduct
surveysin suitable habitat areasthat could be affected
by CALFED actions to determine whether speciesare
presentbefore implementing actions that could result
in the lossor degradation of occupied habitat.

To the extent consistent with CALFED
objectives, incorporate suitable habitat for this
speciesinto levee improvement, levee setbacks,
and channel island habitat restoration designs.

n

COSTA

CONSERVATION

AND

MEASURES:

n

Develop a seedbankfrom all populations affected
by implementation of CALFED actions and use
the collected seed for inoculating unoccupied
suitable habitat.

H

To the extent consistent with ERP objectives,
enhance or restore suitable habitats to benefit
these speciesin occupied habitat areas.

These two specieswill be maintain
through action of protect and restore perennial
grasslands.
RATIONALE:

GRASS

MSCS
CONSERVATION
MEASURE: TO the
extent consistent with EW objectives, enhance or
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CALIFORNIA

FRESHWATER

and enhancements to provide suitable nesting
and foraging habitat conditions.

SHRIMP

MSCS
CONSERVATION
MEASURE:
TO the
extent consistent with ERP objectives, enhance or
restore suitable habitats near occupied habitat areas.
The recovery objectives for California
freshwater shrimp are: (I) co recover and delisc the
shrimp when viable, self-sustaining populations and
their habitat are secured an managed within all
watershed harboring shrimp, and (2) co enhance
habitat conditions
for aquatic organisms
char
currently coexist or have occurred historically with
the California freshwater shrimp.

H

To the extent consistent with ER.P objectives,
restore wetland habitats adjacent to occupied
nesting habitats to create a buffer zone of natural
habitat to protect nesting pairs from potential
adverse effects that could be associated with
future changes in land use on nearby lands and
to provide foraging and nesting habitat areas
suitable for the natural expansion of populations.

n

Avoid or minimize disturbances that could be
associated with implementing CALFED actions
near active nest sites during the nesting period
(April-August).

RATIONALE:

Downlisting
from endangered to threatened will be
considered when: (1) a watershed plan has been
implemented for each of four drainage units, (2) longterm procecci6n is assured for at least one shrimp
scream in each of the four drainage units, and (3) the
abundance of California freshwater shrimp increases
co over 2,000 individuals per scream in each of I6
screams harboring shrimp.

RATIONALE:
The western least bittern, a California
Deparcmenc of Fish and Game Species of Special
Concern nests in emergent wetlands of cattails and
rules in the upper and lower reaches of the Central
Valley and winters in marshlands along the main
rivers and in the Delta. Least bitterns
were
apparently once a common wintering
bird in the
Central Valley but are now scarce. The loss of
wintering habitat as a result of channelization and
reclamation of marsh lands along the major rivers and
Delta has been a major factor in their decline.

Delisting of California freshwater shrimp will be
considered when: (I) a watershed plan has been
implemented for each of four drainage units, (2) longterm protection is assured for at least eight shrimp
scream with at least one in each of the four drainage
units, (3) populations of California freshwater shrimp
maintain stable or increasing populations of at least
2,000 individuals for at least 10 years in each of 16
screams harboring shrimp, and (4) at least 50percenc
of shrimp-bearing
s,creams have shrimp distributed
over 8 kilometers (5 miles) or more (U.S. Fish and
Wildlife Service 199 7b).
.
HARDHEAD

CALIFORNIA
MSCS

MSCS
CONSERVA-~~N
MEASURE:
NO
additional conservation
measures are required to
maintain this species.

MSCS
n

LEAST

CONSERVATION

CONSERVATION

FROG

MEASURES:

n

To the extent consistent with ERP objectives,
enhance or restore suitable habitats
near
occupied habitat areas.

n

Avoid or minimize CALFED actions that could
increase .or attract
non-native
predator
popnlations to occupied habitat.

WTIONALE:
Red-legged frogs are virtually extinct
in the region, with just a handful of tenuous
populations remaining in the Central Valley and bay
region (none near the estuary). Their inability to
recover from a presumed major population crash in
the 19th century (due co overexploitation) has been
the result of a combination offactors (in approximate
order of importance): (I) predation and competition
from introduced bullfrogs and fishes; (2) habitat loss,
(3) pesticides and ocher toxins, (4) disease, and (5)
other factors. Because of the poor condition of the few
remaining frog populations
and the continued
existence of major causes of their decline, this

RATIONALE:
Actions co protect, enhance, and
throughout
the EN?
restore aquatic habitats
ecological management zones will improve conditions
for the native hardhead
and contribute
co
maintaining existing populations.
WESTERN

RED-LEGGED

BIITERN
MEASURES:

To the extent consistent with ERP objectives,
design and manage wetland habitat restorations
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objective may nor be achievable in either the short or
long term.

CALIFORNIA
MSCS

TIGER

CONSERVATION

predators (e.g., largemouth bass, bullfrogs), predation
on eggs by non-native wild pigs, diseases introduced
by non-native rurtles, and shortage of safe upland
over-wincering
refuges. If present trends continue,
the western pond rurrle will deserve listing as a
threatened species (it may already).

SALAMANDER
MEASURES:

To the extent consistent with ERP objectives,
enhance or restore suitable habitats
near
occupied habitat areas.

n

n

WESTERN
MSCS

Avoid or minimize CALFED actions that could
increase
or
attract
non-native
predator
populations to occupied habitat.

RATIONALE:
salamander
California
riger
populations are disappearing rapidly in the Bay-Delra
watershed because of habirar afrerarion, especially
urban development, and introductions of non-narive
fishes inro their breeding ponds. They require
fish-free breeding ponds next to upland habirar
containing
rodent burrows
in which they can
over-summer.
Parches of suitable habitats are
naturally somewhat
isolated from one another,
promoring genetic diversity within the species which
presumably reflects adaprarions to local conditions.
Long-term
survival of these diverse populations
depends on numerous protected areas containing
borh breeding ponds and upland habirats.

WESTERN

POND

CONSERVATION

SPADEFOOT
MEASURES:

n

To the extent consistent with ERP objectives,
enhance or restore suitable habitats near
occupied habitat areas.

m

Avoid or minimize CALFED actions that could
increase
or attract
non-native
predator
populations to .occupied habitat.

RATIONALE:
Spadefoot toad populations
are
disappearing rapidly in the Bay-Delta
watershed
because of habitat alteration,
especially urban
development, and introductions of non-native fishes
inro their breeding ponds. They require fish-free
breeding ponds next to upland habitat in which they
can burrow for over summering. These habitats are
naturally somewhat
isolated from one another,
promoting genetic diversiry within the species which
presumably
reflects adaptations to local habitat
conditions. Long-term
survival of spadefoor toad
populations depends on protected areas containing
both breeding ponds and upland habitats.

TURTLE

MSCS
CONSERVATION
MEASURE:
TO the
extent practicable, capture individuals from habitat
areas that would be affected by CALFED actions and
relocate them to nearby suitable existing, restored, or
enhanced habitat areas.
.
RATIONALE:
The western pond turtle is the only
turtle native to the Central Valley region and to
much of the western
United States. Although
considered to be just one widely distributed species,
it is likely that the pond turtle is a complex of closely
related species, each adapted for a different region.
The Pacific pond rurrfe is still common enough in the
Bay-Delta watershed so that it is nor dificult to find
them in habitats ranging from sloughs of the Delta
and Suisun Marsh to pools in small streams. The
problem is that most individuals seen are large, old
individuals;
hatchlings
and small turtles
are
increasingly rare. The causes of the poor reproductive
success are nor well understood but factors that need
ro be considered include eliminarion of suitable
breeding sites, predation on hatchlings by non-narive

Species
with the
“Enhance
and/or
Biotic Communities.”

designation
Conserve

NOTE: The following species are designated in the
ERP as “Enhance and/or Conserve.” These species are
not covered by the MSCS and thus do not have MSCS
species goal prescription
or MSCS conservation
measures.
LAMFREY

FAMILY

POPULATION
TARGET: Evaluate the status and
life history requirements of Pacific lamprey and river
lamprey in the Central Valley and determine their use
of the Delta and Suisun Bay for migration, breeding,
and rearing.

Volume II: Ecosystem Restoration Program Plan
Targets, Actions, and Measures for Species and Species Groups

July2000

55

seasonalwedandsshould be in areas that may be too
deep for tidal marsh restoration over the next 20
years. In concert with efforts to reduce or reverse
subsidence, selected areas or islands would
be
managed as waterfowl habitat. Besides increasing
waterfowl resources,efforts co sustain waterfowl and
their habitat will help offset some of the effects of
converting agricultural or seasonal wetlands to tidal
action when suchactions may reduce the value of an
area to waterfowl such as white-fronted geese or
mallard. Efforts should alsobe focusedon improving
waterfowl
nesting successby improving nesting and
brood habitat. Improving waterfowl populations will
be done in a manner that reduces conflict with
broader ecosystemrestoration goals or with goals to
recover endangeredspecies. For example: Flooding of
rice fields for waterfowl in late winter may require
water needed by migratory salmon. Careful
management of the amount and timing of those
diversions and the manner in which the diversions
occur (e.g. through, screened diversions) can help
reduce conflicts. Management of waterfowl areas will
occur using management strategies developed for
existing and new waterfowl
areas that provide
benefits to at-risk species.

RATIONALE:
Lampreys are anadromous species chat
clearly have declined in the Central Valley although
the extent of the decline has not been documented.
Pacific lamprey probably exist in much of the
accessiblehabitat available today but this is not
known. The decline oflampreys is presumably due to
deterioration of their spawning and rearing habitat,
co entrainment in diversions, and co other factors
affecting fish health in the system.
NATIVE

RESIDENT

FISHES

POPULATION TARGET: Maintain self-sustaining
populations of all native resident fishes throughout
their native ranges in the ERP Ecological
Management Zones.
RATIONALE:
The Central Valley has a native
resident fish fauna chat is largely endemic to the
region. Some species are extinct (thicktail chub) or
nearly extinct (Sacramentoperch) in the wild. While
some native species(e.g., Sacramento pikeminnow
[squawfish], Sacramento sucker) are clearly thriving
under altered conditions, others are not (e.g., hitch,
Sacramento blackfish, hardhead). There is a need to
determine if some have unique problems or
requirements that will prevent them from responding
to general habitat improvements.
NATIVE

ANURAN

SHOREBIRD

GUILD

POPULATION TARGET: Improve populations and
distribution of shorebirdsbirds.

AMPHIBIANS

POPULATION TARGET: Maintain self-sustaining
populations of all native anuran amphibians
throughout their native rangesin the ERP Ecological
Management Zones.

Lossand degradation of wetland and
aquatic habitats used by wintering and migrant
shorebirds in the Central Valley is a factor limiting
populations of thesespecies.Large-scalerestorations
of these habitats will increasethe available foraging
habitat area to better accommodate existing
populations and potential future. expansions of
RATIONALE:

RATIONALE:
The na!ive frogs and toads in the ERP
focus area are in a general state of decline. Actions to

reduce pesticide use and- control or eliminate
introduced frogs such as the bullfrog, will help
maintain the diversity of these species in the ERP
Ecological Management Zones.

shorebird

populations.

WADING

BIRD GUILD

TARGET:
Improve populations and
distribution of wading birds.
POPUIATION

WATERFOWL
P~PUUTION
TARGET: Improve populations and
distribution of waterfowl.

RATIONALE:
Substantial loss and degradation of
wetland and riparian habitats
used by
aquatic,
wintering
and resident wading birds in the Central
Valley is a factor limiting populations of these
species.Large-scalerestorationsof these habitats will
increasethe available foraging, roosting, and nesting
habitat
area to better
accommodate
existing

WatenFowl resourceswill be enhanced
by protecting existing and restoring additional
seasonal,permanent, and tidal wetlands. Improved
management of agricultural lands using wildlife
friendly methods will contribute to sustaining
waterfowl resourcesin the Bay-Delta. The focus for
RATIONALE:
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populations
and future potential
wading bird populations.
NEOTROPICAL

MIGRATORY

PLANT

expansions of

TARGET:
For
all plant
communities, maintain the present distribution and
abundance and ensureself-sustainingcommunities in
the long-term.
POPUIATION

BIRDS

POPULATION TARGET: Increase the abundance
and distribution of neotropical migratory birds in the
Central Valley.

Native plant communities are
composed of a diversity of groups including aquatic
habitat, tidal brackish and freshwater habitat,
seasonalwetland habitat, inland dune habitat, and
tidal riparian habitat plant communities. Overall,
actions in the ERP Ecological Management Zones to
improve ecological process and protect, enhance or
restore habitats will contribute to maintaining the
diversity and abundance ofplant community groups.
RATIONALE:

Neotropical
migratory
birds
constitute a diverse group of largely passerine
songbirds that overwinter in the tropics but breed in
or migrate through the Central Valley and Bay-Delta
region, As a group, they are in decline becauseofloss
of habitat on their breeding grounds, in their
migratory corridors, and in their wintering grounds.
The specieswithin this group are good indicators of
habitat quality and diversity and their popularity
with birders meansthat populations are tracked and
have high public interest. They can also be good
indicators of contaminant levels, by monitoring
reproductive success
and survival in areasnear sources
of contamination. Riparian forests are particularly
important to this group because they are major
migration corridors and breeding habitat for many
species. By providing improved nesting and
migratory habitat, it may be possible to partially
compensate for increased mortality rates in the
wintering grounds.
RATIONALE:

BAY-DELTA

FOODWEB

COMMUNITIES

Species with the designation
“Maintain
and/or Enhance
Harvested
Species.”

NOTE: The following species are designated and
“maintain and/or enhance harvested species”in the
ERP. These speciesare not covered in the MSCS and
thus do not have MSCS speciesgoal prescriptions or
MSCS conservation measures.
WHITE

STURGEON

ORGANISMS
TARGET:
Meet Native Fish
Recovery Plan goals (U.S. Fish and Wildlife Service
1996), which include 100,000 white sturgeon and
2,000 green sturgeon greater than 100 centimeters
long as measured in the DFG mark-recaptu.re
program.
POPULATION

Increasepopulations and
distribution of important foodweb organismsin Delta
channels and reduce competition with invasive nonnative species.
POPULATION

TARGET:

The population target is quite likely
impossibleto achieve becauserecent invading species,
from the Asiatic clam to various crustacean
zooplankters, will continue to play major ecological
roles in the system, to the detriment of native
organisms.However, at the very least it is possibleto
stop further introductions of non-native species which
have the potential to further change the system
unpredictably. This target is also a call to develop a
thorough understanding of the planktonic portion of
the Bay-Delta system
to predict and understand the
impacts of large-scale ecosysrem alteration projects
on the plankton.
RATIONALE:

RATIONALE:
White sturgeon represent an unusual
situation: a successstory in the management of the
fishery for a native species. Numbers of sturgeon
today are probably nearly ashigh as they were in the
nineteenth century before they were devastated by
commercial fisheries. The longevity and high
fecundity of the sturgeon, combined with good
management practices of the California Department
of Fish and Game, have allowed it to sustain a
substantial fishery since the 195Os, without a major
decline in numbers. Numbers of white sturgeon could
presumably be increased if the San Joaquin River
once again contained suitable habitat for spawning
and rearing.
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STRIPED

without jeopardizing recovery of native species. An
appropriate policy may be to allow American shad to
increasein numbers as estuarine conditions permit
but not to take any extraordinary measures to
enhance its populations, especially flow releases
specifically to favor shad reproduction. If increasesin
shad numbers appear to adversely affect recovery of
native species,additional management measuresmay
be required to keep shad numbers below the level
thar pose a threat to native species.

BASS

POPULATION
TARGET:
Restore the adult
population (greater than I8 inches total length) to
1.1 million fish within the next 10 years. In addition,
all measures will be taken to assure that striped bass
restoration efforts do not interfere with the recovery
of threatened and endangered species and other
species of special concern covered under public ttust
responsibilities.
The striped bass is a non-native
speciesthat is a favorite sport fish in the estuary. It is
also the most abundant and voracious piscivorus fish
in the system and it has the potential to limit the
recovery of native species, such as chinook salmon
and steelhead.Therefore, the management forstriped
bass must
juggle
the objectives of providing
opportunities for harvest while not jeopardizing
recovery of native species. An appropriate policy may
be to allow striped bass to increase in numbers as
estuarine conditions permit but not to take any
extraordinary measuresto enhance its populations,
especially artificial propagation. Artificially reared
basshave the potential to depressnot only native fish
populations but alsopopulations of wild striped bass,
becauselarger juveniles (of hatchery origin) may prey
on smaller juveniles (of wild origin). If increasesin
bass numbers appear to adversely affect recovery of
native species,additional management measuresmay
be required to keep bass numbers below the level
that pose a threat to native species.
RATIONALE:

AMERICAN

NON-NATIVE

WARMWATER

GAMEFISH

POPULATION

TARGET: Increase our knowledge
about warmwater sport fishes in the Delta, Suisun
Marsh, riverine backwaters, and elsewhereto find out
their interactions with-native fishes, limiting factors,
and their contaminant loads(for both fish and human
health).
White catfish, channel catfish, brown
and black bullhead, largemouth bass, and various
sunfishesare among the most common fishescaught
in the sport fishery in the Delta, Suisun Marsh,
riverine backwaters, reservoirs, and other lowland
waters. Although this fishery is poorly documented,
it is probably the largest sport fishery in central
California in terms of people engaged in it and in
terms of numbers of fish caught. There is no sign of
overexploitation of the fishes, although some (e.g.,
white catfish) have remarkably slow growth rates,
indicating vulnerability to overexploitation. The
fishes and the fishers are always going to be part of
the lowland environment and deservesupport of the
However,
habitat
management
agencies.
improvements that favor native fishes, especially
improvements that increaseflows or decreasesummer
temperatures,‘may not favor thesegame fishes.The
effects of the various CALFED actions on thesefish
and fisheries need to be understood, as do the
interactions among the non-native fishes and the
native fish CALFED is trying to protect.
RATIONALE:

SHAD

POPUUTION
TARGET:
The target for American
shad is to maintain production of young asmeasured
in the fall midwater trawl survey and targets of the
Anadromous Fish Restoration Program (US Fish and
Wildlife Service 1997, in preparation). Specifically,
the index of young American shadproduction should
increase,especially in dry water years.
RATIONALE:
The American shad is a non-native
speciesthat is an important sport fish in the estuary
and its spawning streams, although lessseemsto be
known about its life history in the estuary than any
other major game fish. It is a common planktivore
and occasional piscivore in the system and it may
have the potential to limit the recovery of native
species, such as chinook salmon. Therefore, the
management for American shad must juggle the
objectives of providing opportunities for harvest

PACIFIC

HERRING

POPULATION
TARGET:
Increase abundance of
marinelestuarine fish and large invertebrates,
particularly in dry years.
Pacific herring support the most
valuable commercial fishery in San Francisco Bay.
This seasonal, limited-entry fishery focuses on
spawning fish, for the fish themselves,their roe, and
RATIONALE:
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increaseaswater quahry in the freshwater portions of
rhe Delra improves. Its role in rhe ecosysrem and the
effects of the fishery on rhar role need to be

kazunoko kombu (herring eggs on eel grass). It seems
to be an example of successful
fishery management
becauseit has been able to sustain itself rhrough a
series of years with highly variable ocean and bay
conditions. An imporranr connection to the ERP is
char highesr survival of herring embryos (which are
attached to eel grass and other substrates) occurs
during years of high ourflow during the spawning
period; rhe developing fish seem to require a
relatively low-salinity environment There is also
some indication that populations have been lower
sincethe invasion ofthe Asiatic dam into the estuary,
with the subsequent reduction in planktonic food
organisms.Given the frequent collapse of commercial
fisheries (including those for herring) in the modern
world, it is best to managethis fishery very cautiously
to make sure it can continue indefinitely.
GRASS

investigated.

UPLAND

GAME

POPULATION TARGET: Increase the populations
and distribution of upland game.
RATIONALE:
Upland
game are supported by
diverse agricultural and upland habitats. The key to
maintaining these species is by maintaining the
habitats upon which they depend.

SHRIMP

TARGET:
Maintain grass shrimp
populations at present levels as a minimum to
support the existing commercial fisheries.Determine
factors regulating their populations in order to
discover if the fisheriesconflict with other ecosystem
restoration objectives.
POPULATION

RATIONALE: Grassshrimp are a mixture of native
and introduced species that support a small
commercial fishery in San Francisco Bay, largely for
bait. The relative abundanceof the various species as
well as their total abundance appears to be tied in
part to outflow
patterns. It is hkely that these
abundant shrimp are important in Bay-Delta food
webs leading to many other species of interest. The
role of theseshrimp in. the Bay:Deha system and the
effects of the fishery on that role need to be
investigated.
SIGNAL

CRAYFISH

TARGET:
Maintain signal crayfish
populations at present levels, in order to support the
existing fisheries.
POPULATION

The signal crayfish is an introduced
speciesthat supports a small commercial fishery, as
well as a recreational fishery, in the Delta. It hasbeen
established in the Delta for nearly a century and
appears to be integrated into the Bay-Delta system,
appearing as a major food item for otters and some
fish. The signal crayfish hasfairly high water quality
requirements so its populations will presumably
RATIONALE:
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Table 4.

Ecological Management Zones in which
recovery of species and species groups.

programmatic

actions are proposed that will assist in the

Ielta Smelt

0

a

,ongfm Smelt

a

0

Green Sturgeon

a

a

0

#acramento
bplittail

0

0

0

-

Xlinter-run
Chinook Salmon

a

a

a

a

ipring-run
Chinook Salmon

a

a

a

a

a

a

a

a

a

a

a

Steelhead Trout

a

a

a

a

a

a

a

tiason’s Lilaeopsis

l

a

Suisun Marsh
Aster

a

a

‘all-run
jalmon

a
0

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

0

a

a

a

a

a

a

a

l

l

a

Chinook
(including

ace-fall-run)

Suisun Thistle

a

a

Soft Bird’s-Beak

a
_

Antioch Dunes
Evening-Primrose
and Contra Costa
Wallflower
Lange’s
Metalmark
butterfly’
Valley Elderberry
Longhorn Beetle
Suisun Ornate
Shrew

a

a

a

l

l

-

l

l

l

i
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Table 4.

Ecological Management
Zones in which programmatic
actions are proposed
assist in the recovery of species and species groups (continued).

o

0

that will

0

0

Sacramento Perch

l

Riparian Brush
Rabbit

l

a

San Joaquin
Valley Woodrat

0

0

l

Greater Sandhill
Crane

.

California Yellow
Warbler

.

.

.

.

Least Bell’s Vireo

l

l

l

l

Western YellowBilled Cuckoo

.

Bank Swallow
Little Willow
Flycatcher

a

.

.

.

.

.

.

.

.

,

0

0
a

.

l

l

0

a

0
e

a

0
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Table 4.

Ecological Management
Zones in which programmatic
actions are proposed that will
assist in the recovery of species and species groups (continued).

Species and
Species Group
Visions

I

1

Giant Garter
#nak e

>elta Green
2round Beetle
ialtmarsh
Iommon
(ellowthroat
3ristly Sedge
?oint Reyes
3ird’s-Beak
Lampton’s
Tuctoria
Delta Mudwort
md Delta Tule
Pea
Alkali Milk-Vetch
Delta CoyoteThistle

0

0

l

?
0

Mad-dog Skullcap
Rose-Mallow
Eel-grass
Pondweed
Colusa Grass

I0

Boggs Lake
Hedge Hyssop
and Green’s
Legenere

0

Contra Costa
Goldfields

l
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Table 4.

Ecological Management
Zones in which programmatic
actions are proposed
assist in the recovery of species and species groups (continued).

that will

R
L;
H
C
FI
Sl
I!
v
B‘Ittern
C
L
\:
T
., (
S
Y
S

I .amprey

0

0

0

a

0

0

a

a

0

0

l

a

?dative Resident
I5sh Species

.

.

.

.

.

.

.

.

.

.

.

.

.

0

0

0

a

0

0

a

0

0

0

0

0

0

0

l

0

0

0

0

0

0

0

l

a

0

Shorebird and
Wading Bird
Guild

0

0

Neotropical
IMigratory Bird
Guild

0

0

.

_
1dative Anuran
Amphibians
Waterfowl

l

0

l ’

0
0

0

0

0

l

0
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Table 4.

Ecological Management
Zones in which programmatic
actions are proposed that will
assist in the recovery of species and species groups (continued).

/I

Plant
Communities

Pacific Herring

0

Grass Shrimp

0

Signal Crayfish

0

0

Upland Game

0

0

0

0

’ 1 = Sacramento-San Joaquin Delta
2 = Suisun Marsh/North
San Francisco Bay
3 = Sacramento River
4 = North Sacramento Valley
5 = Cottonwood Creek
6 = Colusa Basin
7 = Butte Basin

0

0

0

0

8 = Feather River/Sutter Basin
9 = American River Basin
10 = Yolo Basin
11 = Eastside Delta Tributaries
12 = San Joaquin River
13 = East San Joaquin Basin
14 = West San Joaquin Basin
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+ ECOLOGICAL

MANAGEMENT

ZONES

actions and efforts would be focused
appropriate subset of attributes.
The following
section provides the ecological
management zone visions for the I4 areas that
compose the ERPP study area. These include the
following ecological management zones:
n
n
n
n
n
n
n
n
n
n
n
n
n
n

upon

an

Some individual system attributes - such as water
temperature - may be evaluated directly. Others,
such as “habitat continuity,” are more nebulous, and
must be evaluated by developing
appropriate
“indicators” - measurable parameters that provide a
means to objectively
(preferably
quantitatively)
evaluate individual attributes that in themselves are
not readily measured. The term indicators is also used
in a broader context to refer to a subser of system
attributes (or their measurable parameters) that are
derived and used as a group to provide a convenient
way to evaluate overall system status. Thus, the term
“indicator”
is commonly used in two somewhat
different
ecosystem
management/restoration
contexts,
representing
two differing
scales of
resolution:
that of individual
attributes,
or
alternately, that of groups of attributes. In either
case, “indicators”
are simply a convenient way of
measuring or evaluating that which is of primary
concern - system attributes. An additional, and most
useful tool in understanding
and describing
fundamental characteristics of complex systems is the
use of conceptual
models that integrate
and
diagrammatically
represent the three basic kinds of
system components:
elements (attributes),
their
states, and the relationships
that affect attribute
states.

Sacramento-San Joaquin Delta
Suisun Marsh/North
San Francisco Bay
Sacramento River
North Sacramento Valley
Cottonwood Creek
Colusa Basin
Butte Basin
Feather River/Sutter Basin
American River Basin
Yolo Basin
Eastside Delta Tributaries
San Joaquin River
East San Joaquin
West San Joaquin.

DISTINGUISHING
CHARACTERISTICS
Understanding
the structure,
function
and
organization of ecosystems is necessary for planning
and implementing
environmental
restoration,
rehabilitation
and protection
projects.
Such
understanding
enables managers to assess, during
planning phases of a program, the degree to which
prospective restoration sites diverge from a “healthy”
or “natural” condition, as well as to evaluate, after
actions have been undertaken, project progress and
effectiveness. In a management context, perhaps the
most practical means of summarizing
the most
relevant existing information on ecosystems is to
develop, over an appropriate hierarchy of spatial and
ecological scales, a list of key system attributes - those
fundamental natural ecological characteristics
that
together define and distinguish these systems, their
status, and/or their interrelationships.
Such lists of
attributes may serve as a convenient and necessary
“check list” of environmental factors that might be
addressed in an ecological restoration/rehabilitation
context. At sites for which comprehensive restoration
is the goal, a full suite of applicable attributes would
presumably be addressed. More commonly, at sites,
where partial restoration (rehabilitation) is the goal,

ECOSYSTEM

TOPOLOGY

The ERPP study area is divided into four ecological
zones, based on similarities and differences in their
respective’attributes.
(Refer to the Key Ecological
Attributes of the San Francisco Bay-Delta Watershed
section of ERPP Volume I for additional details
regarding the ecosystem typology.) The ecological
zone designations follow:
Upland River-Floodplain
Ecological Zone
Alluvial River-Floodplain
Ecological Zone
n
Delta, Ecological Zone
n
Greater San Francisco Bay Ecological Zone
Each of the I4 ecological management zone is
contained within one or more ecological zones. The
following tables display the distribution of ecological
managements zones within each ecological zone.
n
n
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Table 5. Distribution

Ecological

ramento

of Ecological Management

Management
Zone

Zones within

Alluvial

the Ecological Zone Typology.

River-

Greater San

San Joaquin

Suisun Marsh/North

San

0 Denotes

ecological

primary

zone, 0 Denotes

secondary

or less prevalent ecological

zone.

-
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+ SACRAMENTO-SAN
JOAQUIN
ECOLOGICAL
MANAGEMENT

DELTA
ZONE

steelhead, green sturgeon, white sturgeon, lamprey,
striped bass, and American shad migrate through the
Delta on their journey between the Pacific Ocean and
Central Valley spawning rivers. Native resident fish
including delta smelt and splittail spend most of their
lives within
the Delta. Considerable
areas of
waterfowl
and wildlife habitat occur along the
channels and sloughs and within
the leveed
agricultural lands.
The Delta also supports many plants with restricted
distribution and some important plant communities.
Special status plant species include Mason’s lilaeopsis,
rose-mallow
(hibiscus), eel-grass pondweed, Delta
tule pea, and Delta mudwort.
Important
plant
groups or communities
include pondweed with
floating or submerged leaves, bulrush series, cattail
series, common reed series, vernal pool communities,
black willow series, narrowleaf willow series, white
alder series, buttonbush series, Mexican elderberry
series, and valley oak series.

The Sacramento-San Joaquin River Delta (Delta) is
the tidal confluence of the Sacramento and San
Joaquin rivers. Between the upper extent of tidewater
(i.e., near the city of Sacramento on the Sacramento
River and Mossdale on the San Joaquin River) and the
confluence of the two rivers near Collinsville is a maze
of tidal channels and sloughs known as the Delta.
Once a vast maze of interconnected wetlands, ponds,
sloughs, channels, marshes, and extensive riparian
strips it is now islands of reclaimed farmland
protected from flooding by hundreds of miles of
levees. Remnants of the tule marshes are found on
small “channel” islands or -shorelines of remaining
sloughs and channels.

Ecological factors having the greatest influence on
Delta fish and wildlife include freshwater inflow from
rivers, water quality, water temperature, channel
configuration
and hydraulics,
wetlands,
riparian
vegetation, and diversity of aquatic habitat. Stressors
include water
diversions,
channelization,
levee
maintenance, flood protection, placement of rock for
shoreline protection, poor water quality, legal and
illegal harvest, wave and wake erosion, agricultural
conversions
of agricultural
land to
practices,
vineyards, urban development
and habitat loss,
pollution, and introductions of non-native plant and
animal species.

The Delta is home to many species of native and nonnative fish, waterfowl,
shorebirds, and wildlife. All
anadromous fish of the Central Valley either migrate
through the Delta or spawn in, rear in, or are
dependent on the Delta for some critical part of their
life cycle. Many of the Pacific Flyway’s waterfowl and
shorebirds pass through or winter in the Delta. Many
migratory song birds and raptors migrate through
the Delta or depend on it for nesting or wintering
habitat. Despite many changes, the Delta remains a
productive nursery grounds and migratory route for
many species. Four runs of chinook
salmon,

DESCRIPTION
MANAGEMENT

OF THE
ZONE

The Sacramento-San
Joaquin Delta Ecological
Management Zone is defined by the legal boundary
of the Sacramento-San Joaquin River Delta. It is
divided into four regional Ecological Management
Units: North Delta, East Delta, South Delta, and
Central and West Delta Ecological Management ’
Units.
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Suisun Bay to the west of the Delta. Areas with SRA
habitat are fragmented and subject to excessive
erosion from wind- and boat-generated
waves.
Shallow shoal areas are small and fragmented and are
subject to excessive water velocities and periodic
dredging that degrade or scour them.

Locarion

Map
Ecological

of the Sacramento-San
Management
Zone

In many areas, agricultural
lands have become
surrogate habitat for wildlife, partially replacing
native habitats. For example, natural wetlands have
been replaced by rice fields as habitat for waterfowl
and natural
grasses have been replaced by
agricultural grains, corn, and alfalfa which provide
food for geese and cranes. Agricultural
lands have
important benefits for wildlife in the Delta, but are
not a substitute for natural habitat.

Joaquin
D&a
and Units.

The Delta is the easternmost portion of the estuary,
and today is clearly delineated by a legal boundary
that includes the areas that historically
were
intertidal, along with supratidal portions of the
floodplains of the Sacramento and San Joaquin rivers.
Today’s legal Delta extends between the upper extent
of the tidewater (near the city of Sacramento on the
Sacramento River and Mossdale on the San Joaquin
River) and Chipps Island to the west, and
encompasses the lower portions of the Sacramento
and San Joaquin river-floodplain systems as well as
those of some lesser tributaries (e.g., Mokelumne
River, Calaveras River).

Remaining channels and sloughs have been modified
to become water conveyance “facilities” and flood
control features. These modifications resulted in
elevated water velocities and loss of structural
diversity. The few remaining small dead-end sloughs
have lost their SRA habitat, are choked with water
hyacinth,
and have poor water quality from
agricultural and dairy runoff. Reclamation of Delta
islands has cut off miles of dead-end sloughs that
once drained extensive tidal wetlands and has
significantly
reduced the amount of land-water
interface.

The Sacramento-San
Joaquin Delta Ecological
Management Zone is characterized by a mosaic of
habitats that support the system’s fish, wildlife, and
plant
resources.
Instream
and surrounding
topographic features influence ecological processes
and functions and are major determinants of aquatic
community potential.‘Both the quality and quantity
of available habitat affect the structure
and
composition of the Delta’s-biological
communities.
Currently, much of the remaining natural habitats
consists of small, scattered, and degraded parcels.
Other, more common wildlife habitats on agricultural
lands are at risk of loss because of levee failures.
Important aquatic habitats are severely limited by
levees and flood control systems.

Geographic
Information
System (GIS) program
analysis of 1906 U.S. Geological Survey maps by the
California Department of Fish and Game (CDFG)
provided estimates of the historical wetted perimeter
in Delta sloughs and channels and tidal wetlands.
[Note: Wetted perimeter is the linear measurement
of shoreline. Total wetted perimeter is compared to
the total acreages of related dry Iand within a defined
area to calculare a ratio of wetted perimeter to land
acreage. Higher ratios of wetted perimeter indicate a
more extensive mosaic of habitats (e.g.; backwaters,
sloughs, floodplains, marshes, and islands).] The
1906 maps were the earliest available, and even then
many Delta levees had already been constructed.
These perimeter calculations were compared to
similar data from GIS mapping by Pacific Meridian
for CDFG using 1993 satellite imagery. That
comparison indicated that there have been wetted
perimeter reductions in three of the four Delta
Ecological Management Units since 1906. Wetted
perimeter reductions ranged from 25.2% to 44.7%.

Important
aquatic habitats in the Delta include
shaded riverine aquatic (SRA) habitat; vegetated and
non-vegetated
shallow shoal areas; open-ended
sloughs, both large and small; and small dead-end
sloughs. The large, open river channels of the
Sacramento and San Joaquin rivers in the central and
western Delta are more like the tidal embayments of
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Winter flows have fallen from the 15,OOO- to
6O,OOO-cfsrange to the 7,OOO-to 35,OOO-cfsrange
becausemuch runoff from winter rains is now stored
in foothill reservoirs. Flows in years with the highest
rainfall are relatively unchanged, although short-term
peaks are attenuated by flood control storage in the
larger foothill reservoirs.

Change in Ratio of Wetted Perimeter
1906 to 1993
(Ratio of water to land acreage)
Ecological

PeCC.Xtage

1906

1993

of change

3.4

4.5

+32.3%

East Delta

10.5

7.1

-32.4%

South Delta

11.9

8.9

-25.2%

unit

North

Delta

Much of the Delta outflow is made up of Sacramento
River flow entering the Delta near Sacramento.
Although inflows through the Sacramento River
channel reach 60,000 to 80,000 cfs in winter and
spring of wet years, inflows are generally lessthan
30,000 cfs. In the driest years, inflows range from
5,000 to 9,000 cfs through the entire year, while in
dry yearsthey range from 8,000 to 15,000 cfs. In wet
years, floodflows that average up to 130,000 cfs per
month enter the Delta from the Yolo Bypassthrough
CacheSlough.

Central Valley water supply and hydroelectric
projects have had a large effect on the freshwater flow
through the Delta. Spring flows that, beforewater
projects, averaged 20,000 to 40,000 cubic feet per
second(cfs) in dry years and 40,000 to 60,000 cfs in
normal years have, in recent decades,averaged only
6,000 to 10,000 cfs in dry years and 15,000 to
30,000 cfs in normal years. In the driest years, spring
flows were once 8,000 to 14,000 cfs, while under
present conditions they average only 2,500 to 3,000
cfs.

Historical

Monthly

Average

Flow

A

In dry and normal years, summer outflow from the
Delta has remained in the 4,000 to 8,000 cfs range
becausewater is releasedfrom reservoirsto keep saltwater from entering the Delta. Summer inflows that
were only 4,000 to 8,000 cfs in dry and normal years
now exceed 10,000 cfs as water is released from
reservoirs to satisfy demands for water diversions.
JFMAMJJASOND

Historical

Manthly

Average

0

Flow

Normal

Year

53

Drv Year

Historical Delta Inflow from San Joaquin River Flow measured at
Vernalis, 1972-1992 (Dry year is the 20th percentile year; normal
’ year is the 50th percentile or median year.)

Most of the remaining inflow to the Delta comes
from the Mokelumne River and the San Joaquin
River. The Mokelumne River contributes only 100 to
300 cfs in dry and normal years. The San Joaquin
River flows make up most of the remainder with
average monthly flows of 500 to 1,500 cfs in dry
years, 1,500 to 3,500 cfs in normal years, and up to
20,000 to 40,000 cfs in wet years.
JFMAMJJASOND
7

ii

Normal

Year

E

Water diversionsfrom the Delta may reduceoutflows
by asmuch as 14,000 cfs. Of that total, small Delta
agriculture diversions combine to divert up to
approximately 3,000 cfs during peak irrigation

Dry Year

Historical Delta Inflow from Sacramento River measured x Freeport,
1972-1992 (Dry year is the 20th percentile year; normal yenr is the
50th percentile or median year.)
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seasons. State Water Project (SWP) and Central
Valley Project (CVP) pumping plants in the southern
Delta can divert up to 11,000 cfs.

Historical

Monthly

Average

Reductions in spring freshwater flow into the Delta
and the loss of riparian vegetative cover have led to
slightly increased water temperatures in the Delta.
Agricultural
and other discharges into the Delta
including power plant cooling water have also
increased Delta water temperatures.
Maintaining
water temperatures
in the Delta during the
transitions in spring and fall is necessary to meet the
needs of migrating salmon and steelhead passing
through the Delta. Reduced iMarch to May inflows
and loss of riparian (waterside) and S&4 habitats in
the Delta have also contributed
to higher water
temperatures in the Delta.

Outflow

35000
30000
+ooo
520000
3
015000
E
10000

Changes in Delta channel hydraulics (water flows)
began in the mid-19th century with land reclamation
that restricted flows to narrow channels of levees.
Floodflows that once spilled into a vast floodplain are
now confined to narrow channels. These same
channels later became conduits for carrying water to
water-export facilities in the central and south Delta.
In 195 1, the CVP began to transport water from the
south Delta at Tracy to the Delta-Mendota
Canal.
That same year, operation of the Delta Cross Channel
(DCC) began to allow Sacramento River water to
flow through interior Delta channels to the south
Delta export facilities at Tracy. South Delta export
facilities were increased with the addition of the SWP
pumping plant at Byron in the late 1960s. In 1968,
the SWP began to transport Delta water through the
California Aqueduct to southern California.

5000
0
JFMAMJJASOND
u
Historical
percentile

Normal

Year

59

Dry

Year

Delta Outflow
for 1972-1992
(Dry
year; normal
year is the 50th percenrile

yeat is the 20th
or median
year.)

Natural
floodplains and flood processes are the
periodic flooding of the floodplain during peak flow
events that would typically occur in late winter and
spring of all but the driest years. Land reclamation
and levee construction have eliminated much of the
natural Delta floodplain, forcing waters rapidly to
exit the Delta through confined channels. Only the
Yolo Bypass and adjoining leveed islands are
periodically flooded to help carry large flows coming
down the Sacramento River.

Unimpaired

Moythiy

Average

Existing hydraulic conditions inhibit the function of
Delta channels as migration corridors and rearing
habitat for salmon and other anadromous fish,
including steelhead, striped bass, American shad,
white sturgeon, and green sturgeon. Native resident
fish such as delta smelt and splittail also depend on
natural hydraulic processes, as hydraulic conditions
determine
physical habitat characteristics
and
foodweb (all of the food chains) production (i.e., by
controlling the residence time of water in Delta
channels). Natural hydraulic conditions benefit other
resident freshwater
and estuarine fish, including
longfin smelt, tule perch, threadfin shad, white
catfish, largemouth bass, and starry flounder. Low
residence time in Delta channels and sloughs
decreases biological productivity and habitat value.

Outflow

JFMAMJJASOND
Normal
Jnimpaired
Delta Outflow
year is rhe 20th percentile;

Year

Dry Year

Estimated
for Period 1972-1992
normal year is the 50th percentile
median year.)

Channel hydraulics once were relatively unaltered in
the Delta. In November
through
March, an
important
period for aquatic species, hydraulic

(Dry
or
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changes were insignificant in the 1950s and 1960s as
measured using an indicator of hydraulic conditions
provided by output from a particle transport model
(DeltaMOVE).
However, by the 1980s there had
been a dramatic increase in unhealthy channel
hydraulic conditions in locations such as the Central
and West Delta. Aquatic foodweb productivity in rhe
Delta has declined over the past several decades and
is the subject of ongoing focused research activities.
The decline was caused by changes in freshwater
inflow, Delta channel hydraulics (i.e., water residence
time), water diversions, water quality, and the species
composition
of aquatic organism communities.
Foodweb productivity,
beginning at the primary
production
(i.e., plant cell production)
level, is
essential to provide enough food to maintain
populations of important fish. Primary productivity
in the Delta depends on spring flow events in dry and
normal years. Spring flows deliver essential nutrients,
increase residence time in channels and sloughs, and
increase shalIow water and wetland habitat.

Species-Habitat
Species

Habitats

Swainson’s hawk

Riparian/Agriculrural

Clapper rail

Tidal emergent

wetland

Black rail

Tidal Emergent

werland

Sandhill crane

Seasonal aquaric and
wetland, agricultuml, and
gmssland

Riparian brush rabbit

Contiguous riparian
woodland

Shore and wading

birds
_.

Upland game birds

migratory

Delta smelt
Splittail
Striped bass

Aquatic and wetland,
seasonal aquatic, and
agricultural
Agricuhral,

Waterfowl

Neotropicnl

ripariq
upland

nnd

Tidal perennial aquatic,
seasonal aquatic, riparian,
agricultural, and wetland
birds

Riparian, grassland,
zzgricultural land
Shallow water, sloughs, bays
Marsh, floodplain,

sloughs

Shallow water, sloughs

invertebrates depend on these habitats. Shallowwater habitats around the Delta provide spawning
and rearing habitats for many native resident Delta
fishes. They also provide important rearing and
migratory habitats for many Central Valley chinook
salmon and steelhead. Tidal perennial aquatic habitat
benefits native waterfowl, wading and shorebirds, and
wildlife, as well as native plants that depend on such
habitats.

Montih
Historic

Associations

Calculated Entrainment Indices of the Central and West
Delta Ecological Management Unit.

The loss of tidal marshes (historic tule marshes) to
agricultural conversion probably constituted one of
the greatest causes of loss of productivity
and a
change in the nature of the aquatic foodweb (i.e., a
change from a detritus-based food web characteristic
of marshes to a more phytoplankton-based
food web).
Along with the loss of tidal marshes in the Delta to
land reclamation came the loss of shallow-water
aquatic habitats (e.g., small sloughs, ponds). Many
native resident and anadromous fish and estuarine

Lakes and ponds support
simple invertebrate
communities,
riparian
habitat,
and wintering
waterfowl.
Examples of nontidal perennial aquatic
habitats include the Stone Lakes in the North Delta
Ecological Management Unit near Sacramento and
the “blow out ponds,” or ponds remaining after levee
breaks on islands such as Venice Island and Webb
Tract. Most ponds also support introduced species
such as the bullfrog and largemouth bass, which
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reduce the value of these ponds to special-status
species such as the red-legged frog. Introduced
species also reduce the habitat’s value as brood water
for nesting waterfowl.
Such habitats within the Delta
also benefit waterfowl,
as well as many plant and
wildlife species, including many rare or declining
special status species.

Nearly two-thirds
of the reclamation
of the
Sacramento-San
Joaquin
Delta
Ecological
LManagement Zone for farmland occurred before
1906. Thirty percent of the lands reclaimed before
1900 were in the ,North Delta and East Delta
Ecological Management Units, 38% in the South
Delta Ecological Management Unit, and only 2% in
the Central and West Delta Ecological Management
Unit. Most of the remaining tidal wetlands lack
adjacent upland transition
habitat and other
attributes of fully functioning tidal wetlands. This
was caused by upstream water development, in-Delta
export facilities, adjacent levee maintenance practices,
agricultural practices, and urban and industrial
development.

After more than 100 years of land reclamation
activities in the Delta, many linear miles of natural
sloughs have been lost. Sloughs are important
spawning and rearing areas for many native Delta
fish species, as well as waterfowl
and wildlife. Of
those natural sloughs that remain, most have been
severely degraded by dredging, levee confinement,
loss of riparian vegetation,
high water - flow,
infestation of water hyacinth, and poor water quality
(i.e., many receive agricultural drain water).

Tidal wetlands provide important habitats for many
species of plants, waterfowl, and wildlife. In addition,
wetlands provide an important contribution of plant
(dead material) and nutrient recycling to the aquatic
foodweb of the Bay-Delta
estuary, as well as
important habitat to some species of fish and aquatic
invertebrates.

Shoals are simple underwater islands ot shallows in
otherwise deeper channels of the Delta. Channel
islands and shoals provide valuable fish and wildlife
habitat within the confined teaches of Delta channels.
Only “tule islands” or “berm islands” contain some
original native Delta habitats. These islands are found
in Delta channels where the distance between levees
is wide enough that past dredging activities left a
remnant strip where soils were deposited at an
elevation high enough to support tules and cattails.
Such islands generally have shallow water and SFLA
habitats, as well as tidal marsh and riparian habitats.
The number and acreage of channel islands have
declined over the past several decades from dredging,
wave and wake erosion, and levee maintenance.

Seasonal wetlands include vernal pools, wet meadows
or pastures, and other seasonally wetted habitats such
as managed duck clubs in the Delta floodplain. Most
of this habitat is located on leveed lands or in
floodplain bypasses such as the Yolo Bypass. Such
habitats were once very abundant during the winter
rainy season or after seasonal flooding of the Delta.
With reclamation, flooding occurs primarily from
accumulation of rainwater
behind levees, from
directed overflow of flood waters to bypasses, or from
flooding leveed lands (e.g., managed wetlands).
Seasonal wetlands are important habitat to many
species of fish, .watetfowl, shorebirds, and wildlife.

Tidal marshes, once the most widespread habitat in
the Delta, ate now restricted to remnant patches. A
GIS analysis of I.906 U.S. -Geological Survey maps
determined the extent of change in tidal wetland
since 1906. Extensive losses of tidal wetland habitats
in three of the four Delta Ecological Management
Units have exceeded 87,000 acres from 1906 to
1993. These losses represent only a portion of the
change that have taken place since reclamation began
in the mid-nineteenth century. It has been estimated
that circa 1850, about 310,000 acres of the Delta
consisted of tidal wetlands in a mosaic dominated by
emergent vegetation, and included smaller tidal
marsh drainage channels and open-water lakes and
ponds (Atwater and Belknap 1980).

Acres of Tidal Fresh
Emergent Wetland (Marsh)
Ecological
Managemen
t Unit
North Delta
East Delta

1993

Percentage
ofchange

53,660

4,640

-91.3

7,600

1,270

-s3:3

South Delta

470

650

Central and
West Delta

37,170

5,040

-86.4

Total

98,900

11,600

-88.6
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Upland habitats are found mainly on the outer edges
of the Delta and consist primarily of grasslands and
remnant oak woodland and oak savanna. Of these,
perennial grasslands are an important transition
habitat for many Delta wildlife species. They are also
buffers to protect wetland and riparian habitats.
lMuch of the grassland habitat adjacent to the Delta
has been lost to agriculture (e.g., grain, vineyards,
and orchards)
and development
(e.g., home
construction,
golf courses). Grasslands
provide
habitats for many Delta plant and animal species.

supports a variety of wintering and breeding raptors.
Preferred habitat consists of tall trees for nesting and
perching near open agricultural fields that support
small rodents and insects for prey. Both pasture land
and alfalfa fields support
abundant
rodent
populations.
The Swainson’s hawk, a raptor species listed by the
State as threatened, breeds and occasionally winters
in the Delta. One of the highest breeding densities of
Swainson’s hawks in the Central Valley is found on
the eastern edges of the Delta, primarily along the
upland margins in areas adjacent with pastures,
alfalfa croplands, and grasslands. The present-day
Delta is mostly farmland, occupying over 86% of the
dry-land area. The wildlife habitat value of these
lands depends on crop types and agricultural
practices employed, including flooding and tillage
regimes. The farmed “wetlands”
of the Delta are
important
for wintering
water birds, including
shorebirds, geese, swans, ducks, and sandhill cranes,
supporting 10% of all waterfowl
wintering in the
State. The value of agricultural
lands to other
migratory birds is much greater. For example, the
Delta is extremely important for tundra swans and
greater sandhill cranes. In average years, 70% to 85%
of the tundra swans in the Pacific Flyway winter in
the Central Valley; 90% of this use occurs in just
eight counties with the Delta being a major use area.

Riparian habitat, both forest and shrub, is found on
the water and land side of levees, berms, berm
islands, and in the interior of some Delta islands. This
habitat ranges in value from disturbed (i.e., sparse,
low value) to relatively undisturbed
(i.e.,dense,
diverse, high value). The highest value riparian
habitat has a dense and diverse canopy structure with
abundant leaf and invertebrate biomass. The canopy
and large woody debris in adjacent aquatic habitats
provide shaded riverine aquatic habitats on which
many important
fish and wildlife depend during
some portion of the life cycles. The lower value
riparian habitat is frequently mowed, disced, or
sprayed with herbicides, resulting in a sparse, habitat
structure with low diversity.
Riparian habitat is used by more terrestrial wildlife
species than any other Delta habitat type. From
about 1850 to the turn of the century most of the
riparian forests in the Delta were decimated for
fuelwood as a result of the gold rush, river navigation,
and agricultural clearing. Remnant patches are found
on levees, channel islands, and along the margins of
the Delta. Riparian‘ habitats and their adjacent
shaded riverine aquatic habitat benefit many species
of fish and wildlife.
-

Water diversions in the Delta divert up to 14,000 cfs
of the freshwater inflow to the Delta. Though
diversions vary seasonally, relatively high rates can
occur in any month. Water diverted from the Delta
is used throughout much of the central and southern
portion of the State.
With many diversions unscreened or poorly screened
great numbers of fish and aquatic invertebrates are
entrained with the water. Lack of adequate screening
and location of water diversions in sensitive areas of
the Delta contribute to the loss of important fish and
aquatic foodweb organisms.

Inland dune scrub habitat is found in the south and
west portions of the Delta in areas where wind-blown
sand is deposited along margins of the Delta. Inland
dune habitat has unique native plant communities
including two special-status species. Much of the
dune habitat has been lost to industrial and urban
development.

Levee construction and bank protection have led to
the loss of riparian, wetland, and shallow-water
habitat throughout the Delta. Habitat on levees and
shorelines needs improvement to restore the variety
of species and ecological functions needed for aquatic
and wildlife resources of the Delta.

Agricultural
habitats also support populations of
small animals, such as rodents, reptiles, ’ and
amphibians, and provide opportunities for foraging
raptors. Nonflooded
fields and pastures are also
habitats for pheasant, quail, and dove. The Delta

Dredging and disposal of dredge materials have
contributed to the loss and degradation of important
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aquatic habitat
Delta.

and vegetated

berm islands in the

fresh and brackish bays and sloughs of the Delta.
Delta smelt decline is related to poor habitat
conditions during periods of drought, but are also
adversely affected by water diversions throughout the
Delta. Delta smelt benefit from high freshwater
inflow, particularly during the late winter and spring
of dry years. Their recovery depends on adequate
slough and shallow water habitat, reduced effects of
water diversions, and increased productivity of the
aquatic foodweb.

Over the past several decades, the accidental
introduction of many marine and estuarine organisms
from the ballast waters of ships from the Far East has
greatly changed the plankton and benthic (bottom
and shore dwelling) invertebrates of the Delta with
further effects up the foodweb. Further changes can
be expected if restrictions are not made on ballast
water releases into the San Francisco Bay and Delta.
Other important
routes for the introduction
of
invasive species include overland at border crossings,
aquaculture operations, and commercial bait dealers.

The longfin smelt populations of the Bay-Delta live
within the brackish water and saltwater of northern
San Francisco Bay and migrate upstream into the
Delta to spawn. The decline in the longfin smelt
population has coincided with a number of changes
in the estuary including: low flows in late winter and
spring, reduced freshwater flows through the Delta
and into Suisun Bay, water diversion (particularly in
drier years), and contaminants.

The numbers of predatory fish have increased at
certain locations in the Delta (e.g., CliftonCourt
Forebay, docks, piers, etc.) and losses of some resident
and anadromous fish to predation may limit their
recovery. Predators may reduce populations
of
important fish, including chinook salmon, steelhead,
and delta smelt.

Like delta smelt, splittail are a native resident species
of the Delta and Bay that depend on the Delta for
spawning, rearing, and feeding. The Delta splittail
population
declined during droughts
but has
rebounded in recent years. Splittail depend primarily
on shallow water habitats for spawning including
shorelines, sloughs, and aquatic habitats associated
with wetlands and seasonal floodplains (e.g., the Yolo
Bypass in the north Delta). The splittail population
will benefit from improved wetland and slough
habitat, a more productive aquatic foodweb, reduced
loss to predation, improved estuarine hydraulics, and
higher late-winter and spring freshwater flows during
dry years.

Large amounts of toxins continue to enter the Delta
from
municipal,
industrial,
and agricultural
discharges. The toxins have demonstrated in bioassay
potential adverse effect on the health, survival, and
reproduction of many important Delta fish and their
foodweb organisms. Toxins in the tissues of the fish
are also a human health risk to people who eat Delta
fish. Continued reductions of toxins from discharges
and from releases of toxins from the sediment (e.g.,
those disturbed by natural forces and dredging) are
essential to the restoration program.
The legal and illegal harvest of fish may limit
recovery of some populations in the Delta and its
watersheds. Harvest of chinook salmon, steelhead,
and sturgeon in the Delta-may
affect recovery of
these populations.
Harvest
enforcement
and
management help sustain important fish populations
from overharvest.

White sturgeon and green sturgeon populations in
the Central Valley use the Delta for migrating,
feeding, and as a nursery area. Populations appear to
be stable. Do to lack of specific data for green
sturgeon, however, the implication that this species
is stable may be inaccurate. Sturgeon benefit from
high late-winter
and spring freshwater inflow, a
productive aquatic foodweb, and slough habitats in
the Delta. Legal and illegal harvest and losses to
water diversions may be limiting their abundance.

Boat traffic in the Delta contributes to the erosion of
remaining shallow water, riparian, and wetland
habitat along Delta channels and degrades water
quality from fuel and oil spills. High boat speeds and
traffic endanger remnant habitat and limit the
success of habitat restoration.

Four runs of chinook salmon use Central Valley
waterways. All four runs depend on the Delta during
at least a portion of their life cycle. The Delta
provides migratory and rearing habitat for salmon in
all but the warmest summer months. Tidal perennial

The delta smelt population of the Bay-Delta estuary
is a federally listed threatened species. It depends on
the Delta for spawning and rearing habitat. It lives in
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marsh habitat and adjoining sloughs
habitats in the Delta are important
habitats.

and aquatic
fry rearing

hatchery-reared fish may be necessary to sustain the
population under present limiting factors.
American shad is an anadromous fish that spawns in
the Sacramento River and its major tributaries. They
pass through the Delta on their upstream spawning
migration in spring. In ,the fall, young migrate
through the Delta on their way to the ocean. A
portion of the population spawns and rears in the
Delta. Low productivity
in periods of drought is a
concern. American shad production increases with
higher late-winter
and spring freshwater
flow
through the Delta in dry and normal rainfall years.
Improved aquatic foodweb production and lower
relative export rates at water diversions will benefit
American Shad.

lMany populations of chinook salmon have declined in
recent decades. The decline was caused by a
combination
of ocean, river, and Delta factors.
Reductions in freshwater flow through the Delta and
increases in water diversions have led to declines in
salmon populations.
Improving
late-winter
and
spring freshwater
flows through the Delta and
reducing losses to diversions are essential to the
recovery of salmon. Chinook salmon also benefit from
lower water temperatures in spring and fall, adequate
aquatic habitats, and high foodweb productivity.
Many juvenile chinook salmon are lost to- water
diversions and predators.

Many native and non-native fish species are residents
of the Delta. Resident fish populations, like delta
smelt and splittail, will benefit from improved
aquatic habitats and’ foodweb production. Many
native fish species have declined gradually over the
past century from loss of habitats and, introductions
of non-native fishes. More recently, native resident
species have further declined from changes in
freshwater flow, water diversions, poor water quality,
and further non-native species introductions
and
habitat degradation. For many of these species,
improvements in their native habitats such as sloughs
and tidal marshes, is essential to their restoration.
Native residents will also benefit from more natural
freshwater flow patterns, improved water quality, and
reduced losses to water diversions.

Steelhead usage of the delta-estuary
is not well
known and has not been studied. At the very least,
they utilize the delta waterways for migration to and
from the spawning and rearing tributaries. Generally,
estuaries provide important - and on some small
coastal tributaries,
essential - rearing habitat for
steelhead, but usage of the Sacramento-San Joaquin
delta-estuary
by steelhead for this purpose is
unknown. Occurrences of juvenile steelhead are not
uncommon
at the CVP and SWP fish salvage
facilities, but they are not salvaged in as great a
number as are chinook salmon. This could reflect a
much lower abundance of steelhead in the Central
Valley system or it could be the result of the larger
size of steelhead smolts, compared to salmon smolts,
when they are emigrating to the ocean (larger fish are
better able to avoid entrainment).
.
The striped bass population of San Francisco Bay and
the Sacramento and San Joaquin rivers depends on
the Delta for much of its life cycle. The Delta
provides important spawning and rearing habitat for
striped bass. Reductions in freshwater
flow and
increases water diversions have resulted in striped
bass population declines over the past several decades.
Poor water quality in the Delta may also be limiting
the survival of young and adults. Striped bass also
benefit from high aquatic foodweb productivity. Loss
of tidal perennial aquatic, wetland, and slough
habitats may also limit production of striped bass.
Many striped bass young are lost in water exported
through water diversions. Artificially rearing young
striped bass salvaged at the south Delta pumping
plant fish facilities or supplementing production with

Bay-Delta
aquatic foodweb
organisms
include
bacteria, algae, zooplankton (e.g., copepods and
cladocerans), epibenthic invertebrates (e.g., crayfish,
Neomysis
and Crangon shrimp),
and benthic
invertebrates (e.g., clams). Foodweb organisms are
essential for the survival and productivity
of fish,
shorebird and other higher order animal populations
in the Bay-Delta estuary. Some organisms are nonnative, species (e.g., certain zooplankton and Asian
clams) that may be detrimental to native species and
the foodweb in general. Recent declines in aquatic
foodweb organisms of the Bay-Delta, particularly in
drier years, has caused a reduction in overall BayDelta productivity.
Important
aquatic foodweb
organisms include algae, bacteria, rotifers, copepods,
cladocera, and mysid shrimp.

m-m
4 BAY-DELTA
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The western
spadefoot
and California
tiger
salamander occur throughout much of the Central
Valley, San Francisco Bay, and coast ranges and
foothills below 3,000 feet, as well as along the coast
in the southern portion of the State. Declining
populations have warranted
their designation as
species of special concern and species of concern by
the California Department of Fish and Game (DFG)
and U.S. Fish and Wildlife Service, respectively.
Major factors that limit these resources’ contribution
to the health of the Delta are related to adverse
effects of conversion of seasonal wetlands
and
adjacent uplands to other land uses and excessive
mortality resulting from introduction of non-native
predators and some land use practices.

wetlands
and agricultural
habitats should help
toward
recovery of the greater sandhill crane
population.
Herons, egrets, and other shorebirds and wading
birds breed and winter throughout the Central Valley
and the Delta. Their populations depend on aquatic
and wetland habitats. Shorebirds and wading birds
will benefit from restoration of wetland, riparian,
aquatic, and agricultural habitats.
The riparian brush rabbit is associated with riparian
habitats of the Central Valley floodplain. It has been
eliminated from the Delta from loss of riparian
habitat. Elsewhere, the population and distribution of
this species have declined substantially, primarily as
a result of the loss or degradation of its habitat. The
loss of habitat and declining populations
have
warranted
its listing as endangered under the
California Endangered Species Act.

The California red-legged frog is California’s?argest
native frog. Its habitat is characterized by dense,
shrubby riparian vegetation associated with deep,
still, or slow-moving
water that supports emergent
vegetation. The distribution and population of this
species has declined substantially,
primarily as a
result of habitat loss or degradation and excessive
predation. The loss of habitat and declining condition
of the species’ population have warranted its listing as
threatened under the federal Endangered Species Act
and a Species of Special Concern by DFG. Major
factors that limit this resource’s contribution to the
health of the Delta are related to adverse effects of
the loss or degradation of critical wetland and
riparian habitats and the introduction of non-native
predators.

The major factor that limits this resource’s
contribution to the health of the Delta is related to
adverse effects of the historical loss and degradation
of the mature riparian forests, on which the riparian
brush rabbit depends, in the Delta and San Joaquin
River floodplain.
Many species of waterfowl
overwinter
in the Delta
and depend on high-quality
foraging habitats to
replenish their energy reserves. They depend on
wetland, riparian, aquatic, and agricultural habitats.
Many species of resident and migratory waterfowl
will benefit from improved aquatic, wetland, riparian,
and agricultural habitats.

Once possibly abundant in the Delta, the giant garter
snake and western pond turtle are now rare there.
Improvements
in wetland, riparian, and grassland
habitats around the margins of the Delta could
greatly benefit these species.

Upland game species are of high interest to
recreational hunters in the Bay-Delta and contribute
to California’s economy through the sale of huntingrelated equipment and hunting-related expenditures.
Major factors that limit this resource’s contribution to
the health of the Delta are related to adverse effects
of conversion
of native upland habitats
for
agricultural, industrial, and urban uses, and land use
practices that degrade habitats used by these species.

Once abundant in the Delta, Swainson’s hawk is now
rare. Improvements
in agricultural
and riparian
habitats will aid in the recovery of the Swainson’s
hawk.
A long-term
decline in emergent wetlands
has
reduced the population of California black rail in the
Delta. Restoring emergent wetlands in the Delta
should aid in the recovery of the California black rail.
The population of greater
Central Valley has declined
with the loss of permanent
wetlands.
Improvements

sandhill. crane
over the past
and seasonally
in seasonally

Neotropical bird species breed in North America and
winter in Central and South America. Many species
of neotropical migratory birds migrate through or
breed in the Bay-Delta. These species are a significant
component of the ecosystem. These species are of
high interest to recreational bird watchers, and
contribute to California’s economy through sales of

in the
century
flooded
flooded
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and
other
bird-watching-related
equipment
expenditures. There have been substantial losses of
historic habitat used by these species and available
information suggests that population levels for many
of these species is declining.

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

rMajor factors that limit this resource’s contribution to
the health of the Delta are related to adverse effects
of conversion of native habitats for agricultural,
industrial, and urban uses, and land use practices that
degrade habitats used by these species.
The Lange’s metalmark and the delta green ground
beetle, both federally listed endangered species, and
the valley elderberry longhorn beetle (VELB), a
federally listed threatened species, are respectively
associated with inland dune, vernal pool, andiiparian
habitats. The distribution and populations of these
species have declined substantially, primarily as a
result of the loss or degradation of these habitats
within their range. The loss of habitat and declining
condition of these species populations have warranted
their listing as threatened or endangered under the
federal Endangered Species Act.

DESCRIPTIONS
OF
ECOLOGICAL
MANAGEMENT
UNITS

Major factors that limit this resource’s contribution to
the health of the Delta are related to adverse effects
of conversion of native habitats for agricultural,
industrial,
and urban uses, and land and water
management practices that degrade habitats used by
these species.

NORTH
DELTA
MANAGEMENT

LIST OF SPECIES TO BENEFIT
FROM
RESTORATION
ACTIONS
IN THE DELTA
ECOLOGICAL
MANAGEMENT
ZONE
.
.
.
.
.
.
.
.

ECOLOGICAL
UNIT

The North Delta Ecological Management Unit is
bounded on the south and east by the Sacramento
River. Notable features are the Yolo Bypass, the
Sacramento deep water channel, the Cache Slough
complex, the Sacramento
River and adjoining
sloughs, the Snodgrass Slough and Stone Lakes
complex, and the Delta Cross Channel (DCC) gates
which, when open, allow Sacramento River water to
flow into the ‘forks of the lower Mokelumne River.
Land elevations generally range from 5 feet below to
10 feet above mean sea level.

Once abundant in riparian woodlands of the Delta,
yellow-billed’cuckoo
have declined with the loss of
riparian habitats there. The yellow-billed cuckoo will
benefit from improvements
in habitat that result
from efforts to proteci, maintain, and restore riparian
and riverine aquatic habitats throughout the Delta.

.

special status plant species
Sacramento’perch
riparian brush rabbit
greater sandhill crane
western yellow-billed cuckoo
California red-legged frog
western pond turtle
Lange’s metalmark butterfly
native resident fishes
migratory waterfowl
shorebird guild
wading bird guild
neotropical migratory bird guild
Bay-Delta foodweb organisms
white sturgeon
striped bass
American shad
non-native warmwater
gamefish
upland game

The size of the unit is approximately 235,000 acres.
As with the Delta’s other units, the primary land use
is agriculture with more than 60% or 141,000 acres
and
vineyards.
orchards,
in
field
crops,
Approximately
5% of the unit consists of riparian,
oak woodland,
freshwater
marsh, and seasonal
wetland. (See tables in this section.) Much of the
permanent and seasonal wetland habitat is found in
the Yolo Bypass, Cosumnes River Preserve, and Stone
Lakes area.

delta smelt
longfin smelt
green sturgeon
Sacramento splittail
chinook salmon (all runs)
steelhead trout
lamprey (all species)
California black rail
Swainson’s hawk
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Hydraulic processes in the North Delta Ecological
LManagement Unit are influenced by tides, upstream
water releases, weather, channel diversions, and river
inflow. Unimpeded tidal action into tidal wetlands
affects sediment and nutrient supplies into those
wetlands and natural marsh successional processes.
Tidal action and floodwater discharges from the rivers
and Yolo Bypass transport nutrients and organic
carbon into aquatic habitats of the Delta and San
Francisco Bay.

EASTDELTAECOLOGICAL
MANAGEMENTUNIT
The East Delta Ecological Management Unit is
bounded on the northwest by the Sacramento River;
on the northeast by the Mokelumne and Cosumnes
rivers; and on the south by Highway 12, the South
Fork of the Mokelumne
River, White
and
Disappointment Sloughs, and the San Joaquin River.
Notable features are Georgiana Slough, the DCC, the
Cosumnes River Preserve, and the Woodbridge
Ecological Reserve.

Hydraulic processes have been modified in the North
Delta Ecological Management Unit since the 1890s.
Reductions in flow from the Mokelumne River began
in the early 1890s with
diversions
by the
Woodbridge
Irrigation District. Further diversions
began with the completion of the Mokelumne River
Aqueduct in the 1930s. Additional
agricultural
diversions from the river were developed in the 1960s
when the present level of diversions from the
Mokelumne River was reached. The construction of
the Yolo Bypass significantly
altered hydraulic
patterns during above normal and wet water years.
The DCC gates began operation in 1951 and
increased the flow of Sacramento River water into the
East Delta Ecological Management Unit and away
from the mainstem Sacramento River below Walnut
Grove.

North

Delta Ecological Management
Land Use
Landuse

-.

Non-flooded
Flooded

Total

Hydraulic patterns have been further modified by the
significant export pumping beginning in 195 1 for the
CVP and in 1968 for the SWP. The Barker Slough
pumping plant at the east end of Lindsey Slough in
the Cache Slough complex was completed in 1988; it
exports water directly from the North
Delta
Ecological Management Unit to the North Bay
Aqueduct.
Current hydraulic conditions in the North Delta
Ecological Management Unit affect the ability of this
Ecological Management Unit to support channels
with suitable residence times and natural net flows;
to provide adequate transport flows to the lower
estuary; and to support high-quality
rearing and
spawning habitat, nutrient cycling, and foodweb
integrity.

Ag
Ag

Unit
Acres

118,011

14,528

Orchard

2,832

Vines

5,805

cultivated

141,176

GEUS

42,194

Other

S2,480

Total

235,850

Land elevations in this unit generally range from 10
feet below to 10 feet above mean sea level with the
western half of the unit ranging from 10 feet below
to 5 feet below mean sea level and the eastern half
ranging from 5 feet below to 10 feet above mean sea
level. These elevations are generally higher that
elevations in other regions of the Delta. Elevation is
an important factor in evaluating the quality of
habitats and in designing habitat restoration projects.
This Ecological Management Unit consists of more
than 100,000 acres. It contains both forks of the
Mokelumne River, the Cosumnes River, three deadend sloughs (Beaver, Hog, and ,Sycamore), and
important waterfowl
wintering
and sandhill crane
foraging and roosting areas. As with the Delta’s other
units, the primary land use is agriculture with more
than 68% in field crops, orchards, and vineyards. (See
the table in this section for land use acreage.)

The effects of many small unscreened diversions in
the North Delta Ecological Management Unit are
undocumented.
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East Delta Ecological Management
Habitat Acreage

Unit

Habitat

ACreS

Riparian scrub

714

Riparian woodland

2,20 1

FIresh emergenr

wetland

nutrient supplies. These supplies influence the natural
marsh successional processes. Tidal outflows transpo’rt
nutrients and carbon into Bay-Delta a uatic habitats.
Hydraulic processes have been modi 7ied in the east
Delta since the 1800s. Reductions in flow from the
Mokelumne
River began in the late 1800s and
continued to decline into the 1960s. The DCC gates
began operating in 1951 and increased the flow of
Sacramento River water into the East Delta
Ecological Management Unit. Hydraulic patterns
have been further modified by the significant export
pumping, which began in 1951 for the CVP and in
1968 for the SWP.

1,270

(marsh)

Seasonal wetland

635

Total

4,820

Current hydraulic conditions in the east Delta are
unhealthy. These conditions reduce the ability of this
Ecological Management Unit to provide suitable
residence times and more natural net flows, to
provide adequate transport flows to the central and
west Delta, and to support high-quality rearing and
spawning habitat, nutrient cycling, and foodweb
integrity.

-

Less than 5% of the east Delta consists of riparian,
oak woodland, fresh emergent wetland, and seasonal
wetland
habitats.
Much of the riparian
and
permanent and seasonal wetland habitats are found
along the Cosumnes and Mokelumne rivers and in
the White Slough Wildlife Area.

The effects of the many small unscreened diversions
in the east Delta are unknown.

Hydraulic processes in the east Delta are influenced
by tides, river inflow, weather, channel diversions,
and upstream water releases. Unimpeded tidal action
into tidal wetlands affects the habitat’s sediment and

East Delta Ecological Management
Land Use
Land Use
Non-flooded

Ag

Unit

58,937
-

6,054

Orchard

870

Vines

2,653

Total cultivated

68,514

GEl.SS

10,9OG

Other

21,152

Total

100,572

ECOLOGICAL
UNIT

The South Delta .Ecological Management Unit is
bounded on the north by the San Joaquin River,
Turner Cut, Whiskey
Slough, Trapper Slough,
Victoria Canal, and Italian Slough. Notable features
are the San Joaquin, Old, and Middle rivers; Clifton
Court Fosebay; and the State and federal fish
protection and export facilities. Land elevations
generally range from 10 feet below to JO feet above
mean sea level. Only about half of the unit is at or
slightly ‘higher than sea level.

ACRS

.

Flooded Ag

SOUTH
DELTA
MANAGEMENT

This Ecological Management Unit consists of more
than 177,000 acres. The primary land use is
agriculture with more than 60% in field crops,
orchards, and vineyards. Less than 2% of this
Ecological Management Unit consists of riparian, oak
woodland, fresh emergent wetland, and seasonal
wetland habitats. Much of the riparian and wetland
habitat is found in narrow bands along the San
Joaquin River and on small channel islands in Old
River. (See tables in this section for acreages.)

.
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Hydraulic processes in the south Delta are influenced
by tides, river inflow, weather, channel diversions,
temporary rock barriers in Middle River, Old River at
Tracy, head of Old River, Grantline Canal, and water
releases from upstream reservoirs. Unimpeded tidal
action into tidal wetlands affects sediment and
nutrient supplies. These supplies influence the natural
marsh successional processes. Outflows
from tidal
wetlands transport nutrients and carbon into aquatic
habitats of the Bay-Delta.

South Delta Ecological
Management
Unit
Land Use
Land Use
Nonflooded

Hydraulic processes have been modified in the south
Delta since the 1800s. Further reduction in flow
started in the 1930s with the completion of the
Hetch Hetchy Aqueduct from the Tuolumne River.
In the early 194Os, construction of Friant Dam began
to alter hydraulic patterns significantly, part&rlarly
during drier water years. The South Bay Aqueduct
began diversions directly from the South Delta
Ecological Management
Unit starting in 1962.
Hydraulic patterns were further modified by the
significant export pumping near Tracy, which began
in 1951 for the CVP and in 1968 near Byron for the
SWP.

South Delta Ecological Management
Habitat Acreage
Habitar

Riparian woodland

263

Fresh emergent

wetland

Searonal wetland
Total

(marsh)

98,269

Flooded Ag

1,909

Orchard

3,668

Vines

3,466

Torn1 culcivaced

107,312

Grass

40,483

Ocher

29,434
177,229

Diversions Vision in Volume I: Ecological Attributes
of the San Francisco Bay-Delta Watershed.)

CENTRAL
ECOLOGICAL

AND WEST DELTA
MANAGEMENT
UNIT

The Central and West Delta Ecological Management
Unit is bounded on the west and north by Suisun
Bay, the Sacramento River, Highway 12, the South
Fork of the Mokelumne
River, and White and
Disappointment
Sloughs; and on the south by the
San Joaquin River, Turner Cut, Whiskey Slough,
Trapper Slough, Victoria Canal, and Italian Slough.
Notable features are the San Joaquin and Sacramento
rivers, Frank’s Tract, the channel islands in Middle
and Old rivers, and Potato and Disappointment
Sloughs. Land elevations generally range from 10 feet
below tb as deep as 21 feet below mean sea level.
This Ecological Management Unit consists of more
than 200,000 acres. It contains most of the mainstem
of the San Joaquin River in the Delta. Agricultural
uses account for 48% of the area and include field
crops, orchards, and vineyards. Approximately 3% of
the area consists of riparian, oak woodland, fresh
emergent wetland, and seasonal wetland. Much of
the riparian and wetland habitat is found on the
extensive network of small channel islands in Old and
and
rivers;
on
White,
Potato,
Middle
Disappointment
Sloughs; along the edges of Big
Break and Frank’s Track; on the Lower Sherman
Island Wildlife Area; and on adjacent tide lands on

Acres

899

Ag

*’ Total

Unit

Riparian scrub

ACES

650
430
2,242

Current hydraulic conditions in the south Delta are
unhealthy and affect the ability of this Ecological
Management Unit to support channels with suitable
residence times and more natural net flows; to
provide adequate transport flows to the entrapment
zone; and to support high-quality
rearing and
spawning habitat, nutrient cycling, and foodweb
integrity.
While
the effects of many small unscreened
diversions in the south Delta are undocumented,
effects of the two large export facilities on nearly all
Delta anadromous and resident fishes have been well
described and are very significant
(See Water
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both sides of the Sacramento River channel between
Collinsville and Rio Vista, including Decker Island
and adjacent channels. (See the table in this section
for habitat acreage.)

Delta starting in 1962. Deliveries to the Contra
Costa Canal began in 1962 directly from Rock
Slough in the western portion of this unit. Hydraulic
patterns were further modified by the significant
export pumping, which began in 195 1 for the CVP
and in 1968 for the SWP.

The central and west Delta contains most of the
heavily subsided (sunken) islands in the Delta.
Although nearly 98% of this unit was not reclaimed
until after 1900, the highly organic soils of this unit
have oxidized at an accelerated rate. This has resulted
in subsidence (sinking) of 20 to 30 feet in many
places. The subsidence has led to serious potential
erosion of the levees around the islands and numerous
levee breaks in the last several decades.

Current hydraulic conditions in the central and west
Delta are unhealthy. The ability of this Ecological
LManagement Unit to maintain suitable residence
times and provide more natural flows are restricted.
These restrictions inhibit adequate transport flows to
the entrapment zone and reduce high-quality rearing
and spawning habitat, nutrient cycling, and foodweb
integrity.
In addition to many small unscreened agricultural
diversions
(e.g., siphons and pumps),
electric
generating stations divert up to 1,500 cfs of Delta
water. The water is diverted at Antioch, along the
San Joaquin River channel, for cooling purposes.
Some juvenile Delta fish are stressed or killed in the
water diverted for plant cooling. Though the amount
of heat added to the Delta is small, it is locally
measurable. This combined with other heated
discharges
contributes
to significant
seasonal
warming of Delta waters.

Central and West Delta
Ecological Management Unit
Habitat Acreage
Habitat

ACreS

Riparian scrub
Riparian Woodland
Fresh emergent

wetlnnd

Seasonal wetland
Total

1,004
248
5,040
544
6,836

VISION
FOR THE ECOLOGICAL
MANAGEMENT
ZONE
The vision for the Sacramento-San Joaquin Delta
Ecological Management Zone is to achieve a healthier
system that better provides for the ecological needs of
plants and animals using the system. A healthy
ecosystem will have more natural freshwater flow and
channel hydraulic patterns. A more natural channel
configuration with greater amounts of slough and
permanent and seasonal wetland habitats will provide
more habitat for fish, waterfowl,
and wildlife, and
improve aquatic foodweb production
and water
quality. Improvements
in riparian vegetation along
waterways
will reduce heating of the water and
provide habitat for fish and wildlife. A healthy Delta
ecosystem
will lead to improved
survival of
anadromous fish that depend on the Delta for a
portion of their life cycles, including chinook salmon
and steelhead, striped bass, white and green sturgeon,
and American shad. A healthy Delta will also help
toward improving the native resident fish community
including delta smelt and splittail, as well as resident

The central and west Delta has some of the highest
levels of wintering waterfowl within the Delta. They
use seasonally flooded croplands on the deeper islands
in this unit. The California Department of Water
Resources is one of the‘most significant landowners in
this unit owning most of Twitchell and Sherman
islands.
Hydraulic processes in the central and west Delta are
influenced by tides, river inflow, weather, channel
configuration,
water diversions, and river inflow.
Unimpeded tidal action into tidal wetlands affects
sediment and nutrient supplies into those wetlands to
complement natural marsh successional processes.
Tidal action associated with flows out of tidal
wetlands transport nutrients and organic carbon into
aquatic habitats of the Bay-Delta.
Hydraulic processes have been modified in the central
and west Delta since the 1800s. The South Bay
Aqueduct began diversions directly from the south
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wildlife, migratory waterfowl,
neotropical birds, and
special-status plants and plant communities.

agricultural land. Riparian, wetland, and aquatic
habitats along the levees will be improved where
possible. In those areas where leveed lands can
eventually be restored to tidal action, the exterior
levees will be maintained until the island interiors are
restored to the proper elevations necessary to support
the desired habitats.

A restored Delta ecosystem will have improved
ecological processes and habitats and reduced
stressors. Ecological processes that will be improved
include freshwater
inflow
and outflow,
Delta
hydraulics, channel configuration, water temperature,
floodplain processes, and aquatic and terrestrial
foodweb productivity.
There will be substantial
increases in the acreage of tidal emergent wetlands,
seasonal and permanent
nontidal wetlands,
and
shallow water, riparian, and tidal slough habitats.
Stresses from land use, urban and industrial
development, contaminants, land reclamation, water
diversions, flood control (i.e., levees and_ bank
protection), non-native plant and animal species,
recreational activity (e.g., boating), water conveyance
structures,
livestock
grazing,
and agricultural
practices will be reduced.

A basic restoration strategy is to protect and enlarge
areas of remaining native habitats and establish the
connectivity
of these areas. For example, the
Cosumnes River Preserve (Badger Creek Marsh)
supports a sizable population of giant garter snake.
Caldoni Marsh (White Slough Wildlife Area) west of
Lodi is also an area of several recent and historical
giant garter snake sightings. Stone Lakes RefugeMorrision Creek drainage and the Yolo Basin also
contain suitable garter snake habitat, though
population sizes are thought to be quite small.
Restoring connectivity of these areas would benefit
giant garter snakes and contribute to their recovery
by providing corridors for the reestablishment
of
historic population. Such areas in the Delta include:

Following restoration, the Del.ta will be a better fish
spawning, rearing, and migration habitats. A healthy
Delta will be more effective in nutrient cycling and
will increase primary (plant) and secondary (animal)
productivity.
Productivity
will increase through
improved freshwater
inflow and outflow,
longer
hydraulic residence time in Delta channels, and an
increase in the amount of tidal wetlands. Improved
Delta productivity will also improve the productivity
of northern San Francisco Bay.

1
H
n

n

the Cache Slough complex,
Stone Lakes,
the Cosumnes River Preserve in the north Delta,
and
the Sherman Island Wildlife Area in the western
Delta.

Benefits
to species and habitats
will
come
predominantly
through
changes to important
physical processes. These processes include:
”

Both the endangered winter-run chinook salmon and
the threatened delta smelt will benefit from improved
Delta inflow and outflow during the late winter and
spring, greater estuary (river mouth) foodweb
productivity,
riparian
and
wetland
habitat
improvements,
and improved screening systems at
water diversions.

n

H
n

freshwater flow into and through the Delta
hydraulic conditions within Delta channels, and
the channel configuration of the Delta.

Increasing the amount of the floodplain that is
inundated by flood waters and tides, and increasing
the amount of shallow water and shorelines will
increase tidal aquatic, wetland, and riparian habitats.
Habitat improvements will be made in concert with
floodplain and levee improvements.
Levees will be
rebuilt and maintained to include shallow water and
riparian habitats that not only protect the integrity of
the levees, but also provide valuable fish and wildlife
habitats. Agricultural lands on Delta islands will be
managed to support waterfowl
and wildlife better.
Tidal sloughs and creeks will be restored to their
former health from improved channel hydraulics,

Much of the new fish and wildlife habitats will come
from agricultural lands that are either no longer
productive or too expensive to maintain (e.g., levee
maintenance costs are too high). These lands will be
purchased
from
willing
sellers.
Productive
agricultural lands will continue to be an integral part
of the Delta habitat mosaic and will be protected by
upgrading channel configurations and levees.
The Delta’s
levee system will be effectively
maintained to reduce the risk of failure. This will also
minimize loss of water quality (e.g., saltwater
intrusion) and loss of high-value wildlife habitat and
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INTEGRATION OFACTIONS
FORSTAGEI
IMPLEMENTATION

water quality, and riparian vegetation, and reductions
in non-native aquatic plants (e.g., water hyacinth).
To ensure this recovery, it will be necessary to reduce
stressors. Examples of stressors include the alteration
of Delta hydraulic patterns by pumping in the South
Delta, unscreened or poorly screened diversions, nonnative invasive plant species (e.g., water hyacinth),
toxic substances, and human disturbance such as
erosion of sensitive habitats from boat wakes. In some
cases, fish and wildlife may need temporary or even
long-term
support
artificial
habitat
through
construction, reductions in legal and illegal harvest,
or artificial reproduction (e.g., hatcheries).

Stage 1 actions are those actions to be implemented
during the first 7 years of the program. The selection
of Stage 1 actions is guided by the Strategic Plan for
Ecosystem Restoration (2000). The Strategic Plan
identifies 12 important issues related to substantial
uncertainties about Bay-Delta ecosystem dynamics
that should be addressed by adaptive management
and adaptive probing early in Stage 1. Many of the
issues address the uncertainty
resulting
from
incomplete information and unverified conceptual
models, sampling variability, and highly variable
system dynamics.
-.

Improvements
to restore the health of the estuary
need to be made in a way that contribute?o
the
quality of life for Delta fish and wildlife populations,
while protecting the region’s agricultural economy
and preserving landowner property rights. Rebuilt
levees will protect valuable agricultural lands and
other properties.
Improved
fish and wildlife
populations will benefit recreation. Greater areas of
wetlands and riparian habitats will benefit water
quality. With restoration, the Delta would provide
improved educational and recreational opportunities.
The Delta will provide increased public opportunities
for wildlife observation, photography, nature study
and wildlife
interpretation,
fishing,
hunting,
picnicking, and other activities in a manner that is
consistent with maintaining the fish and wildlife
values of the Delta and protecting adjacent private
properties.

Relevant issues in the Sacramento-San Joaquin Delta
Ecological Management Zone that need resolution
during Stage 1 include:

Attaining this vision requires extensive efforts in the
Delta, and in watersheds above the Delta. For this
reason, this Delta vision is closely tied to the visions
for the other 13 Ecological Management Zones.
Important ecological processes such as streamflow are
controlled by upstream reservoirs and watersheds to
the Delta. Delta habitat and the productivity of that
habitat are greatly dependent on physical, chemical,
and biological processes upstream of the Delta.
A focus on natural processes may reduce the need for
measures that artificially maintain habitat and plant
and animal populations (e.g., hatcheries). It may be
necessary, however, to artificially sustain habitats,
severely inhibit stressors, and increase population
abundance until such time when natural ecological
processes and functions are restored. This will be
particularly true during the recovery period.
’

n

The impact of introduced species and the degree
to which they may pose a significant threat to
reaching restoration objectives.

n

Recognition that channel dynamics, sediment
transport, and riparian vegetation are important
elements in a successful restoration program and
the need to identify which parts of the system
can be restored to provide the desired benefits.

n

Development
of an alternative approach to
manage floods by allowing rivers access to more
of their natural floodplains and integrating
ecosystem restoration activities with the Army
Corps of Engineers’ Comprehensive
Study of
Central Valley flood management programs.

n

Increasing the ecological benefits from existing
flood bypasses, such as the Yolo Bypass, so that
they provide improved habitat for waterfowl, fish
spawning and rearing, and possibly as a source of
food and nutrients for the estuarine foodwebs.

n

Thoroughly testing the assumptions that shallow
water tidal and freshwater marsh habitats are
limiting the fish and wildlife populations of
interest in the Delta.

n

A better understanding
of the underlying
mechanisms of the X2 salinity standard in the
Delta and the resultant effects on aquatic
organisms.
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n

A need to better understand the linkage between
the decline at the base of the estuarine foodweb
and the accompanying decline of some, but not
all, species and crophic groups.

n

Clarifying the extent to which entrainment at
the CVP and SWP pumping plants affects the
population size of species and invertebrates.

n

Clarifying the suitability and use of the Delta for
rearing by juvenile salmon and steelhead.

corridor of tidal perennial aquatic habitats,
riparian and riverine aquatic habitat, freshwater
fish habitat, essential fish habitat, and improve
river-floodplain interactions.
In addition to the three habitat corridors, many other
restoration actions are proposed for implementation
during Stage 1. These additional actions range from
conversion of Frank’s Tract to shallow water habitats
to developing a ballast water management program
to halt the accidental introductions
of invasive
aquatic organisms.

The proposed Stage 1 approach for the SacramentoSan Joaquin Delta Ecological Management Zone is to
broadly design and implement actions that will make
a substantial contribution to developing aquatic and
terrestrial habitat corridors through the Deltawhich
connect with upstream areas. In addition to the focus
on the corridor concept, a variety of general actions
will be implemented.
Implementation
of these
actions and linking their implementation
with
adaptive management through the Comprehensive
Monitoring, Research and Monitoring Program will
be major steps toward resolving the important Stage
1 issues and will set the direction for subsequent
implementation stages.
The three major habitat corridors
the following:
n

VISIONS
FOR ECOLOGICAL
MANAGEMENT
UNITS
NORTH
DELTA
MANAGEMENT

Habitat restoration, fish passage improvement, and
floodplain modifications are the primary focus of the
restoration program in the North Delta Ecological
Management
Unit Restoring a mosaic of tidal
emergent wetland and SRA habitat at the ecologicalunit level should provide essential resources for all .
species, particularly communities or assemblages of
species that have declined significantly within the
Delta.

envisioned include

Habitat restoration will focus on four areas:

THE
NORTH
DELTA
HABITAT
CORRIDOR
will provide a large, contiguous

habitat corridor connecting the mosaic ,of tidal
marsh, seasonal floodplain, riparian and
perennial grasslandhabitats in the Yolo Bypass,
CacheSlough Complex, Jepson Prairie Preserve,
Prospect Island, *Little Holland Tract, Liberty
Island, and Steamboat Slough.
n

THE

EAST

DELTA

HABITAT

CORRIDOR

THE
SAN
CORRIDOR

JOAQUIN

RIVER

1

the Yolo Bypass including shallow agricultural
islands at the south end of the bypass (i.e.,
Prospect, Little Holland, and Liberty)

n

tidal sloughs between the Sacramento Ship
Channel and the Sacramento River (i.e.,
Steamboat, Miner, Oxford, and Elk)
,
the Stone Lakes-CosumnesPreserve complex,
and

n

will restore a large, contiguous corridor
containing a mosaic of habitat types including
tidal perennial aquatic, riparian and riverine
aquatic habitat, freshwater fish habitat, essential
fish habitat, and improved floodplain-stream
channel interactions along the CosumnesRiver.
The focus area includes the South Fork
Mokelumne River, East Delta dead-end sloughs,
Georgiana Slough, SnodgrassSlough, and the
CosumnesRiver.
n

ECOLOGICAL
UNIT

n

the main channel of the Sacramento River from
Sacramento to Rio Vista.

Seasonal patterns of freshwater inflow from the
Sacramento River, Yolo basin (Cache and Putah
creeks), and the Cosumnes and Mokelumne rivers
would be improved. Fish passageproblems in the
Yolo Bypass, DCC, Sacramento Ship Channel, and
Snodgrass Slough should be resolved. Unscreened
diversions in important habitat and migration
pathways should be screened.Non-native plants will
be controlled.

HABITAT

will provide a contiguous habitat
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The vision for the North
Delta Ecological
Management
Unit focuses heavily on habitat
restoration in the major subunits and the creation of
a Norrh Delta habitat corridor. In the Yolo Bypass,
channels should be constructed ro connect to channel
improvements in the Yolo basin (i.e., connections
with Putah and Cache creeks, the Colusa drain, and
the Sacramento River through the Sacramento and
Fremont
weirs).
These channels
should
be
constructed as permanent sloughs along either side of
the bypass.
The sloughs will feed permanent tidal wetlands
constructed along the bypass and connected with
existing wetlands within the Yolo Basin Wildlife
Area. The sloughs would provide rearing and
migrating habitat for juvenile and adult salmon, and
other native fishes. The sloughs would drain into
extensive marsh-slough
complexes developed in
shallow islands (i.e., Liberty, Little Holland, and
Prospect) at the lower end of the bypass. These
changes,
in
conjunction
with
structural
improvements to the bypass floodway (e.g., reducing
the hydraulic impedance of the railroad causeway
paralleling Interstate 80, and removing levees along
the lower Sacramento Ship Channel (see below), will
retain and possibly increase the flood bearing capacity
of the Yolo Bypass.
To the east of the Yolo Bypass, the vision includes
some improvements to the Sacramento Ship Channel.
Fish passage problems at the gate structure on the
Sacramento River at the. north end of the ship
channel should be resolved by constructing
fish
passage facilities. Connections
between the ship
channel and the new-island complexes at Liberty,
Little Holland,
and Prospect Islands would be
considered.
The major sloughs to the east between the ship
channel and the Sacramento River, including Miner,
Steamboat, Oxford, and Elk, should be improved as
salmon migration corridors. A riparian habitat would
be improved along these sloughs. Setback levees
along portions of these sloughs may expand the
slough and adjacent marsh complexes. Increases in
the hydraulic connections at the northern end of the
slough complex on the Sacramento River and at the
southern end at Prospect Island would increase tidal
and net flows through the complex, which along with
habitat improvements,
could represent important

w-4
h

BAY-DELTA
PROGRIM

rearing and migrating habitat improvements
for
salmon and other anadromous and resident fish.
Along the Sacramento
River channel between
Sacramento and Rio Vista, restoration is limited to
improvements to riparian vegetation along the major
federal levees and to protection
and possible
improvements
to retain remaining shallow-water
habitat and tule berms along the river sides of the
levees. In addition, habitats would benefit from
improving and maintain flows that contribute to
riparian regeneration.
These habitats
may be
important spawning habitat of delta smelt and other
native Delta fishes and important
rearing and
migratory habitats of juvenile salmon and steelhead.
The vision for the Stone Lakes-Snodgrass
SloughLower
Cosumnes/Mokelumne
complex
at the
northeast
side of the North
Delta Ecological
Management
Unit
includes
extensive
habitat
improvements.
These
improvements
will
be
consistent with increasing the connection of wetlands
and riparian woodlands
in the Stone Lakes and
Cosumnes preserves. Remnant marshes, riparian
woodlands, and tidal sloughs along Snodgrass Slough
would be protected and improved. Some small units
of leveed agricultural lands would be converted to
marsh-slough complexes. Flood control levees would
be upgraded and riparian and,shallow-water
habitats
improved on the waterside of the levees. Gated
connections with appropriate fish passage facilities
(and, potentially, screens) would be considered on the
Sacramento River at the north end of Snodgrass
Slough and Morrison Creek near Hood to provide this
portion of the unit with water at a level consistent
with pre-levee flows. Water hyacinth infestations
would be controlled throughout
the complex. All
unscreened agricultural
diversions located along
salmon migratory corridors or spawning habitat of
delta smelt would be screened.
Changes in the operation of the DCC gates would be
considered depending on which program alternative
is chosen.

EAST DELTA ECOLOGICAL
MANAGEMENT
UNIT
The vision for the East Delta Ecological Management
Unit focuses on restoration of native Delta habitats
that will improve spawning, rearing, and migration
habitats of native Delta fishes, as well as provide
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extensive new amounts of wetland, waterfowl,
and
wildlife
habitat. Restoring
a mosaic of habitat
conditions at a landscape level should provide
essential
resources
for all species, especially
communities or assemblages of species that are rare
within the Delta. Improvements
along the south
Mokelumne River and adjoining dead-end sloughs on
the east edge of the Delta should be the focus of
restoration efforts.

should provide essential resources for all species,
particularly communities or assemblages of species
that are rare within the Delta.
The vision for the South Delta
Ecological
Management Unit focuses on restoring floodplain
habitat along the lower San Joaquin River between
Mossdale and Stockton
and improving
riparian
habitat along leveed sloughs throughout the unit.
This is integral to the creation of the San Joaquin
River habitat corridor. Improving
interior slough
complexes of the Old and Middle rivers would
depend on which CALFED alternative is chosen for
through
the
Delta.
Minimal
conveyance
improvements would be made under alternatives that
use existing Delta channels because these channels
would remain major conduits for moving water to the
export pumps. Other alternatives would provide
more flexibility in the form of improvements
in
riparian and emergent wetland habitat and channel
configurations.
Depending
on the preferred
alternative, the South Delta Ecological Management
Unit could be a location in which extensive
restoration of tidal emergent wetlands and tidal
perennial aquatic habitats occurs. This is influenced
by the present land elevations and because land
subsidence has been less dramatic that in other
regions of the Delta.

The vision for Georgiana Slough, Snodgrass Slough,
the Cosumnes River and the South Ford of the
Mokelumne River channel is to improve riparian and
tidal marsh habitats and restore ecological processes,
such as floodplain-river
interactions, to the degree
feasible to create a sustainable East Delta habitat
corridor.
The vision for the east side of the unit along the
South Mokelumne River and its adjoining dead-end
sloughs (Beaver, Hog, and Sycamore) is extensive
restoration of native Delta habitats. Levee setbacks
and improvements along the river and sloughs would
be accompanied by shallow-water
and riparian
habitat improvements.
Subsided leveed lands between the sloughs would be
converted to floodplain overflow
basins. These
floodplains would support non-tidal, permanent tulemarsh wetlands, or seasonal agricultural production.
After many decades of flooding, marsh growth, and
sediment-laden
flood overflow,
these floodplains
could be converted to tidal wetland.

A major focus of the vision in the south Delta will be
expansion of the floodway in the lower San Joaquin
River floodplain between Mossdale and Stockton.
Setback levees and overflow basins offer opportunities
to increase the flood-bearing capacity of the existing
configuration
of the river floodplain, as well as
potential for creating significant amounts of native
tidal emergent wetlands
within
the floodplain,
regardless of which conveyance alternative is chosen.

Tidal headwaters of sloughs and adjacent lands would
be opened to provide permanent tidal wetland
marsh-slough
complexes.
Conversion
of these
agricultural lands would also reduce water diversions
(i.e., loss of water and juvenile fish). Levee setbacks
and a wider floodplain would improve habitat for fish
including resident delta smelt and splittail and
seasonal migrant salmon and steelhead from the
Cosumnes and Mokelumne rivers.

SOUTH
DELTA
MANAGEMENT

Another important focus of the vision is to solve the
problems associated with the export of water from
the south Delta export facilities of the SWP and CVP
near Byron and Tracy, respectively. Under all three
CALFED alternatives, it is imperative that the loss of
juvenile anadromous and resident fishes at the two
export facilities be reduced as soon as possible. A new
fish screen facility would be constructed that would
screen all water for both facilities. The screen system
would include a state-of-the-art
fish collection,
handling, and transport system that would reduce
fish losses. Some alternatives would further reduce
losses of fish from the south Delta by limiting

ECOLOGICAL
UNIT

Large-scale
habitat
restoration,
channel
and
floodplain improvements,
hydraulics, and losses at
unscreened diversions and water export facilities are
the primary focus of the restoration program in the
South Delta Ecological Management Unit. Restoring
a mosaic of habitat conditions at a landscape level
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diversions from the south Delta in seasons when fish
are most abundant or vulnerable. Fish losses could
also be reduced by providing alternative sources of
water to south Delta islands, which would otherwise
divert water from existing channels.
A barrier at the head of Old River would be installed
to prevent San Joaquin River water and fish from
moving into the southern Delta. The barrier would
help ensure that San Joaquin Iiiver water and juvenile
salmon would have some chance of reaching the
western Delta and the San Francisco Bay. Precautions
would be taken in the operation of the barrier to not
cause increased delta smelt, winter-run
chinook
salmon, and other fishes movement south into the
South Delta and greater losses at south Deltasxport
facilities.

Conceptual view of a f&h barrier at the Head of Old
River (DWR).

CENTRAL
ECOLOGICAL

AND WEST DELTA
MANAGEMENT
UNIT

Restoring habitat is the primary focus of the
restoration program in the Central and West Delta
Ecological Management Unit. Restoring a mosaic of
tidal emergent wetland and SRA habitat on a large
scale should provide essential resources for all species
dependent on the Delta. Protecting and enhancing
levees around all the deeper islands should include
major adjacent shoal and shallow-water
habitats, as
well as riparian and tule-berm (midchannel islands)
improvements.
Changes in channel hydraulics will
protect and improve habitats in specific sloughs.

Water conveyance through the Delta should be
concentrated
in specific channels that should be
reinforced for that purpose, and little habitat
restoration should be conducted along these channels
so as not to encourage residence of juvenile fishes.
Portions of deeper islands should be reclaimed where
possible for tidal or nontidal marsh habitat.
Unscreened
diversions
in important
migration
pathways of salmon and delta smelt should be
screened or relocated to other channels.
The vision for the Central and West Delta Ecological
Management Unit is to restore fresh emergent
wetland habitat, shoal and shallow-water
aquatic
habitat, and adjacent riparian habitat. Along the
main channel of the San Joaquin River where levees
are being upgraded; wetland, shoal, shallow-water,
and adjacent riparian habitat should be improved.
Where feasible, new construction
should set back
levees on portions of islands where the ratio of levee
length to protected agricultural acreage is high. This
will potentially
reduce levee construction
and
maintenance costs and provide new tidal shallowwater, slough, wetland, and riparian habitat.
These selected islands would be on higher elevation
lands to minimize the need for fill; however, some fill
would be needed on deeper corners. This might be
closely linked with the LTMS strategy for. the
beneficial reuse of dredge materials as it would
accelerate marsh rebuilding processes. On such
setbacks, levees would initially be maintained while
fill was applied and habitats developed. Eventually,
the levees would be breached or gated to allow tidal
flows into the newly developed habitats. In some
cases, entire small islands may be reclaimed, similar
to the way in. which portions of western Sherman
Island i6 the west Delta were reclaimed for aquatic
and marsh habitat. Along the margins of the unit
selected levees could be breached or removed to
provide areas of tidal wetlands
and adjacent
grasslands. The amount of new habitats potentially
derived from these actions represents as much as 10%
of the total acreage in the Central and West Delta
Ecological Management Unit.
Selected tidal channels and sloughs in the Central and
West Delta Ecological Management
Unit (e.g.,
Potato Slough and Disappointment
Slough) retain
good habitats in the form of midchannel islands,
shoreline marshes and riparian woodlands,
and
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contributing
to the development
of the Delta
landscape over the past 6,000 years. Sediments are
needed to maintain floodplains, shallow shoals,
mudflats, mid-channel islands, and contribute to
maintaining and restoring riparian, wetland, and
aquatic habitats. In the longer term, sediments may
play an important role in reversing land subsidence
on many Delta islands.

shallow waters. These habitats would be protected
and would also require active water hyacinth control
On deeper Delta islands, levees should be upgraded
to protect them from catastrophic failure. Portions of
or all of some islands would be considered for
establishing
permanent
nontidal
wetlands.
Approximately 30,000 acres of these islands would be
appropriate
for consideration
of permanent
or
seasonal wetland
development,
or combination
wildlife habitat and agricultural use. Selected islands
may also be appropriate for flood overflow basins or
seasonal water storage reservoirs.

NATURAL
FLOODPLAINS
AND
FLOOD
PROCESSES:
Expand the Delta floodplain by
setting back or removing portions of the levee. This
would enhance floodwater and sediment retention in
the Delta and provide direct and indirect benefits to
floodplain dependent
fish and wildlife.
Such
floodplain expansion should also help alleviate
flooding potential in other areas of the Delta.

Along the west side of the unit in the Highway 4
corridor, there are many opportunities to combine
urban, agricultural,
and native Delta liabitat
developments. There are many opportunities for tidal
slough and marsh habitat development in this area.

VALLEY
STREAM
CENTRAL
TEMPERATURES:
During spring and fall, Delta
channels are used by anadromous fish for migrating
between rivers and the Pacific Ocean and are used as
rearing areas as well. Untimely
high water
temperatures stress migrating fish by delaying their
movement or causing mortality. Improvements
in
riparian and SRA habitat along Delta channels would
improve water temperatures in small but important
increments in these areas during critical fall and
spring migrating periods. Higher inflow in late
winter and early spring will help delay warming of
the Delta channels.

Unscreened
diversions along major pathways of
salmon and delta smelt would be relocated or
screened. Screening systems at Antioch electric power
plants would be upgraded to reduce loss of fish to
entrainment
through or impingement on the fish
screens. The extent of screening needs would depend
on which program alternative is chosen

VISIONS

FOR ECOLOGICAL
PROCESSES

CENTRAL
VALLEV STREAMFLOWS:
Much of
the fresh water of the State drains the watersheds of
the Central Valley through the Delta. A healthy
pattern of freshwater inflow into and through the
Delta would entail natural late winter and spring
flow events especially in dry and normal water-year
types. Such flow events- would support
many
ecological processes and functions essential to the
health of important
Bay-Delta
fish populations.
Inflow to the Delta is impaired in dry and normal
rainfall years from the storage and diversion of
natural inflow to the basin watersheds. The need for
inflow coincides with the need for natural flows in the
mainstem rivers, their tributaries, and San Francisco
Bay. Increasing low salinity habitat at Roe Island,
Chipps Island, and at Coll’ msville will benefit rearing
native fishes dependent on this type of habitat.

DELTA CHANNEL
HYDRAULICS:
Confinement
of Delta channels and use of channels to convey water
across the Delta has led to reduced productivity and
habitat value of Delta channels. Restoration
of
natural hydraulic conditions in some Delta channels
would improve productivity and habitat values.
BAY-DELTA
AQUATIC
FOODWEB:
The aquatic
foodweb of the Delta, which supports important
resident and anadromous fish, has been severely
impaired. The major foodweb
stressors include
reductions
in freshwater
flow, water
drought,
diversions, introductions of non-native species (e.g.,
Asiatic clams), and loss of shallow water and wetland
habitats. Proposed improvements
in spring flows,
channel hydraulics, wetland habitats, and floodplain
inundation should lead to a healthier and more
productive aquatic foodweb. Improved water quality
and greater sediment retention in wetland, riparian,

COARSE
SEDIMENT
SUPPLY:
Maintain
a
sustainable supply of natural sediments to the Delta.
Sediments are one of the basic ecological components
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and floodplain
productivity.

VISIONS

INLAND
DUNE SCRUB:
Protecting remaining
inland dune scrub habitat will protect special-status
wildlife populations and special plant species.

habitats will also increase foodweb

FOR HABITATS

PERENNIAL
GRASSLANDS:
Protecting
and
improving perennial grassland habitats will benefit
special-status
wildlife populations,
special status
plants, and help protect adjoining wetland habitats.

TIDAL PERENNIAL
AQUATIC
HABITAT:
Land
reclamation in the Delta has reduced the area of tidal
aquatic habitats such as small sloughs, ponds, and
embayments
in tidal wetlands.
Increased tidal
wetland acreage and associated aquatic habitats will
provide additional valuable fish and waterfowl
habitats.

FRESHWATER
FISH HABITAT:
Freshwater fish
habitats are an important
component needed to
ensure the sustainability
of resident native and
anadromous
fish species. The Delta provides
floodplain pool ephemeral water habitat, sloughs,
oxbow lakes, and backwater
habitats, valley floor
rivers which include the main channels of the
Sacramento and San-Joaquin (Moyle and Ellison
1991). The quality of freshwater fish habitat in the
Delta will be maintained through actions directed at
coarse sediment
supply,
stream
streamflows,
meander, natural floodplain and flood processes, and
maintaining and restoring riparian and riverine
aquatic habitats and tidally influenced shallow water
habitats.

NONTIDAL
PERENNIAL
AQUATIC
HABITAT:
Increasing the area of ponds and lakes on leveed land
in the Delta will provide needed habitats for
shorebirds, waterfowl, and wildlife.
DELTA SLOUGHS:
Increasing the number, length,
and area of dead-end and open-end sloughs in the
Delta will benefit native fishes, as well as waterfowl,
wildlife, and neotropical songbirds.
MIDCHANNEL
ISIANDS
AND
SHOALS:
Channel islands in the Delta have associated remnant
shallow-water, wetland, and riparian habitats that are
valuable for fish and wildlife and sensitive plants.
Maintaining and restoring these islands is important
given the lack of such habitats and limited potential
for creating new habitats within the Delta channels.

ESSENTIAL FISH HABITAT:
The Delta has been
identified as Essential Fish Habitat (EFH) based on
the definition of waters currently
or historically
accessible to salmon (National
Marine Fisheries
Service 1998). Key features of EFH to maintain or
restore in the Delta include substrate composition;
water quality; water quantity, depth and velocity;
channel gradient and stability; food; cover and
habitat complexity; space; access and passage; and
flood plain and habitat connectivity.

FRESH
EMERGENT
WETLAND
HABITAT:
Restoring tidal and nontidal marshes in the Delta will
benefit foodweb productivity
and water quality. It
will
also provide important
habitat for fish,
waterfowl,
wildlife, and sensitive plant species and
communities.
.

AGRICULTURAL
LANDS:
Improving habitats on
and adjacent to agricultural lands in the Delta will
benefit ’ native waterfowl
and wildlife
species.
Emphasizing
certain agricultural
practices (e.g.,
winter flooding and harvesting methods that leave
some grain in the fields) will also benefit specialstatus wildlife such as sandhill cranes.

SEASONAL
WETLAND
HABITAT:
Increased
seasonal flooding of leveed lands and flood bypasses
will provide important
habitats for shorebirds,
waterfowl, and raptors, particularly Swainson’s hawk,
native plants and wildlife and for the spawning,
rearing, and migration of native fish species. Flooding
and draining of seasonal wetlands also contributes to
the aquatic and terrestrial foodwebs of the Delta and
Bay.

VISIONS
FOR REDUCING
OR
ELIMINATING
STRESSORS

RIPARIAN
AQUATIC
AND
RIVERINE
HABITAT:
Restoring riparian @atersid$ vegetation
corridors along levees and associated SR4 habitats
will benefit many native fish and wildlife species
dependent on this type of habitat.

WATER DIVERSIONS:
Screening, consolidating,
reducing, and relocating water diversions will reduce
loss of important fish and aquatic foodweb organisms.
These actions will also improve Delta outflow and
channel hydraulics. Relocating south Delta diversion

wm
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Reducing toxin inputs in
discharges and from contaminated sediments is
essential to maintain water quality. Reduced
concentrations in waters entering the Delta should
lead to lower concentrations in Delta water and in
fish and invertebrate tissues.Fewer health warnings
for human consumption of Delta fish and improved
foodweb productivity would also be expected.
CONTAMINANTS:

and rehabilitating fish facilities should greatly reduce
the annual losses to these diversions. Improved
screening at large Delta power plants should reduce
entrainment
and impingement
losses of many
important Delta fish species.
LEVEES,

BRIDGES,

AND

BANK

PROTECTION:

Levee construction and bank protection have led to
the loss of riparian, wetland, and shallow-water
habitat throughout the Delta. Habitat improvement
on levees and shorelines should help. restore
biodiversity and ecological functions needed for
aquatic and wildlife resourcesof the Delta.
DREDGING

AND

SEDIMENT

OF FISH AND WILDLIFE:
The legal
and illegal harvest of fish may limit recovery of some
populations in the Delta and its watersheds.
Increasing enforcement will help reduce illegal
harvest of striped bassand sturgeon in the Delta.
Increasedenforcement and public education should
lead to reduced frequency of violations per check by
enforcement personnel.
HARVEST

DISPOSAL:

Reducing the loss of and degradation to important
aquatic habitat and vegetated berm islandscausedby
dredging activities would protect, restore, and
maintain the health of aquatic resources in and
dependent on the Delta.

The loss of aquatic organisms,
primarily fish species,will be better understood and
remedial actions developed and implemented. The
primary focus of this effort will be in the Yolo
Bypass.
STRANDING:

SPECIES:
Over the past severaldecades,
the accidental introduction of many marine and
estuarine organismshasgreatly changed the plankton
and benthic (bottom
and shore dwelling)
invertebrates of the Delta. These organisms come
mainly from the ballast waters of shipsfrom the Far
East. The introduction of these invasive specieshas
had further ramifications up the foodweb. Further
changescan be expected if restrictions are not made
on ballast water releasesinto the San Francisco Bay
and Delta. Border inspections and enforcement of
regulations regarding ballast water releasesshould
reduce the number of invasions each year to the
Delta. Where invasive specieshave become a serious
problem, possiblemeanswill be developed to control
their distribution and abundance.
INVASIVE

DISTURBANCE:
Boat traffic in the Delta
contributes to the erosionof remaining shallowwater,
riparian, and wetland habitats along Delta channels.
Reducing boat speedsand traffic in channelswhere
remnant or restored habitats are susceptibleto wave
erosiondamagewould help preserveexisting remnant
habitat and ensure the successof habitat restoration
efforts. Reducedrates of erosion and lossof shoreline
habitats would be expected in areas of reduced
disturbance. Enforcement and /or stricter boating
regulations on bilge pumping, refueling, and oil
changeswill result in decreasedcontaminant loading
and improve water quality. Boating also adversely
affect two critical biological events in the Delta:
spawning seasonsfor fish, particularly shallow water
spawnerssuch asdelta smelt, and wintering periods
for waterfowl and shorebirds.

PREDATION
AND COMPETITION:
The numbers
of predatory fish at certain locations in the Delta
(e.g., Clifton Court Forebay) are high and contribute
to the loss of resident and anadromous fish.
Reductions in theselocal predator concentrations may
reduce predation on important fish, including
juvenile chinook salmon, steelhead,striped bass,and
delta smelt. Predator control would alsoimprove fish
salvageat the State Water Project facilities at Clifton
Court Forebay. Programs and projects that exclude
fish such as salmon and delta smelt from areasthat
harbor concentrations of predators will contribute to
reducing the adverseeffects of predation.

VISIONS

FOR SPECIES

DELTA
SMELT:
The vision for delta smelt is to
recover this State- and federally listed threatened
species.Recovery of the delta smelt population in the
Delta will occur through improved Delta inflow,
greater foodweb productivity, increased areas and
quality of aquatic habitats, including the South
Delta, and reduced effects of water diversions.Higher
production should be apparent in dry and normal
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water year types in response to improvement in flows,
habitats, and foodweb and to reductions in stressors.

TROUT:
The vision for steelheadis to
recover this federally listed threatened species.
Steelhead will benefit from improved Delta inflow
and outflow, channel hydraulics, and increasedarea
of tidal marshlands.The vision is that restoration of
ecological processes and habitats, along with a
reduction of stressors,will contribute to stable and
larger steelheadpopulations.
STEELHEAD

SMELT:
The vision for longfin smelt is
to recover this California speciesof specialconcern in
the Bay-Delta estuary so that it resumesits historical
levels of abundance and its role as an important prey
speciesin the Bay-Delta aquatic foodweb. Achieving
consistently high production of longfin smelt in
normal and wetter years, which historically produced
more abundant juvenile populations (year classes),
will be critical to the recovery of longfin smelt.
LONGFIN

LAMPREY:
The vision for anadromouslamprey is to
maintain and restore population distribution and
abundance to higher levels than at present. The
vision is also to understand life history better and
identify factors which influence abundance. Better
knowledge of these speciesand restoration would
ensuretheir long-term population sustainability.

The vision for splittail is to recover this
federally listed threatened species in order to
contribute to the overall speciesrichnessand diversity
and to reduce conflict between splittail pi5tective
measuresand other beneficial usesof water in the
Bay-Delta. Recovery of the Delta splittail population
.will occur through increasedflooding of floodplains,
higher late-winter Delta inflow, and improved tidal
aquatic and wetland habitats. Greater production of
young would be expected in dry and normal water
year types.
SPLITTAIL:

PERCH:
The vision for the
Sacramentoperch is to contribute to the recovery of
this California species of special concern and to
contribute to the overall species richness and
diversity. Although extirpated from the Delta,
restoration of Delta islands and heavily vegetated
shallow water habitats may contribute to its
restoration.
SACRAMENTO

STURGEON:
The vision for green sturgeon
is to recover this California speciesof specialconcern
and to restorepopulation distribution and abundance
to historical levels. Restoration of this species
contributes to overall speciesrichness and diversity
and reducesconflict between the need for protection
for thesespeciesand other beneficial usesof water in
the Bay-Delta. Green sturgeon would benefit from
improved ecosystem processes,including adequate
streamflow to attract adults to spawning habitat,
transport larvae and. early juveniles to productive
rearing habitat, and maintain productivity and
suitability of spawning andrearing habitat (including
production of food).
GREEN

STURGEON:
The vision for white sturgeon
is to maintain and restore population distribution and
abundance to historical levels. Restoration would
support a sport fishery for white sturgeon and
contribute to overall speciesrichness and diversity
and reduce conflict between the need for protection
of this speciesand other beneficial usesof water in the
Bay-Delta.
WHITE

BASS:
The vision for striped bassis to
maintain healthy populations,, consistent with
restoring natives species, to their 1960s levels of
abundance to support a sport fishery in the Bay,
Delta, and tributary rivers, and to reduce the conflict
between protection of striped bass and other
beneficial usesof water in the Bay-Delta. The striped
basspopulation will benefit from increasedinflows to
the Delta in late winter and spring, an improved
aquatic foodweb, and reduced effects of water
diversions. Improvements in water quality and
reducing summer losses to diversions may be
important in the long-term recovery of striped bass.
Given the high reproductive capacity of striped bass,
improvements in production of young shouldquickly
follow improvements in flow and foodweb and
reductions in stressors.
STRIPED

SALMON:
The vision for chinook
salmon is to recover all stocks that are listed or
proposed for listing under CESA or ESA. Central
Valley chinook salmonpopulations will increasewith
improved late-winter and spring flows through the
Delta, increasesin wetland and floodplain habitats,
lower spring water temperatures, an improved
aquatic foodweb, and reduced effects of water
diversions. Survival rates through the Delta should
increase. Numbers of young salmon rearing in the
Delta should increase with improved winter-spring
flows and wetland habitats.
CHINOOK

Sacramento-San

92

Volume II: Ecosystem Restoration Program Plan
Joaquin Delta Ecological Management Zone Vision
July 2aolJ

AMERICAN
SHAD: The vision for American shad
is to maintain a naturally spawning population,
consistent with restoring native species, to support a
sport fishery similar to the fishery that existed in the
1960s and 1970s. Central Valley American shad
populations will benefit from improved spring Delta
inflow and an improved Delta aquatic foodweb.
Populations would be expected to remain stable or
increase. Increases would be expected in dry and
normal rainfall years.

existing and additional suitable aquatic, wetland, and
floodplain habitats and reducing the effect of other
factors that can suppress breeding success will be
critical to the recovery of the western spadefoot.
Restoration
of aquatic, seasonal wetland,
and
floodplain habitats in the Sacramento-San Joaquin
Delta Ecological Management Zone will help recover
this species by increasing habitat quality and area.
CALIFORNIA
TIGER SALAMANDER:
The vision
for the California tiger salamander is to maintain
existing populations of this Federal candidate species
in the Bay-Delta.
Achieving
this vision will
contribute to overall species richness and diversity
and reduce conflict between the need for their
protection and other beneficial uses of land and water
in the Bay-Delta. Protecting and restoring existing
and additional suitable aquatic, wetland,
and
floodplain habitats and reducing the effect of other
factors that can suppress breeding success will be
critical to the recovery of the California tiger
salamander. Restoration of aquatic, seasonal wetland,
and floodplain habitats in the Sacramento-San
Joaquin Delta Ecological Management Zone will help
recover this species by increasing habitat quality and
area.

NON-NATIVE
WARMWATER
GAMEFISH:
The
vision for non-native warmwater
gamefish is to
maintain self-sustaining populations, consistent with
restoring
native species, in order to provide
opportunities for consumptive uses such as asling.
NATIVE RESIDENT
FISH SPECIES: The vision
for native resident fish species is to maintain and
restore the distribution
and abundance of native
species such as Sacramento blackfish, hardhead, and
tule perch. Many native fish species will benefit from
improved aquatic habitats and foodweb. Population
abundance indices should remain stable or increase.
The distribution
of native resident fishes should
increase with widespread habitat restoration. The
extirpated Sacramento perch could be restored to new
habitats in the Delta.

CALIFORNIA
RED-LEGGED
FROG: The vision
for the California red-legged frog is to maintain
populations of this federally listed threatened species.
Achieving this vision will contribute to the overall
species richness and diversity and to reduce conflict
between protection
for this species and other
beneficial uses of land and water in the Bay-Delta.
Protecting existing and restoring additional suitable
aquatic, wetland, and riparian habitats and reducing
mortality from.non-native predators will be critical to
achieving recovery of the California red-legged frog.
Restoration of aquatic, wetland, and riparian habitats
in the Sacramento-San Joaquin Delta Ecological
Management Zone will help in the recovery of this
species by increasing habitat quality and area.

BAY-DELTA
FOODWEB
ORGANISMS:
The
vision for the Bay-Delta aquatic foodweb organisms
is to restore the Bay-Delta estuary’s once-productive
food base of aquatic algae, organic matter, microbes,
and zooplankton communities. Restoring the BayDelta foodweb organisms would require enhancing
plankton growth and evaluating the need to reduce
loss of plankton to p?rater exports, particularly in drier
years. Several options exist for enhancing plankton
growth.
Improving
Delta inflow and outflow in
spring of drier years will be an essential element of
any plan. Another
important
element includes
reducing the amount of toxic substances entering the
system
which
may adversely
affect foodweb
organisms.

GIANT GARTER SNAKE: The vision for the giant
garter snake is to contribute to its recovery in order
to contribute to the overall species richness and
diversity. Achieving this vision will reduce the
conflict between protection for this species and other
beneficial uses of land and water in the Bay-Delta.
Protecting existing and restoring additional suitable
wetland and upland habitats will be critical to
achieving recovery of the giant garter snake. The

WESTERN
SPADEFOOT:
The vision for the
western spadefoot is to maintain this California
species of special concern in the Bay-Delta. Achieving
this vision will contribute to overall species richness
and diversity and reduce conflict between the need
for its protection and other beneficial uses of land and
water in the Bay-Delta. Protecting and restoring

Sacramento-San

93

Volume Ii: Ecosystem Restoration Program Plan
Joaguin Delta Ecological Management Zone Vision
July 2000

restoration of aquatic, wetland, riparian,
_proposed
_
and upland habitats in the Sacramento-San Joaquin
Delta Ecological Management Zone will help in the
recovery of this species by increasing habitat quality
and area.

restore healthy populations through habitat
protection and restoration and reduction is stressors.
Shorebirds and wading birds will benefit from
restoration of wetland, riparian, aquatic, and
agricultural habitats. The extent of seasonaluse of
the Delta by these birds should increase.

POND
TURTLE:
The vision for the
western pond turtle is to maintain the abundanceand
distribution of this California species of special
concern in order to contribute to the overall species
richness and diversity. Achieving this vision will
reducethe conflict between protection for this species
and other beneficial usesof land and water in the
Bay-Delta. Protecting existing and restoring
additional suitable wetland and upland habitats will
be critical to achieving recovery of the westerA pond
turtle. The proposed restoration of aquatic, wetland,
riparian, and upland habitats in the Sacramento-San
Joaquin Delta EcologicalManagement Zone will help
in the recovery of thesespeciesby increasing habitat
quality and area.
WESTERN

BRUSH
RABBIT:
The vision for the
riparian brush rabbit is to contribute to the recovery
of this State-listed endangered speciesin the BayDelta through improvements in riparian habitat and
reintroduction to its former habitat. Restoring
suitable mature riparian forest, protecting and
expanding the existing population, and establishing
five new populations will be critical to the recovery of
the riparian brush rabbit. Restoration of riparian
habitats in the South Delta Ecological Management
Unit of the Sacramento-SanJoaquin Delta Ecological
Management Zone and the East SanJoaquin Basin
Ecological Management Zone and adjacent upland
plant communities will help the recovery of this
species by increasing habitat area and providing
refuge from flooding.
RIPARIAN

HAWK:
The vision for the
Swainson’shawk is to contribute to the recovery of
this State-listed threatened speciesto contribute to
the overall species richness and diversity.
Improvements in riparian and agricultural wildlife
habitats will aid in the recovery of the Swainson’s
hawk. Increased abundance and possibly some
nesting would be expected in the Delta asa result of
improved habitats.
SWAINSON’S

The vision for waterfowl is to
maintain and restore healthy populations at levels
that can support consumptive (e.g., hunting) and
nonconsumptive (e.g., birdwatching) usesconsistent
with the goals and objectives of the Central Valley
Habitat Joint Venture aspart of the North American
Waterfowl Management Plan. LMany species of
resident and migratory waterfowl will benefit from
improved aquatic, wetland, riparian, and agricultural
habitats. Increase use, of the Delta and possibly
increasesin somepopulations would be expected.
WATERFOWL:

BLACK
ROIL: The vision ‘for the
California black rail is to contribute to the recovery of
this State-listed threatened speciesto contribute to
overall species richness and diversity. Restoring
emergent wetlands in the Delta should aid in the
recovery of the California- black rail. Population
abundance and distribution should increase in the
Delta.
CALIFORNIA

SPECIES
AND COMMUNITIES:
The
vision for plant speciesand communities is to protect
and restore theseresourcesin conjunction with efforts
to protect and restore wetland, riparian, grassland,
and upland habitats.
PLANT

SANDHILL
CRANE:
The vision for the
greater sandhill crane is to contribute to the recovery
of this State-listed threatened speciesin the BayDelta. Improvements in pasture lands and seasonally
flooded agricultural habitats, such as flooded corn
fields, should help toward recovery of the greater
sandhill crane population. The population should
remain stable or increase with improvements in
habitats.
GREATER

The vision is to maintain healthy
populations of upland game speciesat levels that can
support both consumptive (e.g., hunting) and
nonconsumptive (e.g., birdwatching) uses,through
protection and improvement of habitats and
reduction in stressors. Protecting and restoring
existing and additional suitable grassland, seasonal
and emergent wetland, midchannel island and shoal,
and riparian habitats, and improving management of
agricultural lands and reducing the effect of stressors
UPIAND

AND WADING
BIRDS: The vision
for shorebird and wading birds is to maintain and
SHOREBIRDS

GAME:
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that can suppress breeding success will be critical to
maintaining healthy upland game populations in the
Bay-Delta.

WESTERN
LEAST BITTERN:
The vision is to
maintain western least bittern and its habitat
throughout the Delta by protecting and restoring
forage, nesting, and roosting habitats in conjunction
with other habitat restoration actions.

NEOTROPICAL
MIGRATORY
BIRDS: The vision
for the neotropical migratory bird guild is to restore
and maintain healthy populations of neotropical
migratory birds through restoring habitats on which
they depend. Protecting
existing and restoring
additional suitable wetland, riparian, and grassland
habitats will be critical to maintaining
healthy
neotropical migrant bird populations in the BayDelta. Large-scale restoration of nesting habitats will
help reduce nest parasitism and predation by creating
habitat conditions that render neotropical birds less
susceptible to these stressors.
-

SIGNAL CRAYFISH:
The vision for signal crayfish
is to maintain populations at levels which will allow
recreational and commercial harvest. Benefits for this
introduced species will be indirect, resulting from
streamflow modification, reduction in contaminant
loadings, and restoration of tidally influenced shallow
water habitats.

INTEGRATION
RESTORATION

LANGE’S
METALMARK
BUTTERFLY:
The
vision for Lange’s metalmark butterfly is to recover
this federally listed endangered species by increasing
its distributing
and abundance through habitat
protection and restoration.

WITH OTHER
PROGRAMS

Attaining the vision for the Delta will involve a longterm commitment with short-term
and long-term
elements. Short-term elements include features that
can and need to be implemented as quickly as
possible either because of a long-standing need or a
pressing opportunity.
Plan elements where need,
priority, technical and engineering feasibility, or cost
effectiveness are questionable would be long-term.
However, even long-term elements would in most
cases benefit from short-term pilot studies that would
address
need, feasibility,
science, and cost
effectiveness.

DELTA GREEN GROUND
BEETLE: .The vision
for the delta green ground beetle is to contribute to
the recovery of this federally listed threatened species
by increasing its populations and abundance, through
habitat restoration.
VALLF(
ELDERBERRY
LONGHORN
BEETLE:
The vision for the valley elderberry longhorn beetle is
to recover this federally ,listed threatened species by
increasing its populations and abundance through
habitat restoration.

Changes in freshwater inflow patterns to the Delta is
a long-standing need; however, without developed
supplies, the prescribed spring flows may not be
possible in all year types. In the short-term, efforts
would be made to provide the flows with available
CVP water supplies in Shasta, Folsom, and New
Melones Reservoirs using water prescribed by the
CentralValley Project Improvement Act ($3406 b2
water) and additional water purchased from willing
sellers (CVPIA $3406 b3 or CALFED purchased
water). The effectiveness of water dedicated for such
purposes would be maximized through use of tools
such as water transfers. In the long term, additional
environmental water supplies may be needed to meet
all flow needs.

WESTERN
YELLOW-BILLED
CUCKOO:
The
vision for the western yellow-billed
cuckoo is to
contribute to recovery of this State-listed endangered
species. There is no recent occurrence information for
the yellow-billed cuckoo in the Delta. However, the
cuckoo would become reestablished in the Delta and
will benefit from improvements in riparian habitats.
Improvements
will result from efforts to protect,
maintain, and restore riparian and riverine aquatic
habitats throughout the Delta.
LISTED PLANT SPECIES,: The vision for Mason’s
lilaeopsis, Suisun marsh aster, delta mudwort, delta
tule pea, and delta coyote-thistle
is to recover or
contribute
to the recovery of these species by
integrating their habitat requirements into planning
and implementation
of projects to restore tidally
influenced and other habitats.

Related programs in this Ecological Management
Zone include the CVPIA and Anadromous Fisheries
Restoration Program, the SB 34 levee subvention
program, Central Valley Habitat Joint Venture, the
Riparian Habitat Joint Venture (a multiagency
cooperative effort), Ducks Unlimited’s Valley Care
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program, the Nature Conservancy’s Cosumnes River
and Jepson Prairie Preserves, the USFWS’s Stone
Lakes Refuge, the DFG’s Yolo Basin Wildlife Area,
East Bay Park’s Big Break and Little Franks Tract
recreation
areas, and outreach programs
that
compensate private landowners who improve wildlife
management of their lands. The U.S. Army Corps of
Engineer’s program to mitigate for habitat losses
from levee protection in the Delta should coordinate
closely with the restoration program.

Because the ERPP addresses endangered species from
a broader ecosystem perspective, many restoration
actions will benefit broad species communities and
the habitats upon which they depend. These include
actions to benefit aquatic and terrestrial fish and
wildlife species as well as special plants and plant
communities.

lMuch of the infrastructure
to implement the vision
for the Delta now exists. Existing programs could
implement many of the restoration actions outlined
in this vision. In areas where cooperative agency and
stakeholder
efforts
do not now exist, such
organizations can be developed to help implement
the program. Cooperative efforts where agencies have
formed partnerships
to restore valuable aquatic,
wetland, and riparian habitats in the east Delta
would be supported and used as a model for other
similar efforts (e.g., the Cosumnes River Preserve,
with the Nature Conservancy and Ducks Unlimited).
Other examples include the establishment of wildlife
refuges at Stone Lakes and the Yolo Bypass, each
with multiple partners and commitments.
The
California Department
of Water Resources, DFG,
and the U.S. Fish and Wildlife Service (USFWS) own
considerable properties in the Delta (e.g., West
Sherman Island Wildlife Area), which with funding
support can be restored or upgraded to fit the vision.
The Interagency Ecological Program (IEP) is an
established research and monitoring unit that, with
support, can accomplish the expanded evaluation and
monitoring needs.
,

Restoring and maintaining ecological processes and
functions in the Delta Ecological Management Zone
will augment other important ongoing and future
restoration efforts for the zone. The Anadromous Fish
Restoration Program of the CVPIA (USFWS 1997)
has a goal to double the natural production
of
anadromous fish in the ‘system over the average
production during 1967 through 1991. CVPIA
authorized the dedication and management
of
800,000 AF of CVP yield annually for the purpose of
implementing
the fish, wildlife,
and habitat
restoration purposes and measures that include water
purchased for inflow to and outflow from the Delta.

ENDANGERED

SPECIES

CENTRAL
VALLN
IMPROVEMENT

CENTRAL

PROJECT
ACT

VALLEY
HABITAT
VENTURE

JOINT

The Central Valley Habitat Joint Venture is a
component
of the USFWS’s
North
American
Waterfowl
Management Plan, with funding and
cooperative project participation by federal, State,
and private agencies. New funding sources, including
CALFED restoration funds, are being sought to
implement the Joint Venture. The Joint Venture has
adopted an implementation
plan that includes
objectives to protect wetlands by acquiring fee-title
or conservation easements and to enhance waterfowl
habitat in wetlands and agricultural lands. Joint
Venture objectives and targets have been adopted by
the ERPP.

RECOVERY

The ERPP will be an important,
if not major,
component
in the successful implementation
of
recovery measures for species listed under either the
State or Federal ESAs. For example, many of the
targets and programmatic actions listed later in this
section are derived from existing recovery plans. Two
plans of major importance include the Recovery Plan
for the Sacramento/San Joaquin Delta Native Fishes
(U.S. Fish and Wildlife Service 1996) and the NMFS
Proposed Recovery Plan for the Sacramento River
Winter-run
Chinook
Salmon (National
Marine
Fisheries Service 1997).

SAN

JOAQUIN
COUNTV
HABITAT
CONSERVATION
PLAN

The San Joaquin County Habitat Conservation Plan
is nearing completion and describes mechanisms for
offsetting past and future impacts associated with
land use changes. The habitat conservation plan
outlines an approach for acquiring lands using
preservation criteria.
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DELTA
PROTECTION

WILDLIFE
AND

One important ecological processthat needsfurther
evaluation is sediment. The sediment budget of the
Delta is of particular interest and there is a need to
quantify sediment input, sediment depositional
patterns in the Delta, and sediment output.

HABITAT
RESTORATION

PLAN
While not a formal plan, this plan is used to guide
California Department of Fish and Game (DFG),
USFWS, and other agencies’programs to wisely use
and protect riparian and wetland habitats in the Bay
and Delta. Its goals are to protect and improve
habitat and inform the public of the magnitude of
problems that threaten wildlife and their habitat. It
also provides mechanisms for cooperation between
local governments and State and federal agencies.

CALFED

BAY-DELTA

RESTORATION
TARGETS
AND
PROGRAMMATIC
ACTIONS
Targets developed for the Sacramento-SanJoaquin
Delta Ecological Management Zone (and the 13
other ecological management zones)can be classified
by their reliability in contributing to attainment of
the Strategic Objectives. The target classification
system used in the following section is as follows:

PROGRAM

CALFED has funded over 20 ecosystem restoration
projects in the Sacramento-SanJoaquin Delta. Many
of these projects deal with restoration of tidal aquatic
habitat and screeningof water diversions. Two of the
more significant projects addressthe land subsidence
problem, by studying methods to return the land to
its pre-disturbance elevation. Department of Water
Resources is allowing biomass to accumulate on
Twitchell Island to reversethe subsidence.In another
project, the United States Geological Survey is
studying the movement and availability of sediment
supplies in the Delta.

LINKAGE
ECOLOGICAL

Class
-. Description
+
Target for which additional
research, demonstration, and
evaluation is needed to determine
feasibility or ecosystem response.
++

Target which will be implemented in
stages with the appropriate
monitoring to judge benefit and
success.

+++

Target that has sufficient certainty
of success to justify full
implementation in accordance with
adaptive management, program
priority setting, and phased
implementation.

TO OTHER
MANAGEMENT
20~13

Realizing the vision in this Ecological Management
Zone depends in part pn achieving the targets in the
Sacramento River, Eastside Delta Tributaries, Yolo
basin, and SanJoaquin River Ecological Management
Zones. Targets in the’ Suisun Marsh/North San
Francisco Bay Ecological Management Zone should
be pursued in combination with the Delta to restore
important rearing habitats, reduce the introduction
of contaminants, and control the introduction of nonnative aquatic species.Meeting the flow needsfor the
Sacramento, Feather, Yuba, American, Mokelumne,
Stanislaus, Tuolumne, and Merced rivers is essential
to the Delta freshwater inflow needs. Aquatic,
riparian, and wetland corridors in the Yolo and
Eastside Delta Tributaries Ecological Management
Zones are alsodirectly linked and integral to habitat
corridors in the Delta.

ECOLOGICAL
CENTRAL

VALLEY

PROCESSES
STREAMFLOWS

TARGET:
The general target is to more
closely approach the natural (unimpaired) seasonal
Delta outflow patterns that:
GENEFWL

transport sediments,
stimulate the estuary foodweb,
n
provide for up and downstream fish passage,
n
contribute to riparian vegetation succession,
H transport larval fish to the entrapment zone,
H maintain the entrapment zone and natural
salinity gradient, and
n
provide adequate attraction and migrating flows
for salmon, steelhead, American shad, white
q
n
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sturgeon, green sturgeon, lamprey striped bass,
splittail, delta smelt, and longfin smelt.
Besides seasonal peak flows, low and varying flows
are also essential elements of the natural Delta
outflow pattern to which native plant and animal
species have adapted. Specific targets for different
flow pattern attributes may vary with the different
storage and conveyance alternatives being considered
in the CALFED Program.

Mokelumne,
Calaveras,
and San Joaquin
tributary pulsed flows prescribed under the LMay
1995 Water Quality Control Plan, and

n

supplemental

flows.

TARGET 3: Provide a fall or early winter outflow
that approximates the first “winter” rain through the
Delta (+).
PROGRAMMATIC
ACTION 3~: Allow the first
“significant” fall/winter natural flow into the Delta
(most likely either from rainfall or from unimpaired
flows from tributaries and lower watersheds below
storage reservoirs or from flows recommended by
DFG and the Anadromous Fish Restoration Program
{AFEP}) to pass through the Delta to the San
Francisco Bay by limiting water diversions for up to
10 days. (No supplementary release of stored water
from reservoirs would be required above that required
to meet flows prescribed by DFG and AFRP.)

TARGET 1: Provide a March outflow that occurs
from the natural late-winter
and early-spring peak
inflow from the Sacramento River. This outflow
should be at least 20,000 cfs for 10 days in dry years,
at least 30,000 cfs for 10 days in below-normal water
years, and 40,000 cfs for 10 days in above-normal
water years. Wet-year outflow is generally adequate
under the present level of development (a*).
PROGRAMMATIC
ACTION
1 A: Prescribed
outflows in March should be met by the cumulative
flows of prescribed flows for the Sacramento, Feather,
Yuba, and American rivers. Assurances must be
obtained (e.g., to limit Delta diversions) that these
prescribed flows will be allowed to contribute to
Delta outflow. A portion of the inflow would be from
base (minimum) flows from the east Delta tributaries
and the San Joaquin River and its tributaries.

TARGET 4: Provide a minimum flow of 13,000 cfs
on the Sacramento River below Sacramento in May of
all but critical years (U.S. Fish and Wildlife Service
1995) (+).
PROGFMMMATIC
ACTION
4~: Supplement
flows in May of all but critical years as needed from
Shasta, Oroville, and Folsom reservoirs to maintain
an inflow of 13,000 cfs to the Delta.

TARGET
2: Provide a late-April to early May
outflow that emulates the spring inflow from the San
Joaquin River. The outflow should be at least 20,000
cfs for 10 days in dry years, 30,000 cfs in below
normal years, and 40,000 cfs in above normal years.
These flows would be achieved through base flows
from the Sacramento River and flow events from the
Mokelumne, Calaveras, Sta-nislaus, Tuolumne, and
Merced rivers (+).

RATIONALE:
The proposed March supplemental
flows were selected as a representative value for
impact analysis in the Programmatic
EIS/EIR.
Throughout the ERP, the need to determine optimal
streamflow for ecological processes, habitats, and
species is repeated. The issues of supplemental flows
are complex in’term oiecosystem improvements. The
frequency, magnitude, duration, timing and rate of
change ofstreamflows
that form channels, create and
maintain riparian habitat (including all species of
vegetation), and promote all life stages of the various
aquatic species dependent on a particular stream will
never occur within a single year. An optimal flow
regime will have to vary, perhaps significantly, from
supplemental
year
to
year.
The
‘flow
recommendations
will be an intensive exercise in
T adaptive management and must be based on credible
scientific underpinnings.

PROGFWMMATIC
ACTION
2~:
Prescribed
outflows in late April and early May should be met
by the cumulative
prescribed
flows from the
Stanislaus, Tuolumne, and Merced rivers (see East
San Joaquin Basin Ecological Management Zone),
and Mokelumne and Calaveras rivers (see Eastside
Delta Tributaries Ecological Management Zone). It
will be necessary to obtain assurances that these
prescribed flows are allowed to contribute to Delta
outflow. The flow event would be made up of:
n

4

Changing the seasonal pattern of freshwater flows
into and through the Delta will help restore the

the Cosumnes River,
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provided by supplementing rhe A
orescribedA
DuJseflow
:n the lj95 Warer QuaJiry Control Plan with
additional waters purchased from willing sellerson
the Mokelumne, Stanislaus, Tuolumne, and Merced
rivers.

Delra’s

ecosystem processes and functions.
This
resroration is fundamental to rhe health of
aquaric, werland, and riparian resources.

ecosysrem

Providing Delta outflow ar the prescribedlevel in dry
and normal years in March wiJJprovide rhe following
benefits:

Resroring rhe narural first ‘fall” flow through the
DeJra will provide the following benefits:

m improve survival of juvenile chinook salmon
rearing in and passing downsrream rhrough the
Delra,
m

m

m suppotr spring-run and other chinook salmon,
steelhead,
and American shad juveniles
migrating from the mainsrem rivers and
ttiburaties in passing through the Delta to the

provide arrraction flows to adult winter-run and
spring-run chinook salmon, steelhead, striped
bass, white and green sturgeon, splittail, and
American shad migrating upstream through the
Delta to spawning grounds in the Sacramento
River and its triburaries,

Bay,

m provide arrtacrion flows for adult fall-run and
late-fall run chinook salmon, splittail, Jongfin
smelt, delta smdr, and steefhead migrating
upsrream into or through the Delta, and

provide attraction flows for Jongfin and delta
smelt moving upstream wirhin rhe Delta to
spawn in the Delta,

m

provide downstream passageflows for steelhead,
splittail, Jongfin smelt, and delta smelt to move
through the Delta to the San Francisco Bay,

m

help maintain lower water temperatures further
into the spring to benefit adult and juvenile
salmon, steelhead, longfin smelt, delta smelt,
and splittail,

m

stimulate the foodweb in the Delta and Bay,

m

reduce potential ef&ectsof toxins
Delta waters,

m reduce Jossesof migrating juvenile fish in sourh
Delta pumping plants.
Maintaining a minimum inflow of 13,000 cfs from
the Sactamenro Rivet in May will heJp maintain
survival and ttansporr of striped basseggsand larvae,
and white and green srurgeon from rhe Sacramento
Rivet above Sacramentointo the Delta. This flow will
also benefit remaining downstream migrating
juvenile chinook salmon and steelhead from the
Sacramento Rivet and its tributaries, as well as
upstream migraring winter- and spring-run chinook
salmon and American shad. Supplemental average
monthly storage releasesof up to 2,500 cfi for 30
days (150,000 total acre-feet) may be necessaryin dry
years to meet this requirement. In normal and wet
years, flows would generally exceed 13,000 cfs.
action requires the
ImpJementatiQn of this
development and application of an adaptive
management program that indudes development of
tesrable hypothesis and implementation of a
monitoring program to collect and analyze the data
to evaluate the hypothesis.

released into

m promote growth of riparian vegetation along
Delta waterways,’ and
m

reduce lossof eggs,larvae, and juvenile fish into
sourh Delta water diversions.

Supplementing an existing prescription for Jate ApriJearly May pulse flow through the Delta from the San
]oaquin River will assistjuvenile SanJoaquin chinook
salmon and steelhead moving through the Delta to
the Bay. The added flow will also heJp transport
DeJra and SanJoaquin plankton and nutrients
that
have built up during the spring co the western Delta
and Suisun Bay where they will stimulate the spring
foodweb on which many of the important fish species
living in the Delta depend. In addition, this flow will
provide many of the same benefits described above
for the March flow event. The flow event would be

Providing for larger flows during rhe seasonswith
when thoseflows occurred historically, particularly in
normal or dry years, will help restore impdttant
ecological processesand functions that create and
maintain habitat’ in the Delta. Delta channel
maintenance, sediment and nutrient transport, and
introductions of plant debris ate some examples of
processes improved by flow events. Spring flow
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events in dry and normal years will
riparian and wetland vegetation.
COARSE

SEDIMENT

heJp susrain

NATURAL

SUPPLY

FLOODPLAIN
AND FLOOD
PROCESSES

TARGET 1: Expand the floodplain area in the
North, East, South, and Central and West Delta
Ecological LManagement Units
by putting
approximately 10% of leveed lands into the active
floodplain of the Delta (++).

TARGET 1: Maintain sediment supply to the Delta
from upstream areas at levels needed to maintain
existing habitats and to contribute to present and
future efforts to reverse subsidenceon Delta islands
(++).

PROGRAMMATIC
ACTION 1 A: Convert leveed
lands to tidal wetland/slough complexesin the North
Delta Ecological Management Unit. Permanently
convert island tracts (Little Holland, Liberty, and
Prospect) at the south end of the Yolo Bypassto tidal
wetland/slough complexes. Convert small tracts
along Snodgrass Slough to tidal wetland/slough
complexes. Construct Jetback levees along Minor,
Steamboat, Oxford, and Elk Sloughs.

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative investigation to determine the existing
sediment budget in the Delta based on sediment
input, usewithin the Delta, and sediment output.
RATIONALE: Natural sedimentsof streams, rivers,
and estuaries consist of mineral and organ;
silts,
sands, gravel, cobble, and woody debris. These
materials naturally enter, deposir, erode, and are
transported through the Bay-Delta and its watershed.
Sediment, like water, is one of the natural building
blocks of the ecosystem. Many other ecological
processesand functions, and habitats and species
require specific types and amounts of sediment and
the habitats sediments create.

PROGRAMMATIC
ACTION 1~: In the East
Delta Ecological Management Unit, construct
setback leveesalong the South Mokelumne River and
connecting dead-end sloughs (Beaver, Hog, and
Sycamore):
PROGRAMMATIC
ACTION 1 c: Remove levees
that hinder tidal and floodflows in the headwater
basinsof east Delta dead-end sloughs(Beaver, Hog,
and Sycamore) and allow these lands to be subject to
flood overflow and tidal action.

Finer sediments are important in the natural
development of riparian and wetland habitats. Major
factors that influence the sediment supply in the BayDelta and its watersheds indude many human
activities such as dams, levees, and other structures,
dredging, and gravel and sand mining.

PROGRAMMATIC
ACTION 1 D: Convert deeper
subsided(sunken) lands between dead-endsloughsin
the East Delta Ecological Management Unit east of
the South Mokelumne River channel either to
overflow basins and nontidal wetlands or to land
designated for agricultural use.

transported sediments are an essential
component of the physical strucrure and nutrient
baseof the Bay-Delta ecosystem and its riverine and
tidal arteries. The size, volume, and seasonaltiming
of sediments entering the -riverine and estuarine
systemsshould be compatible with both natural and
altered fi’ow regimes. Sediment rransport should
match channel and floodplain characrerisrics of
individual rivers, streams, and tidal sloughs. A
specific
sediment management objective is to
redisrribure sediment in the watersheds and valley
components of the ecosystem. An appropriate level,
rate, and size of sediment should be redistributed to
match specific habirat requirements and ecological
functions.

River-

PROG~MMATIC
ACTION
1 E: Construct
setback levees in the South Delta Ecological
Management Unit along the San Joaquin River
between Mossdale and Stockton.
PROGRAMMATIC ACTION 1 F: Convert adjacent
lands‘along the SanJoaquin River between Mossdale
and Stockton either to overflow basinsand nontidal
wetlands or to land designated for agricultural use.
PROGRAMMATIC
ACTION
1 G: Construct
setback leveeson corners of Delta islandsalong the
San Joaquin River channel in the Central and West
Delta Ecological Management Unit. Open leveed
lands to tidal action where possiblealong the margins
of the West Delta Ecological Management Unit.
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Subjecting approximately
10% of
existing Delta leveed lands to tidal action and
floodflows will greatly enhance the floodwater and
sediment retention capacity of the Delta. The tracts
at the south end of the Yolo Bypass, along the South
Mokelumne River, and along the San ]oaquin River
channel are logical choices for this because they have
limited levee systems and are already at high flood
risk. These lands have had limited subsidence and
offer good opportunities
tidal
for restoring
wetland/slough
complexes.

PROGFWMMATIC
ACTION
1~:
Reduce
velocities in selected Delta channels by increasing
cross-sectional areas of channel by means of setback
levees or by constricting flows into and out of the
channels.

RATIONALE:

PROGRAMMATIC
ACTION
1~: Increase tidal
flow and cross-Delta transfer of water to south Delta
pumping plants to selected channels to lessen flow
through other channels.
PROGRAMMATIC
ACTION
operation of existing physical
resulting hydraulics upstream and
barrier are more like levels in the

The other significant area for setbacks is along the
main channel of the San Joaquin IZiver.“Cutting
corners” on some islands where the levee length to
land area maintained is now high would reduse levee
construction and maintenance.

TARGET 1: More frequently maintain daily water
temperatures in the Delta channels below 60°F in
the spring and 65°F in the fall to meet the
temperature needs of salmon and steelhead migrating
through or rearing in the Delta (+).

TARGET 2: Restore hydrodynamic conditions in the
rivers and sloughs of the Delta sufficient to support
targets for the restoration of aquatic resources (*+).

PROGRAMMATIC
ACTION 1 A: Improve riparian
woodland habitats along migrating channels and
sloughs of the Delta.

PROGFIAMMATIC
ACTION 2~: Restore 3,000 to
4,000 acres of tidal perennial aquatic habitat and
20,000 to 25,000 acres of tidally influenced
freshwater marsh. (Note: These recommendations are
contained within programmatic
actions presented in
this section for tidal perennial aquatic habitat and
fresh emergent wetland (tidal) and are not additions
to acreages presented
in the targets
and
programmatic actions for habitat.)

SRA

RATIONALE:
Maintaining water temperatures of
less than 60 OF in the spring and 65 “F in the fall can
improve survival of juvenile chinook salmon rearing
in or migrating
through the Delta. Maintaining
maximum daily water temperatures in the channels
and sloughs of the Sacramento-San Joaquin Delta
Ecological Management Zone of less than 66°F in
the fall will ensure healthy conditions for upstream
migrating adult chinook salmon and early emigrating
juveniles. Improved riparian habitat along Delta
channels and the spring flow events should maintain
cooler spring temperatures in dry and normal years.
Improved riparian and SRA habitat will help to
maintain lower Delta water temperatures from spring
through fall.

DELTA

Manage the
barriers so that
downstream of the
mid-1960s.

PROGRAMMATIC
ACTION
1 D: Close the DCC
when opportunities
allow, as specified in the 1995
Water Quality Control Plan and recommended by
the U.S. Fish and Wildlife Service (1995), in the
period from November
through January when
appropriate conditions trigger closure (i.e., internal
Delta exports are occurring).

CENTRAL
VALLEY STREAM
TEMPERATURES

PROGRAMMATIC
ACTION
1 B: Improve
habitat along migration routes in Delta.

lc:

TARGET 3: Uaintain net downstream flows in the
mainstem San Joaquin River from Vernalis to
immediately
west of Stockton
from September
through November to help sustain dissolved oxygen
levels and water temperatures adequate for upstream
migrating adult fall-run chinook salmon (+*).
PROGRAMMATIC
ACTION
3~:
Operate a
barrier at the head of Old River from August through
November.
TARGET
4: Restore 50 to 100 miles of tidal
channels (303 to 606 acres) in the southern Yolo
Bypass within the north Delta, while maintaining or
improving the flood carrying capacity of the YO~O
Bypass (+). (Note: This target is in addition to

HYDRODYNAMICS

TARGET 1: Reestablish more natural internal Delta
water flows in channels (+++).
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targets

the upstreammovement ofadult SanJoaquin fall-run
chinook salmon. In addition, improved flows past
Stockron will reduce straying of adult salmon into
Central and South Delta channels (California
Department ofFish and Game 1972).

and programmatic actions presented in the

Delta Slough

habitat section.)

PROGRAMMATIC
ACTION 4~: Construct a
network of channels within the Yolo Bypass to
connect the Putah and Cache Creek sinks, and
potentially the Colusa drain, to the Delta. These
channels should effectively drain all flooded lands in
the bypass after floodflows stop entering the bypass
from the Fremont and Sacramento weirs. The
channels would maintain a base flow through the
spring to allow juvenile anadromousand resident fish
to move from rearing and migratory areas.

Improving the channel network in the Yolo Bypass
will improve
the migration pathway for salmon
produced in Putab and Cache creeks, as well as for
upper Sacramento River salmon using the Yolo
Bypass as a pathway to the Delta. A well-drained
system with permanent sloughs will keep juvenile
salmonfrom being stranded in the bypass when flows
stop. Permanent sloughs
will provide valuable
juvenile salmon rearing habitat in late winter and
early spring.
_.
Improving habitats along riparian corridors in the
Yolo Bypass will provide additional spawning and
rearing habitat for splittail and rearing and migration
habitat for juvenile chinook salmon and perhaps for
delta smelt and other native
resident
fishes.
Conditions will also improve for wildlife. and

PROGFWMMATIC
ACTION 48: Reduce flow
constrictions in the Yolo Bypass such as those in the
openings in the railway cabseway that parallels
Interstate 80.
RATIONALE: Internal Delta hydraulics have been
highly modified since the early 1.950s. Adverse
hydraulic action has created poor conditions for
susraining spawning, rearing, and foodweb
production in the Delta and for the transport of larval
fish such as delta smelt and striped bass;(U.S. Fish
and Wildlife Service 1994 Delta Smelt Biological
Opinion; U.S. F’ish and Wildlife Service 2995 Delta
Smelt Opinion on the I995 Water Quality Control
Plan; U.S. Fish and Wildlife Service 1995;
Independent Scientific Group 1996).
Restoring hydraulic conditions within the Delta by
modifying physical barriers in the Delta will support
natural transport functions, reduce entrainment (in
diversions) into parts of the Delta where survival is
low, and assistin transporting juvenile fish into and
through the Delta to highly productive nursery areas
in the western Delta and SuisunBay. Modifjring DCC
operation will restore histoiical hydraulic conditions
in lower Mokelumne channels of the north Delta
(U.S. Fish and Wildlife Service 1994 Delta Smelt
Biological Opinion; U.S. Fish and Wildlife Service
1995 Delta Smelt Opinion on the I995 Water
Quality Control Plan; U.S. Fish and Wildlife Service
1995). Internal Delta hydraulics can be improved
through several operational or structural approaches.
The removal of structural
barriers that alter internal
Delta hydraulic patterns may be possible,depending
on which alternative is selected.

waterfowl.

connections among Delta channels,
marsh, and seasonalwetland habitats will
enhance habitat conditions for special-status
species
such as the splittail.
Restoring this habitat
* connectivity in a large-scale mosaic in the North
Delta will help restore the ecosystemprocessesand
functions fundamental to supporting the foodweb
and will improve conditions for rearing chinook
salmon, steelhead, sturgeon,
juvenile
delta smelt,
striped bass,and splittail (Fahrig and Merriam 1985).
Restoring
freshwater

BAY-DELTA

AQUATIC

FOODWEB

TARGET
1: Increase primary and secondary
nutrient productivity
in the Delta to levels
historically observed in the 1960s and early 1970s
c+>.
PROGRAMMATIC
ACTION
IA:
Actions
described above to restore streamflow, floodplain
flooding, Delta hydraulics, tidal wetlands and
sloughs,and riparian habitat would increaseprimary
and secondary productivity in the Delta. Relocating
the intake of the South Delta pumping plants to the
North Delta would also increaseDelta productivity.

Maintaining adequate flows past Stockton will
improve existing harmful conditions of low dissolved
oxygen and high water temperatures that can hinder

RATIONALE:
Increasing the area of tidal
wetland/slough habitat and the residence time of
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Delta waters will increase primary and secondary
productivity.
More flooding of floodplains will
provide more nutrients and organic carbon inputs co
Delta waters. Relocating the intakes of the South
Delta pumping plants will increasethe residencetime
of Central and South Delta waters and allow more of
the highly productive San Joaquin waters to be
retained in the Delta.

restoration will also increasethe overwinter survival
rates of wildlife that winter in this Ecological
Management Zone and will strengthen them for
migration, thus improving their breeding success.
Expanding thesehabitats will alsoreduce the amount
and concentrations ofcontaminants that could, upon
entering the Delta’s sloughs, damage the health of
the aquatic resources.
The restoration of all habitats will be within the
structure ofadaptive management. The program will
move forward in a step-wise progression. Each
element will be designed with a testable hypothesis
and a monitoring program to collect the scientific
data needed co evaluate the hypothesis
will be in
place. Implementation will begin on a small scaleand
depending on the monitoring results will either
continue or be modified basedon resultsofcompleted
projects.

HABITATS
GENERAL

RATIONALE

Restoring wetland and riparian habitats along with
tidal perennial aquatic habitats is an essentialelement
of the restoration strategy for the Sacramento-San
Joaquin Delta Ecological Management Zone. The
general approach for habitat restoration is to mimic
to the extent feasible a well-connected mosaic of
aquatic and riparian habitats, In some areas, these
habitat should be a contiguous aspossible avoiding
small habitat patches in favor of larger. Habitat
corridors in the Delta should be emphasized chat
interconnect with habitat corridors on the main stem
Sacramento and San Joaquin rivers as well as the
eascsidetributaries such as the Mokelumne River.

CONVERSION

OF LINEAR
TO ACREAGES

MEASURES

Generally, theJune 1999 version of the ERP reported
a mix of acres and miles of riparian and riverine
aquatic habitats. In this revision, miles of riparian
habitat are converted to acres using the following
assumption:
unless otherwise noted in the ERP,
riparian stream corridors are assumed to be 100 feet
wide. This equates to 12.12 acres of riparian habitat
per mile of corridor for one side of a stream or 24.24

The extent and distribution of the land-water
interface (contact) between aquatic habitats and
interconnected wetland and riparian habitats have
been altered since the mid-1850s by Delta
reclamation. Since 1.906, the amount of land-water
interface has been reduced 32% in the East Delta
Ecological Management Unit, 25% in the South
Delta Ecological Management Unit, and 45% in the
Central and West Delta Ecological Management
Unit.

acres per mile including
side of the stream. Miles

a riparian
of riparian

corridor

from

in the riparian

on each

corridor the Delta
and SuisunMarsh have beenconverted coacres.using
12.12 acres per mile of riparian corridor to be
restored or enhanced. This is deemed sufficient for
analysis purposes as some riparian habitat will be
present.only on one side of a stream channel and
actual width of the corridor will vary greatly from a
screen of riparian vegetation in some areasto dense
riparian stands that may be 200 feet wide. Riparian
acres for the Delta and Suisun Marsh were calculated

Increasing the ratio of land-water interface and
increasing the shorelineperimeter will help restore a
complex habitat mosaic on a large scalein the Delta.
This will support essential ecosystem processes and
functions. These measuresare also fundamental to
supporting the foodweb and improving conditions for
rearing chinook salmon, steelhead, sturgeon, delta
smelt, striped bass, and splittail. Foodweb support
functions for wildlife will also benefit (Cummins
1974; Clark 1992).

the prescriptions

and riverine

aquatic habitat targets presented in Volume II of the
ERPP.
The ERP reports tidal and Delta sloughsas miles of
sloughs to be restored. To improve evaluation of
restoration of slough habitats, slough mileshave been
converted to acres(6.06 surface acresper.mile). The
singleassumptionfor the calculation wasthat average
slough width was 50 feet. This width reasonably

Restoring high-quality freshwater marshand brackish
water marsh, both seasonal and permanent,
will
increase the production
and availability
of natural
forage for waterfowl and other
wildlife. This
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These areas rypicaJJy provide high primary and
secondaryproductivity and support nutrient cycling
that sustainsgood forage. These areas also provide
good forage for waterfowl that use underwater
vegetation growing in the shoalsand for diving ducks
such ascanvasbackand scaup chat ear dams @is and
DeHaven 1993; Bricrain er al. 1993; Stuber 1984;
ShJoss 1991; Sweetnam and Stevens 1993; San
Francisco Estuary Project 1992a; U.S. Fish and
Wildlife Service 1996; Lindberg and Marzuola 1993).

describes
restored

the range of widths present in natural or
sloughs,
with upper branches being
considerably less than 50 feet wide and lower sections
exceeding SOfeet.

TIDAL PERENNIALAQUATIC

HABITAT

TARGET 1: Restore 1,500 acres of shallow-water
habitat in the North Delta Ecological Management
Unit; 1,000 acresof shallow-water habitat in the East
Delta Ecological Management Unit; 2,000 acres of
shallow-water habitat in the South Delta Ecological
Management Unit; and 2,500 acresof shallow-water
habitat in the Central and West Delta Ecological
Management Unit (++).

Franks’s Tract is a flooded Delta island that can be
restored to a mosaic of habitat types with no impact
to agriculture. Frank’s Tract levees were breached
and the island has beenflooded since the early 1900s.
The deep bed of the island does nor provide good
quality habitat for narive fishes. Parts of the island
could be elevated through a combination of dredge
material placement, natural sediment accretion, and
peat accumulation. Frank’s Tracr will be a functional
component of rhe San ]oaquin River corridor, a major
fish rearing and migration area, as well asproviding
continuity with existing and orherproposed habitats
in the Central and West
Delta Ecological
Management Unit. Developing the tract must also
occur in conjunction with the control or eradication
of introduced, nuisanceaquatic plants for restoration
to be most beneficial to native species.

PROGRAMMATIC
ACTION ‘IA: Rest500
acres of shallow-water habitat at Prospect Island in
the North Delta Ecological Management Unit.
PROGRAMMATIC
ACTION 1~: Restore 1,000
acres of shallow-water habitat in the downstream
(south) end of the Yolo Bypass (Little Holland and
Liberty islands) within the North Delta Ecological
Management Unit.
PROGRAMMATIC
ACTION Ic: Restore 1,000
acresof shallow-water habitat at the eastern edge of
the East Delta Ecological Management Unit where
existing land elevations range from 5 to 9 feet below
mean sealevel.

NONTIDAL

PROGRAMMATIC
ACTION I D: Restore 2,000
acres of shallow-water habitat at the south and
eastern edge of the South Delta Ecological
Management Unit where existing land elevations
range from 5 to 9 feet,below mean sealevel.

PERENNIAL
HABITAT

AQUATIC

TARGET 1: Develop 500 acresof deep open-water
areas(more than 4 to 6 feet deep) within restored
fresh emergent wetlands in the Delta to provide
resting habitat for water birds, foraging habitat for
diving ducks and other water birds and semi-aquatic
mammals that’ feed in deep water, and habitat for
associatedresident pond fish species(+).

PROGFWMMATIC
ACTION 1 E: Restore 2,500
acres of shallow-water habitat in the Central and
West Delta Ecological Management Unit where
existing land elevations range from 5 to 9 feet below
mean sea level. A program of fill placement or
longer-term subsidencereversal may be needed to
accomplish this action.

PROGRAMMATIC
ACTION IA: Develop 100
acres of open-water areas within restored fresh
emergent wetland habitats in the West and Central
Delta Ecological Management Unit such as on
Twitchell or Sherman islands.

PROGRAMMATIC
ACTION 1 F: Restore Frank’s
Tract to a mosaic of habitats using clean dredge
materials and natural sediment accretion.

PROGRAMMATIC
ACTION 1~: Develop 200
acres of open-water areas within restored fresh
emergent wetland habitats in the East Delta
Ecological Management Unit.

FZATIONALE: Restoring, improving, and protecting
high-quality shallow-water habitat will provide
greater foraging areasfor rearing juvenile fish and
waterfowl in this Ecological Management Zone.

PROGRAMMATIC
ACTION lc: Develop 200
acres of open-water areas within restored fresh

m-m
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emergent wetland habitats in the South
Ecological Management Unit.

Delta

of 50% to 75% compared to 1906 conditions and by
restoring 65 to 165 miles of small distributary
sloughs(lessthan 50 to 75 feet wide) hydrologically
connectedto larger Delta channels(+a). (Note:
This
target is in addition to the Delta slough target
presented in the target section for Delta Channel

2: Develop 2, IO0 acresof shallow, openwater areas(less than 4 to 6 feet deep) in restored
fresh emergent wetland habitat areasin the Delta to
provide resting, foraging, and brood habitat for water
birds and habitat for fish and aquatic plants and
semi-aquatic animals(++).
TARGET

Hydraulics.)
PROGRAMMATIC
ACTION
1 A: TO replace lost
slough habitat and provide high-quality habitat areas
for fish and associated wildlife, the short-term
solution for the Central and West Delta Ecological
Management Unit is to restore 20 miles of slough
habitat. The long-term solution is to restore 50 miles
of slough habitat (121-303 acres).In each the North
Delta and East Delta Ecological Management Units,
the short-term solution is to restore 10 miles of
slough habitat. The longlterm solution is to’ restore
30 miles of slough habitat (61-182 acres, each). In
the South Delta Ecological Management Unit, the
short-term solution is to restore 25 miles of slough
habitat and the long-term solution is to restore 50
miles of slough habitat (152-303 acres).

PROGRAMMATIC
ACTION
2~:
Develop 500
acres of shallow, open-water areas within restored
fresh emergent wetland habitats in the Central and
West Delta Ecological Management Unit such ason
Twitchell or Sherman Islands.
PROGRAMMATIC
ACTION
2~:
Develop 300
acres of shallow, open-water areas within restored
fresh emergent wetland habitats in the East Delta
Ecological Management Unit.

Develop 300
acres of shallow, open-water areas within restored
fresh emergent wetland habitats in the South Delta
Ecological Management Unit.
PROGRAMMATIC

ACTION

2c:

ACTION
1 B: Restore tidal
action to portions of islands and tracts in the North
and East Delta Ecological Management Units with
appropriate elevation, topography, and waterlandform conditions. This will sustain tidally
influenced freshwater marsheswith 20 to 30 linear
miles (121-182 acres) of narrow, serpentine-shaped
sloughs within the wetlands and floodplain. (Note:
The slough miles, or total acreages,are not. additive
PROGFWMMATIC

Develop 1,000
acres of shallow, open-water areas within restored
fresh emergent wetland habitats in the North Delta
Ecological Management Unit.
PROGMMMATIC

ACTION

2~:

RATIONALE:
Restoring suitable resting areas for
waterfowl and other
wetland-dependent wildlife such
as river otter will increasetheir over-winter survival
rate. Other water-associatedwildlife will also benefit

acreages

(Madrone and Associates 1980).

to

Restoring suitable re.Gng areas for waterfowl and
other wetland-dependent wildlife such as river otter
will increasetheir over-winter survival rates. Other
water-associatedwildlife will also benefit (Madrone
and Associates 1980).

includes
transition

,
RATIONALE:
Restoring, improving, and protecting
sloughs in the Ecological Management Units of the

Sacramento-San Joaquin
Delta
Ecological
Management Zone will help sustain high-quality

Implementation of actions designed to increase or
improve acreages of nontidal perennial aquatic
habitats need to develop or integrate subsidence
reversal and sediment accretion. These will assist in
raising bottom elevations to levels that can support
rooted submergenc and emergent vegetation.
DELTA

presented
for tidal fresh emergent
A key in restoring
tidal habitats
provision
for tidal sloughs
and upland
habitats.)

wetland habitat.

shallow-water
habitat for spawning of native fish and
for foraging of juvenile fish. Restoring small dead-end
sloughsand tidally influenced freshwater marshes and
mudfi’ats
in the Sacramento-San
Joaquin
Delta
EcologicalManagement Zone will provide habitat for
spawning of native fish and for foraging of juvenile
fish, increaseproduction
of primary
and secondary
food species, and support
nutrient
cycling
that
sustains quality
forage. These sloughs can also
provide loafing sites for waterfowl
and habitat for the

SLOUGHS

1: Restore ecological structure and
functions of the Delta waterways network by
increasingthe land-water interface ratio a minimum

TARGET
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juvenile fish. These habitats typically provide high
levels of primary (plant) and secondary (animal)
productivity and support nutrient cycling functions
that can sustain quality forage. These habitats also
provide high-quality forage habitat for waterfowl

western pond turtle (Simenstadet al. 1992 and 1993;
Lindberg and Manuola
1993; Madrone and
Associates1980).

Land-water interface targets represent a reasonable
level necessary to restore Bay-Delta ecosystem
functions and overall health by increasing water-toperimeter shorelineratios and patterns to choseof the
early 1900s. Delta slough habitat will be restored as
a mosaicofhabitats including slough, tidal perennial,
and tidal emergent habitats.

MIDCHANNEL

ISLANDS

AND

who use submergent

1993; Scuber

SHOALS

1: Maintain existing channel islandsand
restore 50 to 200 acres of high-value islands in
selected sloughs and channels in each of the Delta’s
Ecological Management Units (++).
PROGFIAMMATIC

ACTION
1 A: Actively protect
and improve existing channel islandsin the Delta.

TARGET

1: Increaseexisting tidal freshwater marsh

PROGRAMMATIC
ACTION
IA: Develop tidal
freshwater marshes in the North Delta Ecological
Management Unit.

Implement a
sediment management program that results in
deposition and accretion within portions of Central
and West Delta channels and bays, forming 500
acres of shallow shoal habitat restored to tidal
influence.
.
RATIONALE:
Many of the remnant channel or
“berm ” islands in the, Delta have been lost to
continuing erosion and degradation. Restoring,
improving, and protecting the riverine-edge habitat
of these islands will provide habitat for juvenile
salmon rearing in this Ecological Management Zone.
Terrestrial vertebrates chat will receive. indirect
benefits include the western pond turtle and
shorebirds and wading birds (Fris and DeHaven
1993; Mahoney and Ermin 1984; Knight and
Bottorf 1983; Knox 1984; Novick and Hein 1982;
Moore and Gregory 1988; May and Levin 1991;
Levin et al. 1995).
ACTION

EMERGENT
WETLAND
HABITAT
(TIDAL)

habitat in the Delta by restoring 30,000 to 45,000
acres of lands designated .for floodplain restoration
(44).

2: Restore 500 acres of shoals in the
westernmost portion of the Central and West Delta
(++I.
TARGET

PROGF~AMMATIC

in the shoals

1984).

FRESH

16:

Restore 50 to
200 acres of channel islands in the Delta where
channel islandsonce existed.
ACTION

growing

Restoring high-quality brackish tidal marsheson and
adjacent to these islands will contribute
to cycling
nutrients, maintaining
the foodweb, and increasing
production ofprimary and secondary food species in
a geographic location already noted for its value as a
rearing habitat for estuarine fish. Severalplant species
of specialconcern such-asthe Suisunaster will benefit
from increasing
the area of brackish tidal marsh in
the Delta (Landin and Newling 1988;‘Dionne et al.
1994; Lindberg and Marzuola
1993).

TARGET

PROGFIAMMATIC

vegetation

and diving ducks such ascanvasback and scaup that
eat clams (Fris and DeHaven 1993; Brittain et al.

2~:

AFTION
1 B: Develop tidal
freshwater marshes on small tracts of converted
leveed lands along SnodgcassSlough.
PROGRAMMATIC

ACTION
lc: Develop tidal
freshwater marshesalong the upper endsof dead-end
sloughs’ih the east Delta.
PROGRAMMATIC

PROGFUIMMATIC
ACTION
1 D: Develop tidal
freshwater marshesalong all setback leveesand levees
with restored riparian habitat.
ACTION
1~: Develop tidal
freshwater marshes on restored channel island
habitat. (Note: Any tidal freshwater
marsh habitat
developed is included in Target 1 for this habitat
type.)
PROGRAMMATIC

tidally
influenced
RATIONALE:
Restoring
freshwater
marshes in the Sacramento-SanJoaquin
Delta Ecological
Management Zone will increase

Restoring, improving, and protecting high-quality
shallow habitat will provide forage for rearing
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PROGRAMMATIC
ACTION IA: Restore 1,000
acres of nontidal freshwater marshes on Twitchell
Island.

production ofprimary and secondary food species and
support nutrient cycling functions that can sustain
quality forage conditions for fish, waterfowl,
shorebirds, and wildlife (Lindberg and Marzuola
1993; Miller 1993; Simenstadet al. 1992 and 1993).
Increasing the area of freshwater tidal marshes in
each of the four Delta Ecological Management Units
will help support the proper aquatic habitat for
rearing and outmigrating juvenile chinook salmon,
steelhead, and sturgeon and for rearing delta smelt,
striped bass, and splittail. Restoring high-quality
freshwater marshes, both tidal and nontidal, will
contribute to nutrient cycling, maintaining the
foodweb, and increasedproduction
of primary
and
secondary food species.In addition, increasing the
area of freshwater marsh will contribute-to an

PROGFUIMMATIC
ACTION 1~: Restore 1,000
acres of nontidal freshwater marshes in the Yolo
Bypass.
PROGFIAMMATIC
ACTION lc: Restore 1,000
acresof nontidal freshwater marshesin leveed lands
designated for floodplain ovetflow adjacent to the
dead-end sloughs in the East Delta Ecological
Management Unit.
PROGRAMMATIC
ACTION 1 D: Restore 4,000
acres of nontidal freshwater marshes in the South
Delta in lands designated for floodplain ovetflow.
_.
PROGRAMMATIC
ACTION 1 E: Restore 10,000
acresof nontidal freshwater marsheson Delta Islands
of the Central and West Delta Ecological
Management Unit. (Note: Up to 75% of this acreage
may be restored to tidal actions after the appropriate
land elevationsare achieved through island accretion.
Upon restoring tidal action, targets.for the Central
and West Delta Ecological Management Unit would
be adjusted to avoid the need to restore additional
non-tidal wetland above 2,500 acres.)

ecosystem that can accommodate’sea
level rise. This
can only be effective, however, if upland migration
corridors are available for the marshesto expand as

sealevel rises.
The targets selected take into account the large losses
of tidal freshwater marshessincethe early 1900s. The
Sacramento-San

Joaquin

Delta

Ecological

Management Zone lost nearly 90,000 acres,with the
greatest lossesin the North Delta and Central and
West Delta Ecological Management Units. Acreage
changesin the South Delta were insignificant during
that period becausemost lossesthese ‘occurred before
1900. Restoration targets are to restore between 30%
and 50% of the lossessince 1900. The level of
restoration wasincreasedin the South Delta because
of the prior losses documented by Landin and
Newhng (1988). There wasa substantial lossoffresh
emergent wetlands ill the South Delta Ecological
Management Unit prior to the 1900s and a
significant amount of wetlands could be restored.

RATIONALE:
The restoration of high-quality
nontidal freshwater marshes will contribute to
nutrient cycling, maintaining the foodweb, and
supporting enhancedlevels ofprimary and secondary
food production. Increasing the areal extent of
nontidal freshwater marsh in the Delta, particularly
in the Central and West Delta Ecological
Management Unit, will be an important component
of subsidencecontrol and island accretion. Permanent
freshwater marsh can help arrest and in some cases
reverse subsidencewhere peat oxidation has resulted
in land elevations more than 15 feet below sea level.
Increasing the area of freshwater marsh will
contribute to an ecosystemthat can accommodatesea
level rise. Habitats for wetland wildlife will be
improved. The targets selected take into account the
large lossesof nontidal freshwater marshes since the
early 1900s. The Sacramento-San Joaquin Delta
Ecological Management Zone lost nearly 90,000
acreswith the greatest lossesin the North Delta and
Central and West Delta Ecological Management
LJnits. Acreage changes in the South Delta were
insignificant during that period because most losses
there occurred before 1900.

FRESH EMERGENT WETLAND
HABITAT
(NONTIDAL)
TARGET 1: Restore a total of 2,000 acres of
nontidal freshwater marshes in the North Delta
Ecological Management Unit and 1,000 acresin the
East Delta Ecological Management Unit; restore
4,000 acresof nontidal fresh emergent wetland in the
South Delta Ecological Management Unit aspart of
a subsidence control program; and restore 10,000
acres of nontidal fresh emergent wetland in the
Central and West Delta Ecological Management
Unit aspart of a subsidencecontrol program (total of
17,000 acres)(++).
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SEASONAL

WETLAND

TARGET 4: Restore and manage at least 12,000
acres of additional seasonal wetland habitat and
improve management
of 500 acres of existing,
degraded seasonal wetland habitat in the South Delta
Ecological Management Unit (++).

HABITAT

TARGET
1: Restore and manage at
acres of additional seasonal wetland
improve management of 1,000 acres
degraded seasonal wetland habitat in the
Ecological Management Unit (++).

least 2,000
habitat and
of existing,
North Delta

PROGFWMMATIC
ACTION
4~:
Develop a
cooperative program to restore and manage 12,000
acres of additional seasonal wetland habitat.

PROGFLAMMATIC
ACTION
1 A:
Improve
management of 1,000 acres of existing, degraded
seasonal wetland habitat in the Yolo Bypass.

PROGFWMMATIC
ACTION
4~:
Develop a
cooperative program to improve management of 500
acres of existing degraded seasonal wetland habitat.

PROGFUIMMATIC
ACTION
1~: Restore and
manage 2,000 acres of additional seasonal wetland
habitat in association with the Yolo Basin Wildlife
Area.

RATIONALE:
Restoring seasonal wetland habitats
along with aquatic, permanent wetland, and riparian
habitats is an essential element of the restoration
strategy for the Sa&rnento-San Joaquin Delta
Ecological Management Zone. Restoring the ratio of
land-water interface will help restore a mosaic of
complex habitats th& will restore important
ecosystem processesand functions. Restoring these
habitats will
also
reduce the amount and
concentrations of contaminants that could, once they
enter the Delta’s sloughs, inrerfere with restoring the
ecological health of the aquatic ecosystem. Seasonal
wetlands support a high production rate of primary
and secondary food speciesand large blooms (dense
populations) of aquatic invertebrates.

TARGET
2: Restore
and manage ar least
6,000 acres of additional seasonal wetland habitat
and improve management of 1,000 acres of existing,
degraded seasonal wetland habitat in the East Delta
Ecological Management Unit (++).
PROGFWMMATIC
ACTION
2~:
Develop a
cooperative program to restore and manage 1,000
acres of additional seasonal wetland habitat on Canal
Ranch.
PROGFIAMMATIC
ACTION
2~:
Develop a
cooperative program to restore and manage 5,000
acres of additional seasonal wetland habitat.
PROGRAMMATIC
ACTION
2c:
management of 1,000 acres of existing
seasonal wetland habitat.

Wetlands that are dry in summer are also efficient
sinks for the transformation of nutrients and the
breakdown of pesticides and other contaminants. The
roughnessof seasonalwetland vegetation filters and
traps sediment and organic particulates. Water
flowing out from seasonalwetlands is typically high
in foodweb prey species concentrations and fine
particulate organic matter that feed many Delta
aquatic’ and semiaquatic
fish and wildlife. To

Improve
degraded

TARGET
3: Restore and manage at least 8,000
acres of additional seasonal wetland habitat and
improve management of 1,500 acres of existing,
degraded seasonal wetland habitat in the Central and
West Delta Ecological Management Unit (++).

capitalize

on these functions

for the Delta

aquatic

zone, significant areasof restored seasonalwetlands in
the Sacramento-San Joaquin
Delta
Ecological
Management
Zone should be subject to periodic
flooding and overland flow from Delta and river
f7oodplains.

PROGRAMMATIC
ACTION
3~: Restore and
manage 4,000 acres of additional seasonal wetland
habitat on Twitchell Island.
PROGFWMMATIC
ACTION
3~: Restore and
manage 4,000 acres of additional seasonal wetland
habitat on Sherman Island.

RIPARIAN
AND RIVERINE
AQUATIC
HABITATS

PROGRAMMATIC
ACTION
3c:
Develop a
cooperative program to improve management of
1,500 acres of existing degraded seasonal wetland
habitat.

TARGET 1: Restore 10 to 20 linear miles of riparian
and riverine aquatic habitat along the San Joaquin
River in the South Delta Ecological Management
Unit to create corridors of riparian vegetation of
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which 60% is to be over 75 feet wide and 40% is to
be no less than 300 feet wide and 1 mile long (200 to
400 acres)(++).

Ecological Management Unit of which 80% is to be
more than 75 feet wide and 20% over 300 feet wide
(145 to 29 1 acres)(++).

PROGRAMMATIC
ACTION
IA:
Develop
a
cooperative program to restore riparian habitat either
by obtaining conservation easementsor by purchase
from willing sellers.

PROGFWMMATIC
ACTION
5~:
Obtain
conservation easementsfor, or purchasefrom willing
sellers, land needed to restore 5 to 10 linear miles
along the Steamboat Slough as part of the
development of a North Delta Habitat Corridor.

TARGET 2: Restore 15 to 25 linear milesof riparian
and riverine aquatic habitat along other Delta island
levees throughout the South Delta Ecological
Management Unit. This will create riparian
vegetation corridors of which 90% is to be more than
75 feet wide and lo%, no lessthan 300 feet wide and
1 mile long (177 to 295 acres)(++).
PROGFIAMMATIC
ACTION
2~: Develop a
cooperative program to restore riparian habitat either
by obtaining conservation easementsor by purchase
from willing sellers.

TARGET 6: Restore or plant riparian and riverine
aquatic habitats and recreate slough habitat and set
back levees(+).
PROGRAMMATIC
ACTION
6~:
Obtain
conservation easementsfor, or purchasefrom willing
sellers,land needed to restore riparian habitat along
newly created sloughs and sloughs with new levee
setbacks.
PROGFWMMATIC
ACTION
66:
Obtain
conservation easementsfor, or purchase from willing
sellers,land needed to restore riparian habitat along
new or upgraded Delta levees.

TARGET 3: Restore 10 to 15 linear milesof riparian
and riverine aquatic habitat in the North Delta
Ecological Management Unit along the Sacramento
River below Sacramento of which 80% is to be more
than 75 feet wide and 20% over 300 feet wide (145
to 218 acres>(+).

TARGET 7: Protect existing riparian woodlands in
North,
East, and South Delta Ecological
Management Units (++).
PROGFWMMATIC
ACTION 7A: Expand the
Stone Lakesand CosumnesRiver Preservesfrom their
current size by an additional 500 acres of existing
woodland habitat. Share costs with the Nature
Conservancy to acquire in-fee title to the lands
neededfrom willing landowners.

PROGRAMMATIC
ACTION
3~:
Obtain
conservation easementsfor, or purchasefrom willing
sellers,land neededto restore 10 to 15 linear miles of
riparian habitat along the Sacramento River in the
North Delta Ecological Management Unit. Obtain
conservation easementsfor, or purchasefrom willing
sellers, land needed to create corridors of riparian
.
vegetation.

PROGRAMMATIC
ACTION
7~:
Purchase
riparian woodland property or easements.

TARGET 4: Restore8 to 15 linear miles of riparian
and riverine aquatic habitat in the East Delta
Ecological Management Unit of which 80% is to be
more than 75 feet wide and 20% over 300 feet wide
(116 to 2 18 acres)(4+).

RATICWAE
Many species of wildlife, including
several specieslisted as threatened or endangered
under the State and federal Endangered SpeciesActs
and severalspecial-statusplant speciesin the Central
Valley are dependent
on or closely associated with

riparian habitats. Riparian habitats support a greater
diversity of wildlife species than any other habitat
type in California.
Degradation
and loss of riparian
habitat have substantially reduced the habitat area

PROGFWMMATIC
ACTION
4~:
Obtain
conservation easementsfor, or purchasefrom willing
sellers, land needed to restore 5 to 10 linear miles
along the Mokelumne River and 3 to 5 miles along
the Cosumnes River in the East Delta Ecological
Management Unit to create corridors of riparian
vegetation.

available for associatedwildlife species.Loss of this
habitat has reduced water storage, nutrient cycling,
and foodweb support.
Restoring, improving, and protecting high-quality
riparian woodland habitat will enhance nutrient

TARGET 5: Restore10 to 20 linear milesof riparian
and riverine aquatic habitat in the North Delta
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.

and foodweb support and provide habitat for
terrestrial invertebrates that will sustain resident fish
and rearing juvenile anadromous fish in the Delta.
Terrestrial vertebrates that will benefit include the
Swainson’s hawk, western yellow-billed cuckoo,
wading birds, neotropical birds, and the riparian
brush rabbit. This habitat will also increasesuitable
habitat for wildlife such as the western pond turtle
and wood duck (Bjornn et al. 1771; Shields et al.
1773; Jensen et al. 1787; Fris and DeHaven 1773;
Mahoney and Erman 1784; Knight and Bottorff
1783).

special-statusplant and animal speciesand associated
wildlife (++).

cycling

PROGFXAMMATIC
ACTION
1 A:
Support
programs for protecting and restoring inland dune
scrub habitat at existing ecological preservesin the
Central and West Delta Ecological Management
Unit.
PROGFWMMATIC
ACTION
1~: Protect and
restore inland dune scrub habitat areas adjacent to
existing ecologicalpreservesin the Central and West
Delta Ecological Management Unit through either
conservation easements or purchase from willing
sellers.

Large-scaleriparian restoration projects are neededto
restore the biodiversity (variety of species)and the
sustainability and resilienceof these habitats_This is
consistent with the recommended strategy for
restoration ofrivers and aquatic ecosystems on a large
landscape scale (National Research Council 1772;
Noss and Harris 1.986; Hutto et al. 1787; Scott et al.
1787; Noss et al. 1774). Large-scale restoration of
broad, diverse riparian habitats in the SacramentoSanloaquin Delta Ecological Management Zone will
support increasednesting populations of Swainson’s
hawks and other raptors, as well as the yellow-billed
cuckoo. Wood ducks will also benefit from increases
in riparian habitat. Heron and egret rookeries will
increase as well (Baltz and Moyle 1784; Hudson
1771; Motroni 1781; National Resource Council
1772; Gaines 1774 and 1777).

RATIONALE: An analysis of soils indicated that the
historical extent of inland sand dunes in the Delta
wasprobably lessthan 10,000 acres. The extent and
habitat quality of inland dune scrub has declined as
a result of recent land use changes.Inland dune scrub
is a unique Delta community and supports several
special-statusplant and animal species,including the
Lange’s metalmark, which is federally listed as
endangered. Protection and restoration of inland
dune scrub habitat will help maintain existing
special-statusspecies and assistin recovery of their
populations.
FRESHWATER
FISH HABITAT
ESSENTIAL
FISH HABITAT

TARGET
1: Maintain and improve existing
freshwater fish habitat and essential fish habitat
through the integration of actions described for
ecological processes,habitats, and stressorreduction
or elimination (+).

Riparian woodland habitats are important habitat use
areas for many species of wildlife in the Central
Valley. The lossor degradation of historic stands of
riparian woodland has substantially reduced the
habitat area available for associated wildlife. Such
woodlands will also contribute to the recovery of
speciessuch as Swainson’shawk. Actions to restore
ecological processes and functions, increase and
improve habitats, and reduce stressorsare prescribed
primarily to contribute to the recovery of aquatic
speciessuch aswinter-run, spring-run, and late-fallrun chinook salmon; splittail; and delta smelt. These
actions will alsobenefit the Swainson’shawk, greater
sandhill crane, yellow-billed cuckoo, riparian brush
rabbit, black rail, and giant garter snake.
INLAND

DUNE

AND

PROGWMIGIATIC
ACTIONS:
NO additional
programmatic actions are recommended.
RATIONALE: Freshwater fish habitat and essential
fish habitat are evaluated in terms of their quality and
quantity. Actions
described
for Delta ecological
processes,stressorreduction, and riparian and riverine
aquatic habitat should sufice to maintain and restore
freshwater fish habitats. For example, maintaining
freshwater and essentialfish habitats is governed by
actions to maintain streamflow, improve coarse
sediment supplies, maintain stream meander,
maintain or restore connectivity
of rivers and streams
and their floodplains, and in maintaining and

SCRUB

TARGET 1: Enhance 50 to 100 acres of low- to
moderate-quality Antioch inland dune scrub habitat
in the Delta to provide high-quality habitat for

restoring

riparian

Sacramento-San

10

and riverine

aquatic

habitats.

Volume II: Ecosystem Restoration Program Plan
Joaquin Delta Ecological Management Zone Vision
July 2000

PERENNIAL

for wintering and migrating waterfowl and shorebirds
and associatedwildlife.

GFCASSWND

1: Restore4,000 to 6,000 acres(total) of
perennial grasses in the North, East, South, and
Central and West Delta Ecological Management
Units associatedwith existing or proposed wetlands
and floodplain habitats (+).

TARGET

ACTION
1 B: Periodically
flood pasture from October through March in
portions of the Delta relatively free of human
disturbance to create suitable roosting habitat for
wintering greater sandhill crane, and for other
wintering sandhill crane subspecies.
PROGFUIMMATIC

ACTION
1~:
Develop a
cooperative program to restore 1,000 acres of
perennial grassland in the North Delta Ecological
Management Unit through either conservation
easementsor purchase from willing sellers.
PROGRAMMATIC

PROGRAMMATIC
ACTION
lc:
Create
permanent or semipermanent ponds in Delta farm
areasthat provide suitable waterfowl nesting habitat
but lack suitable brooding habitat, to increase
resident dabbling duck production.

PROGRAMMATIC
ACTION
1~:
Develop a
cooperative program to restore 1,000 acres of
perennial grassland in the East Delta Ecological
Management Unit through either conservation
easementsor purchasefrom willing sellers.

ACTION
1 D: Increase the
acreage farmed for wheat and other crops that
provide suitable nesting habitat for waterfowl and
other ground-nesting speciesin the Delta.
PROGRAMMATIC

Develop a
cooperative program to restore 1,000 to 2,000 acres
of perennial grasslandin the South Delta Ecological
Management Unit through either, conservation
easementsor purchasefrom willing sellers.
PROGRAMMATIC

ACTION

lc:

Convert
agricultural landsin the Delta from crop types of low
forage value for wintering waterfowl, wintering
sandhill cranes, and other wildlife to crop types of
greater forage value.
PROGRAMMATIC

ACTION
1~:
Develop a
cooperative program to restore 1,000 to 2,000 acres
of perennial grasslandin the Central and West Delta
Ecological Management Unit through either
conservation easements or purchase from willing
sellers.
PROGRAMMATIC

ACTION
1 F: Defer fall tillage
on corn fields in the Delta to increasethe forage for
wintering waterfowl, wintering sandhill cranes,and
associatedwildlife.
PROGFUIMMATIC
ACTION
1~:
Develop a
cooperative program to improve management on
8,000 acres of Delta corn and wheat fields and to
reimbursefarmers for leaving a portion of the crop in
each field unharvested as forage for waterfowl,
sandhill cranes, and other wildlife.

Restoring wetland, riparian, and
adjacent upland habitats in associationwith aquatic
habitats is an essential element of the restoration
strategy for this Ecological Management Zone.
Eliminating fragmentation and restoring connection
ofhabitats will enhancehabifat conditions for specialstatus speciessuch as the California black rail and
foraging habitat for Swainson’shawk. For instance,
the habitats for thesespecieshave been degraded by
a loss of the adjacent escapecover needed during
periods of high flows or high tides.

Following the extensive lossof native
wetland habitats in the Central Valley, somewetland
wildlife specieshave adapted to the artificial wetlands
of some agricultural practices and have become
dependent on these wetlands to sustain their
populations. Agriculturally created wetlands indude
rice lands; fields flooded for weed, salinity, and pest
control; stubble management; and tailwater
circulation ponds.
RATIONALE:

LANDS

1: Cooperatively manage 40,000 to
75,000 acresof agricultural lands (++).

TARGET

PROGRAMMATIC

ACTION

Reducing the en trainmen t of lower trophic organisms
(food species) such as phytoplankton
and
zooplanktdn, and of life stages of higher trophic
organismssuch as fish eggs,larvae, and juveniles into
agricultural and export water diversions will increase

1 A: Increasethe area

of Delta corn fields and pastures flooded in winter
and spring to provide high-quality foraging habitat

w-4
h

1 E:

PROGFWMMATIC

RATIONALE:

AGRICULTURAL

ACTION

BAY-DElTA
PROmAh
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other wildlife will increase the over-winter survival
rates of wildlife and strengthen them for migration,
thus improving breeding success [Madrone and
Assoc. 1980; Fredrickson and Reid 1988; Schultz
1990; and Ringelman 1990). Following the extensive
lossof native upland habitats, upland wildlife species
have adapted to the artificial upland environment of
some agricultural land uses and have become
dependent on agricultural upland areas and fieldborder shelter belts to sustain their populations.

production of primary and secondary food species.
This will alsosupport
nutrient cycling functions that
can sustainquality forage for aquatic resources in and
dependent on the Delta (Chadwick 1974).
Managing agricultural lands to increase forage for
waterfowl and other wildlife will increasethe survival
rates of over-wintering wildlife and strengthen them
for migration, thus improving breeding success
(Madrone Associates 1980; Fredrickson and Reid
1988; Schultz 1990; and, Ringelman 1990).

Habitat restoration will occur over a 30 year period.
Initial efforts will be directed at lands presently in
State or Federal ownership. Restoration will be
strictly guided by adaptive management in which
conceptual ecosystemmodels and hypotheseswill be
developed. Small projects will be implemented to test
the hypotheses regarding habitat restoration. For
example, one hypothesis might be that delta smelt
will occupy tidal perennial aquatic habitat for
foraging, spawning, and rearing. Monitoring will
determine it the hypothesis is true or false (e.g., do
delta smelt userestoredhabitat). Basedon the results
of monitoring under the adaptive management
program, an evaluation will be made regarding the
needand benefit of restoring additional acresof tidal
perennial aquatic habitat.

Restoring roosting habitat in this Ecological
Management Zone, especially when it is near forage
habitat, will increase the overwinter survival of
sandhill cranes and strengthen them for migration,
thus improving breeding success. DecreaSTng in
human disturbance in the roosting sites will also
improve the health of the crane in the Delta. Actions
to restore ecologicalprocessesand functions, increase
and improve habitats, and reduce stressors are
prescribed primarily to increasepopulations of lower
level food species, aquatic and terrestrial
invertebrates, and forage fish such as thieadfin shad.
Improving the foodweb of the Delta will help restore
the health of the Bay-Delta’s aquatic ecosystem.
Creating smallponds on farms with nearby waterfowl
nesting habitat but little brood habitat will increase
production of resident waterfowl specieswhen brood
ponds are developed and managed properly.
Researchersand wetland managers with the DFG,
U.S. Fish and Wildlife Service and the California
Waterfowl Associationhave found that well managed
brood ponds produce the high levels of invertebrates
neededto support brooding waterfowl. Other wildlife
such as the red-legged frog, tiger salamander,giant
garter snake, and western pond turtle will also
benefit. Restoring suitable nesting habitat near brood
ponds will increase the production of resident
waterfowl species.When the restored nesting habitat
is properly managed, large, ground predators are less
effective in preying on eggs and young of waterfowl
and other ground-nesting birds.

The Delta Protection Commissionsuggested (letter
to CALFED datedJuly IO, 1998) some alternatives
for meeting habitat restoration targets in the Delta.
Although it is premature to set priorities for the
targets and programmatic actions in the Delta, the
Commissionsuggestedthe following approaches:
Restore and/or enhancelands currently in public
or non-profit ownership (or currently in the
acquisition process) and designated for
restoration, including Twitchell Island, Sherman
Island, and Prospect Island. Approximately
35,000 acres fall into this category.
Acquire and/or enhance currently flooded lands
to create and/or enhance emergent habitat,
including Frank’s Tract, Big Break, Mildred
etc.
Island,
Little
Mandeville
Island,
Approximately
7,000
acres fall into
this

Restoring nesting habitat, especially when it is near
brood ponds, will increasethe production of resident
waterfowl species.When the restored nesting habitat
is properly managed, large, ground predators are less
effective in preying on eggs and young of waterfowl
and other ground nesting birds. Managing
agricultural lands to increaseforage for waterfowl and

category.
and implement
management
plans for
upland areas already in public or non-profit
ownership, including Calhoun Cut Ecological

Develop
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Preserve (approximately
Island, etc.
w

1,000 acres), Rhode

the ‘introduction and maintenance of riparian
vegetation into the flood bypass without reducing
overall flow capacity during flood events.

Develop and implement individual management
plans for private agricultural properties and
develop (or provide) funds to offset costs of
voluntary implementation of such plans (plans
could include flooding programs, enhanced
levees and pumps to enhance flooding and
drainage, recommend crop rotation cycles, size
and location ofpermanent brood ponds, etc.).

The Delta Protection Commissionalsosuggestedthat
the South Fork of the Mokehunne River be
consideredfor water conveyance and flood control, by
dividing the flow of the Mokelumne River between
its north and south forks. Both forks could be
examined for
additional habitat restoration
opportunities as channel capacities are increasedby
dredging or construction of any necessary levee
setbacks. There are significant flow constrictions in
the upper reach of the South Fork Mokelumne, which
if reduced, could provide important
opportunities
for
flood control and habitat restoration. The
Commission suggested that the Mokelumne River
corridor must be multipurpose and provide water
conveyance through the Delta, flood control for
Sacramento and San Joaquin counties, and provide
for a riparian corridor for aquatic and terrestrial
species.

m Develop and implement
individual management
plans for privately owned lands managed for
wildlife habitat, such as duck clubs and upland
hunting clubs, and develop (or provide) funds to
offset costsof voluntary implemenration~f such
plans.
w

Control of srressors should be revised to avoid
duplication with existing regulatory programs,
such as existing dredging “windows,” and the
programs that are developed should respect the
needs of existing land uses, such as wareroriented recreation. Where funds are needed to
carry out specific programs, those funds should
be made available to private land owners to
implement CALFED programs.

The Commissionalsoprovided information regarding
wildlife friendly farming practices. In 1993-94,
a
Crop Shift Demonstration Project was conducted on
Rindge Tract. More recently, short-seasonrice has ’
been successfully grown in the Delta and could be a
valuable

The Delta Protection Commissionalsosuggestedthe
approach for restoring a riparian corridor along the
Delta portion of the Sacramento River should
consider the ecological benefits of enlarging and
enhancing a riparian corridor west of the Deep Water
Ship Channel, within the Yolo Bypass. Such a
waterway could connect to the main stem of the
SacramentoRiver at either or both the Surrer Weir or
the Sacramento Weir. There is an existing channel
named the Tod Drain, which lies west of the Ship
Channel. The Toe Drain is largely unvegeraredby lies
within the Yolo Bypass, where the lands are already
subject to a flood easementpurchased by the federal
government to provide additional flood protection
the city of Sacramento and the Delta area. While the
Sacramento River can maintain flood flows of about
150,000 cfs, the Yolo Bypass can handle about three
rimes as much flood flow (450,000 cfs). Locating an
enhanced riparian corridor within the Yolo Bypass
would also addressthe stranding ofjuvenile and adult
fish when flood flows recede. Creating an enlarged
channel would improve flood water conveyance
capacity in the Yolo Bypass, which would then allow

crop

that

contributes

to wildlife

friendly

agricultural practices. The California Department of
Fish and Game recommended specific measuresto
mitigate impacts to wildlife from the demonstration
project.
Most of the mitigation
measures
were
implemented as part of the demonstration
project,
and project monitoring provided positive results.
Based on this demonstration project, a wildlife
friendly agricultural practices program should
consider the following:
8

Extend availability ofpost-harvest flooded grain
fields to more fully cover period of usage by
migratory birds.

w

Enhance food value ofpost-harvest flooded grain
fields by intentionally leaving more grain in the
fields either by modifying
harvest practices or
intentionally nor harvesting portions of the fields
to be harvested.

a

Create fringe areasduring important periods to
enhance forage opportunities for speciessuch as
greater sandhill cranes and Swainson’shawks.
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Table 6. Summary of ERPP Habitat
Management Zone.

Habitat

Type

ridal Perennial

Restoration

North Delta
Acreage

Targets for the Sacramento-San

East Delta
Acreage

1,500

South Delta
Acreage

Joaquin Delta Ecological

Central and
West Delta
Acreage

2,000

1,000

Total
Acreage

2,500

7,000

4quacic
shoal

0

0

0

500

500

Nontidal Perennial
Aquatic (deep open
water)

0

200

200

100

500

300

300

500

2,100

lo-30 miles
(61-182 acres)

25-50 miles
(152-303 acres)

20-50 miles
(121-303 acres)

--

__

Nontidal Perennial
Aquatic (shallow
open water)
Delta Sloughs
Delta Sloughs (Yolo
Bypass)
Midchannel

Islands

Fresh Emergent
Wetland (tidal)
Fresh Emergent
Wetland (nontidal)
Seasonal
Wetland

1,000

lo-30 miles
(61-182 acres)
50-100 miles
(303-606 acres)

--

50 to 200

50 to 200

TBD
{to be determined]
2,000

1,000

Grassland

Wildlife Friendly
Agricultural
Land

1 .ooo
6,000
8-15 miles
(I 16-2 18 acres)

0

0

TBD

4,000

+%

25-45 miles
(377-695 acres)

10,000

17,000

1.500
8,000

4.000
28,000
53-96 miles
plus 500 acres
(1,684-2,422
acres)

50 to 100

1,000

1,000

1,000 to 2,000

1,000 to 2,000

TBD

TBD

TBD

TBD

TotaI acres of all habitats to be restored excluding

wildlife friendly agricultural
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practices

200 to 800
30,000 to
45,000

--

0

65-160 miles
(395-970 acres)
50-100 miles
(303-606 acres)

50 to 200

TBD

20-35 miles
plus 500 acres
(691-1,009
_
acres)

Inland Dune Scrub

_.’

50 to 200

TBD

Improve: 1.000
Restore: 2,000

Riparian and
Riverine Aquatic

Perennial

-

50 to 100
4,000 to 6,000
40,000 to
75,000
91,732 to
110,998
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Sacramento, lvokelumne, and San Joaquin rivers, and
on 25 to 100 miles of other Delta channels and
sloughsconfined by levees(++).

Disperse the program throughout rhe De!ca to
discourage. over-concentration
of species in a
single area.

Maintain the existing agricultural economy of the
region
by using a volunrary program in which
participants receive compensarionequal to their cost
or lossof income.

PROGRAMMATIC
ACTION
IA:
Enter into
agreementswith willing levee reclamation districts to
change levee and berm vegetation management
practices that to establish and mature shoreline
riparian vegetation. This will restore and maintain
the health of Delta aquatic resources. Reimburse
districts for any additional maintenance and
inspection costs.

Overall, the Delra Protection Commission has
provided
suggestions that
will
facilitate
implementation of the long-term program. Although
the recommended actions in this plan are still at the
“Programma tic Level, ” near-term implementation
plans and projects can incorporate thesesuggestions
in order to develop actions that can be implemented
with support of the Commission.

REDUCING

RATIONALE: Restoring, improving, andprorecring
high-quality riparian woodland and willow scrub
habitat will enhance nutrient Cycling and the
foodweb and provide habitat for terrestrial
invertebrates that will iustain resident fish and
juvenile anadromousfish. Terrestrial vertebrates that
will benefit include the Swainson’shawk, western
yellow-billed cuckoo, neotropical migrant songbirds,
and the riparian brush rabbit. This action will also
increase suitable habitat for wildlife such as the
western pond turde and wood duck (Bjornn et al.
1991; Shieldset al. 1993;Jensen et al. 1987; Eris and
DeHaven 1993; Mahoney and Erman 1984; and
Knight and Bottorff 1983). Large-scale riparian
restoration projecrs are needed to restore the variety
of species and the sustainability and resilienceof these
habitats to support the ecological functions needed
for aquatic resourcerestoration in the Bay-Delta. This
is consistent with the recommended strategy for
restoration ofrivers and aquatic ecosystems on a large
scale (National Research Council 1992; Noss and
Harris 1986; Hutto et al. 1987; Scott et al. 1987;
Noss er al. 1994).

OR ELIMINATING
STRESSORS

WATER

DIVERSIONS

TARGET 1: Reducelossof important fish speciesat
diversions (+++).
PROGFUIMMATIC ACTION 1 A: Consolidateand
screen agricultural diversions in the Delta.
PROGRAMMATIC
ACTION
1~: Replace or
upgrade the screensat the SWP and CVP intakes
with positive-barrier, fish bypassscreensand state-ofthe-art fish holding and transportation systems.
(Note: The ecological benefits of this action could be
substantially improved by selection of an alternative
that has a provision to relocate the intakes, screening
those intakes, and providing for fish bypassesas
.
needed.)

DREDGING

PROGRAMMATIC
ACTION 1 c: Upgrade screens
at Pacific Gas & Electric Company’s Contra Costa
power plant with fine-mesh, positive barrier, fish
bypass screens.

BRIDGES, AND
PROTECTION

PROGRAMMATIC
ACTION IA: Use alternate
sources(rather than Delta in-channel sources)of levee
maintenance material, such as:

BANK

TARGET
1: Increase shoreline and floodplain
riparian habitat in the Delta by changing the
vegetation maintenance practices on both the water
and the land side of berms on 25 to 75 miles of the

n
n

rs 2ELn
Ir

DISPOSAL

TARGET 1: Limit dredging in channel zones that
are not essentialfor flood conveyance or maintenance
of industrial shipping pathways, and avoid dredging
in shallowwater areas(depths of lessthan 3 metersat
mean high water) except where it is neededto restore
flood conveyance capacity (+++).

RATIONALE:
Loss of juvenile fish in diversions is
detrimental to fish species of special concern (Larkin
1979; Erkkila et al. 1950).
LEVEES,

AND SEDIMENT

excavation of abandoned nonessentiallevees,
excavation material from the restoration of
secondary tidal channels,
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n
n
n

n

dry-side island interior borrow pits,
upland borrow sites,
Cache Creek settling basin and Yolo Bypass
sediment deposits, and
deep water dredging sites in the San Francisco
Bay.

Management Zone so that the total surface area of
thesesloughsand channels covered by invasive nonnative aquatic plants is reduced (a).
PROGRAMMATIC
ACTION 1 A: Conduct largescale,annual weed eradication programs throughout
existing and restored dead-end and open-ended
sloughs and channels within each of the Delta’s
Ecological Management Units. The goal is that less
than 1% of the surface area of these sloughs and
channels is to be covered by invasive non-native
aquatic plants within 10 years.

PROGRAMMATIC
ACTION
1~: Restrict or
minimize
effects
of dredging
near existing
midchannel islands and shoals that are vulnerable to
erosion and exhibit clear signs of area reduction from
channel and bar incision (cutting).

PROGRAMMATIC
ACTION 1~: Evaluate the
feasibility of developing a program to commercially
harvest and convert water hyacinth to methane
(natural gas)and organic fertilizer.

TARGET 2: Avoid dredging during spawning and
rearing periods for delta smelt and during rearing
periods for winter-run
chinook salmon (++t).
PROGFWMMATIC
ACTION
2~: Follow DFG
guidelines for dredging in the estuary.

TARGET 2: Reduce the potential for introducing
non-native aquatic plant and animal speciesat border
crossings(+++).

ACTION
2B:
Provide
stockpiles of levee maintenance materials in three or
more selected land-side areas to avoid the need to
obtain material from Delta channelsduring restricted
periods.
PROGFXAMMATIC

PROGRAMMATIC ACTION 2A: Provide funding
to the California Department of Food and
Agriculture to expand the current State border
inspection process to include a comprehensive
program of exclusion, detection, and management of
invasiveaquatic speciessuch aspurple loosestrife,and
hydrilla.

Soilsfor levee maintenanceshould not
be taken from adjacent Delta waters becausesuch
dredging alters the physical and chemical
characteristics of the aquatic habitat and disrupts
aquatic organisms. Restoring, improving, and
protecting high-quality shallow habitat will provide
forage for rearing juvenile fish. Theseareastypically
produce high levels of primary and secondary food
species’andsupport nutrient cycling that can sustain
quality forage. These areasalsoprovide high-quality
forage for waterfowl lhat use submerge vegetation
growing in the shoals and diving ducks such as
canvasback and scaup that-eat clams in these areas
(Fris and DeHaven 1993; Britain et al. 1993; Stuber
1984). Lossesor impacts to this habitat should be
avoided to restore the health of the estuary (Schlosser
1991; Sweecnamand Stevens 1993; Herbold 1994).
RATIONALE:

Invasive aquatic plants have altered
ecosystemprocesses,functions, and habitats through
a combination of changes such as those to the
foodweb and those from competition for nutrients,
light, and space.The prescribed action is primarily to
enhancefoodweb functions and improve habitat for
resident, estuarine, and anadromous fish and
neotropical migratory birds, in part, by reducing the
areasinhabited by invasive non-native plants and by
large-scale restoration of optimal nesting habitat
(Dudley and D’Antonio 1994; Anderson 1990;
Zedler 1992; Bay-Delta Oversight Council 1994).
RATIONALE:

INVASIVE
RIPARIAN AND
SALT MARSH
PLANTS

Impacts that could disrupt foraging and breeding
activities of special-status estuarine fish should be
avoided (Sweetnam and Stevens 1993; Moyle et al.
1992, Herbold 1994).

TARGET 1: Reduce surface area covered by nonnative plants to lessthan 1% (+>.
PROGFUIMMATIC

INVASIVE

AQUATIC

PLANTS

ACTION

IA:

Control non-

native riparian plants.

TARGET 1: Manage existing and restored dead-end
and open-ended sloughs and channels within the
Delta
Sacramento-San Joaquin
Ecological

TARGET

2: Reducethe areaof invasive non-native

woody species,such as Giant Reed (i.e., Arundo or

T
k%*
L.
PROGRAM
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false bamboo) and eucalyptus, that compete with
native riparian vegetation, by reducing the area of
non-natives by 50% throughout the Delta and by
eradicating invasive woody plants from restoration
areas (4+).

2: Reduce the potential for introducing
non-native aquatic organisms at border crossings
(444).

TARGET

ACTION
2n: Provide funding
to the California Department of Food and
Agriculture to expand the current State border
inspection process to include a comprehensive
program of exclusion, detection, and managementof
invasive aquatic speciessuch as the zebra mussel.
PROGRAMMATIC

PROGRAMMATIC
ACTION
2A:
Implement a
program throughout the Delta to remove and
suppressthe spreadof invasive non-native plants that
compete with native riparian vegetation by reducing
the aerial extent of speciessuch as False Bamboo,
eucalyptus, and non-native cordgrass(Spartina spp.)
by 50%.

RATIONALE:
Every reasonable effort should be
made to reduce the introduction of non-native
organismsin the ballast water ofships that enter the
Delta. Such organisms have greatly altered the
tooplankton of the DPlta over the past several
decades.Further alteration could reduce the capacity
of the Delta to support native fishes.

ACTION
2~: Implement a
program throughout the Delta that, before
restoration actions, eliminates invasive woo* plants
that could interfere with the restoration of native
riparian vegetation.
PROGRAMMATIC

Every reasonableeffort should be made to reduce the
introduction of non-native organisms at overland
entrances to California. Inspections at borders have
already found Zebra musselsthat if allowed to enter
Bay-Delta waters could have devastating economic
and ecological effects.

RATIONALE:
Invasive non-native plants have
altered ecosystemprocesses,functions, and habitats

through a combination of changes such as those to
the foodweb and those of competition for nutrients,
light, and space.The prescribed actions are primarily
to improve habitat for many fish and wildlife species
and to support foodweb functions by establishing
extensive riparian habitat throughout the Delta
(Dudley and D’Antonio 1994; Madrone and Assoc.
1980; Bay-Delta Oversight Council 1994; Crossand
Fleming 1989; Zedler 1992). There have been
extensive Spartina eradication efforts in Willapa Bay,
Washington, that could provide guidance in
designing and implementing a similar control
program in the western Delta and north San
Francisco Bay. In most cases, the removal of invasive
plants will require the replanting of native vegetation
to maintain adequate levels of herbaceous cover,
canopy closure, habitat structure, and to limit exotic
recolonization.
INVASIVE

AQUATIC

PREDATION

1: Reduce lossof juvenile fish in Clifton
Court Forebay to predation by 75% to 90% (+++).
TARGET

ACTION
1 A:
Evaluate
alternate operational strategiesto reduceentrainment
of juvenile fish into Clifton Court Forebay.
PROGRAMMATIC

2: Reduce in-channel predation loss of
juvenile fish near structures such asbridge pilings and
diversions (4).
TARGET

ACTION
IA:
Develop a
cooperative program to reevaluate opportunities to
modify in-channel structures to eliminate predator
habitat.
PROGRAMMATIC

ORGANISMS

Diversions and other structures may
provide habitat or opportunities for predatory fish
and wildlife, which could be detrimental to fish
speciesof special concern (Erkkila et al. 19.50).
RATIONALE:

1: Reduce or eliminate the influx of nonnative aquatic speciesin ship ballast water (+++).

TARGET

1 A: Fund additional
inspection staff to enforce existing regulations.
PROGRAMMATIC

AND COMPETITION

ACTION

Predation of juvenile fish in Clifton Court Forebay is
a symptom of larger problems. These are probably
insufficient rearing habitat in the Central Delta, high
channel velocities, and insufficient flows in the San
Joaquin River. Short-term efforts in Clifton Court
Forebay should include, at a minimum, a predator

PROGRAMMATIC
ACTION
16: Help fund
researchon ballast water treatment techniques that
could eliminate non-native species before ballast
water is released.
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removal or control program near the fish facility and
louver system. Additional focused researchis needed
on longer-term efforts to reduce predation and to
improve the understanding of predator population
growth. The longer-term solution to predation at this
site lies in re-creating rearing and migration habitats
throughout the Delta. Some of the water conveyance
alteinatives in the Delta could decreasethe rates of
predation by enlarging the forebay and closing the
radial gates for longer periods.

Improved inchannel flows within the Delta from
seasonalreductions in water use and improved flows
attributed to enhanced supplies of environmental
water will alsocontribute to reducing concentrations
(Charbunneau and Resh 1772; U.S. Environmental
Protection Agency 1773). Human health warnings
associatedwith consumingfish and wildlife have been
issued becauseof high levels of substancessuch as
mercury and selenium. Large-scale restoration of
aquatic and wetland habitats may contribute to
reducing levels of hydrocarbons, heavy metals, and
other pollutants. However, addressingpoint sources
of concern such asthe oil refinerieson Suisunand San
FranciscoBays and elevated releasesof selenium asa
result of refining oil from sources high in selenium
help reduce these contaminants
can also
(Charbunneau and Resh J772).

CONTAMINANTS
TARGET 1: Reduce loading, concentrations, and
bioaccumulation of contaminants of concern to
ecosystemhealth in the water, sediments,and tissues
of fish and wildlife in the Sacramento-SanJZaquin
Delta Ecological Management Zone by 25 to 50% as
measuredagainst current average levels (++).

HARVEST

OF FISH AND WILDLIFE

PROGRAMMATIC
ACTION
IA: Reduce the
input of herbicides, pesticides, fumigants, and other
agents toxic to fish and wildlife in the Delta by
changing land management practices and chemical
useson 50,000 acresof urban and agricultural lands
that drain untreated into Delta channelsand sloughs.
Actions will focus on modifying agricultural practices
and urban land useson a large scale.To reduce the
concentration of pesticide residues, the amount
applied will be reduced and the amount of pesticide
load reaching the Delta’s aquatic habitats will be
further reduced by taking advantage of biological and
chemical processeswithin wetland systems to help
break down harmful pesticide residues.

TARGET 1: Reduce illegal harvest of anadromous
fish and wildlife in the Delta by increasing
enforcement (+++).

PROGRAMMATIC
ACTION 1 B: Reducelevels of
hydrocarbons and otLer contaminants entering the
Delta foodweb from high releases
into the estuary at
_
oil refineries.

RATIONALE: Actions to reduce illegal harvest of
fish and wildlife are prescribed primarily to
contribute to rhe recovery of aquatic speciessuch as
winter-run, spring-run, and late fall-run chinook
salmon;green sturgeon; splittail; and steelhead.They
will alsocontribute to the recovery of species such as
Swainson’shawk, greater sandhifl crane, yellow-billed
cuckoo, riparian brush rabbit, black rail, and giant
garter snake (U.S. Fish and Wildlife Service 1776;
San Francisco Estuary Project 1772b; Bay-Delta
Oversight Council 1773; California Department of
Fish and Game 1771).

PROGRAMMATIC
additional funding
enforcement.

ACTION
1 A:
Provide
to the DFG for additional

PROGFWMMATIC
ACTION
16:
Provide
additional funding to local county sheriffs
departments and local park agenciesfor additional
enforcement.
PROGRAMMATIC ACTION 1 c: Provide rewards
for the arrest and conviction of poachers.

RATIONALE:
Reducing the concentrations and
loadsof contaminants including hydrocarbons, heavy
metals, and other pollutants in the water and
sediments of the Sacramento-San Joaquin Delta
Ecological Management Zone will help ensure
reduction of sublethal and chronic impacts of
contaminants, whoseimpacts on population levels are
hard to document. (Bay Delta Oversight Council
1774; Hall 1991; U.S. Fish and Wildlife Service
1776; San Francisco Estuary Project 1772b; Sparks
1772; Diamond et al. 1773; Rest et al. 1787).

STFXANDING
TARGET 1: Reduce or eliminate the stranding of
juvenile chinook salmon on floodplains, shallow
ponds, and levee borrow areas(4+).
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PROGRAMMATIC
ACTION
1 A: Conduct surveys
of stranding in the Yolo Bypass under a range of flow
conditions and develop recommendations
to resolve
the problem.

PROGFWMMATIC
ACTION
2~: Establish and
enforce no wake zones within 50 yards of important
California black rail nesting areas in the Delta from
lMarch to June.

RATIONALE:
Under
many flow condirions,
stranding is likely in the YoJo Bypass and is a
minimal problem. However, under conditions in
which the Sacramenro River reach high flows and
fJow is diverted into the flood bypasses, and rhen flow
quickly recede, stranding is likely a seriousproblem.
Timing also pJays a important role in determining
the severity of the problem. The California
Department of Warer Resources has been
investigating stranding of juvenile fish in the YoJo
Bypass and identified areas where remediaJ_actions
are probably appropriate to reduce the lossof juvenile
fish. Further analysis is needed of the potential
magnitude of the problem and ,additionaJ options to
reduce rhe potential ,severity of the problem need to
be identified.

PROGFWMMATIC
ACTION 213: Establish and
enforce no motorized boating zones in 5 to 25 miles
of existing dead-end channels in the Delta from
March to June.
PROGWMMATIC
ACTION 2c: Establish and
enforce no motorized boating zonesin the small tidal
channelscreated in restored tidal freshwater marshes
and Delta floodplains of levee setbacks.
TARGET 3: Reduce boat wakes near important
shallow water spawning areas in the Delta from
March to June to levelsnecessaryto protect successful
spawning behavior and success.This will help in
recovery of listed species(+>.
PROGRAMMATIC
ACTION.
3~:
Identify
important shallow water spawning areasand establish
and enforce no wake zones within 50 yards of these
important Delta habitats from March to June.

DISTURBANCE
TARGET 1: Reduce boat traffic and boat speedsin
areas where levees or channel islands and their
associatedshallow-water and riparian habitat may be
damaged by wakes. This will protect important Delta
habitats such asberm islandsfrom erosion causedby
boat wake (++).

RATIONALE:
Protecting the highest quality and
largest berm island complexes wiJJ advance the
ERPP’s strategy of protecting and restoring large
areasof habitat rather than small fragmented areas
(National
Research Council 1992; ResourceAgency
1976; San Francisco Estuary
Project 1992a; San
]oaquin County 1979; U.S. Fish and Wildlife Service

PROGRAMMATIC
ACTION IA: In the Central
and West Delta Ecological Management Unit,
establishand enforce no wake zonesof 1 to 3 miles in
Disappointment Slough, of 1 to 2 miles in White
Slough, and of 3 to 4 miles in Middle and Old rivers
in areaswith remnant berms and midchannel islands.

1992).

Actions taken to resrore ecological processesand
functions, increaseand improve habitats, and reduce
stressorsin this Ecological Management Zone are
prescribed primarily to contribute to the recovery of
aquatic species such as winter-run, spring-run, and
late-fall-run chinook salmon; green sturgeon;
splittail;
and steelhead. They will also contribute to
the recovery of species such as the black rail.
(Madrone 1980; Schlosser 1991; San Francisco
Estuary Project 1992a; U.S. Fish and Wildlife Service
1978; SchJorff1991).

PROGRAMMATIC
ACTION
16: In the East
Delta Ecological Management Unit, establish and
enforce no wake zones of 1 to 3 miles of the
Mokelumne River, of 2 to 4 miles in Snodgrass
Slough, and of 3 to 4 miles in Beaver, Hog, and
Sycamore Sloughs in areaswith remnant berms and
midchannel islands.
TARGET 2: Reduce boat wakes near designated
important California black rail nesting areasin the
Delta from March to June to levels necessary to
prevent destruction of nests. This will help in
recovery of this listed species(++).

Additional research is needed to identify important
shallow
water spawning
areas and the potential
adverseeffects of boat trafic on the spawning success
of narive Delta fishes.
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. 1993. Restoring Central Valley
streams: a plan for action. November 1993.
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4 SUISUN MARSH/NORTH
SAN FRANCISCO
BAY ECOLOGICAL
MANAGEMENT
ZONE
and marshes. The North Bay and adjacent marshes
are important nursery grounds for many marine,
estuarine and anadromous fish species. Four runs of
chinook salmon, steelhead, green sturgeon, white
sturgeon, striped bass, lamprey, and American shad
migrate through the Delta on their journey between
the Pacific Ocean and Central Valley spawning rivers.
Young salmon may spend important weeks and
months feeding in the North Bay and marshes before
migrating to the ocean. Many sturgeon and striped
bass spend much of their lives in the North Bay.
Many marine (ocean) species depend on the North
Bay as nursery area for young, including Pacific
herring, northern anchovy, and Dungeness crab.
Native resident fish, including longfin smelt, delta
smelt, and splittail, spend much of their lives within
the North Bay and marshes. Considerable areas of
waterfowl and wildlife habitat occur on and along the
margins of the North Bay and in the marshes.

-

lNTR00~cTl0N
Suisun Marsh and North San Francisco Bay are the
portions of San Francisco Bay downstream of the
Delta and upstream of Central San Francisco B,ay.
These areas include San Pablo and Suisun Bays, the
adjacent Suisun Marsh, and the Contra Costa
shoreline. North Bay was once bordered on the north
by extensive marshes. Baylands alteration has now
reduced the marshes to northern San Pablo Bay and
Suisun Bay, including Petaluma, Napa, and Suisun
marshes. Healthy marshes provide many ecological
benefits including very high productivity,
flood
moderation and shoreline protection. Many of the
tidal emergent marshes have been reclaimed for
duck clubs, and
agriculture,
salt production,
managed freshwater
marshes. These lands are
protected from flooding by hundreds of miles of
levees. Remnants of rhe tidal salt marshes remain
along the margins of San Pablo and Suisun Bay. The
largest intact undiked wetlands remaining in Suisun
Marsh are associated with Cutoff Slough and Hill
Slough in north central Suisun Marsh.

Ecological factors having the greatest influence on
North Bay and marsh fish and wildlife include
freshwater inflow from rivers, wetlands, riparian
vegetation, and aquatic habitat diversity. Stressors
include water diversions, poor water quality, legal
and illegal harvest, wave and wake erosion, and
introduced non-native plant and animal species.
Stressors to Suisun and North Bay saline emergent
plant communities supporting sensitive plant and
wildlife resources include freshwater discharges which
are outside of the natural variability of seasonal
runoff. ,For example, fresh wastewater
treatment
outfalls sustained outside of the normal runoff season
have been proven detrimental to saline emergent
wetlands.
Stressors
may also include water
management activities which result in increased
depth and duration of flooding in high marsh zone
beyond the range of natural variability
and
seasonality.

Suisun Marsh and North San Francisco Bay support
many species of native and non-native
fish,
.waterfowl,
shorebirds,
and other wildlife.
This
ecological management zone also supports many
native plant communities including several significant
rare and endangered plants which are dependent of
wetland processes. All Central Valley anadromous
fish migrate through the North Bay and depend on
the North Bay and marshes for some critical part of
their life cycle. Many Pacific Flyway waterfowl
and
shorebirds pass through or winter in the North Bay

DESCRIPTION
MANAGEMENT

OF THE
ZONE

The Suisun Marsh/North
San Francisco
Bay
Ecological Management Zone is the westernmost
zone of the Ecosystem Restoration Program. Its
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bayland habitats and about 90,000 acres of adjacent
habitats (Goals Project 1999). Tidal marsh (190,000
acres) and tidal flats (50,000 acres) accounted for
98% of the bayland habitats. Today, only 70,000
acres remain. In the Suisun Bay and marsh, tidal
marsh and tidal flat habitats have declined from
68,000 acres to about 15,000 acres. Similar declines
have occurred in the North Bay region with tidal
marsh and tidal flats declining from about 68,000
acres to about 25,000 acres (Goals Project 1999).

eastern boundary is the Collinsville area, and to the
west ir is bounded by the northwestern
end of San
Pablo Bay. The northern boundary follows the ridge
tops of the Coast Ranges and includes the Petaluma
River, Sonoma Creek, the Napa River, Suisun Bay
and marsh and San Pablo Bay. This Ecological
Management Zone is composed of five Ecological
Management Units:
n
n
n

H
n

Suisun Bay and Marsh,
Napa River,
Sonoma Creek,
Petaluma River, and
San Pablo Bay.

Map of the Suisun

Marsh/North

Today, the important habitat types in the Suisun
San Francisco
Bay
Ecological
lMarsh/North
Management
Zone are tidal perennial aquatic
habitat, tidal saline emergent wetland,
seasonal
wetland, perennial grassland, agricultural land, and
riparian habitat. The -separation of wetlands from
tidal flows and the reclamation of emergent wetlands
have altered ecological processes and functions in
Suisun Marsh and the North Bay. Removing tidal
action from the marsh and baylands soils has resulted
in oxidation of the soil and, subsequently, subsidence
(settling) of interior islands and adverse changes in
wetland soils chemistry. Losing these processes and
functions has reduced available habitat for native
species of fish, plants, and wildlife; reduced water
quality; and decreased the area available for
dispersing flood waters and depositing suspended silt.

San Francisco Bay Ecological
Management
Zone and Units.

The general structure of San Francisco Bay is that of
a series of embayments, each containing a central
expanse of open water overlying subtidal sediments,
and ringed by intertidal wetlands, mudflats, and lor
rocky shores. These different kinds of areas constitute
the major distinctive habitat-types of the ecosystem.
Hydrologically,
the Bay may be divided into two
broad
subdivisions
with
differing
ecological
characteristics: a southern reach consisting of South
Bay, and a northern reach composed of Central, San
Pablo, and Suisun Bays. The southern reach receives
little freshwater discharge, leading to high salinity
and poor circulation. It also has more extreme tides.
The northern reach (which this vision addresses)
directly receives Delta outflow, is characterized by
less extreme tides and a pronounced horizontal
salinity gradient, ranging from near full marine
conditions in Central Bay to near fresh water
conditions in Suisun Bay. Central and Suisun Bays
contain sizeable islands. Features not present in San
Pablo and South Bays.

Species that have been affected include the salt marsh
harvest mouse, California clapper rail, California
black rail, waterfowl, shorebirds, Suisun shrew, and
many other wildlife species. Many special-status plant
species, including the soft-haired bird’s beak, Suisun
thistle, and Suisun aster, have also been adversely
affected. Many species of native marine, estuarine,
freshwater, and anadromous fish also depend on this
habitat type for important parts of their life cycles.
Fish
species that continue to depend on tidal marshes
,
and adjoining sloughs, mudflats and embayments
include delta smelt, longfin smelt, chinook salmon,
green sturgeon, white sturgeon, Pacific herring, starry
flounder, splittail, and striped bass.

l

Submerged aquatic vegetation (SAV), especially
seagrass, communities and habitats provide valuable
habitat for fish and invertebrates in the San Pablo
Bay and north San Francisco Bay and is an important
foraging habitat for waterfowl.
San Pablo Bay
contains the greatest acreages of seagrass of any water
body in the Bay-Delta system. The relative present-

Historically
(ca lSOO), San Francisco Bay included
more than 242,000 acres of tidally influenced
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day rarity of seagrass beds suggests it could be
considered a habitat of special concern in the system.

Unimpaired

Ecological processes essential to a healthy Suisun
LMarsh and San Francisco Bay include freshwater
inflow, flood and floodplain processes, and aquatic
foodweb processes. The disruption
of ecological
processes in this zone, such as separating wetlands
from tidal flows, has prevented the marshes from the
accretion of bottom sediments necessary to keep up
with sea level rise, reduced nutrient input to the zone,
and reduced the output of other organics and fixed
nutrients. Ecological processes essential to a healthy
Suisun Marsh and San Francisco Bay include both
freshwater
inflow
within
natural (unimpaired)
variability and also tidal inflow to deliver important
ocean salts and maintain this brackish-saline system.
In addition, rare events such as extreme pulse flow
hydrographs associated with high outflow years and
rare events such as extreme winter
drought
conditions which this system experienced historically
may be equally important
in maintaining
the
biological diversity of this mixed salinity zone.
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Delta were formerly 8,000 to 14,000 cfs; presently
these flows average only 2,500 to 3,000 cfs. In dry
and normal years, summer flows have remained in
the range of 4,000 to 8,000 cfs, because channels
carry irrigation water and Delta outflow needed to
meet water quality criteria in the Delta. Winter
freshwater inflows from the Delta in dry and normal
years have been reduced from former levels of 15,000
to 60,000 cfs to current levels of 7,000 to 35,000 cfs
because much of the runoff from winter rains and
snowmelt is now stored in foothill reservoirs. Flows in
highest rainfall years are relatively unchanged,
although short-term
peaks are reduced by floodcontrol storage in large foothill reservoirs.

Hydrology is the physical process with the greatest
influence on aquatic and wetland habitats, the many
species of plants and animals that use the Bay, and
the concentrations of pollutants in the marshes and
North Bay. In areas downstream of the X2 isohaline
(low salinity zone) which are well-mixed, ocean tides
clearly dominate over and above freshwater inflow.
The historical dominance of halophytic vegetation in
Suisun Marsh also suggests that tidal hydrology may
be more important to Suisun than freshwater inflows.
The historical tidal prism prior to diking of the
Suisun and North Bay marshes was also higher than
present condition.

Historical

Freshwater inflow to the North Bay varies greatly
from year to year. In 70 years of historical record, Bay
inflow has ranged from a high of 50 million acre-feet
(af) to a low of 8 million af, with an average of
approximately
24 million af. During this period,
freshwater inflow to the Bay has changed markedly
because of upstream water storage in reservoirs and
water-supply
diversions developed in 1940s 1950s
and 1960s. Spring freshwater inflows, which once
averaged 20,000 to 40,000 cubic feet per second (cfs)
in dry years and 40,000 to 60,000 cfs in normal
years, now average only 6,000 to 10,000 cfs in dry
years and 15,000 to 30,000. cfs in normal years. In
the driest years, spring freshwater inflows from the
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Freshwater inflows from the local watershed in the
Vaca Mountains and Coast Range have also been
modified from historic conditions. This influence,
however, needs further review to clarify potential
adverse downstream impacts.

and wintering waterfowl.
Such habitat within the
North Bay also benefits waterfowl, as well as many
plant and wildlife species.
After more than 100 years of land reclamation
activities in the North Bay and marshes, many linear
miles of natural sloughs have been lost. Sloughs are
important spawning and rearing areas for many BayDelta fish species, as well as waterfowl
and other
wildlife. Of the natural sloughs that remain, most
have severely degraded natural habitat values from
loss of the tidal prism, dredging, levee confinement,
riparian vegetation loss, high water flow, and poor
water quality (i.e., from municipal, industrial, and
agricultural drains).

Natural
flood and floodplain processes are the
periodic inundation of the floodplain during tidal
cycles and peak flow events that would typically
occur in late winter and spring during all but the
driest years. Land reclamation and levee construction
have eliminated much of the natural North Bay
floodplain. This floodplain reduction forces water to
rapidly exit the marshes and bays through confined
channels and sloughs. While flows in most high
rainfall years may be relatively unchanged, veg large
floods can devastate shoreline areas of the North Bay
due to loss of floodplain and flood basin storage and
other dampening effects of floods.

Tidal marshes (including tidal perennial aquatic
habitat, saline emergent wetlands, tidally influenced
fresh emergent wetlands, and sloughs), once the most
widespread
habitat in the Bay-Delta,
are now
restricted to remnant patches. There have been
extensive losses of saline emergent wetland habitat in
the North Bay and adjacent marshes. Most of the
remaining saline emergent wetlands lack adjacent
upland transition habitat and other attributes of fully
functioning saline emergent wetlands because of
agricultural
practices and urban and industrial
development. Saline emergent wetlands provide
important habitat for many plants, waterfowl, and
other wildlife species. In addition, saline emergent
wetlands contribute important plant detritus and
nutrient recycling to the aquatic foodweb of the BayDelta estuary, as well as important habitat to some
fish and aquatic invertebrate species.

Aquatic foodweb productivity in the North Bay has
declined over the past several decades due to several
factors, including loss of tidal exchange, changes in
freshwater inflow, Delta conditions, water diversions,
water quality, and the introduction of exotic species.
Foodweb productivity,
beginning at the primary
production
level (i.e., plant cell production),
is
essential to maintaining important fish population.
Primary productivity in the North Bay and adjacent
marshes depends on spring freshwater flow events to
bring in essential nutrients and recycle nutrients in
the marshes. Primary productivity has been limited
by heavy infestations of Asian clams that efficiently
filter algae from the water column thus reducing the
standing crop of phytoplankton.
.
With the reclamation of tidal marshes in the North
Bay, there was an accompanying loss of shallowwater aquatic habitats on which many marine,
estuarine resident and anadromous fish and estuarine
invertebrates depend. Shallow-water
habitats around
the North Bay provide spawning and rearing habitat
for many native resident Bay-Delta
fishes and
important rearing and migratory habitat for many
Central Valley salmon and steelhead populations.
Tidal perennial aquatic habitat benefits native
waterfowl, wading and shorebirds, and other wildlife,
as well as native plants that depend on such habitat.

Seasonal wetlands include vernal pools, wet meadows
or pastures, and other seasonally wetted habitats,’
such as managed duck clubs. Most of this habitat is
located on levee-protected lands. Such habitats were
once very abundant during the winter rainy season or
after seasonal flooding. With reclamation, flooding
occurs primarily from accumulation of rainwater
behind levees, from directed overflow of flood waters
to bypasses, or from flooding leveed lands (e.g.,
managed wetlands). Seasonal wetlands are important
habitat to many waterfowl,
shorebird, and other
wildlife species.
Upland habitats are found mainly on the outer edges
of the North Bay and adjacent marshes. They consist
primarily of grasslands and remnant oak woodland
and oak savanna (intermittent
woodland
and

Lakes and ponds (nontidal perennial aquatic habitats)
found behind levees on reclaimed islands support
simple invertebrate communities, riparian habitat,
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grassland). Perennial grasslands are an important
transition habitat for many wildlife species and are
buffers to protect wetland and riparian habitats.
lMuch of the grassland habitat associated with
wetlands has been lost to agriculture (i.e., pasture,
grain, vineyards, and orchards) and development (i.e.,
home construction,
golf courses). Grasslands are
important buffers for wetland habitat and provide
habitat for many plant and animal species.

Water diversions in the North Bay and adjacent
marshes divert freshwater inflow and brackish waters.
Though diversions vary seasonally, relatively high
rates can occur in any month of the year. Most water
diverted from the North Bay and marshes is used
locally. With many diversions unscreened or poorly
screened, great numbers
of fish and aquatic
invertebrates
are lost. In addition to organisms,
diversions remove a disproportionately
large portion
of the nutrients and decrital (organic debris) load that
drive the Bay-Delta
foodweb.
Losses of fish,
invertebrates, and nutrients and organic debris limit
the potential for the recovery of many fish species and
improving Bay-Delta aquatic foodweb productivity.
Lack of adequate screening and location of water
diversions in sensitive areas contribute to the loss of
important fish and aquatic foodweb organisms.

Riparian habitat, both forest and shrub, is found on
the water and land side of levees, berms, berm
islands, and in the interior of some islands. This
habitat ranges in value from disturbed (i.e., sparse,
low value) to relatively undisturbed
(i.e., dense,
diverse, high value). The highest value riparian
habitat has a dense and diverse canopy structure with
abundant leaf and invertebrate biomass. The canopy
and large woody debris in adjacent aquatic habitat
provide the shaded riverine aquatic habitat that many
important fish and wildlife species depend on during
some portion of their life cycles. The lower value
riparian habitat is frequently mowed, disced, or
sprayed with herbicides, resulting in a sparse habitat
structure with low species diversity.

Levee construction and bank protection have led to
the loss of wetland
and shallow-water
habitat
throughout
the North Bay and adjacent marshes.
Habitat on levees and shorelines needs improvement
to restore biodiversity and ecological functions needed
for Bay-Delta aquatic and wildlife resources. Riparian
habitats in this zone are found along the tributary
streams in the upper reaches. Riparian habitat is not
generally found in areas subject to reclamation by
levee construction due to high salinity.

Riparian habitat is used by more wildlife than any
other habitat type. From about 1850 to the turn of
the century, most of the riparian forests in the BayDelta were cut down for fuelwood as a result of the
Gold Rush, river navigation,
and agricultural
clearing. Remnant patches are found on levees,
channel islands, and along the margins of the North
Bay and adjacent marshes. Riparian habitats and their
adjacent shaded riverine aquatic habitat benefit many
fish and wildlife species.

Dredging and disposal of dredge materials have
contributed to the loss and degradation of important
aquatic habitats such as tidal wetlands, mudflats, and
sloughs in the North Bay and adjacent marshes.
Over the past several decades, the accidental
introduction of many marine and estuarine organisms
from the ballast waters of ships from the Far East has
greatly , changed the planktonic
and benthic
invertebrate fauna of the Bay-Delta, with further
ramifications higher in the foodweb. Further changes
can be expected if restrictions are not made on ballast
water releases into the San Francisco Bay and Delta.

Agricultural
habitats also support
populations of
small animals, such as rodents,
reptiles, and
amphibians, and provide opportunities for foraging
raptors (soaring birds of prey, such as hawks and
eagles). Nonflooded
fields and pastures are also
habitat for pheasants, quail, and doves. The North
Bay and adjacent marshes support a variety of
wintering
and breeding raptors. Preferred habitat
consists of tall trees for nesting and perching near
open agricultural fields, which support small rodents
and insects for prey. Both pasture land and alfalfa
fields support abundant rodent populations. The
Swainson’s hawk, a raptor species listed by the State
as threatened, breeds and occasionally winters in the
Bay-Delta.

Toxins continue to enter the North Bay and adjacent
marshes in large amounts from municipal, industrial,
and agricultural discharges. The toxins have had a
demonstrated
effect on the health, survival, and
reproduction of many important Bay-Delta fish and
their foodweb organisms. Toxins in fish tissues are
also a health risk to people who eat Bay-Delta fish.
Continued reductions of toxins from discharges and
releases from the sediment (e.g., disturbed by natural
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forces and dredging)
program.

the adjacent marshes of the North Bay). The splittail
population benefits from wetland and slough habitat,
a more productive aquatic foodweb, and higher late
winter and spring freshwater flows during dry years.
Losses to water diversions may also be a limiting
factor.

are essential to the restoration

The legal and illegal fish harvest may limit recovery
of some populations
in the Bay-Delta
and its
watersheds. Sturgeon harvest in the North Bay and
elsewhere may affect recovery of these populations.

White sturgeon and green sturgeon populations in
the Central Valley use the North Bay for migrating,
feeding, and as a nursery area for young and
juveniles. Populations appear to be stable, but the
green sturgeon is a California species of special
concern due to low population size. Sturgeon benefit
from high late winter and spring freshwater inflow, a
productive aquatic foodweb, and bay habitat. Legal
and illegal harvest and losses to water diversions may
be limiting populationabundance.

Boat traffic in sloughs and channels contributes to
the erosion of remaining shallow water, riparian, and
wetland habitat. High boat speeds and traffic in
channels where remnant or restored habitats are
exposed to wave erosion jeopardize remnant habitat
and limit the potential success of habitat restoration
efforts. For example, an increase in jet ski use in
Suisun Marsh following the improvement of local
public launch facilities is also causing erosion and
noise disturbance
problems
directly
impacting
sensitive channel side plant communities and nesting
clapper rails in relict tidal marsh habitats.

All four runs of chinook salmon in the Central Valley
depend on the North Bay and adjacent marshes
during at least a portion of their life cycle. The North
Bay and adjacent marshes provide migratory and
rearing habitat for salmon in all months. Many
chinook salmon populations have declined in recent
decades from a combination of ocean, river, and BayDelta factors. Freshwater flow reductions through the
Bay-Delta and increases in water diversions have led
to declines in salmon populations. Improving late
winter and spring freshwater flows through the BayDelta and reducing losses to diversions are essential
needs in salmon recovery.

The delta smelt population of the Bay-Delta estuary
is a federally and state-listed threatened species. It
depends on the North Bay and adjacent marshes for
spawning and rearing habitat. It lives in fresh and
brackish bays and sloughs of the Bay-Delta.
Its
decline is related to poor habitat conditions during
drought periods. It benefits from high freshwater
inflow, particularly during the late winter and spring
of dry years, adequate slough and shallow water
habitat, reduced effects of water diversions, and
increased the aquatic foodweb productivity.

Chinook salmon also benefit from lower water
temperatures in spring and fall, as well as adequate
aquatic habitats and high foodweb productivity.
Tidal perennial marsh habitat and adjoining sloughs
and aquatic habitats in the North Bay and adjacent
marshes are important
juvenile rearing habitat.
Juvenile chinook salmon are lost to water diversions
in North Bay and adjacent marshes.

The longfin smelt populations of the Bay-Delta lives
within the brackish water and saltwater of northern
San Francisco Bay and migrate upstream into the
Delta to spawn. The decline in the longfin smelt
population has coincided with a number of changes
in the estuary including: low flows in late winter and
spring, reduced freshwater flows through the Delta
and into Suisun Bay, water diversion (particularly in
drier years), and contaminants.

Steelhead were historically present in the Napa River,
Sonoma Creek, and Petaluma River Ecological
Management Units, and are still present in most of
these streams. The major factor limiting steelhead
populations
in these streams
is agricultural
development including water diversion, barriers due
to diversion dams, high water temperatures and other
water quality impacts from urban and agricultural
runoff.

Like delta smelt, splittail is a native resident species
of the Bay that depends on the North Bay and
adjacent marshes for much of its life cycle for
spawning,
rearing, and feeding. The splittail is a
recently listed federal threatened species. The BayDelta population has declined, especially during
recent droughts.
Splittail depend primarily
on
shallow water habitats, including shorelines, sloughs,
and aquatic habitats associated with wetlands and
floodplain lands subject to seasonal inundation (e.g.,

The striped bass population of.San Francisco Bay and
the Sacramento and San Joaquin rivers depends on
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Pacific herring and northern anchovy, whose young
are important in the foodweb as prey’ of salmon,
sturgeon, and striped bass, as well as other fish and
waterfowl
such as cormorants
and terns. Pacific
herring, Dungeness
crab, and Bay shrimp also
support
commercial
fisheries.
Starry
flounder
contribute to the local Bay-Delta sport fishery. The
Bay and Delta are essential spawning and nursery
areas for many marine fish and invertebrates found in
the Bay and coastal waters.

the North Bay and adjacent marshes for much of its
life cycle. The North Bay and adjacent marshes
provide important
feeding and juvenile rearing
habitat for striped bass. Reduced freshwater flow and
increased water diversions have resulted in a declining
striped bass population over the past several decades.
Poor Bay-Delta water quality may also be limiting
survival of young and adults. Striped bass also benefit
from high aquatic foodweb productivity. Loss of tidal
perennial aquatic, wetland, and slough habitats may
also limit striped bass production. Many striped bass
young are lost in water diversions. Artificially rearing
young striped bass salvaged at south Delta pumping
plant fish facilities or supplementing production with
hatchery reared fish may be necessary to sustain the
population under present limiting factors.
-

Factors that affect the survival and production of
marine fish and invertebrates
in the Bay-Delta
include Delta outflow, water diversions, foodweb
productivity, availability and quality of shallow water
and wetland habitats, and water quality. In addition,
the aquatic foodweb -is linked to the transitional
wetland foodweb which extends up into the high
marshes and adjacent uplands. These are important
ecological links which contribute to the detrital based
portion of the aquatic foodweb.

American shad is an anadromous fish that spawns in
the Sacramento River and its major tributaries. They
pass through the Bay-Delta
on their upstream
spawning migration in spring, and in the fall, young
fish pass through on their way to the ocean. A small
portion of the population rears in North Bay waters.
Though the population appears stable and healthy,
low productivity
in drought periods is a concern.
American shad production is higher with higher late
winter and spring freshwater flow through the BayDelta in dry and normal rainfall years, improved
aquatic foodweb production, and lower relative rates
of water diversions.

Improvements
in production and survival of marine
and estuarine fishes in the Bay and Delta will provide
ancillary
benefits
to
important
estuarine,
anadromous, and resident fishes of the Bay-Delta.
Many marine species depend on the North Bay and
adjacent marshes for spawning or as nursery areas.
Pacific herring spawn in the Bay each winter, and
their young are abundant in the North Bay into
summer. Young northern anchovy spawned in the
ocean enter the North Bay each summer to feed.
Starry flounder, shiner perch, and many other
marine-estuarine fish also use the Bay for spawning,
rearing, and feeding. Dungeness crab use the North
Bay as a nursery area. Several shrimp species are
abundant in the North Bay.

There are many native and non-native fish species
resident to the Delta, like delta smelt and splittail,
that will benefit from improved aquatic habitats and
foodweb production in the Delta. Many native fish
species have declined gradually over the past century
from habitat loss and non-native fish introductions.
More recently native resident (nonmigratory)
species
have further declined from changes in freshwater
flow, water diversions, poor water quality, and
further non-native species introductions and habitat
degradation.
For
many
of these
species,
improvements
to their native habitats, including
sloughs and tidal marshes, are essential in restoring
these populations. Native residents will also benefit
from more natural freshwater
flow patterns,
improved water quality, and reduced losses to water
diversions.

Bay-Delta
aquatic foodweb
organisms
include
bacteria, algae, zooplankton
(e.g., copepods and
cladocerans), epibenthic invertebrates (e.g., crayfish,
Neomysis
and Crangon
shrimp),
and benthic
invertebrates (e.g., clams). Foodweb organisms are
essential for the survival and productivity
of fish,
shorebird and other higher order animal populations
in the Bay-Delta estuary. Some organisms are nonnative species (e.g., certain zooplankton and Asian
clams) that may be detrimental to native species and
the foodweb in general. Recent declines in aquatic
foodweb organisms of the Bay-Delta, particularly in
drier years, has caused a reduction in overall Bay-

Marine fishes include many species that are abundant
and important ecologically in the Bay and coastal
waters. Two ecologically valuable species are the
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Important
aquatic foodweb
Delta productivity.
organisms include algae, bacteria, rotifers, copepods,
cladocera, and mysid shrimp.

LIST OF SPECIES TO BENEFIT
FROM
RESTORATION
ACTIONS
IN THE
SUISUN
MARSH/NORTH
SAN
FRANCISCO
BAY ECOLOGICAL
MANAGEMENT
ZONE

Once possibly abundant, the giant garter snake and
western pond turtle are now rare in the Bay-Delta.
Improvements
in wetland, riparian, and grassland
habitats around the Delta margins could greatly
benefit these species.

n
n
n

RI

Once abundant in the Bay-Delta, Swainson’s hawks
in agricultural,
are now rare. Improvements
and
riparian
habitats
will aid in
grasslands,
Swainson’s hawk recovery.

n
n
n
n
n

The California clapper rail is State and federally listed
as an endangered species. A long-term decline-in tidal
emergent wetlands has reduced the population in the
Bay-Delta.

n
n
n
n
n

A long-term
decline in emergent wetlands
has
reduced the California black rail population in the
Delta. Restoring emergent wetlands in the Delta
should aid in California black rail recovery.

n
n
n
n
n

The Suisun song sparrow lives only in the Suisun Bay
marshes. It depends on brackish marsh and riparian
habitats. Its population has declined with the loss of
brackish marshes.

n
n
n
n

The salt marsh harvest mouse is a State and federally
listed endangered species. It depends on tidal salt
marshes and its population has declined with the loss
of tidal salt marsh habitat.

n
n
n
n

4

Herons, egrets, and other shorebirds and wading
the Central
birds breed and winter throughout
Valley, the North Bay’, and adjacent marshes. Their
populations depend on aquatic and wetland habitats.
Shorebirds and wading birds will benefit from
restoring wetland, riparian, aquatic, and agricultural
habitats.

n
n

delta smelt
longfin smelt
splittail
chinook salmon
steelhead trout
striped bass
green sturgeon
white sturgeon
American shad
native resident fishes
Pacific herring.
marine fishes and shellfishes
Bay-Delta foodweb organisms
grass shrimp
special status plants
California freshwater shrimp
giant garter snake
western pond turtle
Swainson’s hawk
California clapper rail
California black rail
Suisun song sparrow
salt marsh harvest mouse
San Pablo California vole
Suisun ornate shrew
shorebirds
wading birds
waterfowl
Delta green ground beetle
Lamprey.

DESCRIPTIONS
OF
ECOLOGICAL
MANAGEMENT
UNITS

Many waterfowl species overwinter in the Bay-Delta
and depend on high-quality
foraging habitat to
replenish their energy reserves. They depend on
wetland, riparian, aquatic, and agricultural habitats.
Many resident and migratory waterfowl species will
benefit from improved aquatic, wetland, riparian, and
agricultural habitats.

SUISUN
ECOLOGICAL

BAY AND

MARSH
MANAGEMENT

UNIT

The boundaries of the Suisun Bay and Marsh
Ecological Management Unit are Collinsville on the
east, the Contra Costa County shoreline to the south,
the Benicia Bridge to the west, and the ridge tops of
the Coast Ranges to the north. The marshland and
bay are in a valley, bordered on the north and south
by the Coast Ranges. The predominant habitat types
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NAPA RIVER ECOLOGICAL
MANAGEMENT
UNIT

in this zone are tidal perennial aquatic habitat, tidal
brackish
emergent
wetland,
seasonal nontidal
wetland, and grassland. The marsh is primarily a
managed wetland, with levees to control water level
and seasonal flooding with fresh water.

The Napa River Ecological LManagement Unit is
within the Napa River watershed and includes the
river, an extensive marsh/slough complex, and the
lower river estuary connecting to San Pablo Bay.
Historically, this area was nearly all tidal salt marsh
and tidal brackish marsh dominated by the flow
patterns of the lower Napa River (Goals Project
1999). Currently, most of the baylands have been
reclaimed for salt or agricultural
production.
A
network of sloughs fringed by saline emergent marsh
is also present. The sloughs have become silted as a
result of lost tidal prism. The baylands are
surrounded
by uplands composed primarily
of
grasslands which are-‘rapidly
being converted to
urban and agricultural (vineyard) uses. In the north,
natural upper river watershed habitats have been
reduced by agricultural and urban development and
flood control measures. Vernal pools and other
seasonal wetland habitats characteristic of the upper
watershed have been almost entirely eliminated in the
Napa River Ecological Management Unit.

Historically, the eastern portion of Suisun Marsh was
predominantly tidal fresh and brackish water marsh.
The western portion of the marsh was predominately
fresh and brackish marshland with more saline marsh
existing on the western edge. Within these broad
marshes were sloughs, channels, ponds, and small
bays. Except for parts of Suisun Bay, the segment had
relatively few tidal flats. Large areas of moist
grasslands connected the baylands with upland areas
(Goals Project 1999).
An extensive network of sloughs conveys tidal flows
and some freshwater
flow
into the marsh.
Montezuma Slough, the largest of these, is connected
to Suisun Bay at its eastern and western ends. The
slough is an important nursery area for many fish,
including chinook salmon, striped bass, splittail, and
delta smelt. The Suisun Marsh Salinity Control
Structure was constructed near the eastern slough
entrance and began operation in the fall of 1988 to
limit the tidal influx of saltwater from the Bay into
Suisun Marsh. The salinity control structure operates
from September through May by closing during flood
tides and opening during ebb tides to keep salinity in
the slough low throughout the managed wetland
flooding season.

The Napa River historically consisted of a fairly broad
riparian corridor and programs to restore riparian and
shaded riverine aquatic habitat will be an important
component of the program, particularly in the upper
Napa River area to provide habitat for wildlife and
aquatic habitat for fish species. The tidal marshes of
this area are of limited size and habitat quality due to
past reclamation. Remaining tidal marshes are linear
with little channel development. The larger sloughs
have silted up due to a reduced tidal prism.

Efforts in the 1970s resulted in protecting the Suisun
Marsh, the largest remaining brackish marsh in
California. The marsh is an extremely important
resource for migratory waterfowl,
associated wildlife
(including
several threatened
and endangered
species), and many fish species. The marsh also
harbors sensitive plant species and communities
including several rare species. The Suisun thistle is a
Suisun endemic and is found nowhere else in the
world. The Suisun Marsh Protection Plan played a
key role in reducing development pressure and other
adverse impacts associated with human disturbance,
such as accidental fires, careless application of
pesticides and herbicides, and urban runoff.

SONOMA CREEK ECOLOGICAL
’ MANAGEMENT
UNIT
The Sonoma Creek Ecological Management Unit is
located southwest
of the Napa River Ecological
Management Unit. The main habitat types in the
area are tidal and seasonal marsh, tidal sloughs, and
upland areas, such as vernal pools, grassland, and
savanna. Historically,
this area was nearly all tidal
salt marsh and tidal brackish marsh. Some areas of
moist grasslands existed to the north and west along
upper Sonoma Creek and in the drainages
surrounding Lake Tolay (Goals Project 1999).
The lower portions of the unit are baylands,
composed of tidal sloughs with fringing marshes,
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some diked managed wetlands, diked farm lands,
mostly oat and hay, and surrounding
uplands
characterized by grasslands, vernal pools, and oak
woodlands quickly being converted to vineyards.
Tidal marshes and channels are reduced as a result of
reclamation. Seasonal wetlands develop during the
rainy season on reclaimed agricultural lands. Urban
development along the upper river is associated with
the city of Sonoma. Vineyards are the predominant
land use in the upper watershed, particularly on the
valley floor. The mountains of the watershed are
characterized by oak woodlands,
chaparral, and
mixed conifer habitats. As in the Napa River
Ecological Management Unit, much of the vernal
pool, seasonal wetland and oak savanna habitat
previously present on the valley floor has- been
eliminated as a result of agricultural
and urban
development.

varies from deep bay marine habitat to edge mudflats
and marsh/slough complexes. Bay habitat varies from
nearly fresh water at its eastern end, during periods of
high freshwater outflow, to nearly seawater salinity
levels (32 parts per thousand) during the periods of
lowest outflow at the western end of San Pablo Bay.
Salinity in the bay is stratified (layered) during high
outflow conditions, but is not stratified in dry
periods/years. The mixing zone is upstream is San Pablo Bay in dry years.
Historically, this unit supported large tidal marshes
that were bordered by extensive mudflats (Goals
Project
1999). Although
it is generally less
productive than the less saline Suisun Bay to the east,
San Pablo Bay is a productive estuary that has
important spawning and rearing habitat for many
marine, estuarine, and anadromous fish and marineestuarine invertebrates
(e.g., shrimp, crabs, and
clams).

PETALUMA
RIVER ECOLOGICAL
MANAGEMENT
UNIT

VISION
FOR THE
MANAGEMENT

The Petaluma River Ecological Management Unit is
located west of the Sonoma Creek unit on the
northwest
margin of San Pablo Bay. The habitat
types in this watershed are marsh wetlands and
uplands, such as grassland. The lower portion of the
watershed is composed of tidal marshes and sloughs,
and diked seasonal wetlands and historic bayland
which
have been reclaimed
for agriculture.
Historically,
tidal marsh was the dominant habitat
type in this ecological management unit, Salt marsh
existed near the mouth of the Petaluma River, and
small tidal flats existed at the river mouth (Goals
Project 1999).
.

ECOLOGICAL
ZONE

The vision for the Suisun Marsh/North
San Francisco
Bay Ecological Management
Zone includes the
concept of “whole marsh management.” This vision
embodies key parameters needed to successfully
restore ecological processes, habitats, and to restore,
maintain, or recover a wide diversity of fish, wildlife,
and plant species.
The Goals Project (1999) proposed a series of key
of the Suisun
considerations
in restoration
Marsh/North
San Francisco
Bay Ecological
Management Zone. The considerations include:

The diked agricultural lands intermittently
pond
water during the rainy season which provided habitat
for shorebirds
and waterfowl.
The surrounding
uplands are characterized by open grasslands and oak
savannas. This unit contains the largest extant
natural tidal marsh on the west coast. The upper
watershed is rapidly developing with Petaluma, the
largest city. Agricultural uses include grazing, oat hay
production, and vineyards.

SAN PABLO BAY ECOLOGICAL
MANAGEMENT
UNIT
The San Pablo Bay Ecological Management Unit
includes San Pablo Bay and the adjacent mudflat and
marsh baylands, both diked and non-diked. Habitat

n

large, connected patches of tidal marsh habitat
centered on existing populations of species
concern (e.g., salt marsh harvest mouse,
California clapper rail),

n

placement of tidal marshes along the edge of the
Bay an at the mouths of tributary streams to
maximize benefits for aquatic organisms,

n

incorporating natural features such as large tidal
channels, marsh ponds, transitional pannes, and
beaches to optimize habitats for many species of
fishes, shorebirds, and waterfowl,
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n

utilize managed saline and seasonal ponds near
mudflats
to provide high-tide
habitat for
shorebirds,

n

provide natural habitat transitions
between
bayland habitats and adjacent upland habitats to
provide habitat required by many special status
plant species,

n

provide continuous corridors of riparian habitat
along streams tributary to the Bay, and

n

maintain upland buffers to protect all existing
and restored wetland habitats from disturbance.

The vision for the Suisun Marsh/North
San Francisco
Bay Ecological LManagement Zone is closely tied to
the vision for the Sacramento-San Joaquin Delta
Ecological LManagement Zone. It is indirectly related
to visions for the mainstem rivers and tributary
watersheds. Flows and habitats in these areas are
integrally linked. Many important anadromous fish
and waterfowl species that use the Central Valley are
affected by conditions
in multiple
Ecological
LManagement Zones.
Restoring Suisun Marsh and North San Francisco Bay
will improve the natural production
of marine,
estuarine, and anadromous fish; resident wildlife;
migratory
waterfowl;
other winter migrants and
neotropical birds; and special-status plants, plant
communities, and assoeiated terrestrial invertebrates.
Several waterfowl
species whose populations have
declined in recent times, such as the canvasback and
redhead, should also benefit.

The vision for the Suisun Marsh/North
San Francisco
Bay Ecological Management Zone includes providing
a more natural freshwater outflow pattern frzm the
Delta in dry and normal rainfall years, restoring tidal
and nontidal wetlands, restoring tidal perennial
aquatic habitat, and screening unscreened and poorly
screened diversions. These changes will assist in the
recovery of special-status
species and increase
important fish, wildlife, and plant communities. Local
and regional agency and stakeholder initiatives will
help attain this vision.

Improving Suisun Marsh and North San Francisco
Bay health will help to achieve the restoration goals
set for the Sacramento-San Joaquin Delta Ecological
Management Zone. Likewise, improving conditions
in the Sacramento-San Joaquin River Delta (Delta)
will benefit the Bay.

The vision focuses on improving
the natural
freshwater inflow pattern to San Francisco Bay and
restoring important, tidally influenced aquatic and
wetland habitats and adjacent uplands. Other focal
points are reducing stressors, such as non-native
marine invertebrates
in ship ballast water and
contaminants
in municipal,
industrial,
and
agricultural discharges into the Bay, and reducing
losses of juvenile fish and their food organisms at
unscreened diversions: Habitat improvements
will
benefit the salt marsh harvest mouse, Suisun song
sparrow, California clapper rail, and California black
rail, as well as many native waterfowl
and wildlife
species living in and around the North
Bay.
Improving freshwater inflow and habitat will benefit
delta smelt, splittail, chinook salmon, striped bass,
longfin smelt, and other anadromous and resident
marine and estuarine fishes and larger marine
invertebrates (e.g., shrimp, crabs, and clams) of the
Bay, as well as the estuarine foodweb (e.g., algae and
planktonic and bottom-dwelling
animals) on which
the fish depend. Separate visions have been prepared
for many of these processes, stressors, habitats, and
species. Volume I contains additional detail on the
status and restoration
needs of these resource
elements and the specific restoration approach.

Goals for the Suisun Marsh/North
San Francisco Bay
Ecological Management Zone include protecting and
enlarging remaining areas of native habitat and
establishing
connectivity
among these areas.
Enlarging the San Francisco Bay and San Pablo Bay
National Wildlife Refuges and other State and local
wildlife areas; expanding restoration efforts in the
Napa Marsh area, Petaluma Marsh, and Sonoma
baylands; and restoring connectivity among these
features will help achieve the vision for this Ecological
Management Zone. Expanding restoration efforts in
the northeastern
portion of Suisun Marsh and
restoring connectivity with areas such as the Jepson
Prairie Preserve in the Yolo Basin Ecological
Management Zone and the Sacramento-San Joaquin
Delta Ecological Management
Zone will also
contribute to this effort.
Potentially
high-quality
spawning,
rearing, and
migrating
habitat will be restored to benefit
important fish species that use Suisun Marsh and the
Bay during at least a portion of their lives. This effort
includes improving
freshwater
inflow patterns,
particularly
in dry and normal water years, and
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restoring extensive areas of tidal aquatic and wetland
habitats in Suisun iMarsh and the Bay.

Oil refinery operations in the Bay will be modified to
reduce discharges of high levels of contaminants, such
as selenium.

VISIONS FOR ECOLOGICAL
MANAGEMENTUNITS
SUISUN
ECOLOGICAL

BAY AND MARSH
MANAGEMENT

Suisun Marsh and Suisun Bay will function as highquality spawning and rearing habitat and an effective
fish migration corridor. A healthy Suisun Marsh-Bay
ecosystem will be an important link in the estuary
foodweb by improving
primary
and secondary
productivity.
iMarsh and Bay productivity
will
improve as freshwater inflow events increase in dry
and normal years and acreage of tidal wetlands and
associated tidal perennial aquatic habitat increases.

UNIT

The vision for the Suisun Bay and Marsh Ecological
Management Unit is to restore tidal marsh and to
restore and enhance managed marsh, riparian forest,
grassland, and other habitats.
Efforts and opportunities to restore tidal action to
selected managed wetlands and promote natural
riparian and wetland succession in Suisun MZsh will
be expanded. Shallow-water,
wetland, and riparian
habitats within the marsh and along the shorelines of
the Bay will be protected and improved, where
possible. Upland habitats adjacent to riparian and
wetland habitats will also be protected and improved.
Efforts will focus on increasing the acreage open to
tidal flows (e.g., by removing or opening levees) and
providing connectivity among habitat areas to aid in
the recovery of species, such as the salt marsh harvest
mouse, clapper rail, and black rail. Those habitat
areas will provide essential shelter and nesting cover
during high tides. Improving
marsh and slough
habitats will benefit chinook salmon, striped bass,
delta smelt, splittail, and other estuarine resident fish
in the marsh and Suisun Bay.

NAPA
RIVER
ECOLOGICAL
MANAGEMENT
UNIT
The vision
for the Napa
River Ecological
Management Unit is to restore large areas of tidal
marsh to benefit salt marsh harvest mouse and
California clapper rail; manage inactive salt ponds to
benefit waterfowl; restore a continuous band of tidal
marsh along the bayshore to benefit fish species;
improve tidal circulation; manage diked wetlands and
seasonal wetlands to improve seasonal ponding for
shorebirds, wading birds and waterfowl;
enhance
riparian vegetation and marsh/upland
transitional
habitats; and provide upland buffers.
Restoration efforts will be focused in the Napa Marsh
Wildlife Area, Cullinan Ranch, and Scagg Island.
Habitats should be protected and natural expansion
and succession should be supported to restore large,
contiguous (connected) areas of tidal saline emergent
wetland, riparian, and upland habitats. The existing
habitat areas are sparse and low quality, because
dikes and levees have disrupted the natural tidal
flows ‘and sediment supply that are essential to
maintain marsh habitat. Restoring tidal action to
additional portions of the marsh and improving water
quality will enhance the health of the marsh. This, in
turn, will aid in the recovery of species, such as the
salt marsh harvest mouse and clapper rail in the
southern part of the Ecological Management Unit.
Fish species, such as chinook salmon, striped bass,
splittail, and delta smelt, will benefit from the
improved health of the marsh and associated
improvements in the tidal slough complex and lower
river estuary.

Diverting
water from Suisun Marsh channels for
managed nontidal wetlands
and controlling
the
salinity of water entering the marsh through
Montezuma
Slough will
continue,
but with
consideration for maintaining the natural hydrologic
regime and salinity levels of the slough and marsh.
Efforts to screen diversions in the marsh will also
continue to minimize the entrainment of juvenile fish.
Water quality standards specified in the I995 Water
Quality Control Plan will be met in the eastern
marsh and at several locations in the central marsh.
Flows into the northwestern marsh will be improved.
Water diversions from Suisun Bay for cooling at the
Pittsburg
power plant will be conducted with
minimal adverse effects on eggs, larvae, and juveniIe
fish. New fish screening technology or alternative
sources of cooling water (such as cooling towers) will
be considered.
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SONOMA
CREEK
MANAGEMENT

SAN PABLO

ECOLOGICAL
UNIT

BAY
MANAGEMENT

The vision for the Sonoma Creek Ecological
Management Unit is to restore large patches of tidal
marsh along the entire shoreline of San Pablo Bay;
restore tidal marsh along Sonoma Creek; establish
managed marsh or enhanced seasonal pond habitat
for shorebirds;
enhance riparian habitat along
Sonoma
Creek;
and enhance
marsh/upland
transitional habitats.

The vision for the San Pablo Bay Ecological
iManagement Unit is to restore tidal marsh along the
bayshore and to establish managed marshes or
enhance seasonal pond habitat on agricultural
baylands not restored to tidal action.
The ecological health of San Pablo Bay and its
function as an important nursery area for marine,
estuarine, and anadromous fish can be improved by
increasing freshwater inflow in spring during years
with low and normal freshwater outflow, protecting
and expanding tidal marsh/slough habitat complexes
along the margins of the bay, and reducing the input
of pollutants into the bay. Removing dikes and levees
along the bay’s shoreline, where appropriate, will aid
in the recovery and expansion of tidal emergent
wetland habitat.

Existing habitat will be maintained, and current and
future restoration efforts in Napa/Sonoma Marsh will
be expanded. The marsh is sparse and low quality,
because dikes and levees have disrupted the natural
sediment supply essential for maintaining-marsh
habitat. Leveed, historic marshland will be opened to
tidal action, creating larger, more contiguous marsh
areas. An expanded marsh/slough
complex will
support greater salt marsh harvest mouse and clapper
rail populations, as well as splittail, delta smelt,
juvenile
and striped
bass.
chinook
salmon,
Restoration of existing managed marshlands may not
be desirable as these lands support significant
numbers of shorebirds and waterfowl. To achieve the
restoration objective, acquisition and restoration of
other diked baylands may be required.

PETALUMA
RIVER
MANAGEMENT

ECOLOGICAL
UNIT

VISIONS

ECOLOGICAL
PROCESSES
FOR

VALLEV
STREAMFLOWS:
A healthy
pattern of freshwater inflow to Suisun Marsh and the
North Bay would involve natural late-winter and
spring flow events that support ecological processes
and functions essential to the health of important
Bay-Delta fish populations. Inflow to the Bay is
impaired in dry and normal water years by storage
and diversion of natural inflow to basin watersheds.
The need for inflow to the Bay coincides with the
need for natural flows in the mainstem rivers, their
tributaries, and the Delta.
CENTRAL

ECOLOGICAL
UNIT

The vision for the Petaluma River Ecological
Management Unit is to restore a continuous band of
tidal marsh along the bayshore from Tolay Creek to
the Petaluma River; restore tidal marsh along the
Petaluma River; establish managed marsh or
enhanced seasonal pond habitat on agricultural
baylands not restored to tidal habitat; protect moist
grasslands;
enhance riparian
vegetation
and
marsh/upland
transitional habitats; and to provide
upland buffers and provide natural transitional
habitat between marshes and upland areas.

NATURAL
PROCESSES~

FLOODPLAIN

AND

FLOOD

Expansion of the North Bay
floodplain by setting back or removing leveeswould
enhance floodwater and sediment retention and
provide direct and indirect benefits to fish and
wildlife that depend on natural floodplain inundation.
Such floodplain expansion should also help to
alleviate the flooding potential in other areasof the
Bay-Delta.

Petaluma Marsh and its associated tidal slough
network will be expanded. Outside of Petaluma
Marsh, marsh habitat areas are sparse and low
quality, becausedikes and leveeshave disrupted the
natural tidal flow and sediment supply essentialfor
maintaining tidal emergent wetland habitat.

BAY-DELTA
AQUATIC
FOODWEB:
The aquatic
foodweb of the Delta, which supports important
resident and anadromous fish, has been severely
impaired by drought, reductions in freshwater flow,
water diversions, introductions of non-native species
(e.g., Asiatic clams), and loss of shallow water and
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wetland habitats. Proposed improvements in spring
flows, channel hydraulics, wetland habitats, and
floodplain inundation should lead to a healthier and
more productive aquatic foodweb. Improved water
quality and greater sediment retention in wetland,
riparian, and floodplain habitats will also increase
foodweb productivity.

VERNAL POOLS: Vernal pools provide habitat for
many listed plant and invertebrate species. Vernal
pool protection and restoration will be closely linked
to other actions related to restoring wetland, riparian,
and adjacent upland habitats.
RIPARIAN AND SHADED RIVERINE AQUATIC
HABITAT:
Riparian and shaded riverine aquatic
(SR4) habitats have been greatly reduced as a result
of development along streams in areas above the
lower marshes, sloughs, and Bay shorelines. Such
habitat has value to many special-status plant and
animal species. In addition, SRA habitat is important
for juvenile chinook salmon and many other resident
an’d anadromous fish using the Bay.

VISIONS FOR HABITATS
TIDAL
PERENNIAL
AQUATIC
HABITAT:
Aquatic habitat within and associated with tidal
wetland habitat is important to fish populations that
use the Bay. The area of such habitat has been
substantially reduced over the past century by land
reclamation. Large areas of tidal habitat have been
diked and reclaimed for agriculture, salt pro&ction,
industry, nontidal wetlands (e.g., duck clubs), and
other uses. Restoring large areas of presently leveed
land to tidal influence may increase important fish
species production by providing more spawning,
feeding, and migrating
habitat and increasing
foodweb production throughout the Bay.

ESSENTIAL
FISH
HABITAT:
The Suisun
MaGh/‘North
San -Francisco
Bay
Ecological
Management Zone has been identified as Essential
Fish Habitat (EFH) based on the definition of waters
currently
or historically
accessible to salmon
(National
Marine Fisheries Service 1998). Key
features of EFH to maintain or restore in this
ecological management
zone include substrate
composition; water quality; water quantity, depth
and velocity; channel gradient and stability; food;
cover and habitat complexity;
space; access and
passage; and,flood plain and habitat connectivity.

NONTIDAL
PERENNIAL
AQUATIC
HABITAT:
Open water habitats in managed wetlands, such as
ponds, provide valuable waterfowl
and wildlife
habitats. Such habitat should be included in
restoration efforts involving nontidal saline emergent
wetlands.

GRASSLANDS:
PERENNIAL
Grasslands
associated with wetland
margins are important
habitats for some special-status plant and wildlife
species. Wetlands should be restored along with the
associated aquatic and upland habitats.

TIDAL SLOUGHS:
Sloughs are an important native
habitat for fish and wildlife. Many slough complexes
in the wetlands
along the North
Bay have
disappeared as a result of land reclamation and levee
construction.
RestoFing
tidal
wetland-slough
complexes will provide valuable habitat for fish,
including chinook salmon, striped bass, delta smelt,
and longfin smelt.

VISI~NSFORREDU~ING~R
ELIMINATINGSTRESSORS
WATER
DIVERSION:
Water diversions in North
Bay watersheds, in Suisun Marsh, and upstream in
the Delta and rivers affect freshwater flow in the Bay
and remove fish and their foodweb organisms from
the Bay. Unscreened diversions will be screened and
poorly functioning screens will be improved to reduce
fish loss. Where
possible, diversions
will be
consolidated to reduce the number of diversions
requiring screening. Most diversions in the Bay are
confined to Suisun Marsh and Suisun Bay.

SALINE
EMERGENT
WETLANDS
(TIDAL):
Tidal saline emergent wetland habitat in the Bay has
been drastically
reduced as a result of land
reclamation. Such habitat is essential to estuary
functions and the health of many fish, waterfowl, and
wildlife species. Wetlands also enhance water quality
in the Bay by filtering
out sediments
and
contaminants.
SEASONAL
WETLANDS:
Seasonal wetlands in
Suisun Marsh provide valuable wetland habitat for
waterfowl and shorebirds, as well as other wildlife.

INVASIVE SPECIES: Over the past several decades,
the inadvertent introduction
of many marine and
estuarine organisms from the Far East in the ballast
water of ships has greatly changed the plankton and
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benthic invertebrate fauna of the Bay, with further
consequences throughout
the foodweb.
Further
changes can be expected if ballast water releases into
the Bay are not restricted. Therefore, more stringent
ballast water release restrictions are needed to reduce
the influx of exotic species. Other invasive species
such as exotic cordgrass (Spartina spp) are becoming
established and control measures are needed to
reduce future potential adverse affects. This vision
incorporates the need to reduce the adverse impacts
of already introduced species while seeking measures
and opportunities to reduce or eliminate the impact
from potential future introductions.

populations in the Bay-Delta system and its
watersheds. Striped bass, salmon, steelhead, and
sturgeon harvest in the Bay may affect the recovery
of thesepopulations.
Human activity, particularly boat
wakesin sloughsand channelsin tidal wetland areas,
disturbs nesting waterfowl and erodes habitat,
Disturbance to the endangeredCalifornia clapper rail
which alsomay occur includes boating and hunting.
Restricting boat speedsand accessby motorized boats
in specialareaswill reduce these stresses.
DISTURBANCE:

VISIONS

WILDLIFE:
Reducing the numbers
of non-native speciesand therefore the effecs these
species have on native wildlife will require a
coordinated approach that includes restoring
ecosystem processesand functions where applicable
and possible, restoring native habitats, reducing or
eliminating other stressors that suppress native
species,and efforts to control non-native species.
NON-NATIVE

SMELT:
The vision for delta smelt is to
recover this State-and_- federally listed threatened
speciesin order to contribute to the overall species
richnessand diversity of the Bay-Delta. Recovery of
the delta smelt population in the Bay-Delta will
occur through improved freshwater inflow and Delta
outflow patterns, greater foodweb productivity,
increasedareasand quality of aquatic habitats, and
reduced effects of water diversions. Higher delta
smelt production should be apparent in dry and
normal water year types in responseto improved
flows, habitats, and foodweb, and reductions in
stressors.
DELTA

PREDATION
AND COMPETITION:
Millions of
chinook salmonand striped basshave been stocked in
North Bay waters to improve the survival of these
species and their contributions to spawning
populations. Although the presenceof these fish in
the Bay could be considered natural, the stocking of
millions of hatchery smolts into small areas of the
North Bay within a short period may affect the
survival and production of important Bay species,
such aslongfin smelt.

LONGFIN
SMELT:
The vision for longfin smelt is
to recover this California speciesof specialconcern in
the Bay-Delta estuary so that it resumesits historical
levels of abundance and its role asan important prey
speciesin the Bay-Delta aquatic foodweb. Achieving
consistently high production of longfin smelt in
normal and wetter years, which historically produced
more abundant juvenile populations (year classes),
will be critical’to the recovery of longfin smelt.

Toxic contaminants continue to
enter the Bay in large amounts as a result of
municipal, industrial, and agricultural discharges.
These toxins have had a demonstrated adverse effect
on the health, survival, and reproduction of many
important Bay fish species and their foodweb
organisms. Toxins in fish tissuesalso pose a health
risk to people who eat fish from the Bay. Continuing
to reduce levelsof toxic contaminants from discharges
and releasesof toxins from sediment (i.e., disturbed
by natural forces and dredging) is an essentialstep in
the restoration program. The level of toxins in the
Bay is also closely tied to inputs upstream in the
Delta and rivers; therefore, efforts to improve water
quality should be coordinated throughout the basin.
CONTAMINANTS:

The vision for splittail is to recover of
this federally listed threatened species.Recovery of
the Bay-Delta splittail population will occur through
improved floodplain inundation, higher late-winter
Delta inflow, and improved tidal aquatic and wetland
habitats. Greater production of young would be
expected in dry and normal water year types.
SPLITTAIL:

SALMON:
The vision for Central Valley
chinook salmonis to recover all stocks presently listed
or proposed for listing under the State or federal
ESAs, achieve naturally spawning population levels
that support and maintain ocean commercial and
ocean and inland recreational fisheries, and that use
CHINOOK

OF FISH AND WILDLIFE:
Legal and
illegal fish harvest may limit recovery of some
HARVEST

w-4
h

BAY-DELTA
PROGRAM

FOR SPECIES
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fully existing and restored habitats. Central Valley
salmon populations will remain stable or increase
with improved late-winter and spring flows into and
through
the Delta, increases in wetland
and
floodplain habitats, lower spring water temperatures,
an improved aquatic foodweb, and reduced effects of
water diversions. Survival rates through the BayDelta should increase. Numbers of young salmon
rearing in the Bay-Delta
should increase with
improved winter-spring
flows and wetland habitats.

AMERICAN
SHAD: The vision for American shad
is to maintain a naturally spawning population,
consistent with restoring native species, that supports
a sport fishery similar to the fishery that existed in
the 1960s and 1970s. Central Valley American shad
populations
will benefit from improved spring
freshwater inflow to the Bay-Delta and an improved
Bay-Delta aquatic foodweb. Populations would be
expected to remain stable or increase. Increases would
be expected in dry and normal rainfall years.

STEELHEAD
TROUT:
The vision for Central
Valley steelhead trout is to recover this species listed
as threatened under the ESA and achieve naturally
spawning populations of sufficient size to support
inland recreational fishing and the use fully &sting
and restored habitats. Steelhead will benefit from
improved streamflows
and riparian and shaded
riverine aquatic habitat in the upper stream reaches.
The vision is that restoration of ecological processes
and habitats, along with a reduction of stressors, will
contribute to stable and larger steelhead populations.

NATIVE RESIDENT
FISH SPECIES: The vision
for native resident fish species is to maintain and
restore the distribution
and abundance of native
species to contribute to overall species richness and
diversity. Many native and non-native fish species will
benefit from improved-aquatic habitats and foodweb.
Population abundance rates remain stable or increase.
The distribution
of native resident fishes should
increase with widespread habitat restoration. The
locally extinct Sacramento perch could be restored to
new habitats in Suisun Marsh and the unique
population of hardhead in the Napa River will be
maintained.

STRIPED BASS: The vision for striped bass is to
maintain
healthy populations,
consistent
with
restoring native species, to their 1960s level of
abundance to support a sport fisher in the Bay, Delta,
and tributary rivers. The striped bass population will
benefit from increased freshwater inflow to the BayDelta in late winter and spring, an improved aquatic
foodweb, and reduced effects of water diversions.
Improvements in water quality and reducing summer
losses to diversions may be important in the longterm recovery of striped bass. Given the high
reproductive capacity of striped bass, improvements
in young production rites should be readily apparent
when improvements are made to flow and foodweb,
and when stressors are reduced.

LAMPREY:
The vision for river lamprey is to
maintain population abundance and distribution to
contribute to the overall species diversity in the Napa
River.
PACIFIC HERRING:
The vision for Pacific herring
is to maintain self-sustaining populations in order to
support
commercial
fishing.
With
improved
freshwater inflow to the North Bay and Suisun Marsh
and more tidal emergent wetland and associated tidal
perennial aquatic habitat, marine and estuarine fish
and invertebrate
population
abundance
and
distribution would increase. Pacific herring survival
and production in the North Bay should increase
with an improved aquatic foodweb.

GREEN STURGEON:
The vision for green sturgeon
is to recover this California species of special concern
and restore population distribution and abundance to
historical levels. Sturgeon populations should remain
stable or increase with improved streamflows
and
aquatic foodwebs.

BAY-DELTA
FOODWEB
ORGANISMS:
The
vision for the Bay-Delta aquatic foodweb organisms
is to restore the Bay-Delta estuary’s once-productive
food base of aquatic algae, organic matter, microbes,
and zooplankton communities. Restoring the BayDelta foodweb organisms would require enhancing
plankton growth and reducing loss of plankton to
water ,exports, particularly
in drier years. Several
growth.
options exist for enhancing plankton
Improving Delta inflow and outflow in spring of drier
years will be an essential element of any plan. Other

WHITE STURGEON:
The vision for white sturgeon
is to maintain and restore population distribution and
abundance to historical levels. Sturgeon populations
should remain stable or increase with improved
streamflows and aquatic foodwebs.
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and possibly increasednesting would be expected in
the Bay-Delta.

elements include reducing losses to exports from the
system and reducing the amount of toxic substances
entering the system. Probably the best way to
improve the aquatic foodweb is to restore tidal
marshes and the connectivity
to tidal flows in
addition to the restoration of freshwater flows since
and important part of the food web was probably
driven by detritus originating from nearby marshes.
A key to achieving this vision is expanded support of
basic research to define and better understand the
important links between the aquatic foodweb and
adjacent terrestrial or transitional wetland foodweb.

CUPPER
ROIL:
The vision for
California clapper rail is to contribute to the recovery
of this State and federally listed threatened species.
Restoring emergent wetlands in the North Bay and
adjoining marshesshould aid California clapper rail
recovery. Population abundance and distribution
should increase in the North Bay and adjoining
marshes.

CALIFORNIA

BLACK
RAIL:
The vision for
California black rail is to contribute to the recovery of
this State-listed threatened species. Restoring
emergent wetlands in the North Bay and adjoining
marshesshould aid in California black rail recovery.
Population abundance and distribution should
increasein the North Bay and adjoining marshes.
CALIFORNIA

SHRIMP:
The vision for grassshrimp is to
maintain self-sustaining populations in order to
support recreational and commercial fisheries,
GFUISS

STATUS
PLANT
SPECIES:
The vision
for special status plant species(Mason’s lilaeopsis,
Suisun Marsh aster, Suisun thistle, soft bird’s-beak,
Antioch Dunes evening-primrose, Contra Costa
wallflower, bristly sedge, Point Reyes bird’s-beak,
delta mudwort, delta tule pea, and delta coyotethistle) is to contribute to their recovery by
protecting and preserving important habitats sites
within the Bay-Delta.
SPECIAL

The vision for the
Suisun song sparrow is to recover this speciesof
special concern in Suisun Marsh and the western
Delta. The Suisun song sparrow abundance and
distribution in the SuisunMarsh should increasewith
new tidal wetlands and improved riparian habitat in
the marshes.
SUISUN

FRESHWATER
SHRIMP:
The
vision for California freshwater shrimp is to maintain
existing population distribution and abundanceof the
this federally listed endangered species.
CALIFORNIA

GARTER

PABLO
SONG SPARROW:
The vision for
the SanPablo song sparrow is to maintain and restore
the habitat of this speciesof specialconcern. The San
Pablo song sparrow abundance and distribution
should increase with new tidal wetlands and
improved riparian habitat in the marshes.

SNAKE:

SALTMARSH

COMMON

YELLOVVTHROAT:

The vision for the saltmarsh common yellowthroat is
to contribute ,to the recovery of this species by
maintaining and restoring habitat

POND
TURTLE:
The vision for
western pond turtle is to maintain and restore their
abundanceand distribution in order to contribute to
overall species richness and diversity. Restoring
* aquatic, riparian, and wetland habitats in the BayDelta will aid giant garter snake and western pond
turtle recovery.
WESTERN

MARSH
HARVEST
MOUSE:
The vision
for the salt marsh harvest mouse is to contribute to
the recovery of this State and federally listed
endangered species through restoring salt marsh
habitat in San Pablo and Suisun bays and adjacent
marshes.New and improved salt marshhabitat in the
North Bay and adjoining marsheswill help in salt
marsh harvest mouserecovery.
SALT

The vision for Swainson’s
hawk it to contribute to the recovery of this State and
federally listed threatened species.Improvements in
riparian and agricultural wildlife habitats will aid in
the Swainson’s hawk recovery. Increased sightings
SWAINSON’S

SPARROW:

SAN

The vision for giant
garter snake is to contribute to the recovery of this
State and federally listed threatened species.
Restoring aquatic, riparian, and wetland habitats in
the Bay-Delta will aid giant garter snakeand western
pond turtle recovery.
GIANT

SONG

HAWK:

PABLO
CALIFORNIA
VOLE: The vision for
the San Pablo California vole is to contribute to the
recovery of the species of special concern to
contribute to overall speciesrichnessand diversity.
SAN
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SUISUN
ORNATE
SHREW:
The vision for the
Suisun ornate shrew is to recover this California
species of special concern to contribute to overall
species richness and diversity.

and restoring additional suitable aquatic, wetland,
and riparian habitats and reducing mortality from
non-native predators will be critical to achieving
recovery of the California red-legged frog.

SHOREBIRDS
AND WADING
BIRDS: The vision
for the shorebird and wading bird guilds is to
maintain and restore healthy populations through
habitat protection and restoration, and reduction is
stressors. Shorebirds and wading birds will benefit
from wetland, riparian, aquatic, and agricultural
habitats restoration. Seasonal use of the North Bay
and adjoining marshes by these birds should increase.

WESTERN
LEAST BITTERN:
The vision is to
maintain western least bittern and its habitat
throughout the Delta by protecting and restoring
forage, nesting, and roosting habitats in conjunction
with other habitat restoration actions.

WATERFOWL:
The vision ,for waterfowl
is to
maintain and restore healthy populations at’ levels
that can support consumptive (e.g., hunting) and
nonconsumptive (e.g., birdwatching)
uses consistent
with the goals and objectives of the Central Valley
Habitat
Joint Venture
and North
American
Waterfowl
Management Plan. Many resident and
migratory
waterfowl
species will benefit from
improved aquatic, wetland, riparian, and agricultural
habitats. Increase use of the North Bay and adjoining
marshes and, possibly, increases in some populations
would be expected.

Changing freshwater inflow patterns to the Bay, the
major ecosystem process in the plan for the Delta, is
a longstanding need; -however, without developed
supplies, the prescribed spring flow events and
minimum freshwater inflows may not be available in
all water-year types. In the short term, efforts will
focus on providing the needed flows with available
water supplies from the Central Valley Project (CVP)
facilities at Shasta, Folsom, and New Melones
Reservoirs using water prescribed by the Central
Valley Project Improvement Act (CVPIA) and water
purchased from willing sellers. The effectiveness of
the water releases would be maximized through the
use of tools such as water transfers.
Property
acquisitions with water rights from willing sellers are
also a tool for acquiring water. In the long term,
additional water supplies may be needed to meet
remaining environmental needs..

INTEGRATION
RESTORATION

DELTA GREEN GROUND
BEETLE: The vision
for the Delta green ground beetle is to contribute to
the recovery of this federally listed threatened species
by increasing their populations
and abundance
through habitat restoration.
NEOTROPICAL
MIGFIATORY
BIRDS: The vision
for the neotropical migratory bird guild is to restore
and maintain healthy populations of neotropical
migratory birds through restoring habitats on which
they depend. Protecting
existing and restoring
additional suitable wetland; riparian, and grassland
habitats will be critical to maintaining
healthy
neotropical migrant bird populations in the BayDelta. Large-scale restoration of nesting habitats will
help reduce nest parasitism and predation by creating
habitat conditions that render neotropical birds less
susceptible to these stressors.

WITH OTHER
PROGRAMS

Much of the infrastructure
to implement the vision
for the marsh and bay already exists. Restoration will
be implemented through these existing programs. In
areas where no cooperative agency and stakeholder
efforts are underway,
such organizations can be
developed to help implement the program. To be
successful, the restoration program must help to
coordinate existing restoration
programs
being
undertaken by State and federal resource agencies.
The recommendations in this plan will coincide with
numerous programs and projects to protect and
restore the Bay-Delta estuary. These programs are
described below.

CALIFORNIA
RED-LEGGED
FROG: The vision
for the California red-legged frog is to maintain
populations of this federally listed threatened species.
this vision will contribute to the overall species
richness and diversity and to reduce conflict between
protection for this species and other beneficial uses of
land and water in the Bay-Delta. Protecting existing
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SAN FRANCISCO
BAY AREA
WETLANDS
ECOSYSTEM GOALS
PROJECT

RECOVERY PLAN FOR
SACRAMENTO-SAN
JOAQUIN
DELTA NATIVE FISHES

The San Francisco Bay Area Wetlands Ecosystem
Goals Project is a comprehensive,
science-based
program which had developed recommendations
regarding where and how much of the various types
of wetland should be restored in the Suisun Bay and
San Francisco Bay areas. lMany of the goals that have
been presented are consistent or enhance the ERPP
prescriptions
to improve the ecological health of
processes, habitats, and species in this ecological
management zone.

The scope of the plan includes San Francisco Bay and
the Delta. The intent is to promote conservation of
the ecosystems on which the native fishes, such as
chinook salmon, delta smelt, longfin smelt, splittail,
and Sacramento perch, depend. The plan outlines a
strategy for restoration, including actions, The goals,
strategies for recovery, and programmatic
actions
presented in the plan have been adopted by the
ERPP. The plan includes targets for populations,
habitat restoration, structural changes, and Delta
outflow to the Bay that have been included in the
ERPP. Important recovery actions in this plan include
placing the 2 parts -per ‘thousand isohaline (X2
SWRCB standard) at Roe Island, Chipps Island, or at
the confluence of the Sacramento-San Joaquin rivers
at Collinsville. Suitable placement of the 2 parts per
thousand isohaline is key to providing adequate
shallow water habitat for delta smelt, longfin smelt,
and splittail.

SAN FRANCISCO
ESTUARY_
PROJECT
The San Francisco Estuary Project has four goals to
restore the physical, chemical, and biological integrity
of the San Francisco Bay-Delta Estuary:
n

protect existing wetlands,

n

restore and enhance the ecological productivity
and habitat values of wetlands,

n

expedite a significant increase in the quantity
and quality of wetlands, and

H

educate the public about the values of wetland
resources.

CENTRAL VALLEY
IMPROVEMENT

RECOVERY PLAN FOR SALT
MARSH HARVEST MOUSE AND
CALIFORNIA
CLAPPER RAIL
The recovery plan for the salt marsh harvest mouse
and clapper rail focuses on protecting
existing
marsh
habitat
with
marshes,
creating
new
unrestricted
tidal sloughs, pickleweed habitat for
mice, and suitable nesting habitat for the rail. This
recovery’ plan, prepared and approved in 1984, is
being revised by the USFWS. The goals and
objectives that are being developed in the revised
recovery plan may lead to corresponding adjustments
in ERPP targets and programmatic actions.

PROJECT
ACT

Restoring and maintaining ecological processes and
functions in the Suisun Marsh and North Bay
Ecological Management Zone will augment other
important ongoing and future restoration efforts for
the zone. With
the CVPIA
program,
the
Anadromous Fish Restoration Program (AFRP) of the
U.S. Fish and Wildlife Service (USFWS 1997) has a
goal to double the natural anadromous
fish
production in the system over the average’production
during 1967 through
1991. CVPIA authorized
dedicating and managing 800,000 af of CVP yield
annually to implement the fish, wildlife, and habitat
restoration purposes and measures that include water
purchased for inflow to and outflow from the Delta.
The CVPIA AFRP includes provisions for restoring
habitat and reducing stressors, such as unscreened
water diversions.

SUISUN MARSH MANAGEMENT
AND PROTECTION
PLANS
The Suisun Marsh Management Plan was mandated
by the Suisun Marsh Preservation Act of 1977. Its
goal is to maximize waterfowl food production while
maintaining
a diverse marsh flora capable of
supporting the present wide variety of wildlife in th,e
marsh. The plans were developed to mitigate (avoid,
reduce, or compensate for) the effects on the marsh of
the federal Central Valley Project and State Water
Project. Though the plan’s focus is to manage diked
wetlands, plan elements are consistent with ERP
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objectives and targets. A primary management area,
consisting of 58,000 acres of tidal and managed
wetlands,
and secondary management areas of
28,000 acres of grasslands, have been identified for
management
and protection.
Restoring
tidal
wetlands and sloughs in Suisun rMarsh will be
consistent with Suisun lMarsh IManagement Plan
goals.

RECOVERY
PLAN
FOR THE
SACRAMENTO
RIVER
WINTER-RUN
CHINOOK
SALMON
The winter-run
recovery plan is being prepared and
will be implemented by the Nation Marine Fisheries
Service
(NMFS).
The
draft
plan
includes
recommendations
for improving riparian and tidal
marsh habitats in the Bay and Delta. ERPP objectives
and targets are consistent with those of the recovery
plan.

INTERAGENCY
ECOLOGICAL
PROGRAM
SUISUN
ECOLOGICAL
WORKGROUP

SAN FRANCISCO
ESTUARY
PROJECT
COMPREHENSIVE
CONSERVATION
AND
MANAGEMENT
PLAN

The Suisun Ecological Workgroup
(SEW) was
convened at the request of the State Water Resources
Control Board as a component of the “Program of
Implementation” in the 1995 Water Quality Control
Plan for the San Francisco Bay/Sacramento-San
Joaquin Delta Estuary. SEW is and ad hoc multiagency/organization
work group whose goal is to
review the scientific basis ‘for the current salinity
Suisun
Marsh
and
make
standards
in
recommendations for comprehensive brackish marsh
standards. The primary goals of the SEW are: (1)
characterize the brackish water ecosystem for Suisun
Marsh, (2) evaluate the effects of existing Western
Suisun Marsh water quality standards on beneficial
uses, (3) determine and recommend appropriate
resource-specific standards, (4) recommend narrative
standards for tidal wetlands, (5) assess impacts of
implementing
appropriate
resources-specific
standards on other resources, (6) develop appropriate
multi-resource (ecosystem) water quality standards,
(7) consider alternative models, and (8) recommend
future studies and compliance monitoring programs.

CENTRAL

VALLEY
HABITAT
VENTURE

The San Francisco Estuary project’s (SFEP’s) purpose
is to promote effective management of the Bay-Delta
estuary and restore and maintain the estuary’s water
quality and natural resources. There are eleven
programs within the management plan, including
wetland management and habitat restoration in the
North Bay stream watersheds.
Programs include
protecting remnant stream habitats and restoring
shaded riverine aquatic habitats. Objectives include
restoring
and creating habitats, including tidal
saltmarsh and adjacent upland habitats. A plan is
being developed for managing the San Francisco Bay
National Wildlife Refuge. Many SFEP and CCMP
objectives and targets are included in the ERPP.

AGREEMENT
RIVER

ON SAN JOAQUIN
PROTECTION

In an effort to resolve issues brought forth in the
State Water Resources Control Board’s 1995 Water
Quality’ Control Plan for the Bay/Delta, the San
Joaquin River Tributaries Association, San Joaquin
River Exchange Contractors Water Authority, Friant
Water Users Authority, and the San Francisco Public
Utilities Commission collaborated to identify feasible,
voluntary actions to protect the San Joaquin River’s
fish resources. In spring 1996, these parties agreed on
a “Letter of Intent to Resolve San Joaquin River
Issues.” This agreement, when finalized, has the
potential of providing the following:

JOINT

The Central Valley Habitat Joint Venture is a
component
of the USFWS’s
North
American
Waterfowl
Management Plan, with funding and
cooperative project participation by federal, State,
and private agencies. New funding sources including
CALFED restoration funds, are being sought to
implement the Joint Venture. The Joint Venture has
adopted an implementation plan that includes Suisun
Marsh. Objectives include protecting wetlands by
acquiring fee-title or conservation easements and
enhancing waterfowl
habitat in wetlands
and
agricultural
lands. Joint Venture objectives and
targets have been adopted by the ERP.

n

higher minimum

n
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.

installation and operation of a new fish barrier on
the mainstem San Joaquin River,

H

set up a new biological monitoring

n

set aside federal restoration funds to cover costs
associated with these measures.

control the introduction of non-native aquatic species.
For example, essential for meeting the Bay freshwater
inflow prescriptions are efforts to meet the individual
flow prescriptions for the Sacramento, Feather, Yuba,
American, Mokelumne, Stanislaus, Tuolumne, and
Merced rivers. Aquatic,
riparian, and wetland
corridors in the Delta are also directly linked and
integral to habitat corridors in Suisun and San Pablo
Bays.

program, and

One of the important components of the Agreement
is the development
of the Vernalis Adaptive
Management
Program
(VAMP)
to improve
environmental conditions on the San Joaquin River.
Elements of this potential adaptive management
program include a range of flow and non-flow habitat
improvement actions throughout the watershed, and
an experimental program designed to collect data
needed to develop scientifically
sound fishery
management options for the future.

CALFED

BAY-DELTA

RESTORATION
TARGETS
ANB
PROGRAMMATIC
ACTIONS
PROCESSES

CENTRAL
VALLEY
(FRESHWATER

STREAMFLOW
INFLOW)

TARGET
1: More closely emulate the natural
seasonal freshwater inflow pattern to North San
Francisco Bay to:

PROGRAM

CALFED has funded seven ecosystem restoration
projects in the Suisun Marsh/North San Francisco Bay
Ecological Management Zone. Two projects screen
diversions for managed wetlands on the Suisun Marsh
and three restore habitat. A project by the Central
Costa County Sanitary District discourages pesticide
use by encouraging homeowners to use integrated
pest management techniques.

LINKAGE
ECOLOGICAL

ECOLOGICAL

TO OTHER
MANAGEMENT
ZONES

Restoration efforts in all Ecological Management
Zones upstream of the Suisun Marsh and North San
Francisco Bay will contribute to the health and
recovery of this zone. Likewise, efforts in this zone
will contribute to the health-of the Delta and salmon
and steelhead population recovery in the Sacramento
and San Joaquin River basins.

n

transport

sediments,

H

allow upstream and downstream

4

contribute

n

permit transport
zone,

n

maintain the low salinity zone in Suisun Bay, and

n

provide adequate attraction flows for upstream,
through-Bay migrating salmon.

fish passage,

to riparian vegetation succession,
of larval fish to the entrapment

Delta outflow in dry and normal years will be
improved by coordinating releases and natural flows
in the Sacramento River Basin to provide a March
flow event of at least 20,000 cfs for 10 days in dry
years, at’least 30,000 cfs for 10 days in below-normal
years, and at least 40,000 cfs for 10 days in abovenormal years. The existing smaller, late-April and
early-May
flow event will be improved with
additional water releases from San Joaquin River and
Delta tributaries to provide flows of magnitudes and
durations similar to those prescribed for March (++).

Successfully realizing the vision for this Ecological
Management Zone depends, in part, on achieving
targets in the Sacramento-San
Joaquin Delta,
Sacramento
River, Eastside Delta Tributaries,
and San Joaquin River Ecological Management
Zones. These include targets associated with restoring
streamflow
processes, reducing contaminants, and
improving
and increasing riparian and wetland
habitats. Efforts toward achieving targets in these
zones should interact to restore important rearing
habitat, reduce the introduction of contaminants, and

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to provide target flows in dry
and normal years by allowing inflows to major
storage reservoirs, prescribed in the visions of
upstream Ecological Management Zones, to pass
downstream into and through the Delta. (This action
accumulation
of
would
result
from
an
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recommendations
for spring flow
minimum
flows
from
upstream
LManagement Zones.)

RATIONALE:
flows

were

events and
Ecological

Bridge to the point at which the daily averagesalinity
is 2 parts per thousand (ppr) ar the bottom.)

NATURAL

The proposed March supplemental
selected as a representative
value
for

LL

PROGRAM

FLOOD

1: Expand the floodplain areain the Napa
River, SonomaCreek, and Petaluma River Ecological
Management Units by putting approximately 10%
of leveed lands into the active floodplain (+++).
ACTION
IA: Convert leveed
lands to tidal wetland/slough complexes.
PROGFWMMATIC

Restoring approximately 10% of
existing leveed lands to tidal action and floodflows
will greatly enhance the floodwater and sediment
retention capacity of the area and contribute
RATIONALE:

nutrients

for the aquatic

BAY-DELTA

foodweb.

AWATIC

FOODWEB

TARGET

1: Increase primary and secondary
nutrient productivity in the SuisunMarsh/North San
Francisco Bay to levels historically observed in the
1960s and early 1970s (++).

Restoring freshwater flows into SuisunMarsh/North
San Francisco Bay Ecological Management Zone
consistent with natural hydrologic conditions in the
Bay-Delta watershed will help restore fundamental
ecosystem processes and functions for the North
Bay’s aquatic and wetland resources. Increasing
spring freshwater inflows will benefit the Bay and
help move outmigrating juvenile chinook salmonand
steelhead through the Bay toward the ocean. Spring
plankton blooms in the North Bay, stimulated by
freshwater outflow, support the North Bay’s
functions as a primary nursery ground for many
important fish and crustaceanspecies.Theseinclude
chinook salmon, striped bass, delta smelt, splittail,
Pacific herring, starry flounder, northern anchovy,
Dungeness crab, several speciesof Bay shrimp, and
many species ofplanktonic and benthic invertebrates
that make up the Bay’s foodweb. Spring freshwater
flows also stimulate tidal emergent marsh
productivity by providing necessary nutrients and
sediments. Freshwater inflows of 20,000 to 40,000
cfs in dry and normal years, compared to the existing
10,000 to 30,000 cfs, would ensure chat the low
salinity zone of the estuary and X2 would be located
well downstream in Suisun Bay, especially in dry
years, and allow somefresh water to reach San Pablo
Bay through tidal circulation and mixing. (Note: the
location of X2 is the distance from the Golden Gate

BAY-DELTA

AND

TARGET

impact analysis in the Programmatic EISLEIR.
Throughout the ERP, the need to determine optimal
streamflow for ecological processes, habitats, and
species is repeated. The issues of supplemental flows
are complex in term of ecosystem improvements. The
frequency, magnitude, duration, timing and rate of
change of streamflows that form channels,create and
maintain riparian habitat (including all speciesof
vegetation), and promote all life stages of the various
aquatic speciesdependent on a particular strcun will
never occur within a single year. An optimal flow
regime will have to vary, perhaps significantly, from
year
to
year.
The
supplemental
flow
recommendations will be an intensive exercise in
adaptive management and must be basedon credible
scientific underpinnings.

Pm-4

FLOODPLAIN
PROCESSES

PROGF~AMMATIC
ACTION
1 A:
Actions
described to restore streamflow, floodplains, tidal
wetlands and sloughs, and riparian habitat would
increaseprimary and secondary productivity in the
Suisun and North San Francisco Bay areas.
PROGRAMMATIC

ACTION

1 B: Implement an

expanded aquatic foodweb research program to
understand the linkage of adjacent and transitional
wetland habitats better and the aquatic foodweb.
Increasing the area of tidal
wetland/slough habitat will increase primary and
secondaryproductivity.
More f f ooding of floodplains
will provide more nutrients and organic carbon
inputs.
RATIONALE:

HABITATS
GENERAL

RATIONALE

Restoring tidally influenced wetlands are an essential
focus of restoration efforts in the SuisunMarsh/North
San Francisco Bay Ecological Management Zone.
Habitats ofparticular interest include tidal perennial
aquatic habitat, saline emergent wetlands, and tidal
slough habitat.
Restoration
of these habitats will
require a mosaic of habitats
including
adjacent

Suisun Marsh/North
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habitats that need to be comprised of seasonal
wetlands,
non-tidal
perennial aquatic habitats,
perennial
grasslands,
and riparian
habitats.
Restoration targets were set with the realization of
the difficulty in locating lands for restoration. In the
SuisunMarsh, for example, the restoration of tidally
influenced habitats will likely require the conversion
of existing managed wetlands. The conversion of
these existing freshwater wetlands will be offset to
the extent possible by restoring existing degraded
wetland habitats and by improvement to existing
unmanaged wetlands. Likewise, in the San Pablo Bay
Ecological Management Unit, restoration of habitat
will be constrained by the fact that the area is
characterized by open bay and intertidal flats with
very limited opportunities for restoration of other
shallow water habitat types.
TIDAL

PERENNIAL

AQUATIC

Restoration ofshallow water habitat in
Bay Ecological Management Unit
possibleas the unit is characterized by
intertidal flats. No lands may be
restoration.

Development of shallow water habitats in the North
Bay will require large-scale tidal restoration to
expand and maintain third through f&h order slough
channels.Larger sloughsprovided the shallow water
habitat which existed under historic conditions in the
North Bay. Acquiring and restoring diked subsided
lands will create shallow

HABITAT

NONTIDAL

PERENNIAL
HABITAT

AQUATIC

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to acquire and develop 400
acresof deeperopen-water areasadjacent to restored
saline emergent wetland habitats in the Suisun Bay
and Ecological Management Unit.

PROGFIAMMATIC
ACTION
1~: Develop a
cooperative program to evaluate the feasibility of
restoring shallow-water habitat in the San Pablo Bay
Ecological Management Unit.

PROGRAMMATIC
ACTION
1~: Develop a
cooperative program to acquire and develop 400
acresof deeperopen-water areasadjacent to restored
saline emergent wetland habitats in each the Napa
River, Sonoma.Creek and Petaluma River Ecological
Management Units (1,200 acrestotal).

RATIONALE: Restoring, improving, and protecting
high-quality, shallow-water habitat will provide
foraging habitat for juvenile fish in this Ecological
Management Zone. These areas typically provide
high primary and secondaryproductivity
and support
nutrient-cycling
functions
that can sustain highquality foraging conditions. Opening new areas to

RATIONALE: Restoring suitable resting areasfor
waterfowl and other wetland-dependent wildlife
species will increase the overwinter
survival rate of
these populations.
Other water-associated
wildlife
specieswill also benefit (Madrone Associates 1980).

tidal

action to the Bay-Delta. These tide-influenced areas
also provide high-quality foraging habitat for
waterfowl
that use mudffat or submergent vegetation
growing in shallow water and diving ducks, such as
canvasback and scaup, that consume clams in these
areas(Fris and DeHaven 1993, Brittain et al. 1993,
Stuber 1984, Schlosser1991, Sweetnam and Stevens
1993, San FranciscoEstuary Project 1992a, U.S. Fish
and Wildlife
Service
1996,
and Lindberg
and
Marzuola

in the short-

TARGET 1: Develop 1,600 acresof deeper(3-6 feet
deep) open-water areasto provide resting habitat for
water birds, foraging habitat for diving ducks and
other water birds that feed in deep water (+).

PROGMMMATIC
ACTION
IA:
Develop a
cooperative program to acquire and restore 1,500
acresof shallow-water habitat in the Suisun Bay and
Marsh Ecological Management Unit.

will also help restore a more natural

water habitats

term. Sedimentation will occur over the long-term
and the area will develop into a saline emergent
marsh. This objective is probably only achievable in
the Napa River, Sonoma Creek, and Petaluma River
Ecological Management Units.

TARGET 1: Restore 1,500 acres of shallow-water
habitat in the SuisunMarsh/North SanFrancisco Bay
Ecological Management Zone (++).

tidal flows

the San Pablo
may not be
open bay and
available for

TIDAL

SLOUGHS

TARGET 1: Restore slough habitat for fish and
associatedwildlife species.Restore 5 miles of slough
habitat in the near-term, and 10 miles in the longterm, in the Suisun Bay and Marsh Ecological
Management Unit (30-61 acres).Restore 10 milesof
slough habitat in the near-term, and 20 miles in the

1993).
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long-term,
in the Napa
River
Ecological
LManagement Unit (61-121 acres). Restore 10 miles
of slough habitat in the near-term, and 20 miles in
the long-term,
in the Sonoma Creek Ecological
LManagement Unit (61-121 acres). Restore 10 miles
of slough habitat in the near-term, and 20 miles in
the long-term,
in the Petaluma River Ecological
Management Unit (61-121 acres) (++).

acreseach in the SonomaCreek, Petaluma River, and
San Pablo Bay Ecological Management Units (++).

PROGRAMMATIC
ACTION
IA: In association
with wetland/marsh
restoration efforts, construct
sloughs in marsh/slough complexes by acquiring land
and purchasing easements.

TARGET 2: Protect 6,200 acresof existing saline
emergent wetlands in the Suisun Bay and Marsh
Ecological Management Zone (+a>.

PROGFIAMMATIC
ACTION
1~: Develop a
cooperative program to acquire, in fee-title or
through a conservationeasement,the land neededfor
tidal restoration, and complete the neededsteps to
restore the wetlands to tidal action.

PROGRAMMATIC
ACTION
2~: Develop a
cooperative program to acquire, in fee-title or
through a conservation easement,existing wetlands
subject to tidal action.
_.
TARGET 3: Restore full tidal action to muted
marsh areas along the north shore of the Contra
Costa shoreline(a+).

RATIONALE:
Restoring, improving, and protecting
slough habitat
in the units of the Suisun
Marsh/North
San
Francisco Bay Ecaogical
Management Zone will help sustain high-quality
shallow-water habitat that provides spawninghabitat
for native fish and foraging habitat for rearing
juvenile fish. Restoring sloughs, along with tidally
influenced freshwater areas and saline emergent
marsh, will provide spawning habitat for native fish
and foraging habitat for rearing juvenile fish;
contribute to high levels of primary and secondary
productivity; and support nutrient-cycling functions
that can sustain high-quality foraging conditions.
These sloughs can also provide resting sites for
waterfowl and habitat for the western pond turtle
(Simenstadet al. 1992, Lindberg and Marzuola 1993,
and Madrone Associates1980). Tidal sloughscan also
provide important loafing sites for waterfowl,
particularly diving ducks in the North Bay. The miles
of targeted sloughsrepresent a reasonablerestoration
level as indicated by maps available from the early
1900s and existing c&figurations in the Ecological
Management Units.

PROGRAMMATIC
ACTION
3~: Develop a
cooperative program to evaluate, acquire, in fee-title
or through a conservation easement, and restore
existing muted wetlands to full tidal action.
RATIONALE:
Restoring tidally influenced saline
marsh in this Ecological Management Zone will
contribute to increasing levels of primary and
secondaryproductivity and support nutrient-cycling
functions that can sustain high-quality
foraging
conditions (Lindberg and Marzuola 1993, Miller
1993, Simenstad et al. 1992). Increasing the area
occupied by saline tidal marsh in each Ecological
Management Unit will help support the proper
aquatic habitat conditions for rearing and
outmigrating juvenile chinook salmon,steelhead,and
sturgeon and rearing delta smelt, striped bass,and
splittail. Restoring high-quality salinemarshes,both
tidal and nontidal, will contribute to nutrient cycling,
maintaining the foodweb, and supporting enhanced
levels of primary and secondary production.
Increasing the areaoccupied by nontidal salinemarsh
will contribute to subsidence control and island
accretion (growth) efforts. Permanent saline marsh
can help arrest and, in some cases, reverse subsidence
where peat oxidation has lowered land elevations to
more than 15 feet below sealevel. Increasing the area
occupied by saline marsh will contribute to an
ecosystem that can accommodate
sea-level rise and
provide a more natural tidal pattern and associated
benefits to the foodweb and water quality of the Bay

In general, tidal slough restoration should be
associatedby tidal marsh restoration. Sloughs are a
function of the marshesthey traverse. The acreageof
marsh and soils, sediments,hydrodynamics will limit
the amount of tidal marsh that can be restored. These
sloughs can also provide loafing sites for waterfowl,
particularly diving ducks in the North Bay.
SALINE

EMERGENT

WETLANDS

TARGET 1: Restore tidal action to 5,000 to 7,000
acres in the Suisun Bay and Marsh Ecological
Management Unit; 1,000 to 2,000 acresin the Napa
River Ecological Management Unit; 500 to 1,000
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and Delta. Habitat conditions for wetland-associared
wildlife will be improved.

impacts of specific conraminanrs for which it is
dificult
to documenr popularion-level impacrs
conclusively. Modifying agricultural practices and
land uses on a large scale will reduce rhe
concentrations of pesricide residues rhrough a
combined approach. This approach involves reducing
rhe amounr of pesticide applied and the amount
reaching aquatic Suisun Marsh and SanFranciscoBay
habitats. This will be done by biological and chemical
processes in wetland systems thar break down
harmful pesticide residues.Improved inchannel flows
in this Ecological Management Unit resulting from
seasonal reducrions in water use and enhanced
environmenral water supplieswill alsohelp to reduce
contaminant concentrations (San Francisco Estuary
Project 1992a).
_,

The rargers for saline emergenr werlands
will
probably be achieved or even exceeded by several
ongoing programs. These include acriviries ro restore
saline emergent werlands which are conrained within
land acquisition programs by the U.S. Fish and
Wildlife Service and Department of Fish and Game.
SEASONAL

WETLANDS

TARGET 1: Assist in protecting and enhancing
40,000 to 50,000 acresof existing degraded seasonal
wetland habitat in the Suisun Bay and Marsh
Ecological Management Unit per the objectivesof the
Central Valley Habitat Joint Venture and thLNorth
American Waterfowl Management Plan. (+++).

Restoring high-qualiry freshwater marshand brackish
marsh, both seasonaland permanent, will increase
the production and availability of narural forage for
waterfowl and other wildlife. It will increase the
overwinter survival rates of wildlife populations in
this Ecological Management Zone and improve their
body condition before they migrate. As a result,
breeding successwill be improved. Managing these
habitats will also reduce the amount and
concenrrations of contaminants that could, upon
entering the sloughs, interfere with efforts to restore
aquatic ecosystem health.

IA: Support the
cooperative program to improve management of up
to 26,000 acresof degraded seasonalwetland habitat
in the of the Suisun Bay and Marsh Ecological
Management Unit.
PROGFIAMMATIC

ACTION

Support the
development of a cooperative program to improve
management of up to 32,000 acres of existing
seasonal wetland habitat in the Suisun Bay and
Marsh Ecological Management Unit.
PROGFWMMATIC

ACTION

1~:

2: Acquire and convert 1,000 to 1,500
acresof existing farmed baylands in the SuisunMarsh
to seasonalwetlands (++).

TARGET

Target I “enhance 40,000 to 50,000 acres of
degradedseasonalwetland habitar” is consistent with
rhe Central Valley Habitat Joint Venture and the
North American Waterfowl Management
Plan.
Programmatic Action IA “enhance 26,000 acres of
degraded seasonalwetland habitat” is already being
implemented by Ducks Unlimited aspart of a grant

PROGFUIMMATIC
ACTION
2~:
Develop a
cooperative program to acquire, in fee-title or
through a conservatidn easement, existing farmed
baylands and restore tidal action.
_
RATIONALE:
Restoring wetland and riparian
habitats

in association

with

aquatic

habirats

rhrough’rhe
North American
Wetlands Conservation
fund. The intent of the ERPP is to remove the levees
of somemanaged wetlands to allow the restoration of

is an

essential restoration strategy element for this
Ecological Management Zone. This restoration is
fundamental
enhancing

tidally inff uencedhabirats and expand the acreagesof
wet meadows or pastures. The greatest need to
restore where possible, tidal wetland areas.This may
result in a need to replace any lossesof managed
wetlands by creating additional wetland areas.
However, there may not be area for any additional
acres of managed werlands as the majority of
agricultural lands have already been converted to
managed wetlands. For example, the following
figures provided by the SuisunResourceConservation

to supporting
the foodweb
and
conditions
for rearing
chinook salmon,

steelhead,srurgeon, juvenile delta smelr, striped bass,
and splirrail.

Foodweb

support

functions

for wildlife

will also benefir (Cummins 1974, Brostoff and Clark
1992).
Seasonalwetlands can help reduce concenrrarionsand
loads of pesticide residuesin water and sediments,
which help to reduce sublethal and long-term
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District display the possible diffkulty
additional managed wetlands.
Existing Land IJse
managed wetlands
unmana ed tidal wetlands
bays anf sloughs
uplands and grasslands
VERNAL

in creating

of riparian scrub and shrub vegetation in each
Ecological LManagementUnit. Of this, 60% should
be more than 15 yards wide, and 40% should be no
lessthan 5 yards wide and 1 mile long (40-60 acres
in eachof 5 units).

Existing Acreage
52,000 acres
6,300 acres
30,000 acres
27,700 acres

RATIONALE:
Many wildlife species, in&ding
several species listed as threatened
or endangered
under the State and federal Endangered SpeciesActs
(ESAs) and several special-statusplant species in the
Central Valley, depend on or are dosely associated
with riparian habitats. Riparian scrub and shrub will
help provide needed escapecover for these species
during high-flow periods. Riparian vegetation in the
western portion of the Suisun Marsh/North San
Francisco Bay Ecological Management Zone is
limited by water salinity. Riparian restoration will
most likely
occur in the upper reaches of the
Ecological Management Units in areasthat may be
tidally influenced
but which have low salinity.

POOL

TARGET 1: Protect and managevernal pools in the
Suisun Bay and Marsh Ecological Management Unit
that provide suitable habitat for listed fairy shrimp
species,the Delta green ground beetle, and specialstatus plant speciesto assistin thesespecies’recovery
(+).
PROGFWMMATIC
ACTION
1~: Develop a
cooperative program to acquire and manage 100
acres of vernal pools and 500 to 1,000 acres of
adjacent buffer areas
TARGET 2: Restore vernal pools that have been
degraded by agricultural activities to provide suitable
habitat for special-statusinvertebrates and plants and
amphibian, such asthe spadefoot toad, to assistin the
recovery of these populations (+).

ESSENTIAL

FISH HABITAT

TARGET
1: Maintain and improve existing
freshwater fish habitat and essential fish habitat
through the integration of actions described for
ecological processes,habitats, and stressorreduction
or elimination (++).

PROGRAMMATIC
ACTIO’N 2~: Develop a
cooperative program to restore the quality of vernal
pools and their adjacent habitats.

PROGRAMMATIC
ACTIONS:
No additional
programmatic actions are recommended.

RATIONALE:
Restoring wetland, riparian, and
adjacent upland habitats in associationwith aquatic
habitats is an essentialrestoration strategy element
for the Suisun Marsh/North San Francisco Bay
Ecological Management Zone. Restoring this habitat
mosaic on a large scak will help restore ecosystem
processes and functions and provide additional
protection to listed speci& associated with this
habitat type.

RATIONALE: Freshwater fish habitat and essential
fish habitat are evaluated in terms of their quality and
quantity.
Actions described for Delta ecological
processes,stressorreduction, and riparian and riverine
aquatic habitat should sufice to maintain and restore
freshwater

fish, habitats.

For example,

maintaining

freshwarer and essentialfish habitats is governed by
actions to maintain streamflow, improve coarse
sediment supplies, maintain stream meander,
maintain or restore connectivity of rivers and streams
and their floodplains, and in maintaining and
restoring,riparian and riverine aquatic habitats.

RIPARIAN
AND SHADED
RIVERINE AQUATIC
HABITATS
TARGET 1: Restore 10 to 15 linear milesof riparian
habitat along riparian scrub and shrub vegetation
corridors in each Ecological Management Unit. In
this restored habitat, 60% should be more than
15 yards wide, and 40% should be no less than
5 yards wide and 1 mile long(+++).

PERENNIAL

GFWSSLANDS

TARGET 1: Restore 1,000 acresof perennial grasses
in each Ecological Management Unit associatedwith
existing or proposed wetlands (++).
PROGFWMMATIC
ACTION
IA:
Develop a
cooperative program to restore perennial grasslands

PROGFWMMATIC ACTION 1 A: Coordinate with
landowners and managersto restore and maintain 10
to I5 linear miles of riparian habitat along corridors
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by acquiring conservation
land from willing sellers.

such as the Suisun song sparrow, California
black
rail, and salt marsh harvest mouse. For instance, the
habitats for these species have been degraded by the
loss of adjacent, suitable escape cover that is needed
by the salt marsh harvest mouse during periods of
high flows or high tides. Fragmentation
has also
interfered with
daily and seasonal migratory
movements and genetic
interchange
within
the
population
(Novick and Hein 1982).

easements or purchasing

Restoring
werland, riparian, and
adjacent upland habitats in associationwith aquatic
habitats is an essential restoration strategy
element
for this Ecological Management Zone. Eliminating
fiagmen ta tion and restoring connectivity
will
enhancehabitat conditions for special-statusspecies,
RATIONALE:

Table 7: Summary of ERPP Habitat Restoration Targets for the Suisun Mar&r/ North San FranciscoBay Ecological
Management Zone.
Habitat Type

Suisun Bay
and Marsh

Tidal Perennial
4quacic

-

1,500

\Tontidal Perennial
4quatic (deep, open
crater)

0

400

5-10 miles
(30-61 acres)

Saline Emergent
Wetland (restore)

5,000-7,000

l,OOO-2,000

Saline Emergent
Wetland
(protect)

to be
determined
(TBD)

TBD

existing)

miles
acres)

lo-20
(61-121

500-1,000

Feasibility
study

100
500-1,000

Pool Buffer

Riparian
Aquatic

and Riverine

Perennial

Grassland

lo-15
(40-60

miles
acres)

lo-15
(40-60

1,000

0

0

0

miles
acres)

lo-15
(40-60

1,000

miles
acres)

0

35-70 miles
(213-424
acres)

500-1,000

acres of existing

habitats

Total

miles of tidal

Total

miles of riparian

sloughs

to be protected

and riverine

aquatic

to be restored
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6,200

acres

40,00050,000 acres

0

l,OOO-1,5oc
acre:

0

0

100 acre!

0

0

500-1,ooc
acre:

miles
acres)

lo-15
(40-60

and enhanced

habitat

-12,000
acres

0

perennial
saline
and perennial

ro be restored

7,500

TBD

1,000

1,000

Tocal acres of all habitats to be restored include tidal perennial,
nontidal
emergent
wetland,
seasonal wetland,
vernal pool and vernal pool buffer,
grassland.
Total

lo-15
(40-60

acres

1,600

*

miles
acres)

acres

0

TBD

0

1,500

400

500-1,000

TBD

-.

l,OOO-1,500

Pools

Vernal
Area

lo-20
(61-121

Total

Bay
0

400

miles
acres)

San Pablo

40,00050,000

Seasonal
Wetland
(Restore)
Vernal

IO-20
(61-121

Pet&ma
River
0

400

Tidal Sloughs

Seasonal
Wetland
(Protect

Sonoma
Creek

Napa River

miles
acres)

50-75 mile:
(200-30(
acres

1,000

5,000

17,200-22,700

acres

46,200-56,200

acres

35-70

miles (213-424

acres)

50-75

miles (200-300

acres)

acre.
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REDUCING

WATER
TARGET

that lessthan 1% of the surfacearea of thesesloughs‘
and channels is covered by invasive non-native
aquatic plants within 10 years.

OR ELIMINATING
STRESSORS
DIVERSIONS

RATIONALE: Invasive aquatic plants have altered
ecosysrem processes, functions, and habitats by
modifying the foodweb and competing for nutrients,
light, and space. Nesting birds are particularly
vulnerable to increasedpredation from non-native
ground-dwelling predators and, competition from
non-native nestparasites.Actions taken in the Suisun
Marsh/North
San Francisco Bay Ecological
Management Zone to address this objective are
prescribed primarily to enhance foodweb functions
and improve habitat conditions for resident,
estuarine, and anadrpmous fish and neotropical
migratory birds. This can be accomplished, in part,
by reducing the areainhabited by invasive non-native
plants and by restoring large areasofoptimal nesting
habitat (Dudley and D’Antonio 1994, Anderson
1990, Zedler 1992, and Bay-Delta Oversight Council

1: Reduce entrainment

losses of juvenile
fish at diversions by 25 to 50% by installing positivebarrier fish screens on large diversion structures
(+++).
PROGRAMMATIC
ACTION
IA: Develop a
cooperative program
to consolidate, screen, or
eliminate diversions in the Suisun Marsh/North
San
Francisco Bay Ecological Management Zone.
PROGMMMATIC
ACTION
1 B: Evaluate I
opportunities
to use alternative means to Provide
cooling water at the Pittsburg power plant.
Large diversions on the main channels
Suisun and San Pablo Bays and adjoining
marsh/slough complexes entrain juvenile and small
adult fish at rates that could be detrimental to the
survival of speciesof special concern (Chadwick and
Von Geldern 1964, 1974; Larkin 1979; and Erkkila
et al. 19.50). The reduction target reflectspreliminary
data indicating chat entrainment through the
smallest diversions on small channelsmight not pose
a significant threat to the successfulrestoration of
Bay-Delta health. The success of screening in the
escuarinezone is difficult and dependent on critical
protective operations and facilities. For example,
bypass flows or bypasssystems are needed co move
target speciesaway from the zone of influence and
in to areassafe from entrainmen t.
RATIONALE:

of

1994).

INVASIVE

AQUATIC

ORGANISMS

TARGET

1: Reduce or eliminate the influx of nonnative aquatic speciesin ship ballast water (+++).
PROGRAMMATIC ACTION 1 A: Fund additional
inspection staff to enforce existing regulations.
PROGMMMATIC
ACTION
1~: Help fund
researchon ballast water treatment techniques that
could eliminate non-native species before ballast
water is released.
TARGET 2: Reduce the potential for influx of nonnative aquatic. plant and animal speciesat border
crossing’s(++a).

For many years the etitrainment and lossof juvenile
fish at the Pictsburg power plant has been overlooked
as a source of juvenile mortality. This potential
stressorshould be reevaluated and actions should’be
recommended to reduce fish lossesif appropriate.
INVASIVE

AQUATIC

PROGRAMMATIC ACTION 2~: Provide funding
to the California Department of Food and
Agriculture to expand or establish, asappropriate, a
comprehensive program to exclude, detect, and
manage invasive aquatic species, such as zebra
mussel.

PLANTS

TARGET 1: Manage existing and restoreddead-end
and open-end sloughs and channels within the
Ecological Management Zone so that lessthan 1% of
the surface area of these. sloughs and channels is
covered by invasive non-native aquatic plants (++).

RATIONALE:
Every reasonable effort should be
made to reduce the introduction of non-native
organismsin the ballast water of ships that enter the
Delta. Such organisms have greatly altered the
zooplankton of the Delta over the past several

PROGFWMMATIC
ACTION 1 A: Conduct largescale, annual weed eradication programs throughout
existing and restored dead-end and open-end sloughs
and channels in eachEcological Management Unit so

Suisun MarshlNotth
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decades. Further alteration could reduce the capacity
of the Delta to support native fishes.

PROGRAMMATIC
ACTION
1~: Develop and
implement
a public education
program
that
emphasizes the ecological value of maintain coyote
populations.

Every reasonable effort should be made to reduce the
introduction
of non-native
organisms at border
crossings in to California. Border inspections have
already found zebra mussels, which, if allowed to
enter Bay-Delta
waters, could have devastating
economic and ecological effects.
INVASIVE

RIPARIAN
PLANTS

AND

RATIONALE:
The large-scale
restoration
of
emergent wetlands, riparian habitat, and adjacent
perennial grasslands will be the main focus of a
strategy to reduce the adverse impacts of non-native
wildlife on the health of the Bay-Delta ecosystem.
The goal is a restored Bay-Delta and watershed
where the quality, quantity, and structure of the
restored habitat discourage colonization by nonnative wildlife, provide a competitive advantage to
native wildlife, and reduce the vulnerability of native
species from predation by species such as the red fox
and feral cat. A publiceducation
program to inform
duck club owners of the ecological importance of
native coyotes in the Suisun region may help prevent
the potentially devastating spread of red fox further
into the Suisun Marsh and Delta region. Coyotes are
native to the region and tend to keep foxes from
increasing their range.

MARSH

TARGET 1: Reduce by 50% the area covered by
invasive non-native woody species, such as giant reed
and eucalyptus, that compete with native riparian
vegetation, and eradicate invasive woody plants from
restoration areas (a++).
PROGFWMMATIC
ACTION
IA:
Develop a
cooperative program to remove and suppress invasive
non-native plants that compete with native riparian
vegetation by reducing the area occupied by these
species (such as giant reed and eucalyptus) by 50%.
PROGFIAMMATIC
ACTION
16: Develop a
cooperative program to eliminate invasive woody
plants from restoration sites to protect native riparian
vegetation.

One of the most serious environmental problems
facing California is the explosive invasion of nonnative pest plants and animals. Non-native plants,
wildlife, fish, and aquatic invertebrates can greatly
alter the ecosystem processes, functions, habitats,
species diversity, and abundance of native plants, fish,
and wildlife.

PROGRAMMATIC
ACTION
Ic:
Develop a
cooperative program to develop control measures for
perennial pepperweed.

Many of these invasive species spread rapidly and
form dense populations primarily by out-competing
native species as a result of large-scale habitat
changes that tend to favor non-native species and a
lack of natural controls (e.g., natural predators).
These non-native species usually have a competitive
advantage because of their location in hospitable
environments where the normal controls of disease
and natural enemies are missing. As populations of
non-native
species grow,
they can disrupt the
ecosystem and population dynamics of native species.
In some cases, habitat changes have eliminated
connectivity
of habitats that harbor the native
predators that could help to limit populations of
harmful non-native species.

RATIONALE:
Invasive non-native
plants have
altered ecosystem processes, functions, and habitats
by modifying
the foodweb
and competing for
nutrients, light, and ipace (Dudley and D’Antonio
1994, Madrone
Associates
1980, Bay-Delta
Oversight Council 1994, Cross and Fleming 1989,
and Zedler 1992).
NON-NATIVE

WILDLIFE

TARGET
1: Reduce red fox and feral cat
populations in and adjacent to habitat areas suitable
for California clapper rail, California black rail, and
salt marsh harvest mouse (++).
PROGFWMMATIC
ACTION
IA:
Develop a
cooperative program to evaluate means to reduce red
fox and feral cat populations
through trapping,
relocation,
fertility
control,
or other suitable
measures.

PREDATION

AND

COMPETITION

TARGET 1: Limit striped bass supplementation to
life stages that minimize predation on juvenile
anadromous and estuarine fish (+++).

Suisun Marsh/North
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ACTION
1 A:
Provide
sufficient equipment, support staff, and operation and
maintenance funds to hold juvenile striped bass
longer so they can be planted at 2 yearsof age instead
of 1 year.

Improved inchannel flows in the Delta resulting from
seasonal reductions in water use and enhanced
environmental water supplieswill also help to reduce
concentrations (SanFranciscoEsruary Project 1.992a).
Health warnings have been issuedregarding human
consumption of fish and wildhfe becauseof elevared
levels of substances,such as mercury and selenium.
Large-scaleaquatic and wetland habitats restoration
may help to resolve concerns about hydrocarbons,
heavy metals, and other pollutants. Addressing point
sourcesof concern, such as the oil refineriesin Suisun
and San Francisco Bays, and elevated releasesof
seleniumresulting from refining oil from sourceshigh
in selenium, can be effective elementsof a strategy to
achieve the desired reducrions.

PROGRAMMATIC

ACTION
1 B: Cooperatively
develop an ecologically based approach to limit
striped bassand chinook salmon stocking in the Bay
to areasand periods that will not increasepredation
on special-status’species,such as longfin smelt and
delta smelt, and other native fishes.
PROGRAMMATIC

RATIONALE:
Actions taken in this Ecological
Management Zone are prescribed to protect
populations of aquatic species,such aslongfin smelt.
and delta smelt, from excessive predation rares?aused
by large concentrations of stocked hatchery-reared
fish. Limited studies have shown that two-year-old
striped,bass have less of an impact on anadromous
and estuarine fish than one-year-old striped bass.

HARVEST

PROGRAMMATIC
ACTION
1 A:
Provide
additional funding to California Department of Fish
and Game (DFG) for additional enforcement.

Reduce the input of herbicides,
pesticides, fumigants, and other agents toxic to fish
and wikllife in the SuisunMarsh/North San Francisco
Bay Ecological Management Zone (+).

PROGFWMMATIC
ACTION
1 B:
Provide
additional funding to county sheriffs departments
and State and local park agencies to support
additional enforcement efforts.

Support
programs already in place to regulate the dischargeof
,pollutants or reduce pollutant toxicity in Bay waters.
ACTION

WILDLIFE

1: Reduce illegal anadromous fish and
waterfowl harvest in SuisunMarsh and SanFrancisco
Bay by increasing enforcement and public education
(+++).

1:

PROGRAMMATIC

AND

TARGET

CONTAMINANTS
TARGET

OF FISH

1 A:

PROGRAMMATIC
ACTION
1 c: Provide rewards
for the arrest and conviction of poachers.

RATIONALE:
Reducing the concentrations and
loadsof contaminants, including hydrocarbons, heavy
metals, and other pollutants, in the water and
sediments of the Suisup Marsh/North San Francisco
Bay Ecological Management Zone will help reduce
sublethal and long-term- impacts of specific
contaminants for which it is difficulr to document
population-level impacts conclusively. Reducing
loading in urban runoff and modifying agricultural
practices and land useson a large scale will reduce
pesticide residue concentrations through a combined
approach. This approach involves reducing the
amount ofpesticide applied and the amount reaching
the Bay’s aquatic habitats. This will be done by
biological and chemical processesin wetland systems
that break down harmful pesticide residues. (Bay
Delta Oversight Council 1994, Hall 1991, U.S. Fish
and Wildlife Service 1996, San Francisco Estuary
Project 1992b, ResourcesAgency 1976, Sparks 1992,
Diamond et al. 1993, and Rost et al. 1989).

ACTION
ID:
Develop and
implement a public outreach/education program
regarding the illegal harvest.
PROGFWMMATIC

Actions taken to reduce stressorsin
this Ecological Management Zone are prescribed
primarily to contribute to the recovery of aquatic
species,such as winter-, spring-, and late-fall-run
chinook salmon; green sturgeon; splittail; and
steelhead. These actions will also contribute to the
recovery of species,such asSwainson’shawk, greater
sandhill crane, yellow-billed cuckoo, riparian brush
rabbit, black rail, and giant garter snake (U.S. Fish
and Wildlife Service 1996, San Francisco Estuary
Project 1992b, Bay-Delta Oversight Council 1993,
and California Department ofFish and Game 1991).
RATIO~~~LE:
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. 1994. Draft briefing paper
on introduced fish, wildlife and plants in the San
Francisco Bay/Sacramento-San
Joaquin Delta
Estuary.

DISTURBANCE
TARGET
1: Reduce boat wakes near California
clapper and black rail nesting areas in Suisun Marsh
and San Francisco Bay from LMarch to June to prevent
destruction of nests and assist in the recovery of this
listed species (+).

resources,
November.

PROGFMMMATIC
ACTION
IA:
Develop a
cooperative program with local agencies to establish
and enforce zones prohibiting boat wakes within 50
yards of California black rail nesting areas in Suisun
Marsh and San Francisco Bay from March to June.

. 1994. Plant and wildlife
advisory
committee.

Brostoff, W., and D. Clarke. 1992. Monitoring
intertidal wetland establishment in the Pacific
Northwest.
Army
Waterways
Experiment
Station. Wetlands Research Program Bulletin
2(3): l-4.

PROGRAMMATIC
ACTION
1~: Develop a
cooperative program with local agencies to establish
and enforce zones prohibiting motorized boats in 5
miles of dead-end channels in Suisun Marsh and San
Francisco Bay from March to June.

California Department
of Fish and Game. 1991.
Final program environmental document: ocean
sport fishing regulations (14 CCR 27 .OO-30.10).
Chadwick, H. K, and C. E. Von Geldern. 1964. The
desirability of introducing white bass, Roccus
chrysops,into California. (Administrative Report
64-l 1.) Inland FisheriesBranch.

PROGFIAMMATIC
ACTION
lc:
Develop a
cooperative program with local agencies to establish
and enforce zones prohibiting
motorized boats in
new, small channels in restored tidal fresh emergent
wetlands.
F~ATI~NALE:

technical

. 1974. Entrainment and
thermal effects on mysid shrimp and striped bass
in the Sacramento-SanJoaquin Delta. In L. D.
Jensen(ed.), Proceedingsof SecondEntrainment
and Intake Screening Workshop. Cooling Water
Research Project, John Hopkins University.
Baltimore, MD.

Clapper rail are particularly sensitive

to disturbance and efforts to reduce jet ski traffic in
critical areasfor the rail would contribute to their
recovery. Other actions taken to restore ecological

processes and functions, increase and improve
habitats, and reduce stressors in this Ecological
Management Zone are prescribed primarily to
contribute to the recovery of aquatic species, such as
winter-, spring-, and late-fall-run chinook salmon;
green sturgeon; splitrail; and steelhead.Theseactions
will also contribute to-the recovery ofspecies, such as
the black rail (Madrone Associates 1980, Schlosser
1.991,San FranciscoEstuaryProject
1992a, U.S. Fish
and Wildlife Service 1978, Schlorff 1991, and
ResourcesAgency 1976).

Cummins, K. W. 1974. Structure and function of
stream ecosystems.Bioscience 24( 11): 63 I-64 I.
Diamond, J. M., W. Bower, et al. 1993. Use of manmade impoundment in mitigating acid mine
drainage in the North Branch Potomac River.
EnvironmentalManagement 17(2): 225-238.

Anderson, L. W. J. 1990. Aquatic weed problems
and management in North America. Pages37 l405 in H. Pieterse and K. J. Murphy (eds.).
Oxford University Press.New York, NY.

Dudley, T. L., and C. M. D’Antonio. 1994. Exotic
speciesand sustainableecosystem management.
Page 307 in W. W. Covington and L. F. DeBano
(technical coordinators), Sustainable ecological
systems:implementing an ecological approach to
land management. July 12-15, 1993. Flagstaff,
AZ. (General Technical Report RM-247.) U.S.
Forest Service, Rocky Mountain Forest and
Range Experiment Station. Fort Collins, CO.

Bay-Delta Oversight Council. 1993. Draft briefing
papers on biological resources of the San
Francisco Bay/Sacramento-San Joaquin Delta
Estuary.

Erkkila, L. F., J. W. Moffett, 0. B. Cope, B. R.
Smith, and R. S. Nielson. 1950. Sacramento-San
Joaquin Delta fishery resources:effects of Tracy
pumping plant and Delta Cross Channel.
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+ SACRAMENTO

RIVER ECOLOGICAL
MANAGEMENT
ZONE
stream channel dynamics (meander), and riparian and
riverine aquatic habitat. Stressors, including dams,
legal and illegal harvest, high water temperature
during salmon spawning and egg incubation, toxins
from
mine drainage,
hatchery
stocking
of
anadromous fish, and unscreened or poorly screened
irrigation diversions, have affected the ‘health of
anadromous fish populations.

DESCRIPTION
MANAGEMENT

OF THE
ZONE

The Sacramento River flows more than 300 miles
from Lake Shasta to Collinsville in the Delta, where
it joins the San Joaquin River. It is a major river of
the western United States and the largest and most
important
riverine ecosystem
in the State of
California. The river corridor encompasses more than
250,000 acres of natural, agricultural, and urban
lands upstream of Sacramento. Various cropland
habitats occur on flat and gently rolling terrain
adjacent to most of this zone. Irrigated crops are
mostly rice, grains, alfalfa, and orchard crops. Most of
this cropland is irrigated with water diverted from the
Sacramento River or its tributaries. Five National
Wildlife
Refuges (Sacramento,
Delevan, Colusa,
Sacramento River and Sutter) are located either
adjacent to or within S miles of the Sacramento River.

Sacramenro River channel south of Ord Ferry Bridge in 1896, 1908,
and 1991 (Sacramento River Advisory Council, 1998).

INTRODUCTION
The health of the Sacramento-San Joaquin Delta is
dependent on the rivers and streams that compose its
watershed. They provide inflow, sediments, nutrients,
spawning and rearing areas for many aquatic species,
and riparian corridors that support neotropical bird
and other terrestrial wildlife, such as western yellowbilled cuckoo and bank swallow, and invertebrate
species. Many estuarine fish species and their foodweb
depend on the input from the Sacramento River. The
Sacramento River is the largest element of the Delta’s
watershed, providing about 80% of the inflow to the
Delta.

The Sacramento River Ecological Management Zone
includes 242 miles of the mainstem Sacramento River
from Keswick. Dam near Redding to the American
River aLSacramento. (The remaining 60 miles of the
lower river downstream of Sacramento are included
in the North Delta Ecological Management Unit.)
The mainstem river planning area includes the river
channel, gravel bars and vegetated terraces, the 100year river floodplain, and the geologically defined
band of historic and potential river migration (i.e.,
the meander belt). In the artificially narrow, leveed
reach downstream
of Colusa and extending to
Sacramento, an approximately
I-mile-wide
band of
river alluvium and historic and potential forest land
that borders the levees is also included in this
Ecological Management Zone.

The Sacramento River is also an essential spawning,
rearing,
and migratory
pathway
for many
anadromous fish populations, such as winter-run, fallrun, late-fall-run,
and spring-run chinook salmon,
steelhead, white sturgeon, green sturgeon, lamprey,
striped bass, and American shad. All of these
populations must pass through the Delta and Bay
during portions of their life cycle as they migrate to
the ocean as juveniles and return as adults to spawn.
Ecological factors having,the greatest influence on the
anadromous fish in,the Sacramento River include
screamflow, coarse sediment supply (including gravel
for fish spawning
and invertebrate
production),
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This Ecological LManagemenc Zone encompasses five
Ecological LManagement Units:
n
n

H
n
n

Listing

Status

of Sacramento
Status

Species

Keswick to Red Bluff Diversion Dam,
Red Bluff Diversion Dam to Chico Landing,
Chico Landing to Colusa,
Colusa to Verona, and
Verona to Sacramento.

Winter-run

The National Marine Fisheries Service (NLMFS) has
determined that critical habitat for the endangered
Sacramento winter-run
chinook salmon includes the
entire Sacramento River from Keswick Dam, river
mile (RM) 302 to the Golden Gate Bridge (NMFS
1993). The NMFS has also proposed that all Central
Valley stream reaches that are accessible to steelhead
be designated as critical habitat, except for the San
Joaquin River and tributaries upstream of thexerced
River confluence.

ESA: threatened
CESA: threatened

chinook

Late-fall

chinook

ESA: candidate

Fall-run

chinook

ESA: candidate
ESA: threatened

Steelhead
Green

Species

sturgeon

Bank

of Special

Concern

ESA: threatened

Splittail
swallow

-.

Western
yellowbilled cuckoo

Other fish dependent on the Sacramento River
Ecological Management
Zone include spring-run
chinook salmon, late-fall-run chinook salmon, fallrun chinook salmon, steelhead, lamprey, green
sturgeon, white sturgeon, American shad, striped
bass, and a resident native fish community, including
the Sacramento
splittail.
Due to declining
populations sizes, many of these are species of special
concern or listed under provisions of the state or
federal endangered species acts. One of the important
attributes of the zone is its riparian forest, which
supports a variety of neotropical migrant bird species,
the valley elderberry longhorn beetle, and many other
terrestrial
species. The riparian vegetation is a
significant contributor
to the food web and large
riparian forests effectively moderate air temperatures.

of Listing

ESA: endangered
CESA: endangered

chinook

Spring-run

River Species

Valley elderberry
longhorn
beetle

CESA:

threatened

CESA:

endangered

ESA: threatened

Since completion of Shasta and Trinity dams,
streamflows in the Sacramento River have changed
markedly. Late-winter and spring flows in dry and
normal years are stored in reservoirs and released
during the late-spring through fall irrigation season.
In addition to flows releasedfor irrigation in recent
years, flows in excess of 10,000 cfs have been
augmented to assist in controlling temperature for
survival of winter-, spring, and fall-run chinook
salmon spawning, egg incubation, and early rearing

Sacramento River fled is controlled during much of
the year by water releases at Keswick and Shasta
dams. Tributaries, including many with no major
storage dam, provide a significant quantity of flow
accretion, particularly
through winter and spring
months. Prior to the construction of Shasta Dam, the
river flows near Redding had a typical winter and
spring high-flow
period and a summer low-flow
period. Dry-year flows typically reached a peak near
a monthly average of 10,000 cubic feet per second
(cfs) in March. In more normal years, peak flows
reached approximately
20,000 cfs in IMarch. Low
summer flows averaged less than 5,000 cfs in dry and
normal years.

Historic,aI

Monthly

Average

Flow
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Historical
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below Keswick
Dam, 1972-1992
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year; normal year is the 50th
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or median year.)
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Unimpaired

Monthly

Average

necessary.Natural gravel recruitment from tributary
streams,particularly from Cottonwood Creek, needs
to be protected to ensurethat the gravel deficit in the
upper main stem Sacramento River doesnot increase.
Spawning gravel needsprotection from degradation
caused by excessive silt entering the river from the
tributaries. Watershed protection and comprehensive
watershed management plans are needed in all the
tributaries to reduce erosion of silts and sandsthat
impair the quality of spawning gravels.

Flow

The SacramentoRiver and its tributaries above Shasta
Dam have a cold temperature regime suitable for year
round salmonspawning. Although the salmoncannot
accessthis reach of the ecosystem,the cold water can
be managed using the reservoir and dam to replace
the inaccessible upper.portions of the watershed.
Water temperature in the river is influenced by water
releasesfrom Shasta and Keswick dams in drought
and consecutive dry or critically dry years. Low flows,
combined with warmwater releases,causethe lossof
many adult salmon and eggs spawned in the river.

JFMAMJJASOND

E
Unimpnired
is rhe 20th

Normal

Year

9

Dry Year

Streamflows
below Keswick
Dnm,
percentile
year; normal
is the 50th
year.)

1972-1992
percentile

(Dry year
orii edian

Severalwater development and flood control projects
have dramatically altered the river’s natural flow
regime, sediment transport capabilities, and riparian
and riverine habitats.
These projects include the Central Valley Project
(CVP), which consists of Shasta, Keswick, and
Whiskeytown dams and Red Bluff Diversion Dam
(RBDD). They also include the Sacramento River
Flood Control Project, which extends 180 miles south
from Chico Landing and consistsof a seriesof levees,
weirs, and overflow areas,and the Chico Landing to
Red Bluff ComprehensiveBank Stabilization Project,
which is designed to control lateral river channel
migration. This project is about 54% complete but
hasnot beenworked on since 1984. The State Water
Project (SWP), consisting of Oroville Dam and the
associated diversion works, has altered the flow
regime below the confluence with the Feather River.

Sacramento River temperature control and power
generation requires the installation of a multilevel
outlet structure on ShastaDam and a minimum fall
carryover storage in the reservoir of about 2 million
acre-feet (MAF). Water temperature in the
Sacramento River near Knights Landing can be
improved by redirecting the Colusa Basin drain and
other agriculture return water to a receiving water
other than the Sacramento River or by reuse.
The Colusa Basin drain originates north of Willows
in Glenn County. The drain captures waters from the
two major diverters located on the west side of the
Sacramento River, the Tehama-Colusa and GlennColusaIrrigation districts in Glenn, Colusa,and Yolo
counties. Much of the water conveyed through the
drain is recaptured and reused before being
discharged into the Sacramento River at Knights
Landing near RM 90. The combined volume of the
water delivered by the two districts can exceed 5,000
cfs during the peak of the irrigation season.

Natural sediments include fine suspendedmaterial
that causeselevated turbidity to coarser materials
that include gravel and cobbles. Bedload sediments
also contribute to ecological health by absorbing
energy of water and dampen the intensity of flood
effects. Gravel recruitment is limited by dams
blocking downstream gravel transport, bank
protection, and gravel mining on tributaries.
Deficiency in spawning gravels reduces the
productive capacity of the river. This is especiallytrue
in the 15- to 20-mile river reach below Keswick
Dam. Spawning gravel may be adequate to support
present salmon and steelhead populations. As fish
populations increase, gravel replenishment will be

Water temperature is also affected by overhanging
vegetation, which shadesand moderatesheat gain by
the water. This shadedriverine aquatic (SRA) habitat
hasbeen significantly altered by bank protection and
flood control projects. Reestablishing this edge
vegetation would significantly improve SRA habitat,
woody debris, and other riparian habitat along the
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Sacramento River, which, in turn, should improve
production and survival of salmon and steelhead.

work continues and if mitigation
measures are
unsuccessful. Various other animal species and some
plant species, including the rose-mallow,
have
population viability problems as a result of adverse
human impacts on riparian habitat.

Historically,
the riparian forest corridor along the
river averaged 4 to 5 miles wide and encompassed a
significantly large area. Today only 5% of the forests
remain. One-third of the river length has natural
banks and floodplain terraces; the other two-thirds
have been modified and confined by levees, riprap,
and flood control projects. These structures limit the
dynamic
forces that promote
natural habitat
succession
and regeneration
along rhe river.
Channelization and bank protection between Red
Bluff and the Delta eliminate grid degrade many
habitats by increasing the depth and velocity of flow
and reducing the hydraulic and substrate diversity
associated with more natural or undeveloped river
systems. Bank protection also reduces the amount of
fresh gravel and shaded riverine aquatic habitat
normally available to the river through bank erosion.

Reestablishing a viable riparian ecosystem along the
upper Sacramento River region will increase the
acreage and variety of riparian habitats and reverse
the decline in wildlife, fishery, and human use values.
The U.S. Fish and Wildlife Service (USFWS), the
Wildlife Conservation Board (WCB), the National
Audubon Society, The Nature Conservancy (TNC),
and other private conservation groups are actively
seeking to acquire conservation easements or fee
ownership of high-priority
riparian lands along the
Sacramento River as a means to save these lands
permanently.
More than 100 miles of the Sacramento River
between Red Bluff and Colusa are wholly or partially
intact as a dynamic alluvial river meander belt.
Although ibout 20% of its banks are armored by
riprap that protects levees and orchards, the river
continues to erode its banks naturally and form new
banks from gravel and sediment deposits on point
bars and terraces. These fluvial geomorphic features
support a time-dependent succession of young- and
old-growth
forest and wildlife habitat that requires
65 to 100 years to reach full maturity (climax
succession to valley oak woodland). New sediment
and gravel that sustain this process are supplied by a
combination of eroding banks along the mainstem
river and input
from unregulated
upstream
tributaries. New fish habitat is continually created by
migrating gravel riffles and deeper pools formed at
bendways, and by mature trees and roots that
overhang or topple into the channel as the river
naturally erodes through older alluvial deposits
supporting climax vegetation.

Between Colusa and Red Bluff, natural riparian
vegetation
associated with the existing stream
meander corridor
plays a part in the natural
floodplain process. In turn, the diversity of streamside
vegetation and its overall condition are dependent on
these same dynamic
river processes. Riparian
vegetation effectively creates a buffer to decrease local
flood flow velocities. This increases deposits of
suspended materials derived from eroding banks.
This erosion-deposition process builds the midterrace
and eventually the high-terrace lands that support
climax forest and agriculture. Overbank flooding is
essential for the continued health of the riparian
system. As silt and seeds are deposited during these
overbank water flow events, the native vegetation is
rejuvenated.
The fragmentation of the remaining riparian habitat
greatly diminishes its ability to support viable wildlife
populations. This remaining habitat is being further
degraded by human activity and adverse land uses.
The combined loss, fragmentation, and deterioration
of riparian habitat has caused, or is leading to, the
extinccion’or elimination of several wildlife species.
The drastic decline of the Swainson’s hawk, once one
of California’s most abundant raptors, is in part a
result of the loss of riparian nesting areas. In 1987,
surveys documented such a low number of yellowbilled cuckoos, that the species appeared to be in
danger of immediate extirpation. The elimination of
the bank swallow appears likely if bank protection

Improvements
in the riparian and stream meander
corridors along the Sacramento River are needed to
improve spawning
and early rearing habitat of
splittail. Late-winter
and early-spring
streamflow
improvements are needed to provide attraction flows
for spawning adults and increased spawning habitat.
Increasing flows in early spring also assists in
successful migration of juvenile chinook salmon and
steelhead.
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Improved peak flows in late winter and early spring
are needed to benefit sturgeon spawning. Improved
stream meander corridors
should also benefit
sturgeon.

protect, maintain, and restore riparian and riverine
aquatic habitats throughout the Sacramento River
Ecological LManagement Zone, sustaining the river
meander belt, and increasing the coarse sediment
supply to support meander and riparian regeneration.

All four races of chinook salmon require improved
streamflows, gravel recruitment, water temperatures,
riparian and riverine aquatic habitat, and stream
meander corridors, and reduction in the adverse
effects of stressors, such as high water temperatures,
unscreened diversions, contaminants, and harvest.

Specific restoration projects are not proposed for the
bank swallow populations along the Sacramento
River above the Delta. Potential habitat for bank
swallows will be improved by sustaining the river
meander belt, and increasing the coarse sediment
supply to support meander and coarse sediment
erosion and deposition processes.

Steelhead require improved streamflows and gravel
recruitment in the upper river and improved water
temperature
and riverine habitat in the upper,
middle, and lower reaches of the river. Restoring and
maintaining
natural flow patterns
will -benefit
chinook salmon, but steelhead will benefit only if the
natural flows also provide suitably cold water to
support year round rearing of juvenile fish. Because of
the placement of impassable dams on all major
tributaries, approximately 82% to 95% of historical
Central Valley steelhead habitat is now inaccessible
(Yoshiyama et’ al. 1996) hence natural populations
are mostly relegated to spawning and rearing in low
elevation habitats that were historically used mostly
as migration corridors. Because of increased summer
and fall hypolimnetic releases from reservoirs, flow
and temperature conditions in the late summer and
.
.
fall periods m these reaches can be more beneficial to
steelhead than before the dams were built, and small
numbers of natural steelhead are able to sustain
themselves in these tailwater habitats because of this.
Inhospitable conditions in the lower reaches in the
pre-dam years was not an overriding impact to
steelhead because they had access to the cooler water
habitats of the mid and high elevation tributaries.
Striped bass spawning in the Sacramento River is
controlled by water temperatures. Fertilized striped
bass eggs require sufficient
stream flows and
velocities to maintain the eggs in suspension.

LIST OF SPECIES
TO BENEFIT
FROM
RESTORATION
ACTION
IN THE
SACRAMENTO-.RIVER
ECOLOGICAL
MANAGEMENT
ZONE
n
n

4
n

H
n
n

a
n
n
n

splittail
green sturgeon
white sturgeon
chinook salmon
steelhead trout
striped bass
American shad
western yellow-billed cuckoo
bank swallow
neotropical migratory birds
valley elderberry longhorn beetle

Other problems in the Sacramento River affecting
anadromous fish include poorly screened diversions,
seasonal dams installed in rivers, small unscreened
diversions, and a limited number of large diversions
(> 250 cfs). Two diversion dams operate on the river
Irrigation
seasonally:
Anderson-Cottonwood
District’s (ACID) flashboard dam in Redding that
diverts approximately 400 cfs and partially impairs
the upstream and downstream migration of salmon
and steelhead, and RBDD, the gates of which are in
place from mid-May to mid-September
to allow
diversions up to 3,000 cfs into the Corning Canal and
Tehama Colusa Canal. Both the dams and diversions
have fish passage facilities and fish screens. Fish
passage facilities are inadequate at both facilities, and
the screen system at the ACID diversion is not
adequate. Although predation problems associated
with the dams have been lessened, they still occur.

Improvements in late-winter and spring streamflows
and stream meander corridors are needed to benefit
American
shad spawning
and rearing in the
Sacramento River.
The yellow-billed cuckoo along the Sacramento River
above the Delta is not a species for which specific
restoration projects are proposed. Potential habitat
for the cuckoo will be improved by improvements in
riparian habitat areas that result from efforts to
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All other water diversions along the river are
shoreline diversions. The largest is GCID’s Hamilton
City Pumping Plant on an oxbow off of the
Sacramento River. It diverts up to 3,000 cfs of water
into the Glenn-Colusa
Canal. Although
many
improvements
have been made to its screening
system, fish protection
remains inadequate and
improvement
efforts continue. An environmental
impact report is being prepared to describe actions
involved in resolving the problem. In addition,
hundreds of unscreened diversions located along the
river operate primarily in the spring-through-fall
irrigation season. Approximately 20 of these are large
(> 250 cfs). Efforts are presently being made in
cooperation with the irrigators and resource agencies
to screen these larger diversions.

unimpaired upstream and downstream migration for
all anadromous fish in the river. During the period
when the gates are open, the gravels in the reach
immediately above the dam are available for chinook
salmon and steelhead spawning, thereby, avoiding
the need to compensate for its loss. Fish losses and
delayed migration, however, will still occur during
the 4 months the dam gates are lowered.
Natural
stream meander, river and floodplain
interactions, and riparian plant communities have
been damaged by levees, bridges, bank protection,
and other types of inchannel structures.
Where
feasible, natural stream meander should be allowed.
To enhance this process, it is likely that riprap would
be removed in specific areas formerly subject to bank
protection activities. Bridge piers and abutments
restrict
stream
channel processes. Long-term
remediation of this problem might include future
redesign to accommodate
river meander when
bridges across the Sacramento River are replaced.

The damage to fisheries and the riparian system
associated with each of the problems in the upper
river varies according to the type of water-year and
water delivery operations. The diverse and cumulative
nature of these variables requires a holistic remedy to
achieve ecosystem restoration in the Sacramento
River. The most important factors causing mortality
are being addressed in various ways with interim or
emergency actions.

Unnatural levels of predation typically occur in the
Sacramento River near instream structures, such as
diversion dams, bridge piers and pilings, and support
structures
for diversion pumps. These provide
structure and shade which attract predators. This
problem can be reduced in the long term by
redesigning,
removing,
or reoperating
these
structures
to minimize the creation of predator
habitat, and by providing escape cover in the form of
shaded riverine aquatic habitat.

Fish passage over the SO-year-old ACID diversion
dam must be improved. A feasibility study is being
conducted to identify alternatives to achieve this goal.
ACID canal operations need to be standardized to
protect Sacramento River chinook salmon. This
involves draining canal water through waste gates
only on channels with fish barriers at their confluence
with the river, limiting waste-gate releases to 5 or 10
cfs to minimize attraction of salmon from the river,
and providing total containment
of canal waters
when toxic herbicides are present.

Competition
is primarily between naturally and
hatchery produced fish and is typically for food and
rearing area. The extent of adverse effects of the
interaction between hatchery and natural fish has not
been adequately investigated in the Central Valley,
although Hallock (1987) reported that yearling
steelhead released into Battle Creek consumed large
numbers of naturally produced chinook salmon fry.
Competition may be a suitable subject for focused
research and adaptive management. In the interim,
hatchery release strategies and schedules should be
evaluated to determine opportunities to reduce or
eliminate the potential for competition. Although the
potential adverse effects of hatchery fish on wild
stocks of salmon and steelhead have not been
adequately investigated, there is every reason to
expect adverse impacts in addition to competition
including predation, interference with reproduction,
increased fishing mortality due to mixing in the ocean

Fish passage at RBDD is a longstanding problem
that has been partially solved through reoperation.
This interim fix has constrained water diversion, and
the longer term resolution needs to incorporate fish
passage and survival and water delivery. There is the
potential that the U.S. Bureau of Reclamation
(Reclamation) research pumping facility at RBDD
will allow “gates up” operation at RBDD from midSeptember through mid-May and allow Reclamation
to fulfill its water contract commitments.
With the
gates raised, fewer squawfish congregate below the
dam, thereby reducing predation on juvenile salmon
as they pass under the dam gates. This also provides
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fishery, disease introduction, loss of local adaptations,
and genetic introgression.
Hatchery
operations
should be evaluated and changed to minimize all
these potential problems.

DESCRIPTIONS
OF
ECOLOGICAL
MANAGEMENT
UNITS

Harvest will remain an important
element that
influences
the abundance
of Central
Valley
anadromous fish populations. Harvest strategies need
to emphasize the protection of naturally produced
stocks with a focus on improving spawner returns for
winter-run
and spring-run
chinook salmon and
steelhead. Harvest has been severely restricted in
recent years to maximize the return of winter-run
chinook spawners, at a high economic cost to
fishermen in terms of lost opportunities to harvest
abundant fall-run chinook.
-

KESWICK
DAM
TO RED BLUFF
DIVERSION
DAM
ECOLOGICAL
MANAGEMENT
UNIT
The Keswick Dam to Red Bluff Diversion Dam reach
(59 miles from RM 302 to RM 243) includes the
mouths of Ash, Bear, Cow, Inks, Stillwater,
Anderson, Battle, and Paynes creeks draining Mount
Lassen, and of Spring, Clear, and Cottonwood creeks
draining the Coast Range and Klamath Mountains.
Much of the river in this reach flows through
confined canyons, although portions have a broader
floodplain. About 4 miles below Keswick Dam, the
river widens to about 500 feet before entering the
alluvial plains of the Sacramento Valley below Red
Bluff. This reach includes much urbanized and
residential river frontage, but is not contained by
levees as is common on the downstream reach. More
than 75% of naturally spawning chinook salmon in
the Sacramento River use this reach, while the
remaining spawners use the reach from RBDD to
Princeton, near Colusa.

Improved
management
of anadromous
fish
populations,
particularly
chinook
salmon and
steelhead,
the
development
and
requires
implementation
of a comprehensive
coded-wire
tagging and recovery program for hatchery stocks.
Data derived from these marking programs are
important to assess the contributions of hatchery fish
to the fisheries and escapements. Experimental
studies can be designed to evaluate the interaction of
hatchery and wild fish to that future management
direction can be established.

RED BLUFF
DIVERSION
DAM
CHICO
LANDING
ECOLOGICAL
MANAGEMENT
UNIT

In the interim, the annual production levels of each
hatchery should be evaluated to ensure that the
hatchery goals are consistent
with ecosystem
restoration and the recovery of listed species. In the
longer-term, hatcheries should not produce fish at
levels which exceed the mitigation requirements and
other production goals.

The Red Bluff Diversion Dam to Chico Landing
Reach (49 miles from RM 243 to RM 194) includes
the mouths of eastside tributaries of the Sacramento
River that drain Mount Lassen and the northern
Sierra Nevada,. including Antelope, Mill, Deer, Pine,
Rock, arid Big Chico creeks. Westside streams that
drain the upper valley and parts of the Coast Range
include Elder and Thomes creeks. South of Red Bluff,
the river meanders over a broad alluvial floodplain
confined by older, more consolidated
geologic
formations (i.e., more cohesive deposits resistant to
bank erosion). The extent of river floodplain and
active channel meander belt from Red Bluff to Chico
Landing has remained relatively unchanged and
includes a significant amount of riparian forest and
wildlife.

Toxins from mine drainage on Spring Creek, enter
the river by way of Keswick Dam and threaten
survival of salmon and steelhead when sufficient
dilution flows are not available from Shasta Lake.
Recurrent
non-point
discharges of agricultural
pesticides and herbicides occur, which may also
adversely affect juvenile fish populations,
other
aquatic organisms, and riparian and riverine aquatic
vegetation.
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Tisdale weirs. Farther downstream, most flow from
the Sutter Bypass/Butte Slough and Sacramento
River leaves the river again at the S-mile-long
Fremonc weir and flows down the Yolo Bypass to the
Delta at Rio Vista. Most of the leveesin this reachare
built close to the main river channel, and little
riparian forest or shaded riverine aquatic (SRA)
habitat remains. Leveed banks are steep, with
extensive riprap and routine removal of volunteer
vegetation by local reclamation districts to maintain
levee stability on the confined river channel. At the
turn of the century, levees were built close to the
banks to help move sediment down the river to
prevent natural shoals that obstructed commercial
river navigation reaching Colusa and Red Bluff. This
unit is the most important spawning area for striped
bass, and appropriate flow velocities and water
temperatures are required for successfulstriped bass
reproduction.

CHICO

LANDING
TO COLUSA
ECOLOGICAL
MANAGEMENT
UNIT
The Chico Landing to Colusa reach (51 miles from
RM 194 to RM 143) includes the mouth of Stony
Creek and no other major tributaries. In this reach,
most of the high flow during storm runoff events
leaves the river along the east bank and enters the
expansive floodplain of Butte Basin through three
major flood relief outfalls at M&T Ranch, 3B’s, and
Parrot Ranch, and farther downstream through the
Moulton and Colusaweirs near Colusa. Much of the
river downstream of Chico Landing has been subject
to flood control with an extensive system of setback
levees, basin and bypass outflows, and streambank
protective measures, such as riprap. However,
considerableriparian forest remainswithin the levees
along the active channel. Leveesin this reach are 0.25
to 1.0 mile apart.
In the Butte Basin overflow segment, more extensive
bank revetment projects installed during the past 30
years by landowners and the U.S. Army Corps of
Engineers (Corps) attempt to halt natural channel
migration by fixing the river in a static position. It
was believed that natural channel migration and
meander cutoff might alter flow splits that divert a
major portion of river floodflow over three major
weirs into Butte Basin, where flooding volumes pose
less risk to levee overtopping. Recent hydraulic
simulation studies of this reach appear to indicate
that the river is somewhat self-adjusting to maintain
similar Butte Basin overflow volumes despite specific
meander cutoffs that may occur. However, bridge
structures (e.g., Ord Ferry Bridge) may be more at
risk to major adjustments of the channel position
within the floodplain.
-

COLUSA

TO VERONA
MANAGEMENT

VERONA

ECOLOGICAL

TO SACRAMENTO
MANAGEMENT

UNIT

The Verona to Sacramento Ecological Management
Unit (20 miles from RM 80 to RM 60) includes
important tributary inflow from the Feather River
(and from Sutter Bypassand Butte Creek during high
flows) at RM 80 and from the American River at RM
60. High-flow outfall from the rivers and Sutter
Bypassenters the Yolo Bypassvia the Fremont Weir.
As with the upstream reach, most of the leveesin this
reach are built close to the main river channel, and
little riparian forest or SRA habitat remains.

VISION
FOR THE
MANAGEMENT

ECOLOGICAL
ZONE

The vision for the Sacramento River Ecological
Management Zone is to improve, restore, and
maintain the health and integrity of the Sacramento
River riverine-riparian and tributary ecosystemsto
provide healthy conditions for sustainable fish and
wildlife populations and the plant communities on
which they depend.

ECOLOGICAL
UNIT

The Colusa to Verona reach (63 miles from RM 143
to RM 80) includes the mouth of Butte Creek at the
Butte Slough outfall gate, but no significant tributary
inflow until the Colusa Basin drain enters the river
near Knights Landing at RM 90. In past years
outflow at the ColusaBasin Drain hascontributed to
attraction of adult chinook salmonfrom their normal
migratory pathway of the SacramentoRiver. Fish that
stray into the Colusa Basin Drain are subject to
stranding and loss from the spawning population.
High flows leave the river by way of the Colusa and

The pathway to this vision is through preservation
and restoration of erosional and depositional channel
and floodplain forming processes, riparian and
wetland habitats, spawning gravel recruitment, and
reducing the extent and influence of stressors.It also
includes managing streamflow and flow regime in
ways that benefit ecosystem health. Restoring the
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health and integrity
of the Sacramento River
Ecological LManagement Zone will provide a
productive and resilient foundation for the recovery
of the Bay-Delta estuary and the associated fish,
wildlife, and plant resources.

below normal years, respectively. Such flow events
would support natural processes in the upper river,
such as erosion, sediment transport and sediment
deposition, and stream channel meander, that depend
on natural flow regimes. In addition, this reach
contains
important
year-round
spawning
and
incubation habitat for anadromous salmonids.

The main stem Sacramento River above Verona may
be the most important
sturgeon spawning
and
rearing habitat in the Central Valley, particularly in
view of recent information regarding green sturgeon
spawning in the river above Hamilton City.

The vision highlights the restoration of ecological
processes that naturally create and sustain habitats
needed to support and restore the endangered
Sacramento
winter-run
chinook
salmon,
the
threatened Central Valley steelhead, the threatened
spring-run chinook populations; and species of special
concern such as fall-run
chinook,
late-fall-run
chinook, and green sturgeon. Important ecological
functions
and
of flow --include
maintaining
supplementing
the natural stream meander and
gravel recruitment
processes, transporting
and
depositing sediment, protecting the limited riparian
corridor, providing cool water for all species of fish,
and preventing potential catastrophic
fish losses
resulting from an uncontrolled spill of toxic materials
from Iron Mountain Mine (IMM) and Spring Creek
debris dam overflows.

In addition to the vision for the Sacramento River
Ecological Management Zone, individual visions have
been developed for ecological processes, habitats,
stressors, species, and Ecological Management Units.
These visions follow.

VISIONS
FOR ECOLOGICAL
MANAGEMENT
UNITS
VISION

FOR THE KESWICK
RBDD ECOLOGICAL
MANAGEMENT
UNIT

TO

The vision for the Keswick
Dam to Red Bluff
Diversion Dam Ecological Management Unit is to
protect ecological processes where still intact; allow
riparian forests to reach maturity; restore physical
and successional processes; and protect and restore
freshwater fish habitats that provide for migration,
spawning,
and rearing for chinook salmon and
steelhead.

Because
this
Ecological
Management
Unit
encompasses a significant portion of critical holding,
and nursery
area required by the
spawning,
endangered winter-run
chinook salmon, most of the
water diversions in this reach require positive-barrier
fish screens installed to protect juvenile salmon and
steelhead. A primary concern in this Ecological
Management
Unit is protecting
and enhancing
instream gravel resources supplied to the mainstem
river by the tributaries.

The potential activities include maintaining a flow
pattern that emulates Fhe seasonal hydrologic regime
and provides adequate temperatures
for rearing
steelhead and winter-run
chinook salmon to the
extent possible while conserving the cool water pool
in Shasta Reservoir.
This must be done in
consideration of the high level of development of
water and flood storage in the upper, section.
Additional activities include cooperative efforts to
restore some aspects of the natural hydrologic
conditions of the upper Sacramento River, The
Anadromous Fish Restoration Plan’s (AFRP’s) targets
of 3,250 t,o 5,500 cfs from October 1 to April 30 are
similar to the rates of unimpaired average flows. In
addition to the AFRP base flow minimums, reservoir
inflows should be released to the river to provide
8,000 to 10,000 cfs and 15,000 to 20,600 cfs flow
events for approximately 10 days in March of dry and
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Nursery=areas for juvenile salmon would be improved
by restoring or enhancing riparian and riverine
aquatic vegetation throughout this unit, particularly
in areas immediately up- and downstream
of the
mouths of some of the tributaries described above.

VISION
CHICO

FOR THE
LANDING
MANAGEMENT

RED BLUFF
ECOLOGICAL
UNIT

TO

The vision for the Red Bluff Diversion Dam to Chico
Landing Ecological Management Unit is to protect’
and expand the quantity and quality of the stream
meander corridor; protect the associated riparian
forest and allow it to reach maturity; install positive
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barrier fish screens to protect young fish; maintain
flows that emulate the natural hydrology to the
extent possible; and recover or contribute to the
recovery of threatened, endangered, and special
concern species.

Nursery areas for juvenile salmon should be improved
through the restoration of waterside emergent and
riparian vegetation
throughout
the unit and
particularly up- and downstream of the mouths of
some of the tributaries described above.

The existing meander belt should be protected and
improved to sustain the riparian and riverine aquatic
habitat component that is important habitat for
winter-run
chinook salmon and steelhead, other
anadromous fish species, riparian forest dependent
cuckoo,
other
species, such as yellow-billed
neotropical migrant bird species, and the valley
elderberry longhorn beetle. This reach also provides
spawning
habitat
for anadromous
important
salmonids, particularly fall-run chinook salmon.

VISION
FOR THE CHICO
iJANDING
TO COLUSA
ECOLOGICAL
MANAGEMENT
UNIT
The vision for the Chico Landing to Colusa Ecological
Management Unit is to improve habitat and increase
survival of many important fish and wildlife resources
by preserving, managing and restoring a functioning
ecosystem that provides a mosaic of varying riparian
forest age classes and canopy structure; maintaining
a diversity of habitat-.types,
including forest and
willow scrub, cut banks and clean gravel bars, oxbow
lakes and backwater
swales with marshes, and
floodplain valley oak/sycamore
woodlands
with
grassland understory;
maintaining
uninterrupted
gravel transport
and deposition;
supporting
a
complexity of shaded and nearshore aquatic substrate
and habitats with well-distributed
instream woody
cover and organic debris; setting back levees; and the
installing positive barrier fish screens.

Restoring endangered species and species of special
concern requires that water management activities be
consistent with maintaining ecological processes.
These include flows that emulate the natural
hydrologic regime to the extent possible and are
compatible with the high level of development of
water in the upper section. Important considerations
include flows needed to maintain natural stream
meander processes, gravel recruitment,
transport,
deposition, and establishment and growth of riparian
vegetation.

Restoring endangered species and species of special
concern requires that water management activities be
consistent with maintaining ecological processes.
These include flows that emulate seasonal patterns
typical of the natural hydrologic regime, ,consistent
with the high level of water development in the
upper section. Important considerations include flows
needed to maintain natural stream meander processes
and gravel recruitment, transport and deposition, and
maintenance of the limited riparian corridor in this
section. ‘A long-term goal would be to set back levees
in this section consistent
with
flood control
requirements.
This important
concept should be
integrated into any future flood control planning
efforts.

Because
this
Ecological
Management
Unit
encompasses an important portion of critical nursery
and emigration area required by the endangered
winter-run
chinook salmon, water diversions in the
section will require positive-barrier
fish screens to
protect juvenile fish. In addition, recent research on
non-natal
rearing in secondary and ephemeral
tributaries indicates that these streams are important
rearing habitat and refuges for young chinook salmon
and steelhead in the Sacramento River system.
The broad riparian corridors throughout the unit
should be connected and should not be fragmented.
These corridors connect larger blocks of riparian
habitat, typically greater than 50 acres. The riparian
corridors should generally be greater than 100 yards
wide and would support increased populations of
neotropical migrants,
such as the yellow-billed
cuckoo, and unique furbearers, such as the ring-tail
and river otter. Species such as the bank swallow will
benefit from the restoration of processes that create
and maintain habitat within this unit.

Closing gaps in the shoreline riparian vegetation and
nearshore aquatic habitat will be accomplished by
several means. These include natural colonization or
active restoration
of expanded floodplain along
channels; reduction of vegetation management by
local reclamation districts (consistent
with flood
control requirements); and enhancement of channel
banks by modifying levees and berms to incorporate
habitat structures,
such as fish groins and low
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waterside berms that support natural growth and
woody debris. However, in the long-term, it may be
more beneficial and more cost effective to construct
set back levees.

VISION
FOR THE COLUSA
VERONA
ECOLOGICAL
MANAGEMENT
UNIT

TO

The vision for the Colusa to Verona Ecological
iManagement Unit is to improve habitat and increase
survival of many important
fish and wildlife
resources; set back levees to improve conditions for
riparian vegetation and limited stream meander;
provide flows that emulate the natural flow patterns;
and install positive barrier fish screens to protect
young fish.

Important elements needed to attain the vision for
this unit include specific processes that maintain
high-quality
h ab’rtat for chinook
salmon and
steelhead, as well as the other anadromous fish
species. The continuance
of the natural river
migration within its meander zone is essential to
create and maintain most of these habitats. A mix of
solutions will be employed to reduce the need for
future additional bank protection or separation of the
channel from its floodplain. Floodplain management
and detention measures that expand flood protection
for valley residents by reducing peak flood stage
within the leveed channel will also permit more
undisturbed
habitat to thrive within the river
corridor. Measures will most likely include strategic
levee setbacks,
expanding flood basin outflow
capacity, and new flood easements in basin lands that
detain additional flood flows, thereby reducing river
stage.

Important elements needed to attain the vision for
this unit include specific processes that allow the
recovery of riparian forest and nearshore aquatic
habitats and maintain high-quality
habitat for
chinook salmon and steelhead and other anadromous
fish species. Because this reach is an important
seasonal component of the critical migration habitat
required by the endangered winter-run
chinook
salmon, positive-barrier fish screens should be used at
water diversions in this section to protect juvenile
fish. Adverse environmental effects of the Colusa
Basin Drain will be eliminated so that there are no
future problems with high water temperatures,
contaminants, or fish stranding.

In this unit, broad riparian corridors should be
interconnected with narrower corridors that are not
subject to fragmentation.
These corridors should
connect larger blocks of riparian habitat, typically
larger than 50 acres. These blocks should be large
enough to support the natural cooling of the river by
convection currents of air flowing from the cool,
humid forests and across the river water. The wider
riparian corridors should generally be greater than
100 yards wide to support neotropical migrants
better, such as the yellow-billed
cuckoo. Cavitynesting species, such as the wood duck, and specialstatus species, such as the bank swallow, will benefit
from restoring the processes that create and maintain
habitat within this unit. The narrower corridors
would be 10 to 25 yards wide.

The lack of channel capacity and proximity of levees
to the river in the lower two units in this zone are the
primary reasons that many habitats are degraded,
discontinuous, or absent from this part of the river.
There is simply no more room to restore large habitat
nodes or corridors without contributing to the flood
risk. This is an area where flood control, the potential
for set back levees, and ecosystem restoration
requirements
.must be carefully evaluated and
integrated.
While
the potential
for meander
restoration is less feasible here than on other sections
of the river, some degree of restoration is possible.
VISION
FOR THE VERONA
SACRAMENTO
ECOLOGICAL
MANAGEMENT
UNIT

Nursery areas for juvenile salmon should be improved
by restoring
waterside
emergent and riparian
vegetation throughout this unit.

TO

The vision for the Verona to Sacramento Ecological
LManagement Unit is to recover, contribute to the
fish and
recovery, or maintain many important
wildlife resources that depend on partially operational
ecological processes and functions. Elements of this
vision include actions to maintain a natural flow
pattern; maintain high-quality nursery and migration

Because
this
Ecological
Management
Unit
encompasses a significant portion of the critical
migration habitat required by the endangered winterrun chinook salmon, positive-barrier
fish screens
should be used at water diversions in this section to
protect juvenile fish.
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VISIONS FOR ECOLOGICAL
PROCESSES

habitat for adult and juvenile winter-run
chinook
salmon and steelhead and other anadromous fish
species; emulate the natural hydrologic regime to the
extent possible; maintain natural stream meander
processes and gravel recruitment
and deposition;
maintain a limited but continuous riparian corridor;
provide water temperatures
suitable to support
chinook salmon, steelhead, and other anadromous
fish; reducing potential fish losses resulting from toxic
residues from agricultural
tailwater;
and install
positive barrier fish screens to protect young fish.

CENTRAL
VALLEY
STREAMFLOWS:
Healthy
streamflows are natural seasonal patterns in late
winter and spring, which include peak flow events
that support many ecological processesand functions
essential to the health of floodplains, riparian
systems, and anadromous and resident native fish
populations. The Sacramento River has only a
marginally healthy streamflow, because storage
reservoirsin the upper watershed reduce flood peaks
during the winter and spring, releasing the stored
water during the summer months. The vision for
theseflow patterns can be attained by supplemental
short-term releasesfro-m the major storage reservoirs
to provide flows that emulate natural peak flow
events.

Closing gaps in the shoreline riparian vegetation and
nearshore aquatic habitat will be accomplished
(consistent
with flood control requirements)
by
management
by- local
reducing
vegetation
reclamation districts and by enhancing channelbanks.
The latter entails modifying levees and berms that
incorporate habitat structures (such as fish groins and
low waterside berms), which support natural growth
and woody debris. This section presents the greatest
potential for adding oxbows and arms back into the
river system. These modification would enhance
valley-wide
flood control because an increased
floodplain would disperse and carry more water.
Nursery areas for juvenile salmon, splittail, and other
native resident fish species would be improved by
restoring waterside emergent and riparian vegetation
nodes throughout
this unit, particularly in areas
immediately
downstream
of the mouth of the
American River.

SEDIMENT
SUPPLY:
The supply
of
sediments,including gravel, on the Sacramento River
is severely impaired by reduced inputs from
tributaries and blockage of upstream sources by
ShastaDam and Keswick Dam. Spawning habitat of
native resident and anadromous fishes and the
production of aquatic invertebrates are dependent on
the amount of suitable gravel in the river. Two major
Sourcesof sedimentsinclude Cottonwood Creek and
natural bank erosion. The vision is to use natural
processesto provide sedimentsto the system and to
supplement sediment introductions to the extent
necessaryto emulate natural conditions.
COARSE

In this unit, narrower riparian corridors should be
connected and should not be fragmented. These
corridors would connect larger blocks of riparian
habitat, typically greater than SO acres. These blocks
would be large enough to support the natural
convection currents of air flowing from the forests
across the river, causing evaporative cooling of the
river. The riparian corridors would generally be 10 to
25 yards wide and would support cavity-nesting
species, such as the wood duck, and provide perch
and nest sites for raptors, such as the Swainson’s
hawk. Significant expansion of riparian habitat is only
possible if lower river peak floodflow can be reduced,
or where levees can be set back several hundred feet
at constricted bends to create expanded floodplain
nodes within the levees.

STREAM
MEANDER:
The meandering river
processin the SacramentoRiver provides much of the
habitat required by anadromousfish populations that
depend on the river for spawning, rearing, and
migration. Meander alsoprovides the steep-sidedcut
banks required for bank swallows. The meander belt
of the upper portion of the river above Chico Landing
is reasonably healthy and functioning, while the
meander belt of the lower reachesof the river has
been greatly limited by river channelization, by a
network of confining levees, and associated
development in the river floodplain. The vision is to
maintain and preserveexisting areasof meander and
to reactivate meander in other areasthat are impaired
by bank protection activities.
NATUFWL
PROCESSES:

FLOODPLAIN

AND

FLOOD

Natural floodplains above Chico
Landing are present, but much of the floodplains
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below are no longer accessible due to levee
construction.
Maintaining
existing and restoring
inaccessible floodplains are important
ecological
components needed to improve the health of the
Sacramento River and the Delta. Actions proposed
for protecting the natural stream meander corridor
along the Sacramento River will contribute to
improved connectivity of the river with its floodplain.
The vision is to maintain existing areas where the
Sacramento River seasonally inundates its floodplain
and to reestablish this seasonal inundation in smaller
areas that will be subject to adaptive management
and focused research.
CENTRAL
TEMPERATURES:

VALLEY

elevation stream (Moyle and Ellison 1991). The
vision is that the quality of freshwater fish habitat in
the Sacramento River will be maintained through
actions directed at streamflows, coarse sediment
supply, stream meander, natural floodplain and flood
processes,
and maintaining and restoring riparian and
riverine aquatic habitats.
FISH HABITAT:
The Sacramento
River has been identified as Essential Fish Habitat
(EFH) basedon the definition of waters currently or
historically accessibleto salmon (National Marine
Fisheries Service 1998). The vision for EFH is to
maintain or restore substrate composition; water
quality; water quantity, depth and velocity; channel
gradient and stability; food; cover and habitat
complexity; space;accessand passage;and flood plain
and habitat connectivity.
ESSENTIAL

STREAM

High summer and fall-water
temperatures continue to threaten the health of
anadromous fish populations in the river. Although
actions have been taken to reduce high water
temperatures, low flows and the release of warm
water from reservoirsin drought years remain asvery
seriousthreats to the anadromousfish populations of
the Sacramento River. The vision is that stream
temperatures will be manipulated to the extent
possible to meet the biological requirements of
aquatic organisms and that a healthy riparian and
riverine aquatic corridor will contribute to shading
and moderating temperatures gains in the river.
Summer and fall stream temperatures are more
critical for steelhead than they are for most racesof
chinook salmon becausesteelheadjuveniles must rear
for more than one year in fresh water, hence the
vision is alsoto provide adequate water temperatures
year-round.

VISION
RI PARIAN
HABITATS:

VISION
FOR REDUCING
OR
ELIMINATING
STRESSORS
DIVERSIONS:
Water diversions ranging
from several cfs to several thousand cfs lead to the
lossof millions of juvenile anadromousand resident
fish. Significant progresshas been made in screening
the larger diversions, but screensare neededon the
remaining unscreenedlargest, many medium-sized,
and small diversions. Lossesat these diversions
continue to threaten the health of the anadromous
fish populations. The vision is to consolidate,relocate,
and screendiversions along the SacramentoRiver to
the extent that they no longer impair other efforts to
restore anadromous and resident fishes.
WATER

AND OTHER
STRUCTURES:
Diversion
dams and other structures in the Sacramento River
directly and indirectly impair the survival of adult
and juvenile anadromous fish. Structures delay or
prevent the upstream migration of adult fish during
their spawning run, which lowers the reproductive
successand viability of the entire population. These
diversion structures can injure young fish as they
migrate downstream or causedisorientation, making
them more susceptible to predation. Predator fish
that are not able to migrate upstream may
congregate below thesestructures during times when
prey speciesare abundant. The vision is to modify,
remove, or reoperate structures in a manner that
greatly lessensadverseaffects on aquatic organisms.
DAMS

F’OR HABITATS
AND

RWERINE

AQUATIC

The vision is to maintain and restore
extensive areas of riparian and riverine aquatic
habitats. The primary area for ‘this is along the
SacramentoRiver above Colusa.However, contiguous
riparian habitats are extremely important to fish and
wildlife throughout all reaches of the Sacramento
River, including the 143 miles below Colusa.
FISH HABITAT:
Freshwater fish
habitat is an important component neededto ensure
the sustainability of resident native and anadromous
fish species.The upper sectionsof the Sacramentois
a fall chinook salmon spawning stream of low
gradient while the remainder is a valley floor low
FRESHWATER
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LRIEES,

BRIDGES,

AND

BANK

PROTECTION:

Most of the biological productivity in large river
ecosystemsoccurs in the floodplain. Levees tend to
sever the river from its floodplain and thereby reduce
this productivity. Bridges and bank protection limit
the lateral migration of the river channel. The vision
is to modify or remove structures in a manner that
greatly lessensadverseaffects on ecologicalprocesses,
habitats and aquatic organisms.
AND COMPETITION:
Predation
and competition are natural ecological functions. For
example, Sacramento pikeminnow are a large native
predatory minnow which evolved along with other
fishesin the Sacramento River system. Predation by
this speciesunder natural environmental conaitions
is a natural ecological function. However, large-scale
alterations of habitat, streamflow, and the
construction of instream structures has provided an
advantage to predatory speciesby eliminating escape
cover for young fish and providing types of habitat
that harbor predatory fish. Unnatural levels of
predation or competition can result in adverseeffects
to important sport and commercial fisheries and
speciesof concern. The vision is that predation and
competition will be lessened by removing,
redesigning, or reoperating inwater structures and
diversion dams, altering hatchery practices, and
restoring riparian and riverine aquatic habitats.
PREDATION

SacramentoRiver and someof its tributaries supports
important sport and commercial fisheries and
mitigates lossof chinook salmon and steelheadfrom
the construction of large dams and reservoirs.
Hatchery fish also supplemenr the numbers of
naturally spawning chinook salmon and steelheadin
the river. However, hatchery salmon and steelhead
may impede the recovery of wild populations by
competing with wild stocks for food and space.
Hatchery-raised stocks, because of interbreeding,
may not be genetically equivalent to wild stocks or
may not have the instincts to survive in the wild. If
these stocks breed with wild populations, overall
genetic inregrity suffers. Improvements in hatchery
practices are necessary to ensure recovery of wild
salmon and steelhead populations. The vision is to
operate hatcheriesin a manner that is fully integrated
into ecosystem management and restoration of
naturally spawning anadromousfish.
Chinook salmonand other native fish
speciesremain susceptibleto stranding asa result of
entering the lower end of the Colusa Basin Drain.
The vision is to provide a long-term remedy to
prevent adult fish, particularly chinook salmon, from
entering the drain.
STRANDING:

VISIONS

The vision for splittail is to recover this
federally listed threatened species.Improvements in
the riparian and stream meander corridors along the
Sacramento River will improve spawning and early
rearing habitat of splittail. Late-winter and earlyspring streamflow improvements will provide
attraction flows for spawning.adults and increased
spawning habitat. The vision is that restoration of
ecological processes and habitats, along with a
reduction of stressors,will contribute to a stable and
larger splittail population.
SPLITTAIL:

Heavy metals from Spring
Creek are a continuing problem for fish in the upper
Sacramento River, as well as non-point sourcesof
contaminants in the lower river reaches, such as
agricultural return flow at Knights Landing. The
vision is that contaminant effects will be reduced to
levels that will not impair efforts to restore
anadromous and resident fish populations and other
aquatic and terrestrial species.
CONTAMINANTS:

OF FISH AND WILDLIFE:
The legal
and illegal harvest of anadromous fish within the
river, estuary, and ocean constrains recovery of wild
populations of anadromous fish in the Sacramento
River. Reducing the fraction of the wild population
harvested will most likely be necessary to allow
recovery of populations to a healthy condition. The
vision is that harvest strategies will complement
efforts to rebuild anadromousfish populations.
HARVEST

ARTIFICIAL

Because of its distribution, restoration actions
the
following
Ecological
implemented
in
Management Zones will contribute to the recovery of
splittail: Sacramento River, East San Joaquin, San
Joaquin River, Sacramento-SanJoaquin Delta, Suisun
Marsh/North San Francisco Bay, Colusa Basin,
Feather River/Sutter Basin, American River Basin,
and Yolo Basin. Many of the related actions include
restoring ecological processes linked to natural
floodplains and flood processes.

OF FISH: Stocking
salmon and steelhead in the

PROPAGATION

hatchery-reared

FOR SPECIES
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WHITE

STURGEON

AND

GREEN

restoration of ecological processesand habitats, along
with a reduction of stressors,will contribute to stable
and larger chinook salmon populations.

STURGEON:

The vision for green sturgeon is to recover this
California species of special concern and restore
population distribution and abundance to historic
levels. The vision for white sturgeon is to maintain
and restore population distribution and abundanceto
historic levels to support a sport fishery. Improved
peak flows in late winter and early spring will benefit
sturgeon spawning. Improved stream meander
corridors should also benefit sturgeon. The vision is
that restoration of ecological processesand habitats,
along with a reduction of stressors,will contribute to
stable and larger sturgeon populations.

-1960

Green sturgeon is a ,legal sport fish in California,
Oregon, and Washington. The Bay-DeltaSystem
constitutes
the
southernmost
reproducing
populations of green sturgeon. There is no direct
evidence that green sturgeon have declined in the
Sacramento River, but the population is quite small,
and a collapse could occur under some conditions.
Green sturgeon require additional focusedresearchon
life history, distribution and abundance.

Sacramento

Valley

1970

1975

1980

1985

Fall-run
Chinook Salmon
1998 (CDFG
1999).

1990

1995

Returns,

1960

Each of the major chinook salmon restoration
/recovery programs has developed specific goals for
Central Valley chinook salmon stocks. ERPP
embraceseach of the restoration/recovery goals and
will contribute to each agency’sprogram by restoring
critical ecological processes,functions, and habitats,
and by reducing or eliminating stressors.ERPP’s
approach is to contribute to managing and restoring
each stock with the goal of maintaining cohort
replacement rates of much greater than 1.0 while the
individual stocks are rebuilding to desired levels.
When the stocks approach the desired population
goals, ERPP will contribute to maintaining a cohort
replacement rate of 1.0.

Similar to restoration actions for white sturgeon,
actions that will contribute to the protection and
restoration of green sturgeon will occur in the
Sacramento River, Feather River, Sacramento-San
Joaquin Delta, and Suisun Marsh/North San
Francisco Bay Ecological Management Zones.
Although the California Department of Fish and
Game and USFWS have set population and harvest
goals, actions to accomplish the Ecosystem
Restoration Program Plan (ERPP) target will be
achieved by restoration actions undertaken and
completed in the Sacramento River, Feather River,
Sacramento-San Joaquin - Delta, and Suisun
Marsh/North
San Francisco Bay Ecological
Management Zones.

TROUT:
The vision for steelhead
trout is to recover this specieslisted as threatened
under ESA and achieve naturally spawning
populations of sufficient size to support inland
recreational fishing and that use fully existing and
restored habitats.
STEELHEAD

Steelheadwill benefit from improved streamflowsand
gravel recruitment in the upper river and improved
water temperature and riverine habitat in the upper,
middle, and lower reachesof the river. The vision is
that restoration of ecological processesand habitats,
along with a reduction of stressors,will contribute to
stable and larger steelheadpopulations.

The vision for Central Valley
chinook salmonis to recover all stockspresently listed
or proposedfor listing under ESA and CESA, achieve
naturally spawning population levels that support
and maintain oceancommercial and oceanand inland
recreational fisheries, and use fully existing and
restored habitat.
CHINOOK

1965

SALMON:

Operation of the water storage and conveyance
systems throughout the Central Valley for their
potential ecological benefits can be one of the more
important elements in restoring a wide spectrum of
ecological resources,including steelheadtrout.

Four races of chinook salmon will benefit from
improved streamflows, gravel recruitment, water
temperatures, riparian and riverine aquatic habitat,
and stream meander corridors. The vision is that
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BASS:
The vision for striped bassis to
restore populations to levelsof abundanceconsistent
with the Fish and Game Commission striped bass
policy. This will support a sport fishery in the Bay,
Delta, and tributary rivers and reduce the conflict
between protection of striped bass and other
beneficial usesof water in the Bay-Delta. Striped bass
spawning in the Sacramento River is controlled by
water temperatures. Fertilized striped bass eggs
require sufficient stream flows and velocities to
maintain the eggs in suspension.Striped basswill
benefit from management of streamflow, water
velocities, and water temperatures. The vision is that
restoration of ecologicalprocessesand habitats, along
with a reduction of stressors,will contribute to a
stable and larger striped basspopulation. STRIPED

the recovery of this State-listed endangered species.
The yellow-billed cuckoo along the SacramentoRiver
above the Delta is not a speciesfor which specific
restoration projects are proposed. Potential habitat
for the cuckoo will be expanded by improvements in
riparian habitat areas.Theseimprovements will result
from efforts to protect, maintain, and restore riparian
and riverine aquatic habitats throughout the
SacramentoRiver Ecological iManagementZone, thus
sustainingthe river meander belt, and increasing the
coarse sediment supply to support meander and
riparian regeneration.
Yellow-billed cuckoos inhabit extensive deciduous
riparian thickets or forests with dense, low-level or
understory foliage that abuts rivers, backwaters, or
seeps.This speciesis found in the American River
Basin, Colusa Basin, Sutter Basin, Butte Basin, and
North Sacramento Valley Ecological Management
Zones. Overall, the decline of the cuckoo hasresulted
from the loss of dense riparian habitat along the
lower floodplains of larger streams, including those
found within the Sacramento-San Joaquin Delta.
Conversion of land to agriculture, urbanization, and
flood control projects have causedthe lossof habitat.

Most of the broader restoration actions for striped
bass are centered in the Delta. However, the
Sacramento River near Colusa is the primary
spawning area for adult striped bass. A water
temperature of 61°F is required to trigger striped bass
spawning in the spring. Therefore, in some years it
may be possibleto manipulate water temperatures to
reach the threshold for spawning.
SHAD:
The vision for American shad
is to maintain an naturally spawning population,
consistentwith restoring native species,that supports
a sport fishery similar to the fishery that existed in
the 1.960sand 1970s. Improvements in late-winter
and spring streamflowsand streammeandercorridors
will benefit American shad spawning and rearing in
the Sacramento River. The vision is that restoration
of ecological processesand habitats, along with a
reduction of stressors,‘willcontribute to a stable and
larger American shad population.

The yellow-billed cuckoo is listed as endangered by
the State of California, This listing chargesthe state
with the responsibility to conserve, protect, restore,
and enhancethe speciesaswell asto acquire lands for
its habitat.

AMERICAN

Rebuilding the yellow-billed cuckoo population to a
healthy state will require a coordinated approach to
restoring ecosystemprocessesand functions, restoring
habitat, and reducing or eliminating stressors.Within
the broad context of ecosystem restoration,
restoration of the cuckoo populations will include a
wide variety of efforts, many of which are being
implemented for other ecological purposesor which
are nonspecific to the cuckoo. For example,
restoration of riparian woodlands along the
Sacramento River will focus on natural stream
natural
meander,
flow,
and
revegetational/successional process. These will be
extremely important to providing shaded riverine
aquatic habitat, woody debris, and other habitat
values that contribute to the health of yellow-billed
cuckoo populations.

Although American shadis an introduced species,it
supports a highly seasonaland popular sport fishery
in the Sacramento, Feather, Yuba, and American
Rivers. This species will benefit from actions
implemented to restore and maintain ecological
processesrelated to streamflow, floodplain processes,
and improved nearshorehabitat and cover provided
by shaded riverine aquatic and woody debris. These
actions are being developed throughout the Central
Valley and will provide benefits to numerous species
and speciescommunities.
YELLOW-BILLED
CUCKOO:
The
vision for the yellow-billed cuckoo is to contribute to

SWALLOW:
The vision for the bank
swallow is to contribute to the recovery of this State-

WESTERN

BANK
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listed threatened species. Potential habitat
swallows will be improved by sustaining
meander belt and increasing the coarse
supply to support meander and natural
erosion and deposition processes.

for bank
the river
sediment
sediment

NEOTROPICAL
MIGF~ATORY
BIRDS: The vision
for neotropical migratory birds is to maintain their
diversity and abundance by restoring habitat upon
which they depend. Protecting and restoring riparian
and riverine aquatic habitats will be critical to
maintaining population abundance and distribution.
The creation of wide riparian corridors or patcheswill
help reduce brown-headed cowbird predation.
VALLD,

ELDERBERRY

LONGHORN

BEETLE:

The vision for the valley elderberry longhorn beetle is
to recover this federally listed threatened speciesby
increasing its populations and abundance through
restoration of riparian systems.

VALLEYPROJECT
IMPROVEMENT
ACT

CENTRAL

The U.S. Fish and Wildlife Service (USFWS) and the
Bureau of Reclamation (Reclamation) are
implementing
the
Central Valley
Project
Improvement Act (CVPIA), which provides for
restoration of habitats and speciesand elimination of
many stressors.Key elementsof the CVPIA program
include the Anadromous Fish Restoration Program
(USFWS 1997) and the Anadromous Fish Screening
Program. Other elements are directed at spawning
gravel replenishment,fish passage,water temperature
control in the reach between Keswick Dam and
RBDD, water acquisition, and other measuresthat
will contribute to health of the SacramentoRiver and
Sacramento-San
Management ZonesJoaquin
Delta
Ecological
The vision for the Sacramento River Ecological
Management Zone will contribute to and benefit
from the Anadromous Fish Restoration Program,
which strives to double the natural production of
anadromous fish in the system over the average
production from 1967 through 1991.

SPECIES
AND COMMUNITIES:
The
vision for plan speciesand communities is to protect
and restore these resourcesin conjunction with efforts
to protect and restore wetland and riparian and
riverine aquatic habitats.
PLANT

INTEGRATION
RESTORATION

In addition to the Anadromous Fish Restoration and
Anadromous Fish Screening programs, the CVPIA
requires the Secretary of the Interior to implement a
wide variety of Central Valley Project (CVP)
operation modifications and structuralrepairs in the
Central Valley for the benefit of the anadromousfish
resources.Sections 3406(b)(l) through (21) of the
CVPIA authorize and direct the Secretary, in
consultation with other state and federal agencies,
Indian tribes, and affected interests to take the
following actions, all of which will ultimately assistin
protecting and restoring a wide variety of fish and
wildlife resources,habitats, and ecological function
associatedwith the Sacramento and other rivers in
the Central Valley.

WITH OTHER
PROGRAMS

Attaining the vision for the Sacramento River
Ecological Management Zone requires near-term
funding and implementing actions to achieve the
targets. This includes managing water project
operations, purchasing title or easementsof land from
willing sellers, cooperatively developing and implementing a phasedfish screening program, acquiring
and placing gravel, and performing engineering
studies to improve fish passageat diversions and
dams. Significant areas of the Sacramento River
between Red Bluff and Colusa actively meander.
Management actions should aim to protect this
functioning processwhere it is intact, in addition to
restoring channel migration within the meander belt.
Several major restoration efforts are either being
developed or implemented by state and federal
agencies.They will greatly contribute to the success
of effort to restore ecological health to the
Sacramento River.
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n

Modify CVP operations to protect and restore
natural channel and riparian values

n

based
on
Modify
CVP
operation
recommendations of the USFWS after
consultation with the CDFG.

n

Manage 800,000 acre-feet of CVP yield for fish,
wildlife, and habitat restoration purposes after
consultation with USBR and CDWR and in
cooperation with the CDFG.
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Acquire water to supplement the quantity of
water dedicated for fish and wildlife water needs
including modifications of CVP operations; water
banking; conservation; transfers; conjunctive use;
and temporary and permanent land fallowing,
including purchase, lease, and option of water,
water rights, and associated agricultural land.
Mitigate for Tracy Pumping
Mitigate for
operations.
Install
Dam.

Contra

temperature

Meet flow standards

Pumping

District’s

Hamilton

City Pumping

Assist the State in efforts to avoid losses of
juvenile
anadromous
fish resulting
from
unscreened or inadequately screened diversions.

n

In addition to the aforementioned CVPIA actions,
Section 3406(eXl through 6) directs the Secretary to
investigate and provide recommendations
on the
feasibility, cost, and desirability of implementing the
actions listed below. When completed, these actions
will provide additional understanding of the overall
ecosystem problems and provide additional measures
which will benefit anadromous fish.

Plant operations.

Costa
control

Irrigation
Plant.

Plant

device at Shasta

that apply to CVP. -

n

Measures to maintain suitable temperatures for
anadromous fish -‘survival
by controlling
or
relocating the discharge of irrigation return flows
and sewage effluent, and by restoring riparian
forests.

n

Opportunities for additional hatchery production
to mitigate the impacts of water development
and operations on, or enhance efforts to increase
Central Valley fisheries: provided, that additional
hatchery production
shall only be used to
supplement or to re-establish natural production
while avoiding adverse effects on remaining wild
stocks.

Replenish spawning gravel and restore riparian
habitat below Shasta Reservoir.

n

Measures to eliminate barriers to upstream and
downstream migration of salmonids.

Install new control structures at the Delta Cross
Channel and Georgiana Slough.

n

Installation and operation of temperature control
devices at Trinity Dam and Reservoir.

Construct, in cooperation with the State and in
consultation with local interests, a seasonally
operated barrier at the head of Old River.

n

Measures to assist in the successful migration of
anadromous fish at the Delta Cross Channel and
Georgiana Slough.

In cooperation with independent entities and the
State, monitor fish and wildlife resources in the
Central Valley.

n

Other measures to protect, restore, and enhance
natural production of salmon and steelhead in
tributary streams of the Sacramento River.

Resolve fish passage and stranding problems at
Irrigation
District
Anderson-Cottonwood
Diversion Dam.

Section 3406(g) of the CVPIA directs the Secretary to
develop models and data to evaluate the ecological
and hydrologic effects of existing and alternate
operations of public and private water facilities and
systems to improve scientific understanding
and
enable the Secretary to fulfill requirements of the
CVPIA.

Use pulse flows
survival.

to increase

migratory

Eliminate fish losses due to flow fluctuations
the CVP.
Minimize
Diversion

fish passage problems
Dam.

fish
of

at Red Bluff

Implement Coleman National Fish Hatchery
Plan and modify Keswick Dam Fish Trap.
Provide increased flows and improve fish passage
and restore habitat in Clear Creek.

,Reevaluate
carryover
storage
criteria
for
reservoirs on the Sacramento and Trinity rivers
Participate with the State and other federal
agencies in the implementation of the on-going
program
to mitigate for the Glenn-Colusa
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Recovery Plan for the Sacramento/San Joaquin Delta
Native Fishes (U.S. Fish and Wildlife Service 1996)
and the NMFS Proposed Recovery Plan for the
Sacramento River Winter-run
Chinook Salmon
(National Marine Fisheries Service 1997).

UPPER
SACRAMENTO
RIVER
FISHERIES
AND RIPARIAN
HABITAT
ADVISORY
COUNCIL
Established in 1986 by Senate Bill 1086, this council
has develop a restoration plan and undertaken efforts
to eliminate structural
problems related to fish
passage and entrainment (Resources Agency 1989).
The present focus of the Council is to develop and
implement a program to protect and preserve the
stream meander corridor and establish a riparian
conservation area from Keswick Dam to Verona.

Because the ERPP addresses endangered species from
a broader ecosystem perspective, many restoration
actions will benefit broad species communities and
the habitats upon which they depend. These include
actions to benefit aquatic and terrestrial fish and
wildlife species as well as special plants and plant
communities.

The vision for this important Ecological Management
Zone will assist the Upper Sacramento River Advisory
Council’s Riparian Habitat Committee (SK 1086
committee) as it progresses with its plan to restore a
naturally sustained riparian corridor, including a
designated meander belt and extensive forests,
between Keswick Dam and Verona.

SACRAMENTO
AND SAN
BASINS
COMPREHENSIVE

State and federal agencies responsible for flood
control and natural river resources should collaborate
with local jurisdictiens,
landowners,
and river
conservation
organizations
to seek systemize
solutions, particularly
those that emphasize nonstructural solutions to flood control and floodplain
protection and restoration. In particular, the U.S.
Army Corps of Engineers (Corps) should develop a
physical model of the river system and its floodplain
(similar to the Butte Basin study, but on a larger
scale) to test hypotheses for complex rerouting,
detention,
and bypassing
of floodwater.
A
Sacramento Valley hydraulic and sediment transport
model will be integrated with an evaluation of
ecological functions dependent on these physical
processes and on the interaction of elements of the
ecosystem recovery and land use with floodway
capacity.

JOAQUIN
STUDY

As a result of State and Federal legislation, the U.S.
Army Corps of Engineers and .The Reclamation
Board of California are conducting the Sacramento
and San Joaquin River Basins Comprehensive Study.
The Study will identify and evaluate measures to
correct system deficiencies and will formulate a
Master Strategy for Flood Damage Reduction and
Environmental Restoration. This Master Strategy will
identify immediate and staged implementation
objectives for resolving flooding and interrelated
ecosystem problems in the two basins. A cornerstone
of this study is a system-wide evaluation to determine
the existing capabilities of the flood management
systems with an assessment- of ecosystem functions
intricately linked with the flood conveyance functions
of the river systems.

ENDANGERED
PLAN

Completion
of studies and subsequent implementation of ‘the U.S. Environmental
Protection
Agency (EPA) remedies for the IMM Superfund site
are needed to attain the safe metal concentrations
identified in ‘the basin plan. Pollution control
remedies are required at the ILMM portal for
discharges of remaining sulfide ore deposits inside the
mountain, the discharges from tailing piles, and the
metal sludge in Keswick Reservoir.

SPECIES
RECOVERY
IMPLEMENTATION

In reaching
the vision
for this Ecological
Management Zone, many cooperative programs need
to be developed with federal, state, and local
agencies, as well as local interests, such as watershed
groups and individual landowners. The cooperative
approach also applies to efforts to redirect some
industries, such as the aggregate resource industry, to
areas outside the active stream channel. These efforts

The ERPP will be an important,
if not major,
component in the successful implementation
of
recovery measures for species listed under either the
State or Federal ESAs. For example, many of the
targets and programmatic
actions listed later in this
section are derived from existing recovery plan. Two
plans that have had major influences on the
development of programmatic
actions include the

prm
4
h
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require support from the industry
undertake new programs.

CALFED

BAY-DELTA

and counties to

importance to the ecological health of the upper
Sacramento River is emphasized here, because it is the
largest remaining undammed tributary with natural
hydrologic conditions and sediment characteristics. In
the winter 1986 flood, more than half the flow (and
presumably gravel and sediment) in the Sacramento
River originated in Cottonwood Creek, greater than
the volume represented by all other north-valley
streams combined.

PROGRAM

CALFED has funded nearly 20 ecosystem restoration
projects along the Sacramento River. Most projects
screen diversions for irrigated agriculture.
Four
projects acquire and restore riparian habitat, in
conjunction
with the SBIO86 program.
Three
projects plan, design, and will construct a new fish
ladder at the Anderson-Cottonwood
diversion to
improve access for winter-run
chinook salmon to
spawning, habitat upstream of the dam.

LINKAGE
ECOLOGICAL

Likewise, some fish species depend exclusively on the
Sacramento River for migration, spawning, and
nursery habitat, while some species that use other
Ecological Management Zones for spawning use the
Sacramento River as primary migration, nursery, and
emigration habitat. Other important
Ecological
Management Zones dependent on the resources of
the Sacramento River include the Sacramento-San
Joaquin Delta Ecological Management Zone and the
Suisun
Marsh/San
Francisco
Bay Ecological
Management Zone. These zones, in turn, provide
essential foodweb prey species and critical rearing
habitat for outmigrating anadromous fish that spawn
in the Sacramento River and its major tributaries.

TO OTHER
MANAGEMENT
ZONES

The Sacramento River Ecological Management Zone
is dependent on virtually all of its adjacent Ecological
Management Zones, which cumulatively contribute
to the maintenance of important ecological processes
and functions, particularly
water, sediments, and
nutrients. However, many large, westside streams no
longer provide significant sediment and gravel to the
mainstem river because of the placement of large
reservoirs or sediment control basins, and instream
gravel mining that depletes gravel sources in the
channel for downstream transport.

Additionally, stressors important to fish and wildlife
species using the Sacramento River during at least
part of their life cycle occur outside the identified
Ecological Management Zones. For example, ocean
recreational and commercial salmon fisheries remove
a large portion of the potential spawning adults from
the population each year. New harvest management
strategies for the ocean fisheries will be needed to
augment improvement to inland ecological processes
and functions that maintain key habitats for salmon.
Water quality of agricultural tailwater throughout
the Colusa Basin that reenters the Sacramento River
at Knights Landing or Prospect Slough (Yolo Bypass)
affects the health and survival of juvenile fish and
prey species in the river, depending on the
temperature,
toxicity level, dilution ratios, and
contaminant concentrations and presence of loadings.

Restoring and maintaining ecological processes and
functions
in the Sacramento
River Ecological
Management Zone are highly dependent on actions
and conditions in adjacent zones. For example,
maintaining the riparian forests and stream meander
quality of the Sacramento River above Chico Landing
is dependent on input of largely unregulated flow and
sediments from Cottonwood
Creek and several
undammed tributaries draining Mount Lassen and
the northern Sierra Nevada. Therefore, restoring and
maintaining
important
ecological processes in
Cottonwood
Creek
and other
nonregulated
tributaries is absolutely essential to maintaining the
ecosystem health of the Sacramento River.

RESTORATION
TARGETS
AND
PROGRAMMATIC
ACTIONS

Cottonwood Creek is the most important watershed
component in the upper river downstream of Shasta
Reservoir and controls and supports the maintenance
of ecological processes and functions in the upper
Sacramento River. The Cottonwood Creek Ecological
Management Zone is discussed separately, but its

ECOLOGICAL
CENTRAL
TARGET
streamflow

VALLEY

PROCESSES
STREAMFLOWS

1: More closely emulate the seasonal
patterns in dry and normal year- types by
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allowing a late-winter or early-spring flow event of
approximately 8,000 to 10,000 cfs in dry years and
15,000 to 20,000 cfs in below normal water-years to
occur below Keswick Dam (++>.

flows may not occur in someyears under the present
level of project development and operation.
Implementing the target level of the flow event must
necessarily be on a conservative basisbecauseof the
potential cost to water supply. The fall flow pattern
needsto be carefully evaluated to ensureprotection
for incubating chinook salmon eggs. The chinook
salmon that spawn in the fall have eggs in the river
that incubate into the winter season.Incubating eggs
can be severely damaged when wintertime releases
from Keswick Dam are dropped below the fall release
levels. Other concerns indude maintaining high base
flows during the fall would causetemperature control
problems in the following year under conditions of
low carryover storage in ShastaReservoir or low inter
inflow conditions. The fall flow needsto considerthe
need for carryover sto;age to provide temperature
control in the following year.

PROGRAMMATIC
ACTION
IA: Provide a flow
event by supplementing normal operating flows from
Shasta and Keswick Dams in March during years
when no flow event has occurred during winter or is
expected to occur. Flow events would be provided
only when sufficient inflow to Lake Shasta is available
to sustain the prescribed releases. This action can be
refined by evaluating its indirect costs and the overall
effectiveness of achieving objectives.
TARGET 2: Maintain base flows of 6,000 to 8,000 cfs during fall (+).
PROGRAMMATIC
releases from Shasta
necessary to provide
would be made only
prescribed releases.

ACTION
2~: Provide flow
Lake and Keswick Dam when
the target base flows. Releases
when inflows equal or exceed

If a ffow event of equal or greater magnitude has not
occurred between Keswick Dam and Red Bluff by
March,
then supplementing base flows or
augmenting small natural releasesor reservoir spills
with additional reservoir releasesis the only meansto
provide flow events. Such releases would be used only
if there is an equivalent or greater inflow to Lake
Shasta. March is the logical month to provide such
flows, becauseit is the month when “natural” flow
events occurred historically in dry and below normal
years, and because opportunities for such flow to
occur “naturally” as a function of normal project
operation would have been exhausted by then. Water
forecasts of the water-year type (critically dry, dry,
below normal, above normal, or wet) are available by
February and March. The fi’ow event in March would
be expected to proceed unimpaired downstream to
the Delta, because few or no diversions from the
Sacramento River occur during March. (Note that
additional ffow events are prescribed for the Feather
River in March, which will further enhance
Sacramento River flows below its confi’uencewith the
Feather River.) A March flow event could alsohelp
satisfy Delta outflow requirements.

RATIONALE:
The proposed March supplemental
flows were selected as a representative value for
impact analysis in the Programmatic EJS/EIR.
Throughout the EN?, the need to determine optimal
streamflow for ecoJogica1processes,habitats, and
speciesis repeated. The issues of supplemental flows
are complex in term of ecosystem improvements. The
frequency, magnitude, duration, timing and rate of
changeofstreamflows that form channels,create and
maintain riparian habitat (including all species of
vegetation), and promote all life stagesof the various
aquatic speciesdependent on a particular stream will
never occur within a ;ingJe year. An optimal flow
regime will have to vary, perhaps significantly, from
flow
year
to
year.
The - supplemental
recommendations will be an intensive exercise in
adaptive management and must be basedon credible
scientific underpinnings.
Increasing releasesfrom ShastaReservoirare the only
means of maintaining base flows in the upper river.
Late-winter or early-spring flow events of sufficient
magnitude attract and sustain adult salmon,
steelhead, sturgeon, and American shad; improve
transport of juvenile fish downstream; sustain
riparian habitat; and sustain gravel recruitment,
transport, and cleansing processes.The target flows
are consistent with historic and unimpaired flows for
the Sacramento River in dry and normal years. These

Maintaining natural base flows will help promote
natural channel forming, riparian vegetation, and
foodweb functions. Base flows also serve to attract
steelhead
and fall-run
and late-fall-run chinook
salmon. Unimpaired base flows in fall are
approximately
4,000 cfs to 6,000 cfs in dry years, and
up to 8,000 cfs in wetter years. Natural baseflows
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processes, and monitoring of gravel quality and
quancicy. Sediment supplementation programs need
co be integrated with downstream channel forming
processes, which will be subject co adaptive
management, as well as co a different set of
indicators, monitoring, and focused research.

are prescribed only for fall, because, under present
projecr operation, flows in excess of 10,000 cfi are
maintained in summer for irrigation and CO lower
water temperatures for winter-run salmon.
COARSE

SEDIMENT

SUPPLY

TARGET 1: Increase gravel recruitment in the
upper Sacramento River between Keswick Dam and
the RBDD by 10,000 to 20,000 cubic yards annually
to provide adequate spawning habitat for targeted
levels of salmon and steelhead and to sustain stream
meander processesbelow Red Bluff. (This is the
estimated amount of spawning-sizedgravel captured
annually by Shasta Dam.) (+*)

On the river side of natural leveesin alluvial valleys,
fluvial processes typically create dynamic river
meander patterns, including oxbow lakes from bend
cucofEs, secondary channels that carry flow only
during
high stage, and nonvegecaced point bars
where new depositsof sand and gravel collect in lowenergy zonesof inside bends and bendway crossovers
(riffles). In cross section, natural alluvial screamsare
typically terraced and asymmetrical, with steepbanks
on eroding oucsidebends,low-angle banks on inside
bends, and several nearly horizontal, surfaces
correspondingto river floodplain elevationsof various
magnitude and frequency. If a river has incised (i.e.,
eroded down below the original channelbed surface)
as a result of natural or human-induced factors, the
abandoned upper floodplain may become a “terrace”
(former floodplain) where riparian forest may then
convert co valley oak ,woodlands or grassland-oak
Savannah.

PROGFWMMATIC
ACTION
IA:
Develop a
cooperative program to stockpile gravel at strategic
locations along the Sacramento River below Keswick
Dam where riverflow will move gravel into the river
channel to mimic natural gravel recruitment into the
upper river. Determine the adequacy of this action
and adjust amount and locations as necessary.
PROGRAMMATIC
ACTION
1~: Develop a
cooperative program to reactivate gravel recruitment
to the river by exposing existing sources of river
gravel on islands, bars, and banks that have become
armored to riverflows. This action should be
implemented on a conservative basis, becausethe
availability of such inchannel gravel, costs of
activating the gravel, indirect impacts, and potential
effectivenesshave not been determined.

The characceriscicthree-dimensional shapeof a river
described above (its “fl uvial geomorphology” or
landforms created by flowing water) is indicative of a
river chat is in dynamic balance with the inceraccion
of its flood regime, sediment supply, vegetation
patterns, climate, and valley slope. Rivers with a
natural shape and hydrologic condition generally
support the most diverse mixture ofhabitats and fish
and wildlife speciesand are the most resilient to
natural or human disturbance.
,
STREAM MEANDER

RATIONALE: Replenishinggravel suppliescoa level
suficienc co support target populations ofsalmon and
steelhead will help -co improve populations to
desirable levels and to maintain such levels once
achieved. Replenishing gravels to maintain channelforming processesand screammeandersin the upper
Sacramento River will help to maintain fish and
wildlife habitats, aquatic algae and invertebrate
production, and screamside vegetation (California
Deparcmenc of Water Resources 1980). A
predevelopment level ofgravel recruitment should be
adequate co restore the natural ecological processes
supported by gravel recruitment, but may require
experimenting, monitoring, and experience CO
determine the exact amount of gravel supplies
necessary co meet the objective. Implementation of
gravel supplementation projects above RJ3DD will be
subject to adaptive management, with elements that
include focused research on sediment transport

TARGET 1: Preserve and improve the existing
stream meander belt in the Sacramento River
between Red Bluff and Chico Landing by purchasein
fee or through easementsof 8,000 to 12,000 acresof
riparian lands in the meander zone (+a+).
PROGFIAMMATIC
ACTION
IA:
Develop a
cooperative program to evaluate the feasibility of
removing riprap from banks to the extent possible,
consistentwith flood management requirements, and
reduce effects of other structures, such asbridges, to
provide a sustainablemeander corridor.

Volume II: Ecosystem Restoration Program Plan
Sacramento River Ecological Management Zone Vision
July 2000

177

PROGRAMMATIC
ACTION
1 B:
Purchase
easements to offset losses to property owners for land
lost to meander process.

PROGRAMMATIC
ACTION IA: Develop and
implement a cooperative program, consistent with
flood control requirements, to evaluate the feasibility
of altering river channel configurations in leveed
reachesof the Sacramento River to increasethe area1
extent of floodplains inundated during high flow
periods.

TARGET
2: Preserve and improve the existing
stream meander belt in the Sacramento River
between Chico Landing and Colusa by purchase in fee
or through easements of 8,000 to 12,000 acres of
riparian lands in the meander zone (+++).

Floodplain inundation is the seasonal
flooding offloodplain habitats, including riparian and
riverine aquatic habitats. Flooding
of these lands
RATIONALE:

PROGFWMMATIC
ACTION
2~:
Develop a
cooperative program to evaluate the feasibility of
removing riprap from banks to the extent possible,
consistent with flood control management,
and
reduce effects of other structures, such as bridges, to
provide a sustainable meander corridor.

provides
important
seasonal habitat
for fish and
wildlife and provides sediment and nutrients
to both
the flooded lands and aquatic habitats that receive
the returning or abating floodwater.
The flooding
also shapes the plant and animal communities
in the
riparian, wetland, and upland areas subject
to
flooding: Floodplain flooding is a secondary
ecosystemprocess related to water and sediment flow
through the Sacramento-SanJoaquin basin and their
landforms.
Opportunities
to restore or enhance this
process are possible by changing landscapefeatures,
landforms,
and seasonaldistribution of ffow volume

PROGRAMMATIC
ACTION
2~:
Purchase
easements to offset losses to property owners for land
lost to meander process.
RATIONALE:
Preserving and improving the stream
meander belt below Red Bluff will ensure that this
important natural process is maintained in the
Sacramento River. This reach is important for
spawning and rearing salmon and steelhead. A
natural

meander

process

will provide

through the system.
Channelizing and shortening rivers;

near-optimal

habitat for spawning (through gravel recruitment),
rearing (channel configuration, cover, and foodweb),
and migration. There is limited potential natural
channel above Red Bluff: Below Chico Landing, flood
control levees limit the potential of restoring the
natural meander of that reach. Overall, the program
musr be consistent with flood control requirements
and in the longer-term, should reduce need for future
flood control efforts by using natural system resilience
and flood control characteristics.

naturally grow along the banks, and the channelbed
is incapable of incising. The absence of river
floodplains and adequate meander width for bar and
riffle formation within levee-confined channels
prevents or depressesthe formation of natural river
morphology that is the structural framework for
riverine and estuarine fish and wildlife habitats.
Stabilizing
artificial
banks with rock riprap and
clearing vegetation further degrades habitat
and

During
the
selection -process and during
implementation, additional benefits will accrue by
looking for land within or adjacent to the meander
belt which support special status species and to
include

these

areas

whenever

available

in

the

acquisition. Some the species to be consideredinclude
the valley elderberry longhorn beetle, bank swallow,
western yellow-billed cuckoo, and giant garter snake.
NATURAL

removing

instream
vegetation
and gravel;
and creating
symmetrical,
trapezoidal
channels
sandwiched
between narrow, steep-sided
levees diminish the
natural tendency of alluvial
rivers
to form
characteristic compound dimensionsand patterns. A
channelized river may be relatively stable if the
potential for major flood events has been eliminated,,
sediment
input is minimal, vegetation does not

diminishes

natural

channel-forming

processes.

An important
exception here is the existence of the
Sacramento
River basin overflow system: the Butte
basin and Sutter and Yolo Bypasses. Although
considerably smaller than their original extent, these

FLOODPLAIN
AND FLOOD
PROCESSES

TARGET 1: Increase and maintain floodplains in
conjunction with stream meander corridor restoration
(++).

three floodplains move and detain floodwaters in
volumes

and

patterns
presetrlement flow, while

similar

to

reducing the

those
risk

of
of
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Controlling temperatures solely for chinook salmon
would have serious impacts to naturally spawning
steelhead.Operating the temperature control device
allows Redamation greater effectiveness and
flexibility in temperature control operations while
maintaining hydroelectric power generation. The
temperature control device alsoprovides a secondary
benefit to anadromous fish by conrrolling turbidity.
Because the temperature control device is installed
and operational, operations and carryover storage
requirements must be reassessedand new criteria
established co optimize attainment of water
temperature objectives.

overtopping levees near populated areas. At flood
peak, there is approximately five times more flow in
the Sacramento River bypass floodplain system than
in the main river channel it drains. However, the
floodplain bypass sysrem does not exist in the largest
historic flood basin of the Sacramento River, the
Colusa basin, which is disconnected by levees from
the river. Also, the lowest areasof the Sutter basinare
outside of the levees and the Sutter Bypass traverses
slightly higher ground on a portion of the historical
basin floodplain.

CENTRAL
VALLEY STREAM
TEMPERATURES

In the long term, Sacramento River water
temperatures can be moderated by restoring a
healthy riparian forest. Implicit in restoring an
extensive riparian forest is ,a need to reconnect the
river with its floodplain to promote natural riparian
succession.

TARGET

1 : Maintain
mean daily water
temperatures at levels suitable for maintaming all
life-history stagesof chinook salmon and steelheadin
the Sacramento River between Keswick Dam and
RBDD in above normal and wet years, and between
Keswick Dam and RBDD in other year types
(444).

HABITATS

PROGRAMMATIC

ACTION
1 A: Cooperatively
develop and implement a balanced river regulation
program that provides sufficient carryover storage at
Shasta Dam to ensure that suitably low water
temperatures are reached to protect chinook salmon
and steelheadspawning, incubating eggs, and young
fish, particularly in consecutive dry and critically dry
years.

RIPARIAN

AND RIVERINE
HABITATS

AQUATIC

TARGET

1: Provide conditions for riparian
vegetation growth along channelized portions of the
Sacramento River (4).
PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to plant vegetation on
unvegetated, riprapped banks consistent with flood
control requirements. Implementation will occur in
phases, results will be monitored and restoration
approach will be adjustedasnecessaryunder adaptive
management.

The temperature objective for the
upper Sacramento River is lessthan or equal to 56°F
from Keswick Dam to RBDD for operation of CVP
in the State Water Resources Control Board’s
(SWRCB’s) Order 9b-5. However, these criteria
cannot be met consistently, and other structural
facilities and operation measuresare needed. These
facilities and operational measuresmust be developed
and implemented to enable the long-term attainment
of the SWRCB-required temperature criteria.
RATIONALE:

PROGRAMM~ATIC ACTION 1 B: Setback levees
may be constructed on leveed reachesof the river to
provide a wider floodplain and greater development
of SRA habitat. Because of the potential indirect
impacts on land use and uncertainty of cost and
technical feasibility of setback levees, such
development will be experimental and conservative,
and will depend on adaptive management.

A temperature control or “shutter device” has been
installed to permit the selective withdrawal of water
from Shasta Reservoir over a wide range of depths
and temperatures. With this device, warm water
could be withdrawn from the upper lake levels when
needed, while conserving the deeper, cold water for
releasewhen it would most benefit chinook salmon.
Operation criteria for temperature criteria needs to
include temperature requirements of steelheadtrout
which spawn in the late-winter/early spring.

PROGFIAMMATIC
ACTION 1 c: Cooperatively
develop and implement a study to determine
appropriate conditions for the germination and
establishment of riparian woody plants along the
river.
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TARGET 2: Increase the ecological value of low-to
moderate-quality SRA habitat by changing land use
and land management practices (++).

In developing this element of the restoration plan, it
is important not ro develop just a very long, narrow
band of riparian vegetation. Although it needs

PROGRAMMATIC
ACTION
2~:
Purchase
property or easements and allow habitat to improve
naturally. Properties to be considered should be
developed through
a prioritizing
process that
considers habitat quality and importance, technical
feasibility and cost of purchase and improvement, and
consent of landowners.

further developmenr, a “string-of-pearls” approach
should be considered. In this concept the long,
narrow band of riparian vegetation would be
interspersed with larger patches of riparian
vegetarion. This concept would meshwell with nodes
of setback levees to provide a minimal floodplain,
seasonal floodplain inundation, and natural or
supplemented riparian revegetation.

PROGRAMMATIC
ACTION
26:
Provide
incentives
and technical
support
for private
landowners to protect and improve existing SRA
habitat.
TARGET 3: Maintain existing streamside riparian
vegetation (+++).

FRESHWATER
FISH HABITAT
ESSENTIAL
FISH HABITAT

AND

TARGET
1: Maintain and improve existing
freshwater fish habitat and essential fish habitat
through the integration of actions described for
ecological processes,habitats, and stressorreduction
or elimination (+4).

PROGFWMMATIC
ACTION
3~:
Through
easement, and voluntary
purchase, conservation
participation of landowners,
protect SRA habitat
from development. Where high-priority
properties
are already in government ownership or available for
purchase or easement, preservation efforts should be
undertaken
as experiments
to develop technical
details, cost-effectiveness,
and overall approach and
consensus for the program. Full implementation of
this program would depend on results of experiments
and would be subject to adaptive management.

PROGMMMATIC
ACTIONS:
No additional
programmatic actions are recommended.
RATIONALE: Freshwater fish habitat and essential
fish habitat are evaluated in terms of their quality and
quantity. Actions described for ecological processes,
stressorreduction, and riparian and riverine aquatic
habitat should s&ice to maintain and restore
freshwater fish habitat and essentialfish habitat. For
example, maintaining freshwater and essentialfish
habitats is governed by actions to maintain
streamflow, improve coarse sediment supplies,
maintain stream meander, maintain or restore
connectivity of the Sacramento River and its
floodplain, and in maintaining and restoring riparian
‘and riverine aquatic habitats.

RATIONALE:
Riprapped banks in the leveed section
of the river below Chico Landing downstream to
Sacramento are the greatest cause of SRA
fragmentation. Restoring vegetation will benefit
juvenile salmon rearing by providing cover and food,
spawning substratefor other fish, such asSacramento
splittail, and refuge for juvenile fish during periods of
high water. Improving low- to moderate-quality SIU
habitat will benefit juvenile salmon and steelheadby
providing improved shade, cover, and food. Wildlife
will also benefit from improved habitat. Protecting
and improving existing SRA habitat may involve
changes in land use. Limited available funds may
require that priorities be set, with high-priority, lowcost sites developed initially. For sites where
consensusexists, immediate experimental action can
be taken. Because of the importance and limited
distribution and abundance of SRA habitat, all
existing quality habitat should be protected.

REDUCING
OR ELIMINATING
STRESSORS
WATER

DIVERSIONS

TARGET 1: Reduceentrainment of juvenile salmon,
steelhead,sturgeon, and splittail into water diversions
to levels that will not impair stock rebuilding or
speciesrestoration (+++).
PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to screenall diversions greater
than 250 cfs and one- to two-thirds of all smaller
unscreened diversions. This programmatic level of
action should be sufficient to provide the data
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necessary to modify
management.

this target

through

adaptive

technical feasibility and cost-effectiveness of screening
diversionsof different size, type, and location. Priority
will be given to screening diversions that pose the
most threat and where screeninghasbeen determined
to be effective. Emphasisshould be given to projects
that include the consolidation of several diversion
points to a single location.

PROGRAMMATIC
ACTION
16: Develop a
cooperative
program
to upgrade screening
at
diversions with ineffective screening. Where existing
screening
has proven less than effective and
entrainment problems continue, immediate action
should be taken to upgrade screens.

In application, priority for screeningdiversionswill be
basedon several criteria including but not limited to
the geographical location, the volume of water
diverted, the location of the intake in the water
column, and the cost effectivenessof the installation.
Alternatives to screeningwill be considered. When a
fish screen is installed, it should be tested to
determine that it can perform to the criteria of the
fish regulatory
agencies. After testing has indicated
that the screenmeets the criteria, monitoring should
be conducted to ensure that the screen can meet the
criteria under the range of hydrologic conditions
expected at the site. When operation monitoring
indicates that everything is working satisfactorily, the
diverter should routinely inspect the screen to ensure

PROGRAMMATIC
ACTION
lc:
Develop a
cooperative program to reduce diversions when and
where juvenile salmon are present in large or
significant numbers. Even with screens, some
diversions may pose a threat to young salmon and
steelhead, and it may be necessary to modify
operations of the diversion. Such determinatims will
be made after necessarymonitoring and evaluation,
and on a case-by-casebasis. Decisions will be made
with agency and stakeholder involvement and with
consideration given to appropriate alternatives.
PROGRAMMATIC
ACTION ID: Promote and
support relocating water diversions and developing
alternate methods of supplying water from the
Sacramento River that protect fish but alsominimize
conflict with maintaining dynamic fluvial processes.

that the facility

DAMS

is undamaged.

AND OTHER

STRUCTURES

TARGET 1: Minimize survival problems for adult
and juvenile anadromous fish at RBDD by
permanently raising the gates during the nonirrigation season and improving passage facilities
during the irrigation season(+a+).

RATIONALE: Juvenile chinook salmon, steelhead,
green and white sturgeon, Sacramento splirtail, and
American shad are lost at water diversion sites all
along the Sacramento River during the spring-to-fall
irrigation season. (Note that diversion lossesinclude
direct lossinto unscreeneddiversionsand other losses
associatedwith the screened and unscreenedintake
facilities, such as from predators, including squawfish
and striped bass.) Re’ducing entrainment
losses to
minimal levels is a reasonable target for the short
term, given the existing poor health of many of the
fish populations that usethe SacramentoRiver and its
tributaries for spawning and rearing of young.
Emphasis should be on the upper river above Chico
Landing, becausethis is the reach where winter-run
chinook young rearing coincides with the, spring-tofall irrigation season.

PROGRAMMATIC
ACTION
passagefacilities at the RBDD.

IA:

Upgrade fish

TARGET 2: Reduce blockage to fish migrations at
the ACID dam (++).
PROG~MMATIC
ACTION 2~:
passagefacilities at the ACID dam.

Upgrade fish

RATIONALE: At present, the RBDD gates are in
the raised position from September
1 S through May
14, allowing free passage to about 85% of the
spawning
run (based on average run timing from
1982-1986). This may have reduced the number of

Determining which diversions need to be screened
will be based on appropriate monitoring and
evaluation, with decisions made with agency and
stakeholder involvement, and with consideration
given to appropriate alternatives. Actions will be
taken on a case-by-case basis, with consideration
given to results of pilot experiments to determine

redds(spawning nestscreated by salmon) being built
below the dam. The remaining portion of the run
migrating upstream after May 1.5 is likely to be
delayed or blocked from passing the dam.
Adults that are obstructed from passing the dam are
forced to spawn downstream where temperature
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reduces or halts the rate of channel migration and
oxbow formation.

conditions
are
typically
unsuitable during the
spawning and incubation period. Temperatures of
56°F usually cannot be maintained below R.BDD
without severely depleting Shasta carryover storage
during the winter-run
chinook incubation period;
eggsand larvae usually have 100% mortality.

INVASIVE
RIPARIAN
AND MARSH
PLANTS
TARGET 1: Reduce the area of invasive non-native
woody species,such as giant reed (i.e., Arundo or
false bamboo) and salt cedar (Tamarisk), that
compete with native riparian vegetation (++).

Adults that must make repeated attempts to passthe
dam, but eventually are successful, undergo
physiological stress that may contribute to their
reduced fecundity. Because migration of theseadults
is delayed, the fish are likely to spawn farther
downstream where suitable temperatures for
spawning and incubation may not be attainable.

PROGRAMMATIC
ACTION IA: Implement a
program along the length of the Sacramento River to
remove and suppress the spread of invasive nonnative plants that compete with native riparian
vegetation.

Adult chinook salmon must negotiate fish ladders at
the ACID dam during the irrigation season(tTpically
April through November) to reach upstream
spawning habitat. However, an antiquated ladder on
the east abutment of the dam is ineffective in
providing safepassage,and a recently installed denil
ladder on the west abutment has proved only
marginally successful.The ladders at this facility do
not provide suitable flows to attract adults, and the
ladders are not easily adjustable to compensate for
varying flow conditions. A feasibility study is being
conducted by the ACID to identify, develop, and
evaluate alternatives to resolve adult passage
problems.
LEVEES,

PROGRAMMATIC
ACTION 1~: Implement a
program eliminates invasive woody plants that could
interfere with the restoration of native riparian
vegetation.
RATIONALE:
Invasive non-narive plants have
altered ecosystemprocesses,functions, and habitats
through a combination of changessuch as those to
the foodweb and those of competition for nutrients,
light, and space.The prescribed actions are primarily
to improve habitat for many fish and wildlife species
and to support foodweb functions by establishing
extensive riparian habitat along the Sacramento
River. In most cases,the removal of invasive plants
will require the replanting of native vegetation to
maintain adequatelevels ofherbaceous cover, canopy
closure, habitat structure, and to limit exotic
recolonization.

BRIDGES, AND BANK
PROTECTION

TARGET 1: Construct setback leveesalong leveed
reachesof the river as part of the stream meander
corridor (++).
.

PREDATION

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program, consistent with flood control
requirements, to evaluate potential sites for
establishingsetback leveesalong leveedreachesof the
Sacramento River.

AND

COMPETITION

TARGET 1: Reduce the adverseeffects of predatory
fish by identifying and eliminating human made instream structures or operational conditions that allow
unnatural predation rates (++).
PROGRAMMATIC
ACTION
1 A: Selectively
evaluate areas and make physical changes to
structures in the Sacramento River, such as bridge
abutments, diversion dams, rip-rap banks, and water
intakes, that currently may attract predators and
provide them with additional advantages in preying
on juvenile salmon and steelhead. Pilot studies and
evaluations are needed to determine the types of
changes required and the potential degree of
implementation.

RATIONALE: Levees,bridges, and bank protection
structures inhibit overland flow and erosion and
depositional processesthat develop and maintain
floodplains and allow stream channels to meander.
Levees prevent flood flows from entering historic
floodplains behind levees, stopping evolution of
floodplain h ab.ttats dependent on overbank flows.
Confinement of flood flows to channelsby leveesand
bank protection structures also increasesthe fluvial
energy of flows that scour or incisechannel bedsand
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Upgrading fish passagefacilities at
the two diversion dams will reduce delays to
upstream migrating winter-run chinook salmon and
hindrance of downstream migrating juvenile winterrun chinook salmon. This will contribute to a
reduction in predation rates on young fish.
RATIONALE:

implement reliable and proven remediesthat ensure
continued treatment and control of heavy metal
waste before water is discharged to the Sacramento
Rivet.
PROGFWMMATIC
ACTION
1~:
Develop a
cooperative program to eliminate scouring of toxic,
metal-laden sediments in the Spring Creek and
Keswick Reservoirs.

During operation of RBDD, juvenile chinook are
adversely
affected while approaching the dam,
passing the dam, and moving downstream of the
dam. As juveniles migrate toward the dam, they
experience increased predation in Lake Red Bluff
from predatory fish and birds. Juveniles passing
under the lowered dam gates become disoriented
becauseof high water velocities and turbulence, and
are subject to heavy predation downstream by
squawfish and striped bass. Juveniles bypassed
around the dam through the Tehama-Colusa &h
bypass system may have improved survival rates
because of new facilities and positive-barrier fish
screens,but complete evaluations are needed.

ACTION
1 c:
Control
contaminant input to the Sacramento River system
by constructing and operating stormwater treatment
facilities and implementing
industrial best
management practices (BMPs) for stormwater and
erosion control.
PROGRAMMATIC

PROGRAMMATIC
-ACTION
ID:
Develop a
cooperative program to assess and monitor
contaminant input from agricultural drainagesin the
Sacramento River watershed.

Note: Actions proposed here to
reduce the adverseeffects
of contaminants in the BayDelta
systern
wili
be coordinated
with
recommendations and actions developed by the
CALFED Water Quality Common Program.
RATIONALE:

To help protect winter-run chinook from predation
and other losses associatedwith passageat RBDD,
the dam gates have been raisedfor varying durations
since the end of 19SG. Juvenile chinook suffer
mortality in passing the dam from squawfish and
striped bass predation and disorientation or injury
when passing beneath the dam gates or through the
fish bypass system. Under the present schedule of
gate operations, about 26% of the juvenile
outmigrants must pass the dam when the gates are
lowered and are susceptible to mortality associated
with that passage.In a 1988 study, juvenile hatchery
salmon were releasedabove and below the dam to
estimate total mortality during dam passage.In all,
16% to 55% fewer fish were recaptured from the
releasesmade above dam than those made below.
USFWS determined predation, primarily
by
squawfish, as the major cause of mortality to juvenile
salmon migrating past the dam, whereasthe number
of deathsfrom physical injury received while passing
under the dam were minor.

The drainage from inactive mines on the IMM
Superfund site represents the largest source of
pollutant discharge to the Sacramento River. This
discharge is at least equal to all the combined
industrial and municipal discharges of dissolved
metals to the San Francisco Bay and estuary system.
This mine water is among the most acidic in the
world and contains extremely elevated concentrations
of copper, zinc, cadmium, and other metals known to
be toxic to fish,and wildlife. On occasion,fish deaths
(including salmon) may have occurred as toxicity
levels have been exceeded and documented in the
upper Sacramento River as a result of IMM waste.
More frequently, there are documented
instances of
metal concentrations that exceed toxic levels
considered safe for early life stages of salmon.
The wastes fro.m IMM, located in the Spring Creek
watershed, are collected in the Spring Creek Reservoir
and metered out into the releases of clean water from

CONTAMINANTS
1: Reduce losses of fish and wildlife
resulting from pesticide, hydrocarbon, heavy metal,
and other pollutants in the Sacramento River (++).

TARGET

Shasta and Whiskeytown
Reservoirs to achieve the
best water quality possible.However, becauseof the
extremely large waste load (averaging more than 1

ACTION
IA:
Develop a
cooperative program to remedy heavy metal pollution
from IMM to meet basin plan standards, and
PROGRAMMATIC

ton of copper and zinc per day), it has not always
beenpossible to consistently attain the water quality
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objectives for copper, cadmium, and zinc in the basin
plan, and interim criteria have been establisheduntil
pollution control is completed. Highly toxic
conditions are exacerbated when heavy winter rains
induce uncontrolled spills from Spring Creek
Reservoir, and flows from Shastaand Whiskeytown
Reservoirsare not made available for dilution because
of ocher CVP constraints.

Sediments constitute nearly half of the materials
introduced into rivers from nonpoint sources, such as
plowed fields, construction and logging sites, and
mined land, and are mainly generated during storm
events. Stormwater runoff in urban and developing
areas is another major source of sediments and
contaminants. Sedimentation from nonpoint sources
should be reduced by implementing BMPs for urban
and nonurban pollution,
and implementing
appropriate treatment and technological options that
reduce pollutant loads.

Within the lower
portion of the IMM
site,
remediacionmust be developed for the metal sludge
deposits in Spring Creek Reservoir and in Keswick
Reservoir adjacent and downstream of the Spring
Creek power plant tailrace. Preliminary monitoring
in the Keswick Reservoir has documented chat the
sludge is highly toxic and that the depogts are
extensive and up to 15 feet thick. Under certain
conditions, flows from the Spring Creek power plant
can mobilize large quantities of the sludge into the
river,

creating

an acute

toxicity

risk

An assessmentof water quality and impacts from
various ocher agricultural drainages co the
Sacramento River is needed. Results from these
evaluation programs should generate recommendations for corrective actions. Top priority should be
given to the Sutter Bypass, which receivesdrainwater
from rice growing areasand has outflows equivalent
to those from the Colusa Basin drain. Assessments
should also be conducted on Butte Slough,

to aquatic

species.The sludge deposits can also contribute to
chronic toxicity when combined with other sources.

Reclamation

Major sources of pollution include industries,
municipalities, and agriculture, which dischargesuch
contaminants as herbicides, pesticides, organic
compounds, inorganic compounds, and warm water.
Pollution is described as originating from point
sources, such as discharge pipes or other localized
sources, or from nonpoint sources, which are
dispersed. Individual sourcesof nonpoint pollution
may be insignificant, but the cumulative effects can
be significant and can contribute high levels of
pathogens, suspended solids, and toxins. Major
contributors of nonpoint-source pollution to the
Sacramento River, Satramento-San Joaquin Delta,
and San Francisco Bay include sediment discharge,
stormwater and erosion, and agricultural drainage.
Mandatory performance standards are needed for
these sources, with flexibility granted to landowners
to adopt whatever management practices are best
suited for local conditions.

District

HARVEST

108, andJack

OF FISH AND

Slough.

WILDLIFE

1: Reduce illegal harvest of fish speciesto
a minimum to maintain or increasepopulations by
increasing enforcement efforts by 50 to 100%
(+++).
TARGET

PROGRAMMATIC

ACTION

1 A:

Increase

enforcement efforts.
PROGFIAMMATIC
ACTION
1~:
Develop a
cooperative program to educate the public on the
threats to populations from illegal harvest. Various
actions include ad campaigns, signs along streams,
and various types of outreach programs to schools,
watershed conservancies,and groups.
ACTION
lc:
Provide
additional funding for the poaching hotline and
rewards for arrest and convictions of poachers.
PROGRAMMATIC

2: Manage the legal harvest of chinook
salmon, steelhead, and sturgeon by shifting harvest
from natural stocks to hatchery-reared stocks, where
possible,or reducing harvest of wild stocks until the
naturally produced populations recover (+++I.
TARGET

A primary point source ofpollution is from municipal
treatment plants, which release heavy metal
contaminants,
thermal pollution,
pathogens,
suspended solids, and
other
constituents.
Implementing enhanced treatment, pretreatment
programs, and tertiary treatment should help to
reduce contaminant input.

PROGRAMMATIC
ACTION
2~:
Develop a
cooperative program to mark all hatchery salmon,
allowing selective harvest of hatchery fish, while
limiting harvest of wild fish. This action should be
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implemented on a short-term and experimental basis
to ensure that it meets its objective and is costeffective.
PROGRAMMATIC
ACTION
26:
Encourage
regulatory agencies to change fishing regulations (i.e.,
by restricting seasons, limits, and gear and reducing
harvest of wild fish) to reduce legal harvest and any
ancillary effects of fishing gear or techniques further.
Restrictions should be severe in the short term. Longterm restrictions
would depend on response of
populations and effectiveness of restrictions and the
degree of effectiveness of the action.

undertaken as experiments and adjusted or
terminated as necessary,depending on results.
TARGET 3: Employ methods to limit straying and
loss of genetic integrity of wild and hatchery
supported stocks (+++).
PROGRAMMATIC
ACTION 3~: Rearsalmonand
steelhead in hatcheries on natal streams to limit
straying. If hatchery augmentation of Sacramento
River populations of salmon and steelhead is
necessary, then hatcheries should be built on the
Sacramento River for that purpose.
PROGFIAMMATIC
ACTION 3~: Limit stocking
of salmon and steelhead fry and smelts to natal
watersheds to minimize straying that may
compromise the gerietic integrity of naturally
producing populations.

RATIONALE:
Some populations of salmon and
sreelhead in the Sacramento River are at such
depressed levels that drastic reductions in anyfactors
rhat contribute to mortality are necessary. Harvest
management policies have been established by state
and federal agencies to minimize mortality on natural
chinook stocks, including severe harvest restrictions
and size limits. Illegal harvest is known to occur
along the Sacramento River. This target will be
subject to adaptive management. Mass marking of
hatchery sreelhead began in I.997 and it should be
continued.
ARTIFICIAL

TARGET 4: Minimize further threats of hatchery
fish contaminating wild stocks of salmon and
steelhead(+++).
PROGRAMMATIC
ACTION 4~: Where hatchery
production is underway and continues, methods
should be adopted and improved for the selection of
an appropriate crosssection of the adult population
for spawning at the hatchery.

FISH PROPAGATION

TARGET 1: Minimize the likelihood that hatcheryreared salmonand steelheadin the upper Sacramento
River will stray into non-natal streams to protect
naturally produced salmon and steelhead(+4+).

PROGRAMMATIC
ACTION 4~: Select spawning
adults of appropriate genetic makeup to minimize
genetic contamination of existing hatchery and
naturally producing stocks of salmon and steelhead.
Given the present difficulty of determining genetic
makeup of spawning adults selected for hatcheries,
this action will necessarily be experimental.
Hatchery-reared adults may be preferentially selected
or not selected if they are adequately marked or
tagged, or have other identifiable feature. Other
methods may be developed to genetically categorize
naturally produced or hatchery fish.

PROGFIAMMATIC
ACTION
IA:
Develop a
cooperative program to evaluate the costs and
benefits of limiting stocking of hatchery-reared
salmon and steelheadin the upper SacramentoRiver.
Stocking may be reduced -in years when natural
production is high in selectedpopulations.
TARGET 2: Limit hatchery stocking to populations
that cannot be sustainedthrough natural production
(444).

RATIONALE:

In watershedssuch as the Sacramento
and habitat degradation have
limited
natural
spawning, some
hatchery
supplementation may be necessaryto sustain fishery
harvest ar former levels and to mainrain a wild or
natural spawning population during adverse
conditions, such as droughts. However, hatchery
augmentarion should be limited in extent and to
levels that do nor inhibit recovery
and maintenance
of wild populations. Hatchery-reared salmon and
River,

PROGRAMMATIC
ACTION
2~:
Augment
winter-run, spring-run, and late-fall-run chinook
salmon and steelheadwith hatchery-produced smolts
during the short-term rebuilding phaseof restoration
efforts and only when alternative measures are
deemed insufficient to provide recovery of the
populations. Stocking of hatchery-reared fish will be

where

dams
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steelhead may direcrly compete wirh and prey on
wild salmonand sreelhead.Straying of adult hatchery
fish inro non-naral warershedsmay also rhrearen rhe
generics of wild srocks. Hatchery fish may also
threaten the generic makeup of stocks in naral rivers.
Some general scienrific information and rheoty from
studies of other river systemsindicare that hatchery
supplementation may limit recovery and long-term
maintenance of naturally producing populations of
salmon and sreelhead. Furrher research and
experimenrarion are necessary to determine the
degree to which this issue is addressed.Long-term
hatchery augmenrarion of healthy wild stocks may
genetically undermine rhar stock and threaten the
genetic integriq of other stocks. Spawning and
rearing habitats are limited, and adverse conditions
may occur in droughr or flood years that, would
undermine the population wirhour additional
hatchery production.
Release of hatchery-reared fish into the upper
Sacramento River and its tributaries could lead to a
loss of the genetic integrity of wild salmon and
sreelheadpopularions.Adults straying into non-natal
streams may interbreed wirh a wild population
specifically adapted to thar watershed, possibly
leading to the loss of generic integrity in rhe wild
some
irreversible
popularion.
Although
contamination has occurred in salmon and steelhead
populations, measures are necessary to minimize
further deterioration of contaminated popularions
and to protect populations that are nor contaminated.
Recent returns to CNFH of fall-run chinook salmon
seem to indicate that the hatchery is heavily
supporting the entire fall-run population, particularly
in Battle Creek, all of which probably originated from
CNFH. A recent estimate for the rest of the
Sacramenro River above RBDD, excluding Battle
Creek, was only 40,000 fish, which may also have
been heavily supported by CNFH producrion.
stocking of harchery-reared fish may be
necessary in the short rerm to rebuild
naturally
spawning populations; however, there is a lack of
consensusamong agenciesand stakeholdersas to the
degree of stocking that is detrimental or necessaryto
sustain sport and commercial fisheries. This action
will necessarilybe short term and experimental, with
subsequent efforts dependent on results and
Some

effectiveness.

Additionally, the relarionship of the resident rainbow
rrour of the mainsrem
Sacramento
Keswick
[a.k.a. “river rrour’)
wirh

River below
hatchery
and
naturally spawning steelheadpopularions should be

investigated. There is a substantial number of large,
steelhead-sizedresidenr rainbow rrout in rhe upper
Sacramento River, and it is unknown if these fish
comprise a discreet population, are a component of
rhe steelheadlrainbowtrout population, or an artifact
of arrificial producrion. The large number of nonmigratory rainbow rrour may be a result of ecological
conditions rhar exist in the tailwater reaches below
dams, and this needsto be investigated.

STRANDING
TARGET 1: Elirninat~ the straying, stranding, and
lossof adult chinook salmon and other speciesalong
the Sacramento River (++).
PROGFWMMATIC
ACTION 1~: Evaluate the
feasibility of preventing adult chinook salmon from
straying into the ColusaBasin Drain.
F~ITIONALE: The srraying of adult chinook salmon
into the ColusaBasin Drain haslong beenrecognized
asa problem. Recent water usepractices in the basin
have greatly reduced the volume of dischargedwater,
which

has reduced

the high

water

temperature

and

contaminant problems. Still, fish have direct accessto
the drain under certain flow conditions. This acrion is
consistent with actions described in the Proposed
Recovery Plan for the Sacramento River Winter-run
Chinook Salmon (National Marine FisheriesService
1997) and the Department of Fish and Game
anadromous fish resrorarion plan (California
Department of Fish and Game 1993). The feasibility
should evaluate water use practices, redirecrion
of
waste water, and alternative structures to eliminate
entry into the drain.
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+ NORTH
ECOLOGICAL

SACRAMENTO
MANAGEMENT

VALLEY
ZONE

Sacramento Valley Ecological Management Zone
include their respective streamflow
patterns and
capacity for natural sediment transport;
stream
meander; gravel recruitment; and stressors, such as
water conveyance structures, water diversion, and
invasive plant species.
Opportunities
to maintain or reactivate these
processes and functions are constrained to varying
degrees because of past and existing human activities,
such as dam construction and gravel extraction from
the active stream channel. Many of these constraints
are described as stressors that impair ecological
function and the creation and maintenance of
habitats or that cause direct mortality to important
species.

INTRODUCTION
The health of the North
Sacramento Valley
Ecological Management Zone contributes -to the
health of the Sacramento-San Joaquin Delta in many
ways. Ecological processes within this zone contribute
sediment,
nutrients,
and streamflow
to the
Sacramento River. They also provide important
migration, holding, spawning, and rearing areas for
spring-,
fall-, and late-fall-run
chinook salmon
steelhead, lamprey, and native resident fish species.
Many streams in this zone also provide seasonal nonnatal rearing for juvenile steelhead and chinook
salmon. Riparian and shaded riverine aquatic habitats
provide for many terrestrial
species, including
neotropical birds, amphibians, and invertebrates.
The
North
Management
and tributary
of Redding
management
n

w
4
n

The construction and operation of Whiskeytown
and
McCormick-Saeltzer
dams and past large-scale gravel
extraction activities constrain ecological processes and
functions in the Clear Creek Ecological Management
Unit. Ecological processes and functions on Cow and
Bear creeks are impaired by alterations to the runoff
pattern resulting from water diversions and land use
practices. Small hydropower projects, water diversion
and water diversion structures constrain ecological
processes and functions on Battle Creek. Past and
current operation of Coleman National Fish Hatchery
on the lower section of the creek further impairs
oPportunities to improve the distributions of wild
sal mon and steelhead stocks.

Valley
Sacramento
Ecological
Zone encompasses the geographic area
streams generally surrounding the City
and includes the following ecological
units:

Clear Creek Ecological Management Unit
Cow Creek Ecological Management Unit
Bear Creek Ecological Management Unit, and
Battle Creek Ecological Management Unit.

DESCRIPTION
MANAGEMENT

OF THE
ZONE

m’ding

This ecological management zone provides habitats
for a significant variety of fish, wildlife, and plant
communities, including spring-, fall-, and late-fallrun chinook salmon, steelhead trout, lamprey, native
resident fish, neotropical migratory birds, and native
anuran amphibians.
Red Bluff d

Important ecological processes and functions shared
by the individual ecological units of the North

Location

~Mapof

the North
Management

Sacramento
Valley
Zone and Units.

Ecological
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1963, Clear Creek, prior to the construction of
Whiskeytown Dam, experienced floods of 6,000 cfs
or‘greater at least every 3 to 5 years. Larger floods of
9,000 cfs or greater were experienced about four
times, and three times floods occurred greater than
14,000 cfs. After completion of the dam in 1963,
flood flows of 6,000 cfs were experienced twice,
8,500 cfs once, and one flood of 14,000 cfs occurred
once (U.S. Bureau of Reclamation 1999).
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spring-run chinook salmon
winter-run
chinook salmon
fall-run chinook salmon
late-fall-run chinook salmon
steelhead trout
lamprey
native anuran amphibians
native resident fishes
neotropical migratory birds
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Clear Creek is a major tributary to the Sacramento
River and drains approximately 238 squaremiles. It
originates in the mountains east of Trinity Lake and
flows into the Sacramento River near Redding.
Whiskeytown Reservoir stores narural creek flows
and water diverted from the Trinity River at Lewiston
Dam through the Clear Creek Tunnel. Whiskeytown
Dam, constructed in 1963, is 10 miles upstream of
McCormick Dam. Whiskeytown Dam diverts more
than 80% of Clear Creek’saveragenatural flow to the
Spring Creek Powerhouse at Keswick Reservoir on
the Sacramento River.
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percentile
or median year.)

Most of the Clear Creek and Trinity River water is
conveyed from Whiskeytown Lake to Keswick
Reservoir on the Sacramento River through the
Spring Creek Tunnel. Flows in Clear Creek below
Whiskeytown Lake are maintained at 50 cfs from
January through October and 100 cfs in November
and December, regardless of flow in the upper
watershed. Approximately 10 cfs are diverted from
the lower river.at McCormick Dam, 8 miles upstream
of the confluence with the Sacramento River.

The Clear Creek watershedhasa natural flow pattern
of high winter and low summer-fall flows, typical of
many SacramentoValley streamsthat originate from
foothills instead of the Cascadeor Sierra crests. The
stream is nearly dry during summer and fall months
of low rainfall years. In wettest years, flows in winter
months average 1,000 to 2,500 cubic feet per second
(cfs). In winter months of dry years, averagemonthly
flows reach only 100 to 250 cfs. In the driest years,
winter monthly averageflows reachonly 20 to 35 cfs.
Whiskeytown Dam, at the lower end of the
watershed, receiveswater diverted from the Trinity
River by way of the Clear Creek Tunnel.

Spawning gravel in the lower Clear Creek drainage
has been significantly depleted by mining. Because
recruitment of new gravel into this area is restricted
by McCormick and Whiskeytown dams, Shasta
County adopted an ordinance in 1977 prohibiting
new gravel mines in Clear Creek below McCormick
Dam. Although the future of this ordinance is
uncertain, it constitutes the best protection for
spawning gravel. The existing gravel mining
operations have refrained from mining in the
floodplain for more than 4 years, allowing some
riparian reforestation to occur naturally.

A value planning study by the U.S. Bureau of
Reclamation (1999) found that from 194 1 through
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Before the construction of Whiskeytown
Lake, Clear
Creek delivered large amounts of gravel to the lower
alluvial reaches and the Sacramento River. Flow
regulation since 1963 has greatly reduced the
frequency of floodflows capable of moving bedload.
The instream gravel is not renewable, because gravel
from the upper reaches is trapped in the reservoir.
Flow regulation has also allowed dense stands of
vegetation
to encroach on the main channel,
particularly the lower 3 miles before the confluence.
This vegetation further reduces velocities and the
gravel transport capacity of the stream.

Sacramento River salmon population. In 1998, the
entire AFRP recommended flows from Whiskeytown
Reservoir were provided. This resulted in significant
benefits to chinook salmon escapements, habitat
availability, and water quality. In 1998, the fall-run
chinook salmon escapement was estimated at 4,258
fish. Since flows were first increased in 1995, the
average fall-run chinook return has increased 400
percent.

‘Or------

In 1980, the California Department
of Water
Resources (DWR) estimated that the average annual
instream extraction rate of sand and gravel was
approximately 7 5,000 tons per year, equivale; to 20
times the natural transport rate. Subsequent field
observations in 1980 and 1994 suggest that gravel
mining,
flow
. regulation,
and
vegetative
encroachment
combined to reduce the available
gravel in Clear Creek.
The average annual
contribution of gravel to the Sacramento River was
estimated to be approximately 5,000 tons per year.
In recent year years, gravel operators have halted the
practice of instream mining. During this same period,
gravels were distributed to the spawning area from
tributary
stream sources, stream meander, and
artificially introduced gravel stockpiles. At this time
there are two completed gravel injection projects and
one in progress.
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Spring-run chinook could have historically migrated
to the uppermost reaches of Clear Creek above the
town of French Gulch (Yoshiyama et al. 1996). In
1956, Atevedo and Parkhurst (1958) saw spring-run
chinook in Clear Creek for the first time since 1949.
Passage to the upper watershed
was severely
restricted by the construction of McCormick-Saeltzer
Dam around the turn of the century, then completely
eliminated by the construction of Whiskeytown
Dam
in 1964. It is likely the steelhead also ascended Clear
Creek at least as far as French Gulch.

Spawning habitat restoration work in Clear Creek is
necessary. The work will require placing spawning
gravel at appropriate locations. Implementing this
restoration will require monitoring spawning gravel
to determine whether it successfully meets the needs
of adult salmon and steelhead. The CVPIA Clear
Creek Restoration
Program
is addressing poor
instream spawning
habitat resulting from’ gravel
mining and blockage by Whiskeytown
Dam. Habitat
is being improved with spawning gravel introduction.
Gravel is being placed below Whiskeytown
and
Saeltzer dams every years. This gravel injection
program is expected to continue indefinitely.

In spite of improved conditions, there are no springrun chinook salmon in Clear Creek (California
Department of Fish and Game 1998) and the status
of the steelhead population is unknown. Habitat in
Clear Creek has the potential to support spring-run
chinook and steelhead if passage at McCormickSaeltzer Dam is improved to allow adult fish access to
immediately
below
the
the stream
reach
Whiskeytown
Dam. Operation of the dam can
provide suitable cold-water habitat downstream to
allow adult spring-run chinook to oversummer and
then spawn in the fall. The cold water would also
support juvenile salmon and steelhead rearing
through the summer.

The abundance of fall-run chinook salmon spawners
in Clear Creek has increased during recent years when
the fall flows have been increased by a factor of three.
During this interim flow increase, the spawning
population estimates have been between 7,000 and
9,000 representing
5% to 8% of the upper

Restoring habitat and increasing flow releases from
Whiskeytown
Reservoir could significantly improve
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Ditch Company are negotiating the removal
Saeltzer Dam and the transfer of water rights
nearby location.

the present production of chinook salmon in Clear
Creek. Steelhead populations would similarly benefit.
Restoring the Clear Creek chinook salmon and
steelhead populations has been the focus of fishery
management efforts in the upper Sacramento River
drainage below Shasta Dam for most of the
Twentieth Century. Interest and concern regarding
the status of salmon and steelhead in this stream
began shortly after the 1903 construction of the
McCormick
Dam, located 6 miles upstream of the
Sacramento River. Early restoration efforts attempted
to provide suitable adult fish passage at McCormick
Dam, but as watershed
and instream habitats
continued to decline, the need for additional habitat
restoration efforts increased. The cumulative&ects
of water export, gold mining, gravel extraction,
timber harvest, road building, and the construction of
Whiskeytown
Dam have contributed to the decline
of the Clear Creek anadromous fishery. Only in
recent years has there been a recognition of the
complexity
of the problem and a multiagency
cooperative effort to seek corrective actions designed
to restore habitat and fish passage in Clear Creek.
Local environmental groups and individuals have also
been seeking solutions to the problems limiting Clear
Creek’s fishery potential.

of
to

Cow

CREEK
ECOLOGICAL
MANAGEMENT
UNIT

Cow Creek flows through the southwestern foothills
of the Cascade Range and enters the Sacramento
River 4 miles east of the town of Anderson in Shasta
County.
Cow Creek encompasses
five major
tributaries: Little (North) Cow, Oak Run, Clover,
Old Cow, and South Cow creeks. The drainage area
is approximately 425 square miles, and the average
discharge is 501,400 acre-feet per year.
Cow Creek has a natural flow pattern of high winter
and low summer-faii
flows, typical of many
Sacramento Valley streams that originate from
foothills rather than from the Cascade or Sierra crests.
Near its mouth (where the gaging station is located),
the stream is nearly dry during the summer and fall
months of dry years. USGS surface water records
show the mean August flow of 35 cfs, September at
45 cfs, and October at 131 cfs with a maximum
August flow of 115 cfs and a minimum of 1 cfs.
In wetter years, flows in winter months average
2,600 to 6,000 cfs. In winter months of dry years,
average monthly flows peak at 500 to 650 cfs. In the
driest years, winter monthly average flows reach only
80 to 120 cfs. Small agricultural diversions contribute
to lower flows in summer and fall. A Pacific Gas and
Electric Company
(PG&E)
hydropower
project

The California Department of Fish and Game (DFG)
manages Clear Creek for fall- and late-fall-run
chinook salmon and steelhead trout. The stream is
uniquely suited for intensive management becaus’e of
its ability to provide cool temperatures in the upper
reach and adequate flows in fall. The stream below
McCormick
Dam is most suitable for fall- and latefall-run chinook salmoh spawning; but unsuitable for
oversummering
spring-run chinook salmon or for
year-found rearing of steelhe8d. Conditions above the
dam are suitable for steelhead and spring-run chinook
salmon.
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Flow
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McCormick
Dam impairs the up- and downstream
passage of juvenile and adult anadromous fish.
Removal of the dam would improve passage and
survival of chinook salmon and steelhead and
improve the transport of natural sediments from the
stream reach above the dam to the lower reach.
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An important
component
of the Clear Creek
Restoration Program is the improvement
of fish
passage at McCormick-Saeltzer
Dam. The U.S.
Bureau of Reclamation and the Townsend Flat Water
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diversion reduces flow on a lo-mile
South Fork.

section of the

holding pools. Steelhead, however, could survive if
provided access to the tributaries above the valley
floor. North Cow, Clover, and Old Cow Creeks have
natural bedrock falls that are either complete or
partial barriers to anadromous fish.

In the past, Cow Creek has supported eight small
gravel mining operations. The lower 10 miles of
channel is approximately
50% exposed bedrock.
Where bedload is deposited, it is generally only a thin
veneer. Instream mining was eliminated with the
passage of a Shasta County gravel mining ordinance.
There has been no instream gravel mining in Cow
Creek for at least I2 years. Because of the limited
availability of gravel, the bedload transport rate was
estimated to be 19,000 tons per year.

Land use activities in the Cow Creek drainage include
agriculture, timber harvest, livestock grazing, and
hydropower
production. Loss of habitat and water
diversions are largely the result of activities associated
with livestock production. The only laddered dams
and screened diversions are part of hydropower
facilities. Agricultural
diversions are unscreened,
ditches are unlined and poorly maintained, and
grating is destroying some of the riparian corridor
and causing excessive erosion.

Fall-run and late-fall-run chinook salmon spawn in
the creek on the valley floor and in all five tributaries.
Adult steelhead trout have been observed iniouth
Cow, Old Cow, and North Cow Creeks. Previous
management plans have estimated the potential of
fall-run salmon in Cow Creek at 5,000 spawners;
however, fall-run chinook salmon populations have
been as high as 7,600. The average run size from
1953 to 1969 was 2,800 salmon. In recent drought
years, there have been too few salmon in Cow Creek
to make population estimates. No major diversions
exist in the fall-run spawning reach, and the average
monthly flow from October through December has
actually increased since 1969. The decline in the Cow
Creek fall-run salmon population coincides with
salmon
population
declines
throughout
the
Sacramento River basin. There are no estimates for
late-fall-run chinook in Cow Creek.
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Population growth in the towns of Palo Cedro, Bella
Vista, Oak Run, and Millville is resulting in increased
demand for domestic water and is affecting riparian
habitat in the Cow Creek watershed. Measures are
required to protect the existing habitat from further
damage associated with gravel extractions, water
diversions, creek-side development, and livestock
grazing. Cow Creek presents a unique opportunity to
maintain and preserve fall- and late-fall-run salmon
and steelhead habitat while nearby development
increases.

BEAR CREEK ECOLOGICAL
MANAGEMENT
UNIT
Bear Creek is a small, eastside tributary entering the
Sacramento River 5 miles below Anderson. The
stream has low streamflow
in spring through fall
months of most years and flows year round at the
Highway 44 bridge in dry years. All steelhead habitat
is above ,this bridge. During spring and summer, the
limited natural streamflow
is further reduced by
irrigation diversions in the lower reaches, where the
stream enters the valley floor. Adequate streamflows
in fall and spring are prerequisites for anadromous
fish migration and reproduction.

~
1990

1995

1960-1999

The limited runoff in this small stream makes it
difficult to meet the limited agricultural water
demands and instream flow needs of anadromous fish
simultaneously,
especially in below-normal
water
years. During above normal water years, there is a
reduced risk to juvenile salmon and steelhead during
the spring diversion season, because irrigation water

In 1992, DFG conducted stream surveys of four of
the five Cow Creek tributaries. Emphasis was placed
on evaluating habitat for spring-run chinook salmon
and steelhead trout holding, spawning, and rearing.
The survey results concluded that Cow Creek is not
suitable for spring-run
chinook salmon because of
warm summer water temperatures and lack of large
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demands are reduced and the diversion rates are
relatively small compared to the total streamflow.

juvenile salmon and steelhead must emigrate early in
the season to survive.

Bear Creek has a natural flow pattern of high winter
and low summer-fall
flows,
typical of many
Sacramento Valley streams that originate from
foothills rather than the Cascade or Sierra crests. Near
its mouth (where the gaging station is located) the
stream is nearly dry during summer and fall months
of low rainfall years. In wettest years, flows in winter
months average 1,100 to 2,000 cfs. In winter months
of dry years, average monthly flows reach only 30 to
70 cfs. In the driest years, winter monthly average
flows reach only 20 to 35 cfs. Small agricultural
diversions contribute to lower flows in summer and
fall.
-

Salmon spawning surveys conducted during years
with sufficient flows to attract adult salmon indicate
that Bear Creek can support 150-300 spawning
salmon. Steelhead have been observed in the creek,
but no population estimates have been made.

Historical

Monthly

Average

Unscreened irrigation diversions operating during the
juvenile emigration period for chinook salmon and
steelhead can significantly reduce survival rates.

BATTLE
CREEK
MANAGEMENT

Battle
Creek
enters
the Sacramento
River
approximately 5 miles southeast of the Shasta County
town of Cottonwood.
It flows into the Sacramento
Valley from the east, draining a watershed of
approximately 360 square miles.

Flow

140

Battle Creek hasa natural flow pattern of high winter
and moderate summer-fall flows, typical of Mount
Shasta-Cascadespring-fed streams.Near its mouth
(where the gaging station is located), the stream has
average flows of 240 to 260 cfs in summer and fall.
Even in the drier years, flows are more than 150 cfs.
In wettest years, flows in winter months average
1,200 to 2,400 cfs. Battle Creek has the best
connection between the river and mountainous areas
of any SacramentoRiver ecologicalmanagementunit.
PG&E operated a series of small run-of-the-river
hydroelectric diversionsthat divert up to 98% of the
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Bear Creek is able to support populations of fall-run
chinook salmon only when early fall rains create
suitable conditions for passage over shallow riffles and
allow access to the limited spawning habitat. Because
of low and warm streamflow conditions in spring,
6,
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(CDFG 1999).
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stream’s baseflow and a much smaller portion of the
wet season flow. Under and interim agreement, the
required minimum fishery releases to the creek are
increased by a factor of 10 at three diversionsin a 17mile section of the creek system.

suffers from spawning populations too large for
available habitat. The blockage of the fall-run
chinook salmon migration at the hatchery and the
effect of low flows caused by PG&E’s hydropower
operations have combined to reduce salmon and
steelheadpopulations above the hatchery to remnant
status.

PG&E owns and operates the Battle Creek project,
which consists of two small storage reservoirs, four
unscreenedhydropower diversionson the North Fork
Battle Creek, three unscreenedhydropower diversions
on South Fork Battle Creek, a complex system of
canalsand forebays, and five powerhouses.

There is one large, unscreenedagricultural diversion
(Battle Creek Diversion). DFG constructed a screen
for this diversion, but becauseof landowner concerns,
installation of the screenwasdelayed. The screenhas
recently been installed.

ERP proposes to restore important ecological
functions and processesand habitats in a step-by-step
approach over several years. Restoration of these
ecosystem elements will permit the restoraxon of
anadromousfish in the basin. In addition, restoration
will require diseasemanagementmeasuresfor the fish
hatchery water supply. As the range of anadromous
fish in the watershed is increased, additional efforts
will be directed at fish screens,fish ladders, hatchery
water supply management, and increasedreleasesof
water from hydroelectric diversions. The approach
will first restore the stream reach capable of
supporting all types of anadromous fish. This
approach will restore approximately one-half of the
available anadromousfish habitat without subjecting
the hatchery to increased diseaserisk or degrading
the quality of the hatchery water supply.

Restoring the remnant populations of naturally
spawning chinook salmon and steelhead located
above the fish hatche-ry barrier dam to a healthy
status can be done in a manner that integrates the
beneficial uses of hydropower production and
aquaculture in the watershed. Physical and
operational changes of PG&E’s projects include
screening or removing the diversions on the North
Fork and South Fork of Battle Creek, increasing
releases from project diversions, and stopping
removal of stream gravel that accumulatesat project
diversions.
Anadromous fish have historically migrated above the
hatchery during minor and major storm events each
year which flood out the hatchery barrier dam and
when the fish ladder at the barrier dam has been
opened for four to five months during past years. The
Coleman Hatchery Development Plan proposes a
phased installation of an ozone sterilization system.
The present level of ozonation at Coleman Hatchery
(10,000 g.p.m.) is sufficient to sterilize all the water
needed to produce the early life stages of chinook
salmon .and steelhead and one-third of the water
necessaryto produce juvenile fish. The environmental
documents and preliminary funding arrangements
have been completed to begin the construction of the
remaining two-thirds of the water supply neededfor
juvenile fish production.

Before development, Battle Creek was one of the
most important chinook salmon spawning streamsin
the Sacramento Valley. Runs of fall-, winter-, and
spring-run chinook salmon and steelheadwere found
there. Natural spawning of salmon and steelhead in
Battle Creek between the Coleman National Fish
Hatchery weir and the mouth is still significant but
100

,

"1960

Fall-run

F-D
4
h

1965

1970

1975

1980

1985

1990

Chinook
Salmon Returns to Bade Creek
Coleman
National
Fish Hatchery,
1960-1999
(CDFG
1999).

1995

The restoration of naturally produced runs of
anadromousfish in Battle Creek can be conducted in
a manner compatible with the phasing in of the
ozone treatment plant. If those racesof salmon that
represent a significant disease risk are restricted
through seasonalfish ladder closuresto the first I7mile reach of Battle Creek above the hatchery for the
initial phaseof restoration, a hatchery water supply
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can be maintained and the capacity to supply the
balance of the hatchery water supply that will not be
treated with ozone can be reached. It will be
necessary to improve the reliability of the Coleman
Canal water supply. ’

Restoration of Battle Creek’s anadromous fish habitat
above the valley floor will focus on restoring springrun chinook salmon and steelhead trout. These
actions will be sufficient
to provide for the
requirements of winter-run chinook salmon that may
return to Battle Creek.

The fish hatchery, located- approximately
6 miles
upstream of the mouth of Battle Creek, is operated
by the U.S. Fish and Wildlife Service (USFWS). It
was constructed by Reclamation as partial mitigation
for the construction of Shasta Dam and produces fallrun chinook salmon, late-fall-run
chinook salmon,
and steelhead trout. Winter-run
chinook salmon, a
federally and State-listed endangered species, was also
successfully propagated in small numbers at the
hatchery to supplement the wild population. The
winter-run chinook artificial propagation program at
Coleman was stopped and is in the process of being
moved to a new facility at the base of Shasta Dam.
This is scheduled to be operational in early 1998.

Surveys conducted before the construction of Shasta
Dam indicate that, with sufficient water, the stream
reaches above the fish hatchery could provide
spawning habitat for more than 1,800 pairs of
salmon. The stream reaches up to MacCumber Dam
are not reachable by anadromous fish because of
barriers. The anadromous reach in the North Fork
Battle Creek extends up to approximately two miles
above the North Fork Battle Feeder Dam. The recent
(199 1) evaluation of spawning habitat in the portions
of Battle Creek watershed accessible to anadromous
fish above Coleman Hatchery Fish Barrier estimate
166,000 square feet of spawning gravel. Potentially,
this much spawning habitat could accommodate
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3,500 spawning pair. The North Fork of Battle
Creek, Eagle Canyon in particular, contains deep,
cold, and isolated pools ideal for holding spring-run
chinook salmon throughout summer. Because of the
critically low numbers of spring-run chinook salmon
and steelhead in the Sacramento River drainage, any
expansion of available habitat for these fish has a high
priority.

recommends reestablishing floodplains in the lower
stream reaches to allow stream channel meander,
sediment transport and deposition, and a healthy
riparian corridor. Actions to maintain and restore
healthy riparian zones include providing shaded
riverine aquatic habitat and woody debris and
maintaining biologically productive gravel beds for
fish spawning and invertebrate production.

From 198s through 1989, adult fall-run chinook
salmon, surplus to the fish hatchery egg-taking
needs, were released into Battle Creek above the
hatchery weir to spawn naturally. Because of
potential diseaseproblems at the hatchery related to
decomposing carcasses,the fish ladders on PG&E’s
two lowermost diversions (Wildcat Diversion on the
North Fork and Coleman on the South Fork) were
closed.This action prevented fish from ascendinginto
the area above the hatchery water supply intake and
eliminated the possibility of salmon migrating into
the middle or upper reachesof those streams.

ERP envisions that the fish, wildlife, and riparian
needs of the North Sacramento Valley Ecological
Management Zone will be met and an acceptable
level of ecosystemhealth will be achieved when the
following visions have been satisfactorily attained.

VISIONS
FOR ECOLOGICAL
MANAGEMENT
UNITS
CLEAR
CREEK
MANAGEMENT

ECOLOGICAL
UNIT

The vision for the Clear Creek Ecological
Management Unit is to restore flows from
Whiskeytown Dam to allow successfulupstream
passageof chinook salmonand steelheadto historical
habitat, restore sediment transport and gravel
recruitment in the stream channel, and establish a
clearly defined stream meander zone, and riparian
and riverine aquatic plant communities.

VISION
FOR THE ECOLOGICAL
MANAGEMENT
ZONE
The vision for the North Sacramento Ecological
Management Zone is to restore important fishery,
wildlife, and plant communities to a healthy
condition. To attain this vision, the Ecosystem
Restoration Program Plan recommendsdeveloping
and implementing
comprehensive watershed
management plans for the streamsin this zone, which
will restore important ecological processes
that create
and maintain habitats for fish, wildlife, and plant
communities.
.
The vision focuses on restoring spring-run chinook
salmon and steelheadto population levels of the late
1960s and early 1970s. To achieve this vision, ERP
recommends increased protection for naturally
produced chinook salmon and steelheadasthey rear
and migrate downstream from the natal areasto the
mainstem Sacramento River. This would involve
improving passage at water diversion structures;
installing positive-barrier fish screens to protect
juveniles; and providing sufficient flows for
migration, holding, spawning, and rearing.

The potential of providing sustainable and resilient
ecological processes
and habitats will be enhancedby
developing
a locally
sponsored watershed
management planning processfor this unit.
CLEAR
CREEK
TION PROGRAM:

WATERSHED

DEMONSTRA-

Clear Creek hastentatively been
selected as a- demonstration watershed for the
CALFED Stage 1 (first seven years) Implementation
Program. During Stage 1, CALFED will support and
bolster ongoing efforts to implement a successful
management and rehabilitation effort within this
watershed so that lessonslearned in this watershed
can be applied to similar watersheds.
Clear Creek hassomeinteresting attributes that have
contributed to its selection.
n

Gravel extraction is a significant problem in many
areas of this ecological management zone, and a
cooperative effort is needed to relocate this activity to
sites away from the active stream channels.ERP also

The upper watershed is in mixed private and
federal ownership and is included in the
President’s Northwest Forest Planning effort.
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The watershed is addressed by the Northwest
Sacramento
Province
Advisory
Committee
comprised of representatives of federal agencies.
such as the U.S. Forest Service, U.S. Fish and
Wildlife Service, Bureau of Land Management
and others.

program to relocate gravel extraction operations to
areas outside the active stream channel.
Actions on Cow Creek include obtaining flow
agreements, screening diversions to protect all life
stages of anadromous fish, improving fish passage at
agricultural diversion structures, and fencing selected
riparian corridors
in the watershed
to exclude
livestock and promote riparian regeneration.

Streamflows in Clear Creek below Whiskeytown
Dam are controlled largely by the U.S. Bureau of
Reclamation.

BEAR
CREEK
ECOLOGICAL
MANAGEMENT
UNIT

Restoration of Clear Creek is specified in the
Central Valley Project Improvement Act.

The vision
for the Bear Creek Ecological
Management
Unit will .emphasize restoring and
maintaining important ecological processes, such as
streamflow and sediment supply. Steelhead trout is
an important
species that will benefit from
improvements
related
to fish passage
and
immigration
and holding, spawning, and rearing
habitats. The individual value of Bear Creek is small,
but, cumulatively, the values of streams such as this
can be integral and valuable in restoring ecological
health to the Bay-Delta system, particularly for the
steelhead trout and fall-run
chinook
salmon
resources. Recent, but limited field studies, have
shown that in some years lower Bear Creek can
provide valuable non-natal
rearing habitat for
juvenile salmonids.

Clear Creek supports chinook salmon and with
restoration could support spring-run
chinook
salmon and steelhead.
Strong local interest in the watershed.
Many ongoing restoration activities and efforts
such as land acquisition, water acquisition, and
passage improvement.
Cumulatively, an investment in Clear Creek during
Stage 1 will provide direct benefits to the creek and
provide the types of restoration information needed
to move the Ecosystem Restoration Program into
subsequent implementation
phases successfully. A
few of the lessons to be learned in the Clear Creek
watershed include how to improve overall watershed
health; how to integrate local, state, federal, and
private efforts in a large-scale restoration program;
how to design and implement actions to benefit
spring-run chinook salmon and steelhead; and how
best to manage ecological processes such as sediment
transport and stream ,meander in a highly modified
stream system.

ERP recommends a cooperative program with water
users for a mutually acceptable flow schedule that
would not only provide protection for downstream
migrating salmon and steelhead but recognize the
needs of agriculture. This could be accomplished
through conjunctive use of groundwater.

BATTLE
CREEK
’ MANAGEMENT

Cow
CREEK
ECOLOGICAL
MANAGEMENT
UNIT

ECOLOGICAL
UNIT

The vision for the Battle Creek Ecological
Management
Unit includes support for a local
watershed
conservancy
and developing
and
implementing
a
comprehensive
watershed
management plan, increasing flows, improving the
water supply to Coleman National Fish Hatchery,
removing diversion dams or installing new ladders,
and installing positive-barrier
fish screens to protect
juvenile chinook salmon and steelhead.

The vision for the Cow Creek Ecological Unit
includes reducing adverse effects of timber harvest,
erosion, and cattle grazing on the stream and riparian
system and maintaining or restoring streamflows
during important periods of the year to allow fish
migration, spawning, and rearing of fall-run chinook
salmon and steelhead trout. A comprehensive
watershed
management
plan developed
and
implemented
at the local level would assist in
restoring this creek. In addition, sediment in the
creek is limited, and ERP recommends a cooperative

Improving
water management
operations
and
installing positive-barrier
fish screens will provide
large benefits to many aspects of the ecological
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processes and fish and wildlife in the watershed.
ERPP also envisions that Battle Creek will provide
much-needed habitat for steelhead trout and springrun chinook salmon, in addition to maintaining its
existing importance to fall- and late-fall-run chinook.

VISIONS

most of the floodplain. The larger events occur within
S-, lo-, 50-year or longer intervals. This recurrent
flood cycle maintains the stream channel, allows the
stream to contact higher gravel terraces, supports
riparian regeneration, and allows the stream channel
to migrate. The vision is that the floodplains of
streams in the North Sacramento Valley Ecological
Management Zone will be maintained at levels that
permit recurrent floodplain inundation.

FOR ECOLOGICAL
PROCESSES

CENTFWL
VALLEV
STREAMFLOW:
Healthy
instream flows are sustained to restore ecological
processes and functions that maintain habitats and
support aquatic species. Streamflows shape channels,
support riparian vegetation, provide habitat for fish,
and transport
young fish downstream.
Healthy
streamflow patterns in the streams tributarLto
the
upper reach of the Sacramento River below Keswick
Dam would emulate natural flow patterns, with latewinter/ early-spring flow events and sustained flow
well into the summer. The vision is that streamflow
will be provided at levels that activate ecological
processes that shape the stream channels and sustain
riparian and riverine aquatic habitat, transport
sediments, and sustain juvenile anadromous fish
during the summer.

CENTRAL
VALLEY
STREAM
TEMPERATURES: Chinook salmon and steelhead
are dependent on specific stream temperatures.
Optimum spawning and egg incubation typically
occurs at 52°F while optimum rearing temperatures
are slightly higher. Temperature requirements also
vary among chinook runs, species,and life stage.The
vision for stream temperatures is to provide sufEcienr
flows to sustain cool water during important life
stages to support all life stagesof chinook salmon,
steelhead,and other aquatic organisms.

VISION

FOR HABITATS

RIPARIAN AND RIVERINE AQUATIC: Riparian
and riverine aquatic habitats support a wide diversity
of aquatic and terrestrial species.Healthy riparian
corridors provide a migratory pathway between lower
and higher elevation habitats for terrestrial species,
such as,mammalsand birds. Shaded riverine aquatic
habitat provides important habitat complexity in the
stream, which includes shade and escapecover for
juvenile fish. The vision for riparian and riverine
aquatic habitat is that riparian corridors will be
maintain and restored by improvements in sediment
transport, stream meander, reconnecting streams
with their floodplains, improved grazing and other
land use practices, and by the creation of extensive
riparian protection zones.

COARSE
SEDIMENT
SUPPLY:
The supply
of
sediments to the streams in the North Sacramento
Valley Ecological Management Zone support stream
channel maintenance and sustain riparian and riverine
aquatic habitats. This sediment includes gravel for
fish spawning and invertebrate production The vision
is that processes to provide a continual supply of
coarse sediments will be restored, reactivated, or
supplemented.
.
STREAM
MEANDER:
Streams in the North
Sacramento Valley Ecological Management Zone
exhibit a natural tendency to meander. This provides
for the continual
supply of coarse sediments,
regeneration
of the riparian corridor, and the
rejuvenation of gravels used for fish spawning and
invertebrate production. The vision is that stream
meander corridors will be established or maintained
to provide much of the needed sediments and
habitats for fish, wildlife, and plant communities.

FRESHWATER FISH HABITAT: Freshwater fish
habitat is an important component needed to ensure
the sustainability of resident native and anadromous
fish species.The upper sections of these creeks are
typical of salmon-steelheadstreamswhile the lower
sectionsare typical of fall chinook salmon spawning
streams(Moyle and Ellison 199 1). The vision is that
the quality of freshwater fish habitat in these creeks
will be maintained through actions directed at
streamflows, coarse sediment supply, stream
meander, natura1 floodplain and flood processes,and

NATURAL
FLOODPUUN
AND
FLOOD
PROCESSES:
River-floodplain
interactions
are
important ecological events that occur at varying
intervals, ranging from annual inundation of some of
the floodplain to flow or flood events that inundate
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maintaining
and restoring
aquatic habitats.

riparian

and riverine

ESSENTIAL
FISH HABITAT:
Clear, Cow, Bear,
and Battle creeks have been identified as Essential
Fish Habitat (EFH) based on the definition of waters
currently
or historically
accessible to salmon
(National Marine Fisheries Service 1998). The vision
is for EFH is to maintain or restore substrate
composition; water quality; water quantity, depth
and velocity; channel gradient and stability; food;
cover and habitat complexity;
space; access and
passage; and flood plain and habitat connectivity.

VISIONS
FOR REDUCING
OR
ELIMINATING
STRESSOIW

North Sacramento Valley Ecological Management
Zone is to establish cooperative and coordinated
eradication programs that allow the regeneration of
native plant species and communities.
HARVEST
OF FISH AND WILDLIFE:
The legal
and illegal harvest of chinook salmon and steelhead
can reduce the number of spawning fish and impair
other efforts to restore and rebuild spawning
populations. The vision for illegal harvest in the
North Sacramento Valley Ecological Management
Zone is to implement a stronger enforcement and
public education program. The vision for legal
harvest is to develop harvest strategies that assist in
the restoration of anadromous fish species.
ARTIFICIAL
PROPAGATION
OF FISH: The
production
of chinook salmon and steelhead at
Coleman National Fish Hatchery on Battle Creek
supports important sport and commercial fisheries
and mitigates loss of salmon and steelhead habitat
that resulted from the construction of Shasta Dam.
Due to release practices, hatchery fish from Battle
Creek
and other
Central
Valley
hatcheries
supplement
the numbers of naturally spawning
salmon and steelhead in the Sacramento River and its
tributaries.
Hatchery
salmon and steelhead may
impede the recovery of wild populations
by
competing with wild stocks for resources. Hatcheryraised stocks, because of interbreeding, may not be
genetically equivalent to wild stocks or may not have
the instincts to survive in the wild. If these stocks
breed with wild populations, overall genetic integrity
suffers. The vision for artificial production in the
North Sacramento Valley Ecological Management
Zone is to implement
hatchery practices that
contribute to .the recovery of naturally spawning
populations of salmon and steelhead.

WATER DIVERSION:
Water diversions reduce the
quantity of flow below the diversion point and cause
direct mortality by entraining young fish. The vision
for water diversion and unscreened diversion in the
North Sacramento Valley Ecological Management
Zone is that sufficient flow will remain below
diversion points to permit the successful up- and
downstream migration of adult and juvenile fish, and
that water will be diverted through state-of-the-art
positive barrier fish screens to reduce loss of juvenile
fish.
DAMS AND OTHER STRUCTURES:
Instream
structures
frequently
impair the upstream
and
downstream passage of anadromous fish. The vision
for the North
Sacramento
Valley Ecological
Management Zone is that the connections between
upstream holding, spawning, rearing, and migration
habitats
and the Sacramento
River will
be
reestablished,
improved,
maintained,
and
to permit
reestablished
on some - streams
unobstructed fish passage.

VISIONS

GRAVEL
MINING:
Gravel mining can greatly
reduce the quality and quantity of coarse sediments
in the streams of the North Sacramento Valley
Ecological Management Zone. The vision is that
gravel mining operations in the active stream channel
will be reduced and relocated to alluvial deposits
outside the active stream channel.

FOR SPECIES

SPRING-RUN
CHINOOK
SALMON:
The vision
for spring-run chinook is to recover this State and
federally listed threatened species, achieve naturally
spawning
population
levels that support
and
maintain ocean commercial and ocean and inland
recreational fisheries, and that fully use existing and
restored habitats. Spring-run chinook are dependent
on late-winter/early-spring
flows for upstream
passage, deep pools and cool water for oversummer
survival, and quality gravel for successful spawning in
the fall. The vision for spring-run chinook salmon in

INVASIVE
RIPAR’IAN
AND MARSH
PLANTS:
Invasive riparian plants can outcompete and displace
native vegetation. Often, these invasive plants have
little or no value to native fish or wildlife species. The
vision for reducing invasive riparian plants in the
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the
North
Sacramento
Valley
Ecological
Management
Zone is that stream flows, stream
temperatures, and habitat quality will be maintained
or restored to a level that will support adult and
juvenile populations.

flows, stream temperatures, and habitat quality will
be maintained or restored to a level that will support
adult and juvenile populations.
LAMPREY:
The vision for lamprey is to maintain
and restorepopulation distribution and abundanceto
higher levels than at present. The vision is also to
understand life history better and identify factors in
the
North
Sacramento Valley
Ecological
Management Zone which influence abundance.
Lamprey are a California speciesof specialconcern.
Becauseof limited information regarding their status,
distribution, and abundance, the vision is that
additional monitoring or research will provide the
data necessaryto manage these speciesand their
habitat better.

CHINOOK
SALMON:
The vision
for winter-run chinook salmon is to establish a selfsustaining population in Battle Creek to accelerate
the recovery of this State and federally listed
endangered species. The vision includes improved
adult passage to upstream holding and spawning
areas, high quality rearing of juvenile fish, limited
interactions with hatchery produced fish, and no
threat of diseasecontamination from the operation of
Coleman National Fish Hatchery.
-

WINTER-RUN

FALL-RUN
CHINOOK
SALMON:
The vision for
the fall-run chinook salmon is to recover all stocks.
Fall-run chinook depend on late-summer and fall
streamflow for accessto spawning areasin the lower
stream reaches. Habitat suitability is influenced by
water temperatures. The vision for fall-run chinook
salmon in the North Sacramento Valley Ecological
Management Zone is that stream flows, stream
temperatures, and habitat quality will be maintained
or restored to a level that will support spawning and
juvenile rearing through late spring.

ANUFUIN
AMPHIBIANS:
The vision for
the native anuran speciesis to stop habitat lossand
the introduction of other speciesthat prey on the
different life stages of these amphibians. Ongoing
surveys to monitor known populations and find
additional populations isessentialto gauge the health
of the speciesin this group. To stabilize and increase
anuran populations, non-native predator species
should be eliminated from historic habitat ranges.
Increasing suitable habitat and maintaining clean
water supplies that meet the needs of the various
speciesin this group is essential.
NATIVE

The
vision for late-fall-run chinook salmon is to recover
this run which, along with fall-run chinook, is a
candidate species under the ESA. Late-fall-run
chinook typically depend on winter stream flows and
quality spawning gravel. The vision for late-fall-run
chinook salmon in the North Sacramento Valley
Ecological Management Zone is to improve ecological
processesthat create and maintain spawning habitat
and reduce sourcesof mortality that diminish survival
of juvenile and adult fish.
LATE-FALL-RUN

CHINOOK

SALMON:

The vision for native
resident fish speciesis to maintain and restore by
distribution and abundance of species such as
Sacramento black&h,
hardhead, tule perch,
Sacramentosucker, and California roach.
NATIVE

RESIDENT

FISH:

MIGRATORY
BIRDS: The vision
for neotropical migratory birds is to maintain and
increase’populations through restoring habitats on
which they depend.
NEOTROPICAL

SPECIES
AND COMMUNITIES:
The
vision for plan speciesand communities is to protect
and restoretheseresourcesin conjunction with efforts
to protect and restore riparian and riverine aquatic
habitats.
PLANT

The vision for Central Valley
steelheadis to recover this federally listed threatened
speciesand achieve naturally spawning populations of
sufficient size to support inland recreational fishing at
that use fully existing and restored habitats. Juvenile
steelhead are dependent on cool water for
oversummer survival, late-winter/early-spring flows
for downstream passage, and quality gravel for
successfulspawning in the late winter/early spring.
The vision for steelhead in the North Sacramento
Valley Ecological Management Zone is that stream
STEELHEAD:

VALLEV

ELDERBERRY

LONGHORN

BEETLE:

The vision fr the valley elderberry longhorn beetle is
to recover this federally listed threatened speciesby
increasing its populations and abundance through
restoration of riparian systems.
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INTEGRATION
RESTORATION
LOCAL

WITH OTHER
PROGRAMS

WATERSHED
GROUPS

PLANNING

Maintaining and restoring the ecological health of the
ecological units in the North Sacramento Valley
Ecological Management Zone will depend heavily on
local watershed groups, including local landowners,
concerned individuals, and local resource experts. The
watershed
planning groups in this Ecological
Management
Zone include the Clear Creek
Coordinated
Resources
Management
.Program
fostered
by
the Western
Shasta
Resource
Conservation District, the Battle Creek Watershed
Conservancy, and the Battle Creek Working Group.
Additional groups are needed to sponsor watershed
planning and restoration on Cow and Bear Creeks.
Ecosystem
restoration
efforts
in the North
Sacramento Valley Ecological Management Zone will
be linked to cooperation from resource agencies, such
as DFG, DWR, USFWS, and the National Marine
Fisheries Service (NMFS), as well as participation and
support
from Reclamation,
the U.S. Natural
Resources
Conservation
Service,
and private
organizations,
water
districts,
and individual
landowners.
These groups are expected to work
together to maintain and restore streamflows and fish
and wildlife habitat, reduce the impacts of diversions,
and minimize poaching and habitat and water quality
degradation in basin streams. In support of this
effort, cooperating agencies should seek funding for
enhancing
streamflows,
reducing
fish passage
problems, screening diversions, restoring habitats,
and increasing Fish and Game Code enforcement to
protect
recovering
populations
of salmon and
steelhead.

SALMON,
STEELHEAD TROUT AND
ANADROMOUS
FISHERIES
PROGRAM ACT
Established in 1988 by Senate Bill 2261, this Act
directs the California Department of Fish and Game
to implement measures to double the numbers of
salmon and steelhead present in the Central Valley
(DFG 1993, 1996). The DFG’s salmon and steelhead
restoration program includes cooperative efforts with
‘local governments and private landowners to identify

probIem areas and assist in obtaining funding for
feasibility studies, environmental
permitting,
and
project construction. The vision will help DFG as it
progresses
toward
doubling
the number
of
anadromous fish over the number present in 1988.

CENTRAL VALLEY
IMPROVEMENT

PROJECT
ACT

The U.S. Fish and Wildlife Service and the Bureau of
Reclamation (Reclamation)
are implementing
the
Central Valley Project Improvement Act (CVPIA),
which provides for restoring habitats and species and
eliminating many stressors. Key elements of the
CVPIA program include the Anadromous
Fish
Restoration
Program
(USFWS
1997) and the
Anadromous
Fish Screening
Program.
Other
elements
are directed
at spawning
gravel
replenishment,
fish passage, water temperature
control in the reach between Keswick Dam and the
Red Bluff Diversion Dam (RBDD), water acquisition,
and other measures that will contribute to health of
the Sacramento River and Sacramento-San Joaquin
Delta Ecological Management Zones.
The vision for the North
Sacramento Valley
Ecological Management Zone will contribute to and
benefit from the Anadromous
Fish Restoration
Program (AFRP), which strives to double the natural
production of anadromous fish in the system over the
average production from 1967 through 199 1.
Reclamation is willing to assist in restoring Clear
Creek fish habitat by providing additional water from
Whiskeytown
Reservoir. The amount of water
committed to maintain salmon and steelhead in this
creek is presently recommended not to exceed 200 cfs
from October ‘1 through June 1 and 150 cfs from
June 2 to September 30. Flows are being evaluated to
determine the instream flow necessary to achieve the
strategic objective. Because passage and McCormickSaeltzer Dam has not yet been achieved, AFRP
recommended flows had not been implemented for
Clear Creek until 1999. (USBR and DWR 1999).

CALFED

BAY-DELTA

PROGRAM

CALFED has funded eight ecosystem restoration
projects in the North Sacramento Valley. Most
projects improve fish passage. One project improves
fish passage on Clear Creek by removing McCormick
Seltzer Dam. The most significant project in the Zone
will re-open 42 miles of fish habitat on Battle Creek
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by removing five diversion dams and laddering and
screening another three dams.

LINKAGE
ECOLOGICAL

or providing compensation for forgone power
production. This includes negotiating and renewing
an existing interim flow agreement between the
Department of the Interior and PG&E, and includes
a provision for the releaseof 10 cfs at the Asbury
Pump on Baldwin Creek, a dewatered Battle Creek
tributary that provides steelhead habitat. In the
longer-term, this action alsoinclude increasingflows
at the Inskip Diversion Dam and South Diversion
Dam.

TO OTHER
MANAGEMENT
ZONES

Ecological
The
North
Sacramento
Valley
Management Zone is most closely linked to the
Sacramento River Ecological Management Zone and
exhibits a high degree of connectivity through the
confluences of Clear, Cow, Bear, and Battle creeks
with the Sacramento River Ecological Management
Zone.

TARGET 4: Augment flow in Bear Creek by 10 to
20 cfs (+).
PROGRAMMATIC
ACTION 4A: Increase Bear
Creek flow by purchasing water from willing sellers
or providing alternative sourcesof water to diverters
during important fish-passageperiods in spring and
fall.

RESTORATION
TARGETS
AND
PROGRAMMATIC
ACTIONS
ECOLOGICAL
CENTRAL

VALLEY

PROCESSES

RATIONALE: The streamsin the North Sacramento
Valley Ecological Management Zone provide
extremely valuable habitat for spring-run chinook
salmonand steelheadtrout. One of the key attributes
of streamflow in this ecological zone is providing for
successfulupstream passageof adult fish. Water is
diverted from the streamsin this zone during periods
that impair upstreampassageconditions and prevent
fish from reaching important oversummering or
spawning habitats. Acquiring water from willing
sellers and implementing programs to provide
alternative sourcesof water during important periods
are direct approaches to solving this problem. For
example, natural flow in Bear Creek is often lessthan
the combined water rights of diverters, resulting in
total dewatering of the creek in the valley reach
during critical periods for chinook salmon.

STREAMFLOWS

PROGRAMMATIC
TARGET: More closely emulate
the seasonal streamflow patterns in Clear, Cow, and
Battle Creeks in most year types by providing or
maintaining
flows that mobilize and transport
sediments, allow upstream and downstream
fish
passage, create point bars, and contribute to stream
channel meander and riparian vegetation succession.
TARGET
1: Increase flow in Cow Creek by 25 to
50 cfs, corresponding to the natural seasonalrunoff
pattern, and maintain 25 to 75 cfs during October
(++).
PROGRAMMATIC
ACTION 1 A: Increaseflow in
Cow Creek by purchaiing water from willing sellers
or implementing a conjunctive groundwater
program.

The recbmmended AFRO flows for Clear Creek, as
specified in Target 2, should be implemented
immediately. Because steelhead and spring-run
chinook salmon do not have accessto the better
quality habitat upstream of McCormick-Saeltzer
Dam, it is all the more imperative that adequate
flows be provided to restore some conditions in the
reach immediately below McCormick-Saelrzer Dam.

TARGET 2: Increase flow in Clear Creek to 150 to
200 cfs from October 1 to May 31 and to 100 to
150 cfs from June 1 to September 30 (e+).
PROGRAMMATIC
ACTION
2~: Develop a
cooperative program to improve flow in Clear Creek
by increasing releases from Clair Hill and
Whiskeytown Dams.

CENTRAL
VALLEY STREAM
TEMPERATURES

Target 3: Augment flow in Battle Creek by 25 to 50
cfs (++).

TARGET 1: Maintain suitable water temperatures
in Clear Creek for spring-run chinook and steelhead
holding, spawning, and rearing (*+e).

PROGRAMMATIC
ACTION 3~: Increaseflow in
Battle Creek by purchasing water from willing sellers
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PROGFWMMATIC
ACTION
1 A: LMaintain 56” F
to approximately 3 miles downstream of McCormickSaeltzer Dam from June through September.

TARGET 3: Increase existing levels of erosion and
gravel recruitment in Cow Creek by 5 to 10 tons per
year (++).

RATIONALE:
Whiskeycown
Dam provides an
excellent opportunity co provide cold water releases
from the lower depths of the reservoir to maintain
adequate temperatures
in downstream
reaches.
Because salmon and steelhead cannot access the
higher quality habitat in Clear Creek because of the
blockage ar McCormick-Saeltzer
Dam, greater
releases will need to be made from Whiskeytown
Dam ro provide adequate temperatures in rhe reach
below McCormick-Saeltzer
Dam. Preliminary results
from an ongoing temperature
modeling study
indicate that the AFRP recommended flows have the
potential to provide adequate temperatures
for
spring-run chinook and steelhead in most of the reach
between Whiskeytown
and McCormick-Saeltzer
dams. However,
higher releases are necessary to
achieve adequate temperatures below McCormickuntil
Sael tzer Dam, and should be provided
McCormick-Saeltzer
Dam is removed or modified to
allow passage.

PROGRAMMATIC
ACTION
3~:
Develop a
cooperative program to protect existing gravel and
bedload movement in Cow Creek to maintain and
increase future spawning gravel and sediment input
to the Sacramento River by 5 to 10 tons per year by
evaluating the need or opportunity
to acquire or
relocate existing gravel mining operations.

COARSE

SEDIMENT

RATIONALE:
Replenishing gravel supplies to a level
sufficient ro support rarget populations ofsalmon and
steelhead will help to improve populations
to
desirable levels and to maintain such levels once
achieved. Replenishing.gravels
to maintain channelforming processes and stream meanders will help to
maintain fish and wildlife habitars, aquatic algae and
invertebrate production, and streamside vegetation
(California Deparrmen t of Water Resources 1980). A
predevelopmenr level ofgravel recruitment should be
adequate to restore the natural ecological processes
supported by gravel recruitment,
but may require
experimenting,
monitoring,
and experience to
determine the exact amount of gravel supplies
the objective.
Sediment
necessary
to meet
supplementation
programs,
particularly
in Clear
Creek, need to be integrated with downstream
channel forming processes, which will be subject to
adaptive management, as well as to a different set of
indicators, monitoring, and focused research.

SUPPLY

TARGET 1: Maintain existing levels of erosion and
gravel recruitment
in streams of the North
Sacramento Valley Ecological Unit and, where
necessary, supplement gravel recruitment through
adaptive management and monitoring (++).
PROGFIAMMATIC
ACTION
IA: Cooperatively
develop appropriate land use plans that allow the
natural recruitment of sediments to streams in the
North Sacramento Valley Ecological Management
Zone.

with a natural shape and hydrologic condition
generally support
the most diverse mixture of
habitats and fish and wildlife species and are the most
resilient to natural or human disturbance.

Rivers

STREAM

TARGET 2: Increase existing levels of erosion and
gravel recruitment in Clear Creek by 25 to 50 tons
per year (+++).

PROGFMMMATIC
TARGET: Preserve or restore
the 5O- to IOO-year floodplain and existing channel
meander characteristics of Clear Creek, particularly in
low-gradient
areas where most sediment deposition
occurs and where stream channel meander is most
pronounced.

PROGFWMMATIC
ACTION
2~:
Develop a
cooperative program to improve gravel quality and
quantity in lower Clear Creek to maintain highquality spawning conditions for fall-run and late-fallrun chinook salmon by evaluating the addition of
5,000 to 10,000 cubic yards annually as needed.
Evaluate the need to acquire or relocate existing
mining operations. Alter McCormick Dam so that it
no longer serves as a sediment trap.

w- 4
L.

MEANDER

TARGET 1: Create a more defined stream channel
in the lower 8 miles of Clear Creek to facilitate fish
passage (+++).
PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to improve lower Clear Creek by

Volume II: Ecosystem Restoration Program Plan
North Sacramento Valley Ecological Management Zone VkiOn
July 2000

BAY-DFLTA

PROGRAh4

203

maintaining flow connection with the Sacramento
River and by regrading the channel and controlling
vegetative encroachment.

TARGET
2: Reestablish natural floodplain and
stream channel meander in the lower 8 miles of Clear
Creek (+a+).

deposits in Cfea; and Cow
Creeks are essenrial to maintaining spawning and
rearing habirars of spring-run and fall-run chinook
salmon, steelhead rrour, and other native fishes.
Whiskeyrown Dam and exrensivegravel exrraction in
rhe lower secrion of Clear Creek continue to reduce
rhe amounr of gravel transport to near zero; Cow
Creek has only a limited natural supply and has been
adversely affecred by gravel mining in its lower reach
near the Sacramento River. Although small, Cow
Creek provides an imporranr source of sediments to
rhe Sacramento River, particularly for rhe 8- to IOmile reach between its confluence with the rGer and
rhe mourh of Cottonwood Creek.

PROGRAMMATIC
ACTION 2~: Acquire floodplains by direct purchase or easement from willing
sellers.

RATIONALE:

Gravel

RATIONALE:
Floodplain inundation is a secondary
ecosysrem processrelated to water and sedimenrflow
rhrough the Sacramento-San Joaquin Basin in

combination with geomorphology. Floodplain
inundation is rhe seasonal flooding of floodplain
habitats, including riparian and riverine aquatic
habitats. Flooding of these lands provides important
seasonalhabitat for fish and wildlife and provides
sediment and nutrients-- to borh the flooded lands and
aquaric habitats that receive rhe returning or abating
floodwarer. The flooding also shapesthe plant and
animal communiries in the riparian, wetland, and
upland areas subject to flooding. Opporrunities to
restore or enhance this process are possible by
changing landscape fearures, geomorphology, and
seasonaldistribution of flow volume through
the

The Clear Creek stream meander belr is the area in
which narural bank erosion and floodplain and
sediment bar accretions occur. Natural stream
alluvial systems
function
meander belrs
in
dynamically to transport and deposit skdimenrs and
provide rransienr habitats imporranr co algae, aquatic
invertebrares, and fish, as well as surfaces that are
colonized by natural vegetation that support wildlife.
The flow regime in Clear Creek has recently been
improved by adding supplemental water under
provisions of the CVPIA. This improved flow will
assist in reacrivaring or reestablishing the natural
srream channel. Because of low flow releasesfrom
Whiskeytown Lake in the past, vegetation has
encroachedinto rhe lower 3 miles of the aerive stream
channel on Clear Creek, prevenred meander, and
fixed stream sediments so thar rhey no longer
contribute ro sediment load or provide substrate for
fish spawning.
NATURAL

sys tern.

HABITATS
RIPARIAN
AND
AQUATIC

SHADED RIVERINE
HABITATS

TARGET 1: Develop a cooperative program to
establish riparian habitat zones along streams in the
North Sacramento Valley Ecological Management
Zone through
conservation easements, fee
acquisition, or voluntary landowner measures
(+++).
ACTION
IA:
Develop a
cooperative program to establish, restore, and
maintain riparian habitat on Clear Creek through
conservation easements,fee acquisition, or voluntary
landowner cooperation.
PROGRAMMATIC

FLOODPLAIN
AND FLOOD
PROCESSES

TARGET 1: Increaseand maintain the Clear Creek
floodplain in conjunction with stream meander
corridor restoration (+++).

PROGFSAMMATIC
ACTION
1 B: Encourage the
development of long-term measures in the
comprehensive watershed management plan to
improve water temperatures further. Develop a
cooperative approach with counties and local agencies
to implement land use management that protects
riparian vegetation along the streams and develop
programs to restore lost riparian vegetation

PROGFUMMATIC
ACTIONS
IA:
Develop a
cooperative program, consistent with flood control
requirements, to evaluate the feasibility of altering
stream channel configuration in the lower reach of
Clear Creek to increasethe area1extent of floodplains
inundated during high flow periods.
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PROGRAMMATIC
ACTION
1 c: Cooperatively
negotiate
with
local
long-term
agreements
landowners
to maintain
and restore riparian
communities along the lower reaches of Cow, Bear,
and Battle Creeks.

ELIMINATING
WATER

ESSENTIAL

FISH HABITAT
FISH HABITAT

DIVERSIONS

TARGET 1: Reduce or eliminate conflicts between
the diversion of water and chinook salmon and
steelheadpopulations at all diversion sites on Battle
Creek (4++).

RATIONALE:
Many species of fish and wildlife in
Ecological
rhe
North
Sacramento
Valley
Management Zone depend on or are closely
associaredwith riparian habitats. Of all the habitat
types in California, riparian habitats support the
greatest diversity of wildlife species.Degradation and
lossof riparian habitat have substantially reduced the
habitat area available for associated wildlife species.
Loss of this habitat has reduced water storage,
nutrient cycling, and foodweb support funct&ns.
FRESHWATER

OR REDUCING

STRESSORS

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative approach to improve conditions for
anadromous fish in Battle Creek by installing fish
screens at diversions on the North Fork, three
diversions on the South Fork, and one diversion on
the mainstem, or acquire water rights to eliminate
the need for diversion and screening.
-PROGRAMMATIC
ACTION
1 B: Improve the
survival of adult salmon and steelheadin Battle Creek
by installing a rack at the head of Gover Diversion
Canal to prevent straying.

AND

TARGET

1: Maintain and improve existing
freshwater fish habitat and essential fish habitat
through the integration of actions described for
ecological processes,habitats, and stressorreduction
or elimination (++).

TARGET 2: Reduce or eliminate conflicts between
the diversion of water and chinook salmon and
steelheadpopulations at all diversions on Clear Creek
(444).

PROGMMMATIC

ACTIONS:
No additional
programmatic actions are recommended.

PROGRAMMATIC
ACTION 2~: Acquire water
rights on Clear Creek at the McCormick Dam to
eliminate the need for diversion.

RATIONALE: Freshwater fish habitat and essenrial
fish habitat are evaluated in terms of their quality and
quantity. Actions described for ecological processes,
stressorreduction, and riparian and riverine aquatic
habitat should suffice to maintain and restore
freshwater fish habitat and essentialfish habitat. For
example, maintaining freshwater and essentialfish
habitats is governed by actions to maintain
streamflow, improve coarse sediment supplies,
maintain stream meander, maintain or restore
connectivity of creeks in the Ecological Management
Zone and their floodplains, and in maintaining and
restoring riparian and riverine aquatic habitats.

RATIONALE:

Diversion, storage, and release of
and Battle Creek watersheds
directly affect fish and other aquatic organisms and
indirectly affect habitat, foodweb production,
and
speciesabundance and distribution. Diversions cause
consumptive loss of water, nutrients,
sediment, and
organisms. Seasonal and daily patterns of water
released from storage may affect habitat, water
quality, and aquatic organism survival. In both Clear
and Battle Creeks, water diversion and water
diversion structures have caused direct mortality by
removing juvenile fish from the population. Water
diversion also reduces the quantity and quality of
streamhabitats and the resiliency of fish populations.
Where possible,it is more desirable to acquire water
rights and eliminate the diversion than to install
positive-barrier fish screens.

water

Successful implementation of theses actions will
improve conditions for anadromous fish and native
resident fish speciessuch as roach and Sacramento
suckers, as well as a variety of riparian dependent
avian species.

in the

Clear

Coleman National Fish Hatchery receives its water
supply directly from Battle Creek. Because of past
incidences of disease at the hatchery, adult salmon
and steelheadwere blocked from ascending the creek
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to prevent disease conraminacion of the hatchery
water supply. Restoring naturally spawning fish in
the upper watershed will be limited until water can
be supplied to the hatchery in a manner char will not
contribute to diseaseoutbreaks.
DAMS

AND OTHER

TARGET 4: Work with landowners and diverters
on Clear Creek to improve fish passagebetween its
mouth and Whiskeytown Dam (+++).
PROGRAMMATIC
ACTION
4~:
Develop a
cooperative program to improve fish passageon Clear
Creek by upgrading or replacing the fish ladder at
lMcCormick-Saeltzer Dam or removing or modifying
the dam.

STRUCTURES

PROGFUMMATIC
TARGET: Eliminate or reduce
water useschat conflict with increasing the successof
spawning adults and survival of juvenile chinook
salmon and steelheadby managing or reconstructing
facilities and structures that impair fish passageand
fish survival.

TARGET 5: Reduce or eliminate conflicts in Battle
Creek that require excluding anadromous fish from
the upper section to protect the Coleman National
Fish Hatchery water supply (+4+).
PROGFWMMATIC
ACTION
5~: Develop an
alternative or disease-freewater supply for Coleman
National Fish Hatchee- to allow naturally spawning
salmonand steelheadaccessto the full 4 l-mile reach
of Battle Creek above the Coleman National Fish
Hatchery weir.

TARGET 1: Work with landowners and diverters
on Cow Creek to reduce the adverse effats of
13 seasonaldiversion dams in South Cow Creek, 10
diversion dams in Old Cow Creek, two diversion
damsin North Cow Creek, and one diversion dam in
Clover Creek that are barriers to migrating chinook
salmon and steelhead. This would allow accessto
100% of the habitat below any natural bedrock falls
(444).

TARGET 6: Investigate possibility of providing
accessfor steelhead to streams above Whiskeytown
Dam (+).

PROGRAMMATIC ACTION 1 A: Improve passage
conditions on Cow Creek by acquiring water rights
from willing sellers, removing diversions, or
providing alternative sources of water during
important periods.

PROGRAMMATIC
ACTION
6~: Develop a
cooperative
investigate
the
program
to
feasibility/desirability
of providing
access to
tributaries above Whiskeytown Dam.
RATIONALE: Dams and their associatedreservoirs
block fish movement, alter water quality, remove fish
and wildlife habitat, and alter hydrological and
sediment processes. Fish passage in the North
Sacramento Valley Ecological Management Zone is
impaired in Cleat, Cow, Beat, and Battle Creeksby a
variety of permanent and seasonal dams used to
divert water for; irrigation otpowet production. Other
human-made structures may block fish movement or
provide habitar or opportunities for predatory fish
and wildlife, which could be detrimental to fish
species of specialconcern, such asspring-run chinook
salmon and steelhead, as well as the other stocks of
chinook salmon. Improved fish passage will allow
anadtomousfish to teach the habitat they requite to
oversummer
or to spawn in good health, which will
increase their chances of successfully spawning.
Improved fish passage will allow anadtomous
fish to
teach rhe habitat they requite to oversummer
or CO
spawn and teat in good health, which will increase
their chancesof successfulspawning.

TARGET 2: Work with landowners and diverters
on Bear Creek to reduce the adverse effects of
dewatering the stream channel at seasonaldiversion
dams, which results in no passagefor migrating
chinook salmon (+++).
.
PROGFWMMATIC ACTION 2~: Improve passage
and habitat conditions in Bear Creek by acquiring
water rights from willing sellers, evaluating the
removal of diversion dams, or providing alternative
sourcesof water during important periods.
TARGET 3: Work with landowners, diverters, and
other state or federal agenciesmanaging Battle Creek
to improve fish passage(+++).
PROGMMMATIC
ACTION
3~: Develop a
cooperative program to upgrade or replace existing
fish laddersor evaluate the removal of diversion dams
and other impediments to passage.

Volume II: Ecosystem Restoration Program Plan
North Sacramento Valley Ecological Management Zone Vision
July 2000

206

HARVEST

OF FISH

AND

WILDLIFE

2: Limit hatchery stocking if populations
of salmon or steelhead can be sustained by natural
production (+++).
TARGET

1:
Develop harvest management
strategies that allow wild, naturally produced fish
spawning populations to attain levels that fully use
existing and restored habitat, and focus harvest on
hatchery-produced fish (a++).
TARGET

ACTION
2~:
Augment
populations of fall chinook salmon and steelheadonly
when alternative measuresare deemedinsufficient to
provide recovery of the populations.
PROGFWMMATIC

PROGRAMMATIC
ACTION 1 A: Control illegal
harvest by providing increasedenforcement efforts.

TARGET

3: Minimize further threats of hatchery
fish contaminating naturally produced stocks of
chinook salmon and steelhead(+++).

ACTION
1 B: Develop harvest
managementplans with commercial and recreational
fishery organizations, resourcemanagement agencies,
and other stakeholdersto meet the target.
PROGRAMMATIC

Adopt methods
for selecting adult spawnersfor the hatchery from an
appropriate cross-section of the adult population
available to the hatchery.
PROGRAMMATIC

PROGFIAMMATIC
ACTION
Ic:
Continue the
mass-marking program and selective Tarvest
regulations for hatchery steelhead.
ACTION

3~:

In watershedssuch asthe Sacramento
Rivet and Battle Creek, where dams and habitat
degradation have limited natural spawning, hatchery
supplementation may be necessary. This would
sustainfishery harvest at former levels and maintain
a wild or naturally spawning population during
adverse conditions, such as droughts. Hatchery
augmentation, however, should be limited so asnot
to inhibit recovery and maintenance of wild
populations. Hatchery-teared salmon and steelhead
may directly compete with and prey on wild salmon
and steelhead. Hatchery fish may also threaten the
genetic integrity of wild stocks by interbreeding with
the wild fish. Although irreversible contamination of
the genetics of wild stocks has occurred, additional
protective measuresate necessaryto minimize further
degradation of genetic integrity. Because of the
extent of development on the Sacramento Rivet and
Battle Creek, chinook salmon and steelheadstocking
may be necessaryto rebuild and maintain stocks to
sustainsport and commercial fisheries.
RATIONALE:

Evaluate a
marking and selective fishery program for chinook
salmon.
PROGRAMMATIC

ACTION

ID:

RATIONALE:
Restoting
maintaining
and
populations of chinook salmon and steelhead
to levels
that fully take advantage of habitat may require
restricting harvest during and even after the recovery
period.
Involving
the various stakeholder
organizations should help to ensure a balanced and
fait allocation of available hat-vest. Target population
levels may be such that existing harvest levels of wild,
naturally produced fish cannot be sustained. For
populations supplemented with, hatchery fish,
selective fisheries may be necessary to limit the
harvest of wild fish, while hatchery fish ate harvested
at a level to reduce sheit potential to disrupt the
genetic integrity of wild populations.

SPECIES

TARGET 1: Minimize the likehhood that hatcheryreared salmon and steelhead produced in the
Coleman National Fish Hatchery will stray into nonnatal streams,thereby protecting naturally produced
salmon and steelhead(+++).

STEELHEAD

TROUT

TARGET
1: Investigate the
feasibility of using native rainbow trout currently
isolatedabove dams to rebuild or recreate a steelhead
run (+).

SUPPLEMENTAL

ACTION
IA:
Develop a
cooperative program to evaluate the benefits of
stocking hatchery-reared salmon and steelheadin the
SacramentoRiver and Battle Creek. Stocking may be
reduced in years when natural production is high.
PROGRAMMATIC

ACTION
IA:
Conduct a
comprehensive, basin-wide genetic evaluation of
Central Valley steelheadstocks that includes analysis
of self-sustaining populations of rainbow trout
PROGFIAMMATIC
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isolated above dams for purposes
suitable broodstock.

of identifying

a

Shasta and Tehama
counties,
Northern District. August 1994

PROGRAMMATIC
ACTION
1 B:
Conduct
hatchery/release
investigations
to determine
if
progeny of native resident rainbow trout raised in a
hatchery will emigrate to the ocean.

California.

Interagency Ecological Program Steelhead Project
Work Team. 1999. Monitoring, Assessment,and
Researchon Central Valley Steelhead: Status of
Knowledge, Review of Existing Programs, and
Assessment of Needs. in Comprehensive
Monitoring, Assessment,and ResearchProgram
Plan, Tech. App. VII- 11

RATIONALE:

Resident
rainbow
trout
and
sreelhead likely comprise a single,
interbreeding popularion in specific stream systerns
(IEP Steelhead Project Work Team 1999). Native,
resident rainbow trout presently isolated above dams
could possessthe generic traits thar would allow their
use as an experimental broodstock to restore
sreelhead. Planned and ongoing generic analyses,
conducted rhrough the Comprehensive eenrral
Valley SteelheadGeneric Evaluation (seeERPP Vol.
1, SpeciesVision for Steelhead Trout) and rhe Fish
and Wildlife Service Upper Sacramento River
Rainbow Trout Genetic Analysis, should be able to
elucidate genetic relationships of resident and
anadromous rainbow trout. If it is determined that
native populations exist, experiments could be
undertaken to determine if anadromous steelhead
could be derived from an experimental hatchery
popularion. If this is successful, rhen restoration of
some stocks of native Central Valley steelhead
thought to be extinct may be achievable through this

anadromous

The Nature Conservancy. 1995. Sacramento Valley
and foothill bioregional biological scoping
project. August 1995.
U.S. Bureau of Reclamation and California Dept. of
Water Resources. 1999. Effects of the Central
Valley‘ Project -and State Water Project
operations from Octbber 1998 through March
2000 on steelhead and spring-run chinook
salmon. Biological Assessmentfor ESA Section 7
consultation.
U.S. Bureau of Reclamation. 1999. Value Planning:
Lower Clear Creek Hydraulic Analysis at
Whiskeytown Dam. May 7, 1999.
U.S. Fish and Wildlife Service. 1997. Revised draft
restoration plan for the anadromous fish
restoration program: a plan to increase the
natural production of anadromous fish in the
Central Valley of California. May 30, 1997.

method.
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+ COTTONWOOD

-

CREEK ECOLOGICAL
MANAGEMENT
ZONE
The creek spans a broad elevational range and
functions as an important regional wildlife corridor
and neotropical
bird habitat.
Well-developed
montane, foothill, and valley riparian forests are found
throughout
the Cottonwood
Creek Ecological
Management Zone, and these forests have good
connectivity with the Sacramento River Ecological
Management Zone. One of the most important
ecological attributes of Cottonwood Creek is its role as
the primary source of coarse sediments and spawning
gravel for the Sacramento River. Cottonwood Creek
supplies almost 85% of-the gravel introduced into the
Sacramento River between Redding,and Red Bluff.
Attributes
that affect the ecological health of the
Cottonwood
Creek Ecological Management Zone
include streamflow,
coarse sediment supply, gravel
recruitment
and transport,
stream meander, and
fish and wildlife
vegetation succession. Important
habitats include freshwater fish habitat, essential fish
habitat, gravel substrate for invertebrate production
and chinook salmon and steelhead spawning, riparian
scrub and woodlands, and shaded riverine aquatic
habitat.

The health of the Sacramento-San Joaquin Delta is
influenced by the interdependence and connectivity
of the component ecosystem elements, particularly
the I4 ecological
management
zones. The
Cottonwood
Creek Ecological Management Zone is
located many miles from the Delta, but its status and
health are ultimately reflected in the health of the
Delta. The intermediate zone between the Delta and
Cottonwood
Creek is the Sacramento River. The
Sacramento River Ecological Management Zone and
its respective habitats and fish, wildlife, and plant
assemblages depend on Cottonwood Creek, primarily
for its ability to supply sediments and gravel to the
river, but also for its seasonal contributions of flow.

. DESCRIPTION
MANAGEMENT

1

OF THE
ZONE

Cottonwood Creek drains an area of 930 square miles
on the west side of the Central Valley and enters the
Sacramento River a short distance downstream of the
Redding-Anderson
area, approximately
I6 miles
north of Red Bluff. One of the outstanding attributes
of Cottonwood
Creek is its status as the largest
undammed
tributary
on the westside
of the
Sacramento Valley.

Location

Map

of the Cottonwood

Creek
and Units.

Ecological

Management

Zone

Cottonwood Creek has a natural flow pattern of high
winter and low summer and fall flows, which is typical
of many Sacramento Valley streams that originate in
the foothills rather than at higher elevations in the
Cascade or Sierra Nevada mountain ranges. In summer
and fall months of low rainfall years, flows average 40
to 80 cubic feet per second (cfs). In the wettest years,
flows in winter average 5,000 to 11,000 cfs. In winter
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months of dry years, average monthly flows reach
only 400 to 800 cfs. In the driest years, average
winter monthly flows reach only 50 to 150 cfs.
Historical

Monthly

Average

Flow

2000
1500
$1000
500

0
JFMAMJJASOND0

Normal

Year

q

Dry Year

Historical
Streamflow
of Cocconwood
Creek, 1952-1992
(Dry year is the 20th percentile
year; normal year is the 50th
percentile
year.)

In the past, streamflow in Crowley Gulch, a tributary
to lower Cottonwood
Creek, was intermittently
augmented by the release of water from a waste gate
on the Anderson-Cottonwood
Irrigation District
(ACID) canal. Waste gate releases during fall have
attracted chinook salmon into an area where they
became stranded and subsequently died without
having spawned. This problem has been eliminated
by operational changes by ACID personnel.

that of other streams in the northern Sacramento
Valley because of studies conducted
for the
construction
of several dams and environmental
impact reports for gravel mining projects. Bankfull
discharge (i.e., with the creek full to the tops of its
banks) has been estimated at 20,000 cfs with a return
interval of 1.8 years. The creek has a wide meander
belt and a braided channel with perennial flow. The
active channel width at low flow ranges from 50 to
150 feet but reaches more than 1,500 feet at bankfirll
discharge. The channel banks are mostly sand, gravel,
and cobbles. The width of the floodplain varies, but it
is generally
wider
and more poorly
defined
downstream.
Sinuosity values (i.e., the ratio of creek
length to the linear distance over which the creek
travels) for Cottonwood
Creek are low, ranging from
1.04 to 1.47. The Iow degree of sinuosity
is
attributable primarily to the high gravel and low silt
and clay content of the. bank material. The main
channel tends to change course during large floods,
resulting in a fairly wide belt of distributary channels
and abandoned stream courses.
Some of the fish, wildlife,
and plant resources
dependent on the ecological health of Cottonwood
Creek are fall-run,
late-fall-run,
and spring-run
chinook salmon and steelhead trout. Although
northern spotted owls, northwestern pond turtles, and
foothill yellow-legged
frogs in the South Fork will
benefit from proposed restoration actions, these species
are not a direct focus of actions in the Cottonwood
Creek Ecological Management Zone.

The estimated mean annual suspended sediment load
transported from the Cottonwood
Creek basin is
second only to that of Cache Creek in the Sacramento
River basin below Shasta Dam. The U.S. Army Corps
of Engineers estimates that, of the total average
annual gravel load transported by Cottonwood Creek,
particles greater than 2.0 millimeters in diameter
total approximately
19,000 tons per year. This
amount is consistent with the average annual bedload
of approximately 65,000 tons estimated by the U.S.
Geological Survey. The California Department
of
Water Resources (1980) estimated that gravel mining
reduced potential sand and gravel contributions to
the Sacramento River by about 6O%, resulting in a
calculated bedload of 20,000 tons per year, with
3,000 tons of particles above one-half inch in
diameter.

The use of Cottonwood Creek by chinook salmon and
steelhead trout is determined by the timing of rainfall.
In years when storms arrive late in the season, the
migration of salmon and steelhead is delayed. In some
years, early rainfall allows salmon to enter the creek
and spawn, but subsequent low winter and spring
flows limit the production of young salmon.
The average annual return of fall-run salmon is
approximately 1,000 to 1,500 adults but has ranged
from a few hundred to more than 8,000 fish. The
return of late-fall-run
salmon is much smaller,
consisting of fewer than 500 fish each year. The latefall-run salmon enter Cottonwood Creek and spawn in
the main stem and lower reaches of the North, Middle,
and South Forks of the creek.

More is known about the hydrology and sediment
transport process of Cottonwood
Creek than about

Salmon spawning gravel habitat in the lower reaches
of Cottonwood Creek has been degraded. Some areas
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adult chinook salmon and steelhead. Restoring natural
sediment supply can alleviate these problems over time
and permit unobstructed access to important aquatic
habitats.

10
1

1960

Fall-run
L

1965

Chinook

1970

Salmon
1960-1999

1975

1980

Returns
(CDFG

1965

1990

to Cottonwood
1999).

Extensive gravel mining in Cottonwood
Creek has
damaged spawning habitat and significantly reduced
gravel recruitment
to the Sacramento River. In
addition, gravel mining creates passage and stranding
problems for fish by allowing the creek to spread over
the large extraction area.

1995

Creek,

During spring, low flows and high water temperatures
may impede or prevent the upstream migration of
adult spring-run chinook salmon to summer holding
areas.

are covered entirely with sand and silt, and others are
compacted with sediments or have become armored.
Silt in Cottonwood
Creek is derived from many
sources; some of these sources are natural, bttt most
are a result of undesirable land use practices,
including
timber harvesting
and road-building
activities on private and public land in the upper
watershed.
Overgrazing,
wildfires, extensive land
clearing in the foothill and vaIley areas, and
discharges of decomposed granite from Rainbow
Dam are also sources of sediment.

The Cottonwood CreekEcological Management Zone
includes two ecological management units: the Upper
Cottonwood Creek Ecological Management Unit and
the Lower Cottonwood
Creek Fan Ecological
Management Unit.

LIST OF SPECIES TO BENEFIT
FROM
. RESTOFIATION
ACTIONS
IN THE
COITONWOOD
CREEK ECOLOGICAL
MANAGEMENT
ZONE

Streamflow,
coarse sediment supply, and stream
meander are closely linked. Together, these processes
support and promote the regeneration of healthy
riparian and riverine plant communities. Important
restoration
components
include protecting
the
floodplain
and
existing
stream
meander
characteristics of Cottonwood
Creek.

chinook salmon
steelhead trout
n
lamprey
4 native anuran amphibians
n
n

native resident fishes
w neotropical migratory birds.
n
plants and plant communities.

n

,Important
functions of the upper watershed of
Cottonwood
Creek are to moderate streamflows
resulting from storm events and to provide high
quality water to the‘sacramento
River and Delta.
Erosion from timber harvest, road building, and the
adverse affects of grazing practices diminish the
watershed’s ability to moderate flows and provide
high quality water. The potential for catastrophic
wildfire
can be reduced by fuel management
programs.

DESCRIPTIONS
OF
ECOLOGICAL
MANAGEMENT
UNITS
UPPER

COTTONWOOD

CREEK

Creek
Ecological
The
Cottonwood
Upper
Management Unit provides the streamflow and coarse
sediments needed to maintain the overall ecological
health of lower Cottonwood Creek and the Sacramento
River. Important
stream reaches in the Upper
Cottonwood
Creek Ecological Management Unit
include the South and North Forks of Cottonwood
Creek, Beegum Creek, and the mainstem reach of
Cottonwood
Creek above the confluence with the

Cottonwood
Creek has an extensive riparian and
riverine aquatic plant community
that can be
enhanced by improved
land management
and
maintenance of natural sediment supply. Denuded
areas need an opportunity to regenerate, and existing
riparian forest needs protection.
Water conveyance structures in the lower sections of
Cottonwood
Creek impair the upstream passage of
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South Fork. The Upper Cottonwood Creek Ecological
Management Unit can sustain important migration,
holding, spawning, rearing, and emigration habitats
for fish and wildlife species if streamflows
are
maintained and watersheds are rehabilitated.

during floodflows.
Sedimentation binds the gravel
together, which prevents salmon from creating redds
(salmon spawning nests); it also reduces intergravel
oxygen transport, so eggs deposited in the gravel do
not survive. Armoring results when gravel is washed
away during floods, leaving rocks and boulders too
large for salmon to move during spawning.

The South Fork of Cottonwood Creek contains good
to outstanding riparian vegetation in the foothills and
lower stretches. Spring-run
chinook salmon and
steelhead trout can migrate to the headwaters of the
South Fork, using Maple Gulch as their principal
holding area. The length of the stream system below
natural fish barriers is I30 linear miles,
which
includes the three main forks of the creek and
Beegum Creek.

Gravel has been mined in the lower Cottonwood Creek
fan for many years. Gravel extraction
damages
spawning
areas in the creek and reduces the
recruitment of spawning gravel to the Sacramento
River. Two major instream gravel extraction projects
operate in Cottonwood
Creek below the Interstate 5 .
bridge.

Spring-run chinook salmon enter Cottonwood-Creek
and migrate to the headwaters of the South and
Middle Forks during April, May, and June. The two
principal holding areas are the South Fork above
Maple Gulch and Beegum Creek, a tributary to the
Middle Fork. During spring of drier years, low flows
and high water temperatures may impede or prevent
the upstream migration of adult spring-run salmon to
summer holding areas. There are no recent estimates
of spring-run chinook populations; however, historic
runs averaged approximately SO0 salmon.

VISIONS

FOR THE ECOLOGICAL
MANAGEMENT
ZONE AND

UNITS
The vision for the Cottonwood
Creek Ecological
Management Zone is to restore natural streamflow
patterns, coarse sediment supply, natural floodplain
and flood processes, and riparian forest and riverine
aquatic habitats. In addition, the proposed restoration
actions are designed to reduce or eliminate to the
extent necessary stressors that impair ecological
processes, including
gravel mining
operations,
structures that inhibit chinook salmon and steelhead
trout migrations, and land use activities (e.g., water
diversions, logging, and grazing).

Steelhead trout enter Cottonwood Creek during late
fall and early winter and spawn during winter and
spring. The upper reaches of the Middle Fork,
Beegum Creek, and the South Fork provide spawning
and nursery areas. There are no recent estimates of
steelhead populations for Cottonwood
Creek. The
creek also supports resident rainbow trout and brown
trout in the upper tributaries.

LOWER COTTON-WOOD

A restored Cottonwood Creek will provide incremental
benefits to the overall objective of restoring and
maintaining
important
aquatic species, such as
,chinook salmon and steelhead trout, in Cottonwood
Creek and in the Sacramento River. With restoration,
Cottonwood Creek Ecological Management Zone will
support sustainable populations of fall-, late-fall-, and
spring-run chinook salmon and steelhead trout after
natural sediment supply and gravel recruitment,
cleansing, and transport processes are reactivated;
gravel spawning and riparian habitats are restored; and
the adverse effects of upper watershed diversions,
logging, and grazing are reduced.

CREEK

The
Lower
Cottonwood
Creek
Ecological
Management Zone can provide important spawning
areas for fall- and late-fall-run
chinook salmon.
Gravel transport through lower Cottonwood Creek is
a significant
ecological function and sufficient
streamflows are needed to provide sediment transport
and gravel cleansing. A long-term effort will be
implemented
to restore
and maintain
plant
communities along the creek.

VISION

Salmon spawning
areas in the lower reaches of
Cottonwood Creek have been degraded. Some areas
are entirely covered with sand and silt, and others are
compacted with sediments or have become armored

FOR

UPPER
COTTONWOOD
CREEK

The vision for the Upper Cottonwood Creek Ecological
Management Zone is to maintain coarse sediment
recruitment, cleansing, and transport; improve habitat
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for chinook salmon, sceelhead trout, and other native
habitat
fishes; improve
corridors
for wildlife
populations; and restore riparian and riverine plant
communities through improved land use and forest
management practices.
The Cottonwood
Creek watershed is a high-value
area, both because it is a distinct Ecological
Management Zone and because of its linkage with
the Sacramento River Ecological Management Zone.
Restoring and maintaining ecological processes and
functions related to streamflow,
sediment supply,
gravel recruitment, cleansing, and transport, and the
creation and maintenance of habitats can best be
achieved by developing and implementing a local
watershed management plan. The creation of a
watershed management plan by the recently formed
Cottonwood
Creek Watershed Group is necessary.
This planning effort would evaluate and develop
recommendations for timber harvesting, land use, fire
and fire suppression, and the management of oak
woodland
habitats to reduce erosion, maintain
riparian zones, and provide for more sustained runoff
patterns.

VISION

FOR

LOWER
COTTONWOOD
CREEK

The vision for the Lower Cottonwood Creek
Ecological Management Zone is to restore, reactivate,
and maintain coarsesediment supply, floodplain and
flood processes, gravel recruitment, and stream
meander. The vision also includes reducing stressors
on these processes,including gravel mining activities
in the Cottonwood Creek stream corridor.
,
Instream gravel extraction should be managed to
protect salmon spawning and rearing habitat within
Cottonwood Creek and to maintain and enhance
sediment supply to the Sacramento River.
Implementing such management would result in
immediate benefits to salmon in Cottonwood Creek
and the Sacramento River. Spawning gravel is a finite
resource in the Sacramento River system, and
Cottonwood Creek contains one of the most
important reserves.

VISIONS
CENTFWL

riparian vegetation, and transport nutrients and
sediments.The vision for streamflows in Cottonwood
Creek is to emulate the natural runoff pattern with a
late-summer or early fall flow event.
SEDIMENT
SUPPLY:
Coarsesediments
are abundant in Cottonwood Creek; however, gravel
recruitment has diminished because of extensive
mining activities. The vision is that restoring natural
gravel recruitment and sediment transport processes
will contribute to maintaining important habitat
substrates and ecological processesin Cottonwood
Creek and the Sacramento River.
COARSE

MEANDER:
In unimpaired systems,
streamsmeanderwithin their historic floodplains.This
meander contributes sediments for transport and
deposition, rejuvenatesriparian succession,and creates
new habitats for fish and other aquatic species.The
vision is that a natural stream meander processwill
provide much of the habitat neededto support healthy
riparian systems,wildlife, and aquatic species.
STREAM

NATURAL
PROCESSES:

AND

FLOOD

Coarse sediment supply, stream
meander, and floodplain and flood processes
are closely
interrelated. The vision is that all three of these
processeswill moderate channel incision and scour by
providing areas for bank overflow, contribute to
speciesdiversity by creating landforms that support
different community structure, provide low-velocity
refuge for fish and other aquatic organisms during
floods.

VISIONS
RI PARIAN
HABITATS:

FOR HABITATS
AND

RIVERINE

AQUATIC

Health riparian habitat provides’ a
migratory corridor for terrestrial speciesthat connects
low and higher elevation habitats. Shaded riverine
aquatic habitat provides shade, contributes to
moderating stream temperatures, and provides woody
debris, which juvenile fish use as escapeand resting
cover. The vision is that Cottonwood Creek will
support healthy riparian, shadedriverine aquatic and
woody debris habitats, which in turn will support
improved survival of aquatic and terrestrial species.

FOR ECOLOGICAL
PROCESSES
VALLEV

FLOODPLAIN

FRESHWATER
FISH HABITAT:
Freshwater fish
habitat is an important component neededto ensure
the sustainability of resident native and anadromous
fish species.Upper Cottonwood Creek is typical of a

STREAMFLOWS:

Streamflows shape the stream channels, support

213

Volume II: Ecosystem Restoration Program Plan
Cottonwood Creek Ecological Management
Zone Vision
July 2000

salmon-steelhead
stream and lower Cottonwood
Creek is typical of a fall chinook salmon spawning
stream (Moyle and Ellison 1991). The vision is to
maintain the quality of freshwater fish habitat in
Cottonwood
Creek through actions directed at
streamflows,
coarse sediment
supply,
stream
meander, natural floodplain and flood processes, and
maintaining
and restoring riparian and riverine
aquatic habitats.
FISH HABITAT:
Cottonwood Creek
has been identified as Essential Fish Habitat (EFH)
based on the definition of waters
currently or
historically accessibleto salmon (National Marine
FisheriesService 1998). The vision is to maintain or
restore EFH in Cottonwood Creek in&ding
substratecomposition; water quality; water quantity,
depth and velocity; channel gradient and stability;
food; cover and habitat complexity; space;accessand
passage;and flood plain and habitat connectivity.
ESSENTIAL

VISION
FOR REDUCING
OR
ELIMINATING
STRESSORS
Coarse sediment supply in
Cottonwood Creek is adversely affected by gravel
mining. This lack of instream sediments affects
stream channel morphology, stream meander, and
riparian systems.The vision for Cottonwood Creek is
that gravel mining activities will be relocated to areas
outside the active stream channel.

GF~AVEL

MINING:

VISIONS

salmon. The vision is that Cottonwood Creek will
support a sustainablesteelheadpopulation.
The vision for lamprey is to maintain and
restore population distribution and abundance to
higher levels that at present. The vision is also to
understand life history and factors in Cottonwood
Creek better which influence abundance.Lamprey are
a California species of special concern. Because of
limited
information
regarding their
status,
distribution, and abundance, the vision is that
additional monitoring or researchwill provide the data
necessaryto manage these speciesand their habitat
better.
LAMPREy:

NATIVE
ANUFWN
AMPHIBIANS:
The vision for
the native anuran speciesis to stop habitat lossand the
introduction of other speciesthat prey on the different
life stagesof these amphibians. Ongoing surveys to
monitor known populations and find additional
populations are essentialto gauge the health of the
speciesin this group. To stabilize and increaseanuran
populations, non-native predator speciesshould be
eliminated from historic habitat ranges. Increasing
suitable habitat and maintaining clean water supplies
that meet the needsof the various speciesin this group
is essential.
RESIDENT
FISH: The vision for native
resident fish speciesis to maintain and restore by
distribution and abundance of species such as
Sacramento blackfish, hardhead, tule perch,
Sacramento sucker, and California roach.
NATIVE

FOR SPECIES

MIGRATORY
BIRDS: The vision
for neotropical migratory birds is to maintain and
increase populations through restoring habitats on
which they depend.
NEOTROPICAL

The vision for Central Valley
chinook salmonis to recover all stockspresently listed
or proposed for listing under ESA and CESA, achieve
naturally spawning population levels that support
and maintain oceancommercial and oceanand inland
recreational fisheries, and that usefully existing and
restored habitats. The fall-, spring-, and late-fall-runs
of chinook salmon depend on Cottonwood Creek’s
streamflow, natural sediment supply, and riverine
aquatic habitats. The vision is that Cottonwood
Creek will provide for sustainable chinook salmon
populations.
CHINOOK

SALMON:

The
vision for plan speciesand communities is to protect
and restorethese resourcesin conjunction with efforts
to protect and restore wetland and riparian and
riverine aquatic habitats.
PLANT

SPECIES

AND

INTEGRATION
RESTORATION

The vision for steelheadis to recover
this specieslisted asthreatened under ESA. Steelhead
useCottonwood Creek and will benefit from many of
the actions that will improve conditions for chinook

STEELHEAD:

COMMUNITIES:

WITH OTHER
PROGRAMS

Maintaining and restoring the ecologicalhealth of the
Cottonwood Creek Ecological Management Zone and
its respective Ecological Management Zones will
depend primarily on cooperative endeavors to locate
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alternative sources of water in the upper watershed
and to eliminate gravel extraction operations in the
lower creek.

WATERSHED

MANAGEMENT
PLANNING

Restoration of this Ecological LManagement Zone
implementing
a
requires
developing
and
comprehensive watershed management program for
the upper and lower areas. Eliminating
gravel
extraction operations will increase the delivery of
sediments
to the Sacramento
River, improve
upstream fish passage, improve spawning habitat for
chinook salmon using the lower reach, and allow for
restoring a riparian corridor and a clearly defined
stream channel. Improved watershed management in
the upper watershed will protect streamflow, gravel
sources, spawning and rearing habitat of salmon and
steelhead, and wildlife habitats. The Cottonwood
Creek Watershed Group is seeking to develop and
implement a watershed management plan. This
planning effort would assess current conditions in the
watershed to provide a baseline from which to
develop future projects. In addressing watershed
stewardship,
the Cottonwood
Creek Watershed
Group has recommended
evaluating vegetation
management, land use, fire and fuel suppression,
managing
oak woodlands,
reducing
erosion,
maintaining
riparian zones, and providing more
sustained runoff patterns in the upper watershed area.
Their proposed planning effort would seek to return
to natural or near-natural ecosystem functioning,
reactivate and maintain natural sediment transport
processes, improve floodplain and flood processes,
and protect salmon spawning and rearing habitat in
the lower watershed area.

AGGREGATE
MANAGEMENT

n

implementing
measures to prevent channel
incision, such as installing stream grade control
structures, and

n

revegetacing all permanently exposed lands that
have been denuded by mining operations.

CENTRAL

VALLEV

IMPROVEMENT

PROJECT
ACT

The Central Valley Project Improvement Act (CVPIA)
added “mitigation, protection and restoration of fish
and wildlife” as a purpose of the Central Valley
Project. It required the imple-mentation of a program
that makesall reasonableefforts to increasethe natural
production of anadromousfish in Central Valley rivers
and streams to not lessthat twice the average levels
present from 1967 to I991.
The U.S. Fish and Wildlife Service (USFWS) and the
Bureau
of
Reclamation
(Reclamation) are
implementing the CVPIA, which provides for
restoring habitats and speciesand eliminating many
stressors.Key elementsof the CVPIA program include
the Anadromous Fish Restoration Program (USFWS
1995) and the Anadromous Fish Screening Program.
Other elements are directed at spawning gravel
replenishment on the Sacramento River below
Keswick Dam, water acquisition, and other measures
that will contribute to health of the Cottonwood
Creek, SacramentoRiver and Sacramento-SanJoaquin
Delta Ecological Management Zones.

SALMON,
STEELHEAD
ANADROMOUS
PROGRAM

TROUT
FISHERIES
ACT

AND

Established in .1988 by Senate Bill 2261, this Act
directs the California Department of Fish and Game
(DFG) to implement measuresto double the numbers
of salmon and steelheadpresent in the Central Valley
(DFG 1993, 1996). The DFG’s salmon and steelhead
restoration program includes cooperative efforts with
local governments and private landowners to identify
problem areas and to assistin obtaining funding for
feasibility studies, environmental permitting, and
project construction.

RESOURCE
PLAN

In attaining the vision for the Cottonwood Creek
Ecological Management Zone, ERPP encourages
gravel operators and the local counties cooperatively
to develop and implement an aggregate resource
management plan (ARMP). Potential ,measuresin a
county-wide ARMP would include recommendations
or requirements for:

CALFED

m limiting instream extraction to less than the
sustained yield of the system while providing
sediment input to the Sacramento River,

BAY-DELTA

PROGRAM

CALFED has funded two ecosystem restoration
projects in Cottonwood Creek. One project funded the
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formation of a watershed group and another funded
restoration of the creek channel.

LINKAGE
ECOLOGICAL

OTHER
MANAGEMENT
ZONES
TO

Cottonwood Creek can support larger populations of
fall-, late-fall-, and spring-run chinook salmon and
steelhead trout, but there are many stressors outside
the Cottonwood Creek Ecological Management Zone
that impair or reduce the survival of adult and
juvenile chinook and steelhead. Restoration efforts in
the Sacramento River, Sacramento-San Joaquin
Delta,
and Suisun Marsh/San
Francisco
Bay
Ecological Management Zones will all contribute to
improved returns of adult fish.
In addition, the gravel recruitment, cleansing, and
transport functions of Cottonwood Creek are critical
to maintaining the long-term ecological health of the
Sacramento River Ecological Management Zone and
the fish, wildlife, and plant resources that it supports.

successful upstream passage of adult fish and fish
spawning. In some years, flows are insuficient to
provide fish passageor recede too quickly afier fish
spawn and expose or dewater redds containing
incubating eggs or sac fv. In addition, flow in
Cottonwood Creek is rhe power that drives many
ecological
funcrions and processes Iinked ro scream
channel morphology, sediment transport and gravel
recruitment, riparian communities, and fish habitat.

Instream flow needson Cottonwood Creek should be
subject to focused research to determine if the
proposed flow increaseof 20 to 50 cfs is appropriate.
COARSE

CENTRAL

VALLN

PROGRAMMATIC
ACTION 1 A: Cooperatively
develop and implement a gravel management
program for Cottonwood Creek. The program would
protect and maintain important ecological processes
and functions related to sediment supply, gravel
recruitment, and gravel cleansingand transport. This
would involve working with state and local agencies
and gravel operators to protect spawning gravel and
enhance recruitment of spawning gravel to the
SacramentoRiver in the valley sectionsof Cottonwood
Creek.

PROCESSES
STREAMFLOWS

TARGET 1: During summer and fall, more closely
emulate the seasonal streamflow
pattern, so that
flows are sufficient for chinook salmon holding and
spawning in most year types by providing up to 20 to
50 cfs. These flows, can mobilize and transport
sediments, allow upstream and downstream
fish
passage, create point bars, and contribute to stream
channel meander and riparian vegetation succession
(+I.

PROGRAMMATIC
ACTION 1 B: Cooperate with
the aggregate resource industry to relocate existing
gravel operations on Cottonwood Creek to areas
outside of the active stream channel.
TARGET 2: Repair and rehabilitate spawninggravels
in 10 to 20 miles of the lower South Fork and
mainstem of Cottonwood Creek (+++).

PROGFWMMATIC
ACTION
I A: Augment
summer and fall flow in Cottonwood
Creek by
purchasing water from willing sellers and developing
alternative supplies.

PROGRAMMATIC ACTION 2~: In the short term,
develop a cooperative program to rip and clean or
reconstruct important salmonspawning riffles on the
South Fork Cottonwood Creek and on lower
Cottonwood Creek below the South Fork.

RATIONALE:
The smams in the Cottonwood Creek
Ecological Management Zone provide extremely
valuable habitat for spring-run chinook salmon and
steelhead trout and for fall-run chinook salmon in
some years. One of the key attributes of streamflow
in this Ecological Management Zone is to provide for

w

L.

4

SUPPLY

TARGET 1: Maintain existing levels of erosion and
gravel recruitment in -streams in the Cottonwood
Creek Ecological Management Zone, and provide for
increasing the transport of these sediments to the
Sacramento River by an average of 30,000 to 40,000
tons per year (+++).

RESTORATION
TARGETS
AND
PROGRAMMATIC
ACTIONS
ECOLOGICAL

SEDIMENT

RATIONALE:
Gravel deposits in the lower South
Fork and in the mainstem below the South Fork are
essentialto maintaining spawningand rearing habitats
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of spring-run and fall-run chinook salmon, stee!head
trout,
and ocher native fishes.
Historically,
Cottonwood
Creek was one of the most important
sources of gravel to the Sacramento River. Since
Shasta Dam
was completed
in the 194Os,
Cottonwood
Creek has become the single largest
contributor
of coarse sediments. Improving
and
maintaining
sediment
and transport
sources
capabilities of this stream are essential components
necessary co restore and mainrain the ecological
health of the Sacramento River.
Gravel transport is the.process whereby flows carry
away finer sediments that fill gravel intersrices (i.e.,
spaces between cobbles). Gravel cleansing is rhe
process whereby flows transport, grade, and scour
gravel. Gravel rransporr and cleansing by flushing
most of the fines and the movement of bedload (the
load ofmaterial carried downstream in the streambed
by flow) are important to maintaining the amount
and disrribution of spawning habitat in the
Cottonwood Creek basin. Although these processes
have been greatly reduced or altered as a result of
human activities, they can be restored and
maintained by changing water ffow and sediment
supplies,removing stressors,or directly manipulating
channel features and stream vegetation. Gravel
depositsin the lower South Fork and in the mainstem
below the South Fork have been adversely affected by
sedimentation from upstream sources in the
watershed. Mechanical means will be used
infrequently to free excessive quantities of fine
sedimentsfrom rhe gravel substrates until upstream
sourcesof sediment have been reduced or eliminared
through watershed management and restoration.

STREAM

PROGRAMMATIC
ACTION 1 B: In the short term,
develop a cooperative program to mechanically create
a more defined stream channel in lower Cottonwood
Creek. This would facilitate fish passage by
minimizing water infiltration through the screambed
and maintaining flow connectivity
with the
Sacramento River until natural meander returns.
RATIONALE: Stream meander belts are the area in
which natural bank erosion and floodplain and
sediment bar accretions occur along stream courses.
Natural stream meander in Cottonwood Creek
functions dynamically to transport and deposit
sedimentsand provide transient habitats irnportan t to
algae, aquaric invertebrates, and fish. Meander also
creates surfaces rhat are colonized by natural
vegetation rhat support wildlife. Cottonwood Creek is
a nondammed tributary and a significant source of
sediment to the Sacramento River. To maintain the
creek’s narural stream channel and fluvial dynamic
processesand to provide long-term resilience for its
watershed and stream channel processes in the
Sacramento River, Corronwood Creek should be fully
restored and protected.

NATURAL

FLOODPLAINS

AND FLOOD

PROCESSES
TARGET 1: Develop a cooperative program to
identify opportunities to allow Cottonwood Creek
seasonallyto inundate its floodplain (++).
PROGFWMMATIC
ACTION
IA:
Conduct a
feasibility study to determine means by which to
increasefloodplain interactions on lower Cottonwood
Creek.
PROGRAMM~~TIC ACTION 1 B: Minimize adverse
effects of permanent structures such as bridges on
floodplain processes.

MEANDER

TARGET

1: Preserve or restore the 50- to loo-year
floodplain and existing channel meander characteristics of streams in the Cottonwood Creek
Ecological Management Zone, particularly in lowgradient areasthroughout the lower 20 miles where
most deposition occurs and whe.re stream channel
meander is most pronounced (++).

RATIONALE:
Natural
functioning
floodplain
processeson Cottonwood Creek are equally important
with srream meander and narural sediment supply. A
conceptual model of these interactions needs to be
developed further to understand the dynamic structure
of Cottonwood Creek and to allow the design and
implementation offuture actions to protect and restore
theseimportant ecological functions.

PROGFWMMATIC
ACTION 1 A: Cooperatively
evaluate reestablishingthe floodplain along the lower
reach of Cottonwood Creek, and evaluate
constructing setback levees to reactivate channel
meander in areaspresently confined by levees.
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HABITATS
RIPARIAN

AND

RIVERINE

PROGRAMMATIC
ACTIONS:
No additional
programmatic actions are recommended.
AQUATIC

TARGET
1: Develop a cooperative program to
establish a continuous 130-mile riparian habitat zone
along upper and lower Cottonwood
Creek and its
tributaries
through
conservation
easements, fee
acquisition,
or voluntary
landowner
measures
(+++>.
ACTION
1~: Develop a
cooperative program to establish, restore, and
maintain riparian habitat on Cottonwood Creek
through conservation easements,fee acquisition, or
voluntary landowner cooperation.
PROGRAMMATIC

PROGRAMMATIC
ACTION 1 B: Encourage the
development of long-term measures in the
comprehensive watershed management plan to
improve water temperatures further. Develop a
cooperative approach with counties and local agencies
to implement land use management to protect
riparian vegetation along the streams. Develop
programs to restore lost riparian vegetation.
PROGFIAMMATIC

ACTION

Freshwater fish habitat and essential
fish habitat are evaluared in terms of their quality and
quantity. Acrions described for Cottonwood Creek
ecological processes,stressor reduction, and riparian
and riverine aquatic habitat should suficiceto maintain
and restore freshwater fish habitars. For example,
maintaining freshwater and essentialfish habitats is
governed by actions to maintain streamflow,
improve
coarsesediment supplies, maintain stream meander,
maintain or restore connectivity of Cottonwood Creek
and its floodplain, and in maintaining and restoring
riparian and riverine aquatic habitats.
RATIONALE:

HABITATS

REDUCING
DAMS

AND OTHER

STRUCTURES

TARGET 1: Facilitate passage of steelhead and
spring-run chinook salmon to the holding, spawning,
and rearing habitat in the higher elevation reachesand
tributaries (++).
ACTION
IA:
Begin an
evaluation of structures (such as culverts, bridge
abutments, grade control structures, etc.) that may be
impeding or hindering migration to the high quality
upstreamhabitat and implement measuresto facilitate
upstream passage.
PROGRAMMATIC

1 c: Cooperatively

negotiate long-term
agreements with
local
landowners to maintain and restore riparian communities along the lower reaches of Cottonwood
Creek.
RATIONALE:
Many species of wildlife in the
Cottonwood Creek watershed depend on or are
closely associated with riparian habitats. Of all the
habitat types in California, riparian habitats support
the greatest diversity of wildlife species.Degradation
and lossof riparian habitat have substantially reduced
rhe habitat area available for associated wildlife
species. Loss of this habitat has reduced water
storage, nutrient cyding, and foodweb support
functions.
FRESHWATER
FISH HABITAT
ESSENTIAL
FISH HABITAT

OR ELIMINATING
STRESSORS

Because Cottonwood Creek and its
tributaries have no major dams, this system represents
one of the best opportunities to restore steelheadand
spring-run chinook salmon to the mid- to highelevation habitats on which they depend. However,
even in. the absence of large impassable dams,
migration of adults can be impaired
by smaller
structures,
such as culverts and road grade control
RATIONALE:

structures,
that may not be complete
barriers
to
migration
but can hinder migration at low flows. Also,
the cumulative effect of numerousstructures can cause

AND

significant delays in migration, which can reduce
survival. Restoring viable populations
ofsteelhead and
spring-run chinook to this system would contribute
significantly to the over-all recovery of thesefish in the
Central Valley.

TARGET
1: Maintain and improve existing
freshwater fish habitat and essential fish habitat
through the integration of actions described for
ecological processes,habitats, and stressorreduction
or elimination (++).
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+ COLUSA

BASIN ECOLOGICAL
MANAGEMENT
ZONE
DESCRIPTION
MANAGEMENT

OF THE
ZONE

The Colusa Basin Ecological Management Zone is an
extensive hydrologic and geographic area west of the
Sacramento River between Cottonwood Creek to the
north and Cache Creek to the south. This zone is
divided into the Stony Creek, Elder Creek, Thomes
Creek, and Colusa Basin Ecological Management
Units.

INTRODUCTION
The long-term ecological health of the Delta depends
on the health of its component parts. The Colusa
Basin Ecological Management Zone contribution to
the health of the Sacramento-San Joaquin Delta and
Sacramento River Ecological Management Zones will
increase after its ecological processes, habitats, and
ability to support sustainable fish, wildlife, and plant
communities
are improved.
The Colusa Basin
Ecological Management Zone supports the Bay-Delta
by contributing flow and sediment, and by providing
riparian and riverine aquatic and wetland habitat that
supports a wide variety of wildlife.

Location Map of the Colusa Basin Ecological Manngement
Units.

Zone an

Protecting
and improving
important
ecological
processes and functions will help to maintain
important attributes of the Colusa Basin Ecological
Management Zone, and preserve its ability to serve as
a source of sediment and nutrients to the Sacramento
River Ecological Management Zone.

The streams in this Ecological Management Zone
provide seasonally important
rearing habitat for
many fish species found in the Sacramento River.

Important ecological processes needed to provide a
healthy ecosystem in the Colusa Basin Ecological
Management Zone and contribute to the health of
the Sacramento River are the streamflow patterns of
the basin and natural sediment supply.

The Colusa Basin Ecological Management Zone is
one of the primary waterfowl ,and wetland migratory
birds migration and wintering areas of the Pacific
Flyway. The Zone contains three National Wildlife
Refuges and some critical privately owned wetlands
in the Sacramento Valley. The Colusa Basin Drainage
area contains vital waterfowl
and wetland habitats,
contributes to the filtering of agricultural return flow,
and has potential for riparian restoration.
The
wetlands along the drain provide important habitat
for endangered and threatened species. The Colusa
National Wildlife Refuge has some of the highest
concentrations
of giant garter snake in the Central
Valley.

The three largest tributary streams in this zone
(Stony, Elder, and Thomes creeks) all discharge into
the Sacramento River. The Colusa Basin maintains
some of its historic capacity to retain and detain
floodwater. It captures the seasonal inflow from small
westside tributaries that flow into it.
The soils underlying the Stony, Elder, and Thomes
Creek watersheds are important sediment sources to
the Sacramento River.
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The Colusa Basin is a particularly important area for
waterfowl
and shorebirds
and can provide a
substantial amount of seasonally flooded wintering
habitat.

Water is diverted from several locations along the
Stony Creek system below Black Butte Dam. About
150 cfs is diverted for irrigation from Black Butte
Reservoir into the North Diversion Canal. Additional
water is diverted at the South Diversion Canal, into
the Tehama-Colusa Canal (TCC) east of Orland, and
into the Glenn-Colusa Canal before the creek enters
the Sacramento River.

LIST OF SPECIES
TO BENEFIT
FROM
RESTORATION
ACTIONS
IN THE
COLUSA
BASIN
ECOLOGICAL
MANAGEMENT
ZONE
n
n
n
n
n
n

lamprey
giant garter snake
native anuran amphibians
native resident fishes
neotropical migratory birds
waterfowl

Historically,
riparian vegetation along Stony Creek
below the site of Black Butte Dam was virtually nonexistent.
A recent soil and mineral classification study by
Glenn County indicates that Black Butte Reservoir
has captured about 41 million cubic yards of
sediment (Glenn County 1996).

-

H plants and plant communities.

ELDER
CREEK
MANAGEMENT

DESCRIPTIONS
OF
ECOLOGICAL
MANAGEMENT
UNITS
STONY
CREEK
MANAGEMENT

ECOLOGICAL
UNIT

Elder Creek is a westside tributary that enters the
Sacramento Rivet 12 miles south of Red Bluff. It
flows into the Sacramento Valley from the west,
draining a watershed of approximately
142 square
miles. The watershed
contains
mostly
shale,
mudstone,
and fine sedimentary
deposits that
produce minimal amounts of gravel, most of which is
deposited where the stream enters the valley. No
large gravel deposits are present in the lower stream
reaches. An flood-control levee system in the lower
section has directed
and concentrated
flows,
and degradation
increasing sediment transport
throughout the reach.

ECOLOGICAL
UNIT

Stony Creek is a westside stream originating in the
Coast Ranges and draining into the Sacramento River
south of Hamilton City. Three storage reservoirs are
located in the watershed. The primary focus area on
Stony Creek is the stream reach below Black Butte
Dam. This includes Stony Creek from Black Butte
Dam to Interstate Highway 5 (I-5), I-5 to Highway
45, and Highway 45 to the confluence with the
Sacramento River.
.

Several small water diversions, but no large dams,
have been constructed on Elder Creek. The flow is
generally intermittent, with a widely fluctuating flow
regime: Flow records indicate peak flows of more
than 11,000 cfs, but the stream is normally dry from
July to November.

Stony Creek has a seasonal run off pattern of high
winter and very low summer and fall flows, typical of
western
Sacramento
Valley
foothill
streams.
Unimpaired summer and early fall flows are 0 cubic
feet per second (cfs) for 8-9 months, except in high
rainfall years.

Elder Creek has a natural flow pattern of moderate
winter and spring flows and very low summer and fall
flows, typical of streams in the western Sacramento
Valley foothills. Summer and early fall flows are near
0 cfs, except in the highest rainfall years. In the
wettest years, winter flows average 600 to 1,600 cfs.
In the driest years, average monthly winter flows are
only 5 to 20 cfs.

Summer and fall flows are higher than unimpaired
flows as water is delivered below Black Butte Dam
for agricultural use. These flows generally exceed 100
cfs in summer except in the driest years, when flows
of only 10 to 30 cfs are released. Fall flows are
generally less than 100 cfs except in the wettest
years. Essentially
no surface flows reach the
Sacramento River during the summer and fall.

The stream reach from Ranch0 Tehama to the mouth
is a low-gradient, braided channel. Approximately 20
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miles upstream of the valley floor, the stream
gradient increases rapidly in a rugged canyon area
that supports resident fish, but probably has limited
value for steelhead.

THOMES
CREEK
MANAGEMENT

COLUSA
BASIN
MANAGEMENT

ECOLOGICAL
UNIT

The Colusa Basin drainage area extends from the
Coast Ranges on the west to the Sacramento River on
the east. It received flow and sediment from small
streams located between Stony Creek on the north
and Cache Creek on the south. The drainage
encompasses approximately
1,500 square miles in
Glenn, Colusa, and Yolo counties; 570 square miles
of this area consist of the respective watersheds of the
westside tributaries, with the rest located in the
relatively flat valley bottom.
Numerous
small
streams, including forks and branches, constitute the
watershed, about 11 of which flow directly into the
Colusa Basin Drain. Access to the upper portions of
most smaller westside tributary streams is blocked
where the GCID canal intersects the streams.

ECOLOGICAL
UNIT

Thomes Creek is the largest gravel source in Tehama
County. The stream has a watershed area of about
300 square miles. Thomes Creek enters the
Sacramento River 4 miles north of Corning. No large
dams have been constructed on the stream. The
stream is usually dry or flowing intermittently below
the U.S. Geological Survey (USGS) stream gage near
Paskenta until the first heavy fall rains.
_
Thomes Creek has an unimpaired natural pattern of
flashy winter and spring flows and very low summer
and fall flows, typical of streams in the western
Sacramento Valley foothills. The short-duration, high
volume flows may impair riparian revegetation.
Summer and early fall flows are near 0 cfs, except in
the wettest years. Precipitation is seasonal, with more
than 80 percent in December, January, and February.
Precipitation in the drainage varies with elevation.
The average annual rainfall is I5 to 45 inches

The main conveyance system in the Colusa Basin is
known
as the Colusa Trough, the Reclamation
District
2047 Drain, the Colusa Basin Drainage
Canal, or, more commonly, the Colusa Basin Drain.
Flows in the basin generally discharge into the
Sacramento River heading southeast through various
sloughs. Reclamation efforts that began in the 1850s
have converted wetlands and sloughs into agricultural
areas.

The lower reach of Thomes Creek has been
significantly altered by the construction
of floodcontrol levees and bank protection projects.

Agricultural drainwater from the basin also enters the
Sacramento River near Knights Landing through the
Knights Landing Ridge Cut. In past years, this return
water contributed to elevated water temperatures in
the lower Sacramento River below the town. Water
temperatures during May and June often exceeded
70°F, which is detrimental
to juvenile chinook
salmon. Recent improvements
in agricultural and
water management practices, reduced flow volume
and reduced temperature and chemical loading, have
diminished
the problems
formerly
related to
drainwater.

The lower Thomes Creek reaches contain large
amounts of sediment and gravel. Thomes Creek has
at least three year-round gravel mining operations
and several seasonal ones. These gravel mining
operations are conducted in compliance with the
county gravel resource plan and permitted under
terms of the Department of Fish and Game.
Thomes Creek is one of the most intact tributaries on
the west side of the Sacramento Valley. Thomes
Creek provides important spawning habitat for native
Central Valley fish, such as Sacramento sucker, and
Sacramento pikeminnow
(squawfish). These native
species may be a reason why the area is used by
wintering
bald eagles. Some experts believe that
Thomes Creek ranks second in importance, behind
Cottonwood Creek, in terms of conservation priorities
on the west side of the valley. Thomes Creek is in
remarkably good condition in the upper watershed
and has a well-developed riparian forest along much
of its upper reach.

The Colusa Basin Ecological Management Unit
provides important seasonal and permanent habitats
for many species of migratory
waterfowl
and
shorebirds, and the federally listed giant garter snake.

VISION

FOR THE

MANAGEMENT
The vision
Management

9;
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for the Colusa Basin Ecological
Zone is to maintain or rehabilitate
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important fishery, wildlife, and plant communities
and ecological processes and functions that contribute
to the health of the Delta. Attaining this vision will
involve restoring or reactivating important ecological
processes and functions that create and maintain
habitats for fish, wildlife, and plant communities
throughout the Ecological Management Zone and its
component Ecological Management Units.

Elder Creek’s lower reach and its confluence with the
Sacramento River may occasionally provide an
important seasonal, and sometimes extended, rearing
habitat for juvenile anadromous and resident fish.
Maintaining and improving the ecological processes
related to streamflow;
sediment supply; a and
transport will also provide a clearly defined stream
channel and riparian zone.

This vision focuses on restoring ecological processes
and functions related to sediment transport and
restoring seasonally flooded aquatic habitats that
provide important wintering areas for waterfowl and
shorebird guilds, and in providing wetland habitats
that will contribute to the recovery of the giant garter
snake. The vision also included a large cooperative
program with landowners to improve the wildlife
benefits related to agricultural practices in the area.
In addition,
it .emphasizes
maintenance
or
improvements
to the ecological processes and
improvements
to fish habitats. Visions for these
ecosystem elements follow.

THOMES
CREEK
MANAGEMENT

The vision for the Thomes Creek Ecological
Management Unit is establishing a clearly defined
stream channel consistent with flood control needs,
effectively enhancing sediment transport in the lower
stream reach, and improving sediment delivery to the
Sacramento River.

COLUSA
BASIN
MANAGEMENT

ECOLOGICAL
UNIT

The Colusa Basin Drain is sometimes a significant
source of warmwater inflow to the Sacramento River,
but is probably not a significant problem during May
and June. In general, rice floodup and maintenance
precludes significant drainwater during this period.
There may be thermal impacts resulting from rice
field dewatering prior to harvest in late August and
September. The drain may also draw chinook salmon
from their narural migratory corridor, resulting in
their loss to the spawning population.

Many native fish species use the lowermost reach of
Stony Creek, below Highway 45, at its confluence
with the Sacramento River for rearing from fall
through early summer when water is suitably cool.
The vision is to maintain and improve valuable
aquatic and terrestrial habitat types by restoring
upstream areas to irhprove system integrity and
increase habitat complexity at the confluence.

ELDER CREEK
MANAGEMENT

ECOLOGICAL
UNIT

The vision for the Colusa Basin Drain Ecological
Management Unit is to remedy ecological problems
related to the Colusa Basin Drain and the mainstem
Sacramento River and to maintain and improve the
area’s value in providing seasonally flooded wetland
habitat.

VISIONS
FOR ECOLOGICAL
MANAGEMENT
UNITS
STONY
CREEK
MANAGEMENT

ECOLOGICAL
UNIT

ECOLQGICAL
UNIT

VISIONS

The vision for the Elder Creek Ecological
Management Unit is to restore degraded habitat, the
sediment balance (to reduce the quantity of fine
sediments in the gravel substrate), and a more natural
stream channel and riparian habitat in the lower
section.

FOR ECOLOGICAL
PROCESSES

VALLEU
STREAMFLOW:
The vision
is that streamflows would be maintained to support
many ecological processesand functions essentialto
the health of individual streams in the Colusa Basin
Ecological Management Zone and contribute to the
health of the mainstem Sacramento River.
CENTRAL

Because of levees and other structures, Elder Creek
transports
sediment through the lower sections
instead of allowing deposition.

The vision for
sediment supply, in streams of the Colusa Basin
Ecological Management Zone is that natural stream
COARSE

SEDIMENT

SUPPLY:
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sediments
will
contribute
to stream channel
formation
and provide for native resident fish
spawning and invertebrate production.
NATUFUIL
PROCESSES:

FLOODPLAIN

AND

FLOOD

The Colusa Basin is one of the
Sacramento Valley’s natural overflow basins. The
vision is to maintain the system’s flood capacity,
introduce nutrients to the system, and support
natural regeneration and successionof riparian and
riverine plant communities.

VISION

based on the definition of waters currently or
historically accessibleto salmon (National Marine
Fisheries Service 1998). Key features of EFH to
maintain or restore in these creeks include substrate
composition; water quality; water quantity, depth
and velocity; channel gradient and stability; food;
cover and habitat complexity; space; accessand
passage;and flood plain and habitat connectivity.
LANDS:
Improving habitats on
and adjacent to agricultural lands in the ColusaBasin
Ecological Management Zone will benefit native
waterfowl and wildlife species.Emphasizing certain
agricultural practices (e.g., winter flooding and
harvesting methods that leave some grain in the
fields) will also benefit many wildlife that seasonally
use these important habitats.

AGRICULTURAL

FOR HABITATS

WETLAND
HABITAT:
The vision is
that increasedseasonalflooding of leveed lands, use
of the ColusaBasin’snatural flood detention capacity,
protection and enhancement of existing wetlands,
and development of cooperative programs with local
landowners will contribute to increasedhabitats for
waterfowl and other wetland dependent fish and
wildlife resourcessuch as shorebird, wading birds,
and the giant garter snake.
SEASONAL

RIPARIAN
HABITAT:

AND

RIVERINE

VISIONS
FOR REDUCING
OR
ELIMINATING
STRESSORS
Pesticides and herbicides are
applied extensively in this Ecological Management
Zone and may adversely affect aquatic organisms.
The vision is that contaminant input levels to the
system will not impair restoration or maintenance of
healthy fish, wildlife, and plant communities.
CONTAMINANTS:

AQUATIC

The vision is to maintain existing
riparian and shaded riverine aquatic habitats and to
restore these habitats where feasible that support
terrestrial and aquatic species.Throughout much of
this zone, riparian protection and restoration will be
in conjunction with flood control and levee
maintenance practices.

VISIONS

FOR SPECIES

GARTER
SNAKE:
The vision for the giant
garter snake is to contribute to the recovery of this
State and federally listed threatened speciesin order
to contribute to the overall species richness and
diversity. Achieving this, vision will reduce the
conflict between protection for this speciesand other
beneficial uses,of land and water in the Bay-Delta.
Protecting existing and restoring additional suitable
wetland and upland habitats will be critical to
achieving recovery of the giant garter snake. The
proposed restoration of aquatic, wetland, riparian,
and upland habitats in the Colusa Basin Ecological
Management Zone will help in the recovery of these
speciesby increasing habitat quality and area.
GIANT

FRESH EMERGENT
WETLAND
HABITAT:
The
vision is to maintain and enhanceexisting permanent
marshesin the Colusa Basin Ecological Management
.
Zone.
FISH HABITAT:
Freshwater fish
habitat is an important component neededto ensure
the sustainability of resident native and anadromous
fish species.The lower sections of these creeks are
typical of fall chinook salmon spawning streams
(Moyle and Ellison 1991). The quality of freshwater
fish habitat in these creeks will be maintained
through actions directed at streamflows, coarse
sediment supply, stream meander, natural floodplain
and flood processes,and maintaining and restoring
riparian and riverine aquatic habitats.
FRESHWATER

The vision for waterfowl is to
maintain and restore healthy populations at levels
that can support consumptive (e.g., hunting) and
nonconsumptive (e.g., birdwatching) usesconsistent
with the goals and objectives of the Central Valley
Habitat Joint Venture and North American
Waterfowl Management Plan. Many species of

WATERFOWL:

ESSENTIAL
FISH HABITAT:
The streamsin the
ColusaBasin Ecological Management Zone have been
tentatively identified asEssentialFish Habitat (EFH)
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INTEGFIATIONWITH~THER
RESTORATIONPROGRAMS

resident and migratory waterfowl will benefit from
improved aquatic, wetland, riparian, and agricultural
habitats. Increase use of the Colusa Basin Ecological
Management Zone and possibly increases in some
populations would be expected.

The vision for the Colusa Basin Ecological
Management Zone can be achieved by primarily
relying on local resource conservation
districts,
landowner
associations,
watershed
associations,
watershed conservancies, water districts, and local
landowners. In addition, the expertise of state, federal
and local agencies can be used where appropriate to
improve or assist in local planning efforts. Local
groups presently include the Stony Creek Business
and Landowners
Coalition, the Thomes Creek
Watershed
Association,
Tehama Colusa Canal
Authority,
and the Orland Unit Water Users
Association. Key agencies in this effort are DFG,
USFWS, the U.S. Natural Resources Consecration
Service (NRCS), Reclamation, and local government
agencies. The Colusa Basin Drainage District will
play an important part in designing restoration
efforts in the Colusa Basin Ecological Management
Unit. The District recently completed major elements
of a Basin Integrated Resource Management Plan and
Watershed Priority Ranking Assessment Study. This
planning process brought together representatives
from agricultural, environmental, urban, and rural
groups to identify, discuss, and resolve issues in a way
that benefits all parties, In addition, local landowners,
stakeholders,
and private organizations
will be
important to restoration program success.

PLANT
SPECIES AND COMMUNITIES:
The
vision for plan species and communities is to protect
and restore these resources in conjunction with efforts
to protect and restore wetland and riparian and
riverine aquatic habitats.
Note on Chinook Salmon in the Colusa
Basin Ecological
Management
Zone
Chinook salmon are not included in the-ttision
or this
Ecological
Management
Zone.
iistorically, Thomes, Elder, and Stony creeks
sporadically
supported
spawning
chinook
salmon when rainfall and streamflow
patterns
4lowed upstream migration. Under ideal flow
zonditions, these streams can still support fall-un chinook. These three creeks have been
,dentified as “Essential
Fish Habitat” by the
National Marine Fisheries Service. In response
to this, CALFED has reevaluated its approach
and recommended
actions and decided the
proposed actions are appropriate. for this Zone
at this time.
The approach presented
includes efforts tc
resolve uncertainties
and problems arisinc
from the ecological dysfunction of streamflow
coarse sediments,
and floodplains.
These
processes
need ,to be improved
prior to
3eveloping
or recommending
actions
to
restore fall-run chinook salmon, which at this
timi is not warranted.
-

CENTRAL

VALLEV HABITAT
VENTURE

JOINT

The Central Valley Habitat Joint Venture and the
North American Waterfowl
Management Plan have
developed objectives for wetlands in the Colusa Basin
Ecological Management Zone. These objectives are
consistent with the ERPP targets developed for this
Ecological Management Zone.

Future actions directed at fall-run chinook
salmon, if appropriate, will depend on how well
the system functions after issues related tc
streamflow and sediment transport and supply
are reviewed
and remedial
projects
are
successfully
implemented.

CENTRAL VALLEY
IMPROVEMENT

PROJECT
ACT

In addition to many provisions for the restoration of
anadromous fish in the Central Valley, the Central
Valley Project Improvement Act contains provisions
related to “other” programs to protect, restore, and
mitigate for past fish and wildlife impacts of the
Central Valley Project including threatened and
endangered plants and animals.

The role or value of fall-run chinook salmon ir
this Zone is uncetiain at this time, and future
recommendations
will be based on credible
science and projects implemented as adaptive
interventions
or experiments.
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CALFED

BAY-DELTA

PROGFULM

CALFED
has funded one ecosystem restoration
projects in Colusa Basin. This project reduces
sediment inflow to Sand and Salt creeks.

LINKAGETO~THER
ECOLOGICALMANAGEMENT
ZONES
The Colusa Basin Ecological Management Zone is
closely linked to the Sacramento River Ecological
Management
Zone and has a high degree of
connectivity through the confluences of Stony, Elder,
and Thomes Creeks. The Colusa Basin is directly
linked to the Sacramento River through the_Colusa
Basin Drain. This Ecological Management Zone
provides important habitats for a variety of migratory
species including anadromous fish, waterfowl,
and
other species dependent on wetland and riparian
habitats.

ColusaBasin Ecological Management
Zone streams provide several features that are
RATIONALE:

important
within the Ecological
Management
Zone
and for adjacent zones. Major ecological processes and
functions
that are driven by f7ow include gravel
recruitment, transport,
deposition,
and cleansing.
Stony,
Thomes,
and Elder creeks can provide
sediment for transport to the Sacramento River and
habitat in the Sacramento River for chinook salmon
and other aquatic species.Maintaining and improving
the ecological health of streams in the Colusa Basin

Ecological Management
Zone will
require
maintaining existing runoff patterns and eliminating
other stressorssuch asinvasive exotic plants (Arundo
and tamarisk) that constrain ecological processes.In
addition, improvements in watershed health will
contribute to maintaining seasonalrunoff patterns,
water yield, and water quality and reduce sediment
loading to downstream storage reservoirs.
COARSE

CENTRAL

VALLN

SUPPLY

1: Maintain the sediment available for
transport during storms and seasonalflow events in
Thomes Creek (+a).

RESTORATIONTARGETSAND
PROGRAMMATICACTIONS
ECOLOGICAL

SEDIMENT

TARGET

PROCESSES

PROGRAMMATIC
ACTION
1 A:
Maintain
sediment transport in Thomes Creek by continuing
to monitor aggregate extraction activities to ensure
sediment is available for delivery to the Sacramento
River.

STREAMFLOWS

1: Maintain the existing seasonalrunoff
patterns that mobilize and transport sediments,allow
upstream and downstream resident fish passage,and
contribute to riparian vegetation succession.(+).

TARGET

2: Maintain the quantity of sediment
transported from Elder Creek to the Sacramento
&River(++).

TARGET

ACTION
1 A: Develop locally
initiated programs to restore
upper
watershed health
.
and functions.
PROGRAMMATIC

Maintain
sediment transport in Elder Creek by continuing to
monitol: aggregate extraction activities to ensure
*sediment is available for delivery to the’ Sacramento
River
PROGRAMMATIC

PROGRAMMATIC
ACTION
1 B: Reduceexcessive
fire fuel loads in the upper watersheds.
ACTION
1 c: Improve forestry
management practices related to timber harvesting,
road building and maintenance, and livestock
grazing.
PROGRAMMATIC

ACTION

2~:

Sand and gravel extraction activities
on the streams in the Cofusa Basin Ecological
Management Zone are conducted in compliance with
local and state regulations. The tributaries are
important sedimentsourcesfor the SacramentoRiver.
Sedimentscontribute to severalimportant ecological
functions and are required for specific habitats,
particularly chinook salmon and steelhead habitats.
Black Butte earn on Stony Creek has eliminated
natural gravel recruitment to the lower stream reach.
The feasibility of protecting Stony Creek, its stream
RATIONALE:

PROGRAMMATIC
ACTION
ID:
Develop a
watershed management plan for Thomes Creek.
ACTION
1~:
Develop a
watershed management plan for Elder Creek.
PROGRAMMATIC

PROGRAMMATIC
ACTION
IF:
Develop a
watershed management plan for Stony Creek.
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and riparian corridor,
and its contribution
sediment
to the Sacramento River should
evaluated.
NATURAL

FLOODPLAIN
PROCESSES

AND

Zone. Restoring these habitats will also reduce the
amount and concencrarions of contaminants that
could interfere with restoring the ecological health of
the aquatic ecosystem. Seasonal wetlands support a
high production rate ofprimary and secondary food
species and large blooms (dense populations)
of
aquatic invertebrates.

FLOOD

TARGET
1: Establish
a desirable
deposition level in the Colusa Basin (+).
PROGRAMMATIC
ACTION
IA:
Colusa Basin sediment deposition
working
with local landowners
to
integrated
plan consistent
with
requirements.

of
be

sediment

Wetlands char are dry in summer are also eficient
sinks for the transformation
of nutrients and rhe
breakdown ofpesticides and other contaminants. The
roughness of seasonal wetland vegetation filters and
traps sediment and organic particulates.
Water
flowing out from seasonal wetlands is typically high
in foodweb prey species concentrations
and fine
particulate organic matter that feed many Delta
aquatic and semiaquatic
fish and wildlife.
TO
capitalize on these functions, most of the seasonal
wetlands of the Colusa Basin Ecological Management
Zone should be subject to periodic flooding and
overland flow from river floodplains.

Improve the
capacity by
develop an
flood-control

RATIONALE:
Floodplain processes include the
natural floodwater
and sediment detent&
and
retention process whereby flows and sediment are
retained within
the floodplains.
Retaining and
detaining water and sediment in basin floodplains are
controlled primarily by flow patterns and channel
geomorphology,
and secondarily by soils and plant
communities.

RIPARIAN
AND
RIVERINE
AQUATIC

HABITATS
SEASONAL

TARGET
1:
Protect and maintain riparian
vegetation along Stony Creek, Elder Creek, Thomes
Creek, and the Colusa Basin Ecological Management
Unit channels and sloughs where possible. This will
provide
cover
and other
essential
habitat
requirements for native resident fish species and
wildlife (++).

WETLANDS

TARGET
1: Protect and manage 2,000 acres of
existing seasonal wetland habitat consistent with the
goals of the Central Valley Habitat Joint Venture and
the North American Waterfowl
Management Plan
(++I.

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program
to protect or rehabilitate
riparian vegetation, where possible.

PROGFIAMMATIC
ACTION
IA: Develop and
implement
a cooperative program
to improve
management of 2,000 acres of existing, degraded
seasonal wetland habitat.

RATIONALE:
Healthy riparian corridors along
creeks, sloughs, and channels, including those in the
Colusa Basin Ecological Management Unit, provide
essential cover, shade, and food for spawning, rearing,
and migrating native resident fishes, and a wide
variety of wildlife, neotropical birds, and other
terrestrial species.

TARGET 2: Develop and implement a cooperative
program to enhance 26,435 acres of existing public
and private seasonal wetland habitat consistent with
the goals of the Central Valley Habitat Joint Venture
and the North American Waterfowl
Management
Plan (++).
PROGRAMMATIC
ACTION
2~: Restore
manage seasonal wetland habitat throughout
Ecological Management Zone.

SHADED
HABITATS

FRESHWATER
ESSENTIAL

and
the

FISH HABITAT
FISH HABITAT

AND

TARGET
1: Maintain
and improve existing
freshwater fish habitat and essential fish habitat
through the integration of actions described for
ecological processes, habitats, and stressor reduction
or elimination (++).

RATIONALE:
Restoring seasonal wetland habitats
along with aquatic, permanent wetland, and riparian
habitats is an essential element of the restoration
strategy for the Colusa Basin Ecological Management
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PROGFWMMATIC
ACTIONS:
No
programmatic actions are recommended.

Creating small ponds on farms with nearby waterfowl
nesting habitat but little brood habitat will increase
production of resident waterfowl specieswhen brood
ponds are developed and managed properly.
Researchersand wetland managers with the DFG,
U.S. Fish and Wildlife Service and the California
Waterfowl Association have found that well managed
brood ponds produce the high levels of invertebrates
neededto support brooding waterfowl. Ocher wildlife
such as the giant garter snake will also benefit.
Restoring suitable nesting habitat near brood ponds
will increase the production of resident waterfowl

additional

RATIONALE:
Freshwater fish habitat and essential
fish habitat are evaluated in terms of their quality and
quanrity. Actions described for ecological processes,
srressor
reduction, and riparian and riverine aquatic
habitat should suffice to maintain and restore
freshwater fish habitat and essentialfish habitat. For
example, maintaining freshwater and essential fish
habitats is governed by actions to maintain
screamflow, improve coarse sediment supplies,
maintain stream meander, maintain or restore
connectivity of Stony, Elder, and Thomes creeks and
their floodplains, and in maintaining and restoring
riparian and riverine aquatic habitats.
_
AGRICULTURAL

species.

Restoring nesting habitat, especially when it is near
brood ponds, will increasethe production of resident
waterfowl species. When the restored nesting habitat
is properly managed, large, ground predators are less
effective in preying on eggs and young of waterfowl
and other ground nesting birds. Managing
agricultural lands to increaseforage for waterfowl and
other wildlife will increase the overwinter survival
rates of wildlife and strengthen them for migration,
thus improving breeding success (Madrone and
Assoc. 1980).

LANDS

TARGET 1: Cooperatively manage 111,285 acresof
agricultural lands (++).
PROGRAMMATIC ACTION 1 A: Increasethe area
of rice fields and other crop lands flooded in winter
and spring to provide high-quality foraging habitat
for wintering and migrating waterfowl and shorebirds
and associatedwildlife.

REDUCING

PROGRAMMATIC

ACTION
1 B: Convert
agricultural lands in the Colusa Basin Ecological
Management Zone from crop types of low forage
value for wintering waterfowl and other wildlife to
crop types of greater forage value.

OR ELIMINATING

STRESSORS
CONTAMINANTS
TARGET 1: Reducethe adverseeffects of herbicides,
pesticides,fumigants, and other agents that are toxic
to fish and wildlife in the Colusa Basin Ecological
Management Zone (+).

PROGFWMMATIC ACTION 1 c: Defer fall tillage
on rice fields in the Colusa Basin Ecological
Management Zone .to increase the forage for
wintering waterfowl and associatedwildlife.

PROGRAMMATIC
ACTION 1 A: Work with local
agricultural interests and water districts implement
and evaluate a contaminant effects study.

RATIONALE: Following the extensive lossof native
wetland habitats in the Central Valley, somewetland
wildlife specieshave adapted to the artificial wetlands
of some agricultural practices and have become
dependent on these wetlands to sustain their
populations. Agriculturally created wetlands include
rice lands; fields flooded for weed and pest control;
stubble management; and tailwater circulation
ponds.

RATIONALE:
Contaminants from point and
nonpoint sourcesaffect water quality and survival of
fish, waterfowl,
and the aquatic foodweb.
Contaminants may cause severe toxicity and
organism mortality or long-term, low-level toxicity
that affects species’health and reproductive success.

INVASIVE

Managing agricultural lands to increase forage for
waterfowl and other wildlife will increasethe survival
rates of over-wintering wildlife and strengthen them
for migration, thus improving breeding success
(Madrone Associates 1.980)

RIPARIAN
PLANTS

AND

MARSH

TARGET 1: Eradicate Arundo and tamarisk in
watersheds where they have only small population,
then concentrate on eradicating satellite populations
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extending beyond major infestations, and finally,
reduce and eventually eliminate the most extensive
populations (++).

REFERENCES
California Department
of Fish and Game. 1993.
Restoring Central Valley streams: a plan for
action. November 1993.

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative pilot study to control Arundo (false
bamboo) and tamarisk (salt cedar) in streams within
the Colusa Basin Ecological Management Zone.

California Department of Water Resources. 1994.
Use of alternative gravel sources for fishery
restoration and riparian habitat enhancement in
Shasta and Tehama
counties,
California.
Northern District. August 1994.

RATIONALE:
Invasive riparian and marsh plants
have become suf3cientfy established in some locations
to threaten the health of the Bay-Delta
ecosystem.
The riparian and salt marsh plants that pose the
greatest threats to aquatic ecosystems are chose chat
directly or indirectly affect rare native species,
decrease
foodweb
productivity,
and reduce
populations of desired fish and wildlife speckle.

Madrone Associates. 1980. Sacramento-San Joaquin
Delta wildlife habitat protection and restoration
plan. Prepared for the California Department of
Fish and Game and U.S. Fish and Wildlife
Service.
Moyle, P.B., and J.P. Ellison. 1991. A conservation
oriented classification system for the inland
waters of California. California Fish and Game
77(4): 161-180.

Factors chat relate co the degree of infl uence invasive
riparian and salt marsh plants have on the Bay-Delta
include additional introductions from gardens and
other sources,
and ground
disturbances
and
hydrologic regimes that create favorable conditions
for their establishment.

National Marine Fisheries Service. 1998. Draft
proposed recommendations
for amendment 14
to the Pacific Coast salmon plan for essential fish
habitat. March 26, 1998.

The effects of Arundo’s ability to alter ecosystem
processes’may be profound. It is far more susceptible
to fire than native riparian species. However,
although
it recovers from fires, most native
vegetation does not, leading to increased post&e
dominance by Arundo. By increasing sedimentation
after establishing
in stream channels, Arundo
stabilizes islands, hinders braiding and shifting
patterns in stream channel movement, and prevents
native stream channel vegetation from establishing.
An example of this can be seen at Stony Creek in
northern California. because Arundo has a vertical
structure, it does not overhang water like native
riparian vegetation. The r&ulc
is less shade over
water,
providing
less cover, increased
water
temperatures,
and altered water chemistry,
all
conditions chat can harm fish and other existing
aquatic organisms and uft‘imacely change the aquatic
species composition.

The Nature Conservancy. 1995. Sacramento Valley
and foothill bioregional biological scoping
project.
U.S. Fish and Wildlife Service. 1997. Revised draft
restoration
plan for the anadromous
fish
restoration program: a plan to increase the
natural production of anadromous fish in the
Central Valley of California. May 30, 1997.
I

Tamarisk is widespread in California rivers; however,
an accurate assessment of the extent and rate of
spread of the weed is unknown. Like Arundo, more
survey mapping is needed to determine the extent of
camarisk, the levels of threat posed by the weed, the
best time to control it safely, and a prioritized
strategy for removing it.
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+ BUTTE

BASIN ECOLOGICAL
MANAGEMENT
ZONE
steelhead,
however,
need to achieve higher
sustainable annual population levels before they are
considered healthy and no longer a problem in the
Delta. Achieving
healthy status for these fish
populations is also dependent on implementing
restoration actions downstream
of this ecological
management zone.

The ecological health of the Bay-Delta depends on
ecological processes and functions, habitats, and fish
and wildlife species present in Butte Basin Ecological
Management
Zone
streams,
wetlands,
and
floodplains. The status and abundance of spring-run
chinook salmon and steelhead trout are important
measures of the health, not only of the SacramentoSan Joaquin River Delta, but also of the Butte Basin.
The Butte Basin Ecological Zone supports the Delta
ecosystem
through
significant
contribu&%s
of
streamflow, sediments, and other attributes.
The Butte Basin Ecological Management Zone
provides habitat for a wide variety of fish, wildlife,
and plant communities and habitats. These include
spring-run chinook salmon, steelhead trout, resident
fish communities, waterfowl, riparian vegetation, and
seasonally and permanently flooded wetlands. The
Butte Sink contains important refuge areas including
Gray Lodge Wildlife Area, Butte Basin Wildlife
Area, Butte Sink National Wildlife Refuge, and the
Butte Sink Wildlife Management Area.

Photo 0 California

Department

of Water Resources

Important habitats in the Butte Basin Ecological
Management
Zone
include
anadromous
fish
migration, holding, spawning, and nursery habitats
(freshwater and essential fish habitats), which are
needed to maintain spring-run chinook and steelhead
and other chinook populations. Seasonally flooded
wetlands are prevalent through the lower portions of
the basin and are extremely important habitat areas
for waterfowl,
shorebird, and wading bird guilds.
Riparian and riverine aquatic habitat is important to
aquatic and terrestrial species. Woody debris, such as
tree branches and root wads, provide important covel:
for young fish. Healthy riparian vegetation provides
a migration corridor that connects the mainstem
Sacramento River with habitats in the upper
watershed. This corridor is used by terrestrial species,
such as birds and mammals.

Important ecological processes and functions in the
Butte Basin Ecological Management Zone include
the annual streamflow and storm runoff patterns,
sediment supply and gravel recruitment, and stream
meander in each stream’s watershed. These important
processes are in a {easonably healthy condition
throughout
the ecological management zone, but
specific improvements
aye needed in certain
watersheds.
The greatest need is to maintain
processes closely linked to the natural streamflow
regime. Continued efforts toward improving low
flows and reducing physical barriers to fish migration
will improve the overall ecological health of the
watersheds in the basin while contributing to species
restoration.

Stressors to ecological processes, habitats, and species
in the 2’one include diversion structures
in the
streams; unscreened diversions; insufficient flow in
the lower portions of most of the streams, which may
seasonally inhibit the upstream and downstream
migration of anadromous fish; areas of inadequate
riparian vegetation and woody debris; and the
potential illegal harvest of spring-run chinook salmon

Important fish and wildlife resources in the basin
include spring-run chinook salmon, fall-run chinook
salmon, steelhead trout,
resident fish guilds,
waterfowl guilds, shorebird and wading bird guilds,
and riparian wildlife guilds. Generally, the wildlife
populations are healthy. Spring-run chinook and
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that oversummer in isolated pools in many of the streams.

DESCRIPTION
MANAGEMENT

OF

THE

ZONE

The Butte Basin Ecological Management Zone
encompasses a significant portion of the Sacramento
Valley, east of the Sacramento River and north of the
Colusa Basin Ecological Management Zone, and
includes the following seven ecological units:
n
n
n

H
n

DESCRIPTIONS
OF
ECOLOGICAL
MANAGEMENT
UNITS

Paynes Creek Ecological Unit,
Antelope Creek Ecological Unit,
Mill Creek Ecological Unit,
Deer Creek Ecological Unit,
Big Chico Creek Ecological Unit,

_

CREEK
MANAGEMENT

PAYNES

Paynes Creek enters the Sacramento River 5 miles
north of Red Bluff. It flows into the Sacramento
Valley from the east, draining a watershed of approximately 93 square miles. Paynes Creek originates in a
series of small lava springs approximately 6 miles
west of the town of Mineral. There are no significant
dams on the stream; however, as many as I6
diversions seasonally divert water. Diverted water is
used for irrigation, stock watering, and commercial
aquaculture. Diversions are confined to the period
between late spring and early fall. Significant losses of
juveniles can occur in spring if the irrigation season
begins when juvenile salmon are attempting to
emigrate from the stream into the Sacramento River.
Approximately 15 diversions in Paynes Creek need to
be screened to protect juvenile fish.
Paynes Creek has a natural flow pattern of high
winter and low summer-fall flows, typical of many
Sacramento Valley streams that originate in foothills
rather than the crests of the Sierra Nevada or Cascade
ranges. Low summer and fall flows are further
reduced by diversions. The stream is often dry during
summer and fall. In wetter years, flows in winter
average 200 to 600 cfs. In winter months of dry
years, average monthly flows peak at only 50 to 80
cfs. In the driest years, winter monthly average flows
reach onlv 10 to 20 cfs.

Location Map of the Butte Basin Ecological Management
Zone and Units
n
n

ECOLOGICAL
UNIT

Butte Creek Ecological Unit, and
Butte Sink Ecological Unit.

.Histdrical

LIST

OF SPECIES
TO BENEFIT
FROM
RESTORATION
ACTIONS
IN THE BUTTE
BASIN
ECOLOGICAL
MANAGEMENT
ZONE
n
fall-run chinook salmon
n
spring-run chinook salmon
n
steelhead trout
n
lamprey
n
native anuran amphibians
n
native resident fishes
n
neotropical migratory birds
n
giant garter snake
n
waterfowl
n
plants and plant communities.
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Paynes Creek Strmmflow,
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Restoration and maintenance of Paynes Creek could
be improved
by establishing
a Paynes Creek
watershed conservancy. Restoring and maintaining
Paynes Creek could be facilitated by developing and
comprehensive
watershed
implementing
a
management plan.

Fall-run chinook salmon and steelhead trout use
Paynes Creek when streamflow is sufficient to allow
upstream passage. Surveys
in the 1960s documented
an average run size of 143 fall-run salmon; 300 fish
was the maximum run observed in a single season. In
most years, rainfall provides sufficient flow for the
fall-run chinook salmon to move upstream by late
fall.
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UNIT

Antelope Creek flows southwest from the Cascade
Range foothills and enters the Sacramento River 9
miles southeast of Red Bluff. The drainage is approximately 123 square miles, and the average stream
discharge is 107,200 acre-feet (af) per year. Antelope
Creek is relatively unaltered above the valley floor,
but the seasonal lack of flow to the Sacramento River
reduces the creek’s potential to produce anadromous
fish.
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Chinook Salmon Returns to Paynes Creek,
1960-1999
(CDFG
1998).

Antelope Creek has a natural streamflow pattern like
other nondammed
streams in this ecological
management zone. Peak flows occur in winter and
spring. Lowest flows occur in summer and fall. In
wettest years, average flows in winter months range
from 200 to 1,200 cfs. In driest years, flows in winter
months average below 50 cfs. In all but the wettest
years, summer and early fall flows average from 20 to
SO cfs. The natural flow pattern is altered by
diversions in the lower creek from spring through fall.

Riparian and riverine aquatic habitat needs to be
improved by providing adequate streamflows and by
protecting
shorelines from livestock. Vegetation
planting may be required in certain areas to hasten
and sustain a riparian corridor along the stream.
The size of the salmon run in Paynes Creek is closely
linked to rainfall. Therefore, actions to restore and
improve conditions for chinook salmon and steelhead
are more likely to succeed during periods of normal
to above normal rainfall. Limiting water diversions
during critical migration periods would help to
maintain and improve flows. Reduced diversions
could be achieved through voluntary restrictions;
direct water purchase;‘or development of alternative
sources, such as wells or storage facilities. Adequate
flows are needed in Paynes Creek to provide for the
fall adult migration, winter season fry rearing, and
spring juvenile outmigration in drier years. Minimum
flows in upstream summer rearing areas are needed to
sustain steelhead.

Historical

In addition to low flow, inadequate spawning gravel
has been identified as a significant factor limiting
salmon production. The California Department of
Fish and Game (DFG) built five spawning riffles with
1,000 tons of spawning gravel in 1988. Improvement
to the sediment supply, including gravel for fish
spawning, needs further evaluation.
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Antelope Creek Streamflow, 1942-1982
(Dry year is the 20th
percenrile year; normal year is the 50th percentile or median year.)

There are two water diversions at the canyon mouth
on Antelope Creek. The Edwards Ranch uses water
from both diversion points under riparian and preVolume II: Ecosystem Restoration
Butte Basin Ecological Management

232

Program Plan
Zone Vision
July 2000

1914 water rights. The Los Molinos Mutual Water
Company (LMlMWC)
shares one diversion with a
water right of 70 cfs. Antelope Creek flow is typically
diverted from April 1 through October 3 1. Average
flow during this period, measured from 1940 through
1980, was 92 cfs. With water diversion rights
exceeding streamflow, the lower reach of the stream
is often dry. The seasonal flow needs improvement to
permit unobstructed fish passage. To reestablish and
increase salmon and steelhead in Antelope Creek,
priority must be given to providing and maintaining
adequate passage flows from October 1 through June
30 below the Edwards and LMMWC diversion dam.
Diversions on Antelope Creek have been screened to
protect juvenile salmon and steelhead during their
downstream passage.

that Antelope Creek no longer supports a selfsustaining population of chinook salmon. The status
of steelhead in Antelope Creek is unknown.
I

I

Fall-run

Chinook

Salmon Returns
1999, (CDFG

to Antelope
1999).

Creek,

1960.

The overall role of Antelope Creek in supporting
viable populations of anadromous fish is strongly
constrained by flow patterns, flow quantity, high
water temperatures, geomorphology of the valley
section of the stream, and the steep gradient in the
upper reaches.

Migration flows and temperatures adequate to attract
salmon must be provided at Antelope Creek’s
confluence with the Sacramento River. Diversions
during the chinook and steelhead migration season
should be limited to maintain a flow of at least 25 cfs
at the mouth of Antelope Creek. Instream flows
should be maintained throughout
the irrigation
diversion season to provide aquatic habitat and
riparian vegetation benefits.

Insufficient fall flow patterns may delay the upstream
migration and spawning of adult fall-run chinook and
downstream
migration
of juvenile spring-run
chinook. Likewise, inadequate late spring flows may
limit part of the spring-run upstream migration and
downstream juvenile fall-run chinook migration. In
the lower stream section below the canyon mouth,
Antelope Creek is subject to braiding and channel
bifurcation, which also impair upstream fish passage.

The riparian and riverine aquatic habit along the
Antelope Creek corridor needs several improvements.
Some areas have been denuded and will require
significant
revegetation.
Woody debris, such as
branches and root wads originating from the riparian
forest, provides valuable cover for young fish. The
riparian zone provides an important
migratory
corridor for terrestrial species by connecting the
mainstem Sacrament‘0 River with upper watershed
habitats.
I
Fall- and spring-run chinook salmon and steelhead
trout have used Antelope Creek. Population estimates
for fall-run salmon on Antelope Creek from 1965
through 1984 ranged from 50 to 4,000, with an
average annual run of approximately
467 fish.
Historically,
an estimated 500 spring-run chinook
salmon and approximately
300 steelhead trout
annually used Antelope Creek. Since 1986, the
California Department
of Fish and Game has
conducted intensive snorkle surveys on Antelope
Creek. Over a period of I2 years, a total of only 19
spring-run
chinook salmon have been observed.
During 1997, no adult spring-run chinook salmon
were observed. This series of observations suggest

The Antelope Creek Ecological Unit could be
improved by establishing and supporting an Antelope
Creek watershed
conservancy.
Restoring
and
maintaining Antelope Creek could be improved by
developing and implementing
a comprehensive
watershed management plan. Forest management,
including reducing fire fuel loads, would protect
riparian habitats and streamflows and help to prevent
excessive sediment from being washed into the creek.

MILL CREEK ECOLOGICAL
MANAGEMENT
UNIT
Mill Creek is a major tributary of the Sacramento
River, flowing from the southern slopes of Mt. Lassen
and entering the Sacramento River at river mile (RM)
230, 1 mile north of the town of Tehama. The stream
originates at an elevation of approximately 8,500 feet
and descends to 200 feet at its confluence with the
Sacramento River. The watershed drains 134 square
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miles, and the stream is approximately 65 miles long.
The creek is confined within a steep-sided, relatively
inaccessible canyon in the upper watershed. Mill
Creek spring-run chinook salmon are unique, because
they spawn at altitudes above 5,000 feet-the
highest altitudes known for salmon spawning in
California. The stream flows through the Ishi Wilderness Area and the Gray Davis Dry Creek Reserve,
which is managed by The Nature Conservancy. Two
dams on the lower 8 miles of the stream divert most
of the natural flow for irrigation purposes, usually
from May and until September.

Fall-run chinook salmon population estimates have
ranged from approximately 6,000 spawners in 1984
to 150 in 1965. The fall run has averaged 2,200 fish
for the 38 years of record. Late-fall-run salmon have
occasionally been observed spawning in the lower
reaches of Mill Creek, but no estimates are available.
6-

Mill Creek has a somewhat atypical seasonal flow
pattern. Flows remain relatively high through spring,
even in dry years, because of snowmelt and spings on
Mt. Lassen. In wettest years, average monthly flows
in winter and spring range from 800 to 1,800 cfs. In
driest years, flows range only from 60 to 120 cfs.
With no storage reservoirs and minimal diversions on
the river, streamflows
are near natural and
unimpeded, except in the valley lowland reach.

1960

Fall-run

Spring-run chinook salmon populations in Mill Creek
have ranged from a maximum of 3,500 fish to a low
of no fish during the severe drought of 1977. During
the past decade, .annual spring-run
chinook
populations have averaged 390 fish. More than 2,000
steelhead have been counted at Clough Dam,, and
steelhead runs averaged 1,100 fish from 1953 to
1965. Anecdotal accounts place the present annual
steelhead population at a few hundred fish.
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Creek,

1970

Chinook

1975

Salmon
1960-1998

1960

Returns
(1999).

196.5

to Mill

1990

1995
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Mill Creek differs from other eastside streams because
of its high silt load and turbidity during the spring
snowmelt period. Recent water quality monitoring
for Mill Creek indicates that lands within Lassen
Volcanic National Park contribute the major source
of silt from the steep barren slopes adjacent to the
headwaters. There are insignificant land use activities
that occur on the Lassen National Forest lands,
however, most of the area is protected by its
wilderness designation. The majority of the siltation
sources in Mill Creek are the result of natural
geologic processes that have existed for thousands of
years and are not an impediment to the survival of
the endemic anadromous fish populations.

The ecological health of the Mill Creek ecological
unit is rated above average due to unimpeded stream
flow and the undisturbed quality throughout the
holding and spawning habitat of spring-run chinook
salmon and steelhead. Populations of spring-run
chinook salmon and steelhead have declined sharply
in recent years, in large part due to problems outside
of the unit.

Spring-run

1965

Spawning areas in lower Mill Creek consist primarily
of large cobbles and boulders, with very little
Spawning
gravel
naturally
spawning
gravel.
accumulates in the lower reaches of the stream but is
flushed’from the stream during higher flow events.
Three diversion structures were constructed on Mill
Creek in the early 19OOs, however, only two are
operational. The upper and lower diversions are low
structures and have been screened since the 1920s.
The Department of Fish and Game has completed
several improvements
to these structures over the
past 50 years including the addition of fish ladders
and resloping and refacing the surface of the
structures to improve fish passage. These diversion
structures
are owned and managed by the LOS
Molinos Mutual Water Company and are regularly
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inspected by the Department of Fish and Game to
insure optimum fish passage conditions.

Restoration
activities
are
presently
being
implemented in accordance with the priorities stated
in the rMil1 Creek Watershed Management Strategy.
The Strategy Report addresses potential stressors
including the potential adverse impacts from timber
harvesting
and additional recreational activities.
However,
the majority of the upper and middle
watershed is protected from detrimental activity due
to its Wilderness designation, PACFISH regulations,
and private conservation easements.

The middle diversion structure is known as the
Clough Diversion which was constructed in the early
1920s and is privately owned. The structure was
screened and has a functional fish ladder. The Clough
Dam was breached during the January 1997 flood
and presently is not a barrier to fish passage.
Alternative
designs for reconstructing
the dam
include options to provide water for irrigation
without impairing fish passage.

The majority of the Mill Creek watershed remains
undisturbed and is still capable of supporting historic
runs of salmon and steelhead. Potential restoration
work is concentrated in the lower watershed area on
the valley floor that has been impacted by human
activities. The major restoration efforts include
replanting native riparian vegetation and securing
additional instream flows.

All of the water diversions have screens, owned by the
DFG, in place and in good operating condition.
Sufficient flows permit unobstructed fish passage and
cleanse and distribute new spawning gravels. One of
the key elements in restoring Mill Creek’s salmon and
steelhead populations is obtaining dependable flow in
the lower stream reaches. A negotiated agreement
with the water users is the preferable means of
achieving this goal, because it would minimize
conflicts between historical land uses and restoration
of salmon and steelhead habitat. This has been
partially achieved through
a cooperative water
exchange agreement which has been in place for
seven years.

Potential timber harvest in the upper watershed
threatens loss of holding and spawning areas due to
habitat degradation. Selective harvest and wellplanned road construction would minimize this effect.
Additional recreation areas must be carefully planned
and implemented to preserve existing fish habitat.
Forest management, including reducing fire fuel
loads, will protect riparian habitats and streamflows
and help to prevent excessive sediment from being
washed into the creek.

The riparian corridor needs improvement in several
areas. Some locations have been denuded and will
require significant revegetation.

Adult spring-run chinook salmon oversummering in
deep upstream pools are susceptible to illegal harvest.
The remoteness of the spawning areas contributes to
enforcement problems.

Gravel spawning habitat in the valley floor section of
the creek is not adequate for fall-run chinook salmon.
Gravel recruitment is limited because of a relatively
low natural supply battributable to the geologic
features in the basin. Existing gravel sources may be
enhanced to improve spawning areas for fall-run
chinook salmon. An evaluation of the potential
benefits of providing supplemental gravel into the
channel should be completed.

DEER CREEK
ECOLOGICAL
, MANAGEMENT
UNIT
Deer Creek’is a major tributary to the Sacramento
River, originating upstream of Deer Creek Meadows
on the slopes of Butt Mountain. The creek enters the
Sacramento River approximately I.5 miles north of
Woodson Bridge State Park. The watershed drains
200 square miles and is 60 miles long. Part of the
upper stream is paralleled by State Highway 32. The
lower 10 miles of the creek flow through the valley,
where most of the flow is diverted. This lower section
encompasses a relatively large flood plain bounded on
either side by levees.

Conservation, restoration, and preservation efforts on
Mill Creek have been established by the Mill Creek
Conservancy which supports the local approach to
watershed
management.
The local residents,
concerned citizens, and resource agencies worked
together and prepared the Mill Creek Watershed
iManagement Strategy which is a comprehensive
document containing specific recommendation
for
resource protection.
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In many years prior to 1990, three diversion dams
and four diversion ditches depleted all of the natural
flow from mid-spring to fall. Since 1990, the local
irrigation
districts,
with
assistance from the
Departments
of Fish and Game and Water
Resources, have voluntarily provided fish passage
flows at critical times. All of the diversion structures
have fish ladders and screens. Of all Sacramento
Valley streams, Deer Creek has the greatest potential
for restoring spring-run chinook salmon. Overall, the
ecological health of the Deer Creek Ecological
Management Unit is rated above average. Although
spring-run chinook salmon and steelhead populations
need to increase in size, the factors limiting these
populations lie primarily outside of the unit.
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Water right holders on Deer Creek have recently
expressed interest in developing alternative water
sources for fishery flows. Water users are concerned
about the depleted status of the spring-run chinook
salmon and have been working
toward mutually
acceptable solutions to restore the fishery.
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Sufficient flows permit unobstructed fish passage and
cleanse and distribute
new spawning
gravels.
Inadequate flow for upstream passage is the most
significant problem on Deer Creek. Flows necessary
to provide unimpaired migration in the lower stream
section, for .adult salmon and steelhead are
undetermined but have been estimated to be 50 cfs
at a minimum.
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Deer Creek has a seasonal flow pattern similarto that
of Mill Creek. Flows are highest in winter and spring,
and summer and fall flows. Peak monthly flows in
wet winters reach up to 2,600 cfs. In driest years,
winter flows reach only 90 to 110 cfs. Minimum
summer and fall base flows are 60 to 80 cfs.
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Fall- and spring-run chinook salmon and steelhead
trout use Deer Creek. During the past decade, an
average of approximately 5 50 spring-run and 1,000
fall-run chinook have spawned annually in Deer
Creek. Habitat in the upper watershed is relatively
intact, with
numerous
holding areas and an
abundance of spawning gravel. Some spawning areas
in lower Deer Creek are lightly armored and could
limit production of fall-run chinook salmon.

Adequate spawning gravel is found in lower Deer
Creek for present population levels of fall-run salmon
and existing gravel sources should be protected. Prior
to any effort to supplement existing gravel supplies,
a comprehensive analysis of stream channel dynamics
is required. This study should include elements that
address geomorphology,
sediment transport flows,
stream channel meander, sediment sources, and flood
control needs or requirements.

Except for the lack of streamflows on the valley floor
below the agricultural
diversions,
fish habitat
throughout the drainage is generally of good quality.

Restoration efforts on Deer Creek will involves the
and support
of local
ongoing
participation
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landowners through the Deer Creek Conservancy, a
local landowners organization. One role of the Deer
Creek
Conservancy
has been the successful
development of a cooperative watershed management
plan including a watershed management strategy
(Deer Creek Watershed
Conservancy 1998). Plan
formulation is in process and will help to preserve and
restore spring-run
chinook salmon and steelhead
trout
and other important
attributes
of the
watershed. The ecological health of Deer Creek could
be maintained by developing and implementing a
comprehensive watershed management plan.

Deer Creeks.’ Peak winter month average flows reach
6OO-1,500 cfs. In driest years, winter flows reach only
20-40 cfs. LMinimum summer and fall base flows are
15-20 cfs in all but the wettest years.
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The riparian
corridor
needs protection
and
improvement
in the lower and upper river. In the
lower river, riparian habitat improvements will be
coordinated
with
flood
control
management
activities.
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Important
resources in Big Chico Creek include
spring- and fall-run chinook salmon and steelhead
trout and resident native fishes. Although spring-run
chinook salmon and steelhead populations are very
low, factors limiting these population lie primarily
outside of the unit. Some improvements
in the
steelhead trout and spring-run
chinook salmon
populations can be made if habitat and flows can be
restored.

Adult spring-run chinook salmon oversummering in
deep upstream pools are susceptible to poaching. The
remoteness of the spawning
area contributes to
enforcement problems.
CHICO
CREEK
MANAGEMENT
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Additional recreation areas must be carefully planned
and implemented to preserve existing fish habitat.
Forest management,
including reducing fire fuel
loads, will protect riparian habitats and streamflows
and help to prevent excessive’sediment
from being
washed into the creek.

BIG

Monthly

ECOLOGICAL
UNIT

Big Chico Creek enters the Sacramento ;River 5 ‘miles
west of the City of Chico. It flows into the
Sacramento Valley from the Sierra Nevada foothills,
draining a watershed of approximately
72 square
miles. There are no significant impoundments on the
stream, and the only major water diversion has been
relocated to the mainstem Sacramento River. The
stream is the focal point of the local Chico
community. The creek flows through Bidwell Park,
downtown
Chico, and the Chico State University
campus. (Bidwell Park is the third largest city park in
the nation.) Lindo Channel is an element of the local
flood control system and originates at the Five Mile
Recreation Area. The channel returns water to the
creek near its mouth below the City of Chico.

In 1958, the spring-run chinook salmon population
was estimated at 1,000 adults, although the average
annual run was probably less than one-half this
amounf during the 1950s and 1960s. In 1995, an
estimated 200 spring-run
returned to Big Chico
Creek, followed in I998 by 359 spring-run. The
1998 return was likely the progeny of the 1995
return and was assisted by a series of wet years and
the relocation of the M&T Pumping Station to the
mainstem Sacramento River. Steelhead populations
are thought to have averaged approximately
150
returning adults during this same period. Recent
estimates indicate a potential to rebuild the springrun chinook population, a low steelhead population,
and a highly variable spawning population of fall-run
chinook salmon.

Big Chico Creek has a seasonal flow pattern similar to
that of Antelope Creek with moderate winter flows
and lower late spring to early fall flow than Mill and
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Gravel recruitment is limited by existing diversion
dams, or gravel is in poor supply from past floods or
flood control practices. Existing gravel sourcesshould
be protected and supplemental gravel placed into the
creek channel as needed.

54 ..

Restoration efforts on Big Chico Creek will involve
the participation and support of local landowners
through the Big Chico Creek Task Force, a local
organization of stakeholders. The Big Chico Creek
Task Force will be instrumental in developing a
comprehensivewatershed managementplan and will
assist or sponsor some of the needed restoration
elements in the basin. One role of the Big Chico
CreekTask Force will be to sponsorthe development
of a cooperative watershed management plan that
will assistin the effort to preserve and restore springrun chinook salmon and steelheadtrout.
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In addition, adult spring-run chinook are deterred by
intermittent
flow in Lindo Channel and inadequate
fish passage at the One and Five Mile Recreation
Areas and at Iron Canyon in upper Bidwell Park.
Marginal spawning and rearing habitat in Big Chico
Creek and Lindo Channel below the Five Mile
Recreation. Area is used by fall-run chinook salmon.
Big Chico Creek and Lindo Channel are used by
many interests for a variety of purposes, including
wildlife habitat, anadromous fisheries reproduction
and rearing, urban storm drainage, flood control, and
recreation.

The ecologicalhealth of the creek could be improved
by developing and implementing a comprehensive
watershed management plan. Timber harvest in the
upper watershed could threaten lossof holding and
spawning areas because of habitat degradation.
Selective harvest and well-planned road construction
may minimize this effect. Additional recreation areas
must be carefully planned and implemented to
preserve existing fish habitat. Forest management,
including reducing fire fuel loads, will protect
riparian habitats and streamflowsand help to prevent
excessivesediment from being washedinto the creek.

Functioning in the flood control and recreational pool
system, the ecological system supports three salmonid
runs. Without
careful coordination,
successful
management of one use may conflict with successful
management of another. Even though excellent
spawning gravel exists in Lindo Channel, in most
years,
intermittent
flows
preclude
successful
spawning. Big Chico Creek flows for nearly 11 miles
through the City of Chico, much of it through
Bidwell Park. Vegetation along Big Chico Creek in
Bidwell Park is an excellent example of a mature
riparian community. Linda- Channel functions as a
flood relief channel for Big Chico Creek and supports
riparian habitat. Both are surrounded by urban and
agricultural uses that could degrade their
environmental quality.

The riparian corridor needs to be protected and
improved in the lower and upper river. In the lower
river, riparian habitat improvements will be
coordinated with flood control managementactivities
in cooperation with local landowners.
Salmon’and steelhead passage problems at Iron
Canyon, One-Mile Pool, and Five-Mile Diversion will
be improved by repairing weirs and fishways.
Adult spring-run chinook salmon oversummering in
deepupstream pools are susceptibleto poaching. The
remoteness of the spawning areas contributes to
enforcement problems. Protect holding pools by
obtaining willing seller titles or conservation
easementson lands adjoining pools.

Inadequate flow for upstream passageis the most
significant problem on Big Chico Creek. During all
but the wetter years, flows in fall remain at summer
lows. This inhibits and delays the upstream fall-run
chinook salmon migration. Water management
operations, such as the flow split at Five Mile
Diversion Dam, that can improve flows for passage
should be evaluated.
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BUTTE
CREEK
MANAGEMENT

Fall- and spring-run chinook salmon and steelhead
trout exist in Butte Creek. As late as the 196Os,
Butte Creek supported more than 4,000 adult
spring-run chinook salmon, a lessernumber of fallrun chinook salmon, and a small number of steelhead
trout. More recently, the spring-run chinook
populations have ranged from fewer than 200 adults
to more than 1,000. Spring-run chinook salmon
estimates reached a record of more than 8,000 in
1995, and Butte Creek demonstrated its ability to
attract a large spring-run chinook salmonpopulation
with adequate streamflows. The fall-run chinook
salmon population varies between a few fish to as
many as 1,000. The number of steelheadis unknown.

ECOLOGICAL
UNIT

Butte Creek originates in the Jonesville Basin, Lassen
National Forest, on the western slope of the Sierra
Nevada. It drains the northeastern portion of Butte
County. The creek enters the Sacramento Valley
southeast of Chico and meanders in a southwesterly
direction to the initial point of entry into the
Sacramento River at Butte Slough. A second point of
entry into the Sacramento River (at lower flows) is
through the Sutter Bypass and Sacramento Slough.
Butte Creek drains the foothills just south of the Big
Chico Creek watershed
and North Fork of the
Feather River drainage. The upper Butte Creek
watershed
(northeast
of Chico) has an area of
approximately 150 square miles. Lower Butte Creek
flows parallel to the Sacramento River for almost 50
miles to the Butte Slough outfall. It then continues
through the Sutter Bypass and Sacramento Slough
channels to join the Feather River near the confluence
with the Sacramento River, almost 100 miles
downstream
of Chico. Butte Slough connects with
the Sacramento River through flap gates in the
Sacramento River levee. These gates may not be open
during the salmon and steelhead migration periods.
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Nine diversion dams on Butte Creek above Butte
Slough supply water for power generation, irrigation,
gun clubs, and domestic use. All are known to impair
and delay migrating fish. One, the Point Four Ranch
Dam, was removed in July 1993. Passage at seven of
the dams could be improved by either removing the
dam or upgrading the ladders. All of the diversions
from these dams are unscreened, except the diversion
at the Parrott-Phelan
Dam, which was recently
screened. Presently, three of the seven dams are being
removed as part of the Western Canal siphon project,
and three others (Durham
Mutual, Adams, and
Gorrill) have defined projects to build or rebuild
ladders and fish screens.

chinook
often encounter
impassable
barriers,
dewatered areas, silt deposition areas, lack of suitable
gravel, and inadequate cover and shade. Several
barriers exist above the Western Canal that impede
the adult migration until high flows occur. Most fallrun chinook salmon spawn in the area from Durham
to the Parrott-Phelan
Dam, although some are
known
to spawn above these dams. Spawning
generally occurs from October through December.
Fall-run fry begin to emigrate during January and
February, and smolts emigrate during April and May.
However,
many juveniles are entrained at the
diversions or perish because of poor water quality.
Although little is known about steelhead in Butte
Creek, adults probably ascend in the late fall and
winter. They probably spawn during winter and
spring in tributaries, such as Dry Creek, and the
mainstem creek above Parrott-Phelan diversion.

The Centerville Head Dam, immediately below the
DeSabla powerhouse,
is the upper limit of
anadromous fish migration. Water diverted from
three adjacent watersheds
commingles with the
natural flows of Butte Creek and often is the major
portion of the flow. Feather River water enters Butte
Creek at two locations: via the West Branch into
DeSabla Reservoir and through the Thermalito
Afterbay and the Western Canal. Flows from both
Big and Little Chico Creeks enter Butte Creek from
agricultural diversions that empty into Little Butte
Creek. Flows from the Sacramento River reach Butte
Creek from various diversion points, from as far north
as the mouth of Big Chico Creek to the Reclamation
District 1004 pumps located near Princeton.

The water allocation problems in the lower Butte
Creek system need to be reduced. The diversion of
water for agriculture,
waterfowl
refuges, and
seasonally flooded wetlands should not impair efforts
to rebuild salmon and steelhead stocks. Butte Creek
water
management
is extremely
complex.
Maintaining adequate fishery flows will require close
coordination among all water users in the basin.
Extension of State Watermaster
Service into the
lower reach of Butte Creek should be considered to
fulfill these management goals. This extension,
however, requires the State Water Resources Control
Board to adjudicate water below the Western Canal
siphon. The area above is adjudicated.
State
Watermaster
Service presently
exists down to
Western
Canal. Extension of this service below
Western Canal would require adjudication of the
remainihg water rights. Wildlife refuges and hunting
clubs dependent on Butte Creek water provide some
of the most valuable wildlife and waterfowl habitat in
the Sacramento Valley. The timing of water needs
conflicts among duck clubs, agriculture, and the
anadromous fisheries .

Adult spring-run chinook salmon migrate into Butte
Creek during
February
through
June. They
oversummer primarily in pools from the confluence of
Little Butte Creek to the Centerville Head Dam and
begin spawning
in ’ late September. Spring-run
chinook fry emigrate as early as December, whereas
smolts emigrate the following
spring. Generally,
adequate migration flow exists from Centerville Head
Dam downstream
to the Western
Canal Dam;
however,
during dry years, several areas above
Western Canal may hinder upstream passage. In
these dry years,’ adult spring-run
chinook salmon
encounter low, warm flows above Western Canal and
may become stranded.

Seasonal flooding of refuges and duck clubs conflicts
with flows needed for spawning fall-run chinook
salmon. Rice field irrigation overlaps with the need
for transportation
flows for both spring-run adults
and juvenile salmon in April and May. Evaluating
and determining
water rights, water use, and
instream flow needs will be a long-term effort
requiring the involvement of irrigation districts,

Adult fall-run chinook salmon enter lower Butte
Creek during late September and early October.
Their upstream
passage is often blocked by
dewatered stream reaches caused by diversions for
flooding State and federal refuges and private duck
clubs. Below the Western
Canal, adult fall-run
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Salmon and steelhead passage will be provided at
diversion dams, including Western Canal, Durham
Mutual, Adams, Gorrill, McGowan, and McPherrin.
In some cases, dams will be removed. In others, fish
ladders will be constructed or upgraded. Migration
into lower Butte Creek via Butte Slough and the
Sutter Bypass is the present means for salmon and
steelhead passage to and from Butte Creek. Gates on
the Sacramento River at the head of Butte Slough
could be modified and operated to allow year-round
passage of both juveniles and adult fish. There may
also be improvements in the operation of weirs and
diversions in the Sutter Bypass channels that will
improve the survival of salmon and steelhead.

private
landowners,
and
agency
personnel.
Rebuilding salmon runs in Butte Creek will require a
negotiated balance among wildlife, agriculture, and
fishery needs. Flow improvements can be gained by
providing
minimum
flow requirements
below
diversions and acquiring existing water rights from
willing sellers.
It is generally believed that gravel recruitment in the
upper sections is not affected by existing diversion
dam since they are either seasonal agricultural dams
or relatively low-head hydropower dams which have
not had major impacts on gravel recruitment
of
sediment supply. Existing gravel sources should be
protected and supplemental gravel placed into the
creek channel as needed.
-

BUTTE
SINK ECOLOGICI~L
MANAGEMENT
UNIT

The Butte Creek Watershed
Conservancy is an
important organization in developing, evaluating,
and implementing
measures
to improve
the
ecological health of Butte Creek. This conservancy
comprises local stakeholders who work closely with
federal and State resource agencies to maintain and
restore habitats along the creek. The Butte Creek
Watershed
Conservancy
will be instrumental
in
developing a comprehensive watershed management
plan. It will assist or sponsor some of the needed
restoration
elements
in the basin, including
improving streamflows for gravel recruitment and
fish passage. The management plan will help to
preserve and restore spring-run chinook salmon and
steelhead trout. The ecological health of the creek
also could be improved
by developing
and
comprehensive
watershed
implementing
a
management plan. Current timber harvest in the
upper watershed is generally not a threat to chinook
sal,mon or steelhead holding and spawning areas.
Maintaining the existing harvest and well-planned
road construction will minimize any future effects.
Additional recreation areas must be carefully planned
and implemented to preserve existing fish habitat.
Forest management, including reducing fire fuel
loads, will protect riparian habitats and streamflows
and help to prevent excessive sediment from being
washed into the creek.

The Central Valley is one of the most important
waterfowl
wintering areas in the Pacific Flyway. In
recognition of the value of waterfowl
throughout
North America, the Central Valley Habitat Joint
Venture was formed to protect and restore wetlands
in the Central Valley. The Butte Sink is one of the
important elements of this venture. There are 11,363
acres of publicly owned and managed waterfowl
habitat in the area, including the Butte Sink National
Wildlife Refuge (733 acres), Gray Lodge Wildlife
Area (8,375 acres), Upper Butte Sink unit of Gray
Lodge (3,750 acres). The Gray Lodge WA is natural
habitat in complex of wetlands
and associated
uplands whereas the Upper Butte Sink Unit and
Butte Sink NWR are mostly agricultural land that
will be restored to natural habitat. Hunting clubs
maintain more than 30,000 acres of habitat in a
normal year. Of this total, about 18,000 acres are
natural wetlands and 12,000 acres are harvested rice
fields flooded for hunting. Currently, 5,350 acres of
private duck clubs are permanently protected by
USFWS Conservation Easements in the Butte Basin.
The National Audubon Society owns and manages
another 500 acres of wetlands at the Paul L. Wattis
Audubon Sanctuary west of Butte Creek (Central
Valley Habitat Joint Venture 1990).

The riparian corridor needs to be protected and
improved in the lower and upper river. In the lower
river, riparian
habitat
improvements
will
be
coordinated with flood control management activities
in cooperation with local landowners.

The area is also seasonally important for salmon and
steelhead passage between the Sacramento River and
holding, spawning, and rearing areas of the creeks.
The sink is predominately wetlands interspersed with
riparian vegetation all of which is subject to frequent
natural seasonal flooding, which are major reasons for
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its importance
waterfowl.

to fish and wildlife,

River runs of these fish if adequate holding,
spawning,
rearing, and migration
habitat are
provided. Adequate streamflows are important for
maintaining
and restoring
the connectivity
of
upstream spawning
and nursery areas with the
mainstem Sacramento River. Sufficient flows must be
provided to cleanse and distribute new spawning
gravels. The riparian corridor needs significant
improvement
in several areas; some have been
denuded and will require significant revegetation.

particularly

VISION
FOR THE ECOLOGICAL
MANAGEMENT
ZONE
The vision
for the Butte
Basin Ecological
Management
Zone includes restoring important
fishery, wildlife, and plant communities to health.
Generally, health will be attained when the status of
specific biological resources is no longer a problem in
the Delta. To attain this vision, this program will
seek to improve streamflow
and riparian corridors,
screen diversions, remove barriers to fish migration,
and restore watershed health through improved forest
-.
and rangeland management.

ANTELOPE
CREEK
MANAGEMENT

The vision for the Antelope Creek Ecological Unit is
to increase its ability to make small contributions to
chinook salmon and steelhead populations
by
improving fall and spring flows, increasing spawning
gravels and restoring riparian corridors. The health of
Antelope Creek will be maintained so that it can
provide seasonal inflow, sediments, and nutrients to
the Sacramento River. Antelope Creek will provide
important
migratory
corridors
for aquatic and
terrestrial species. Antelope Creek could be important
in some years for salmon and steelhead with adequate
flows and improved spawning and rearing habitat.

The vision for the Butte
Basin Ecological
Management Zone focuses on restoring physical
processes and habitats and reducing stressors to meet
spring-run chinook salmon and steelhead population
levels of the late 1960s and early 1970s. In addition,
improvements in the riparian corridors will provide
improved habitat for waterfowl
and other wildlife.
The program proposes targets and actions that will
increase protection for naturally produced chinook
salmon and steelhead as they rear and migrate to the
mainstem Sacramento River. Important actions to
improve survival include maintaining and restoring a
healthy riparian zone, which includes ample shaded
riverine aquatic (SR4) habitat, woody debris, and
biologically productive gravel beds for fish spawning
and invertebrate
production.
The vision also
anticipates screening many small water diversions
and providing sufficient flows during important
periods of adult migration and juvenile emigration.

MILL
CREEK
ECOLOGICAL
MANAGEMENT
UNIT
Mill Creek is an important ecological unit in the
Butte Basin Ecological Management
Zone. It
provides valuable habitat for anadromous and native
resident fish. The vision for the Mill Creek Ecological
Unit is to increase spring- and fall-run chinook
salmon and steelhead by maintaining
adequate
riparian
corridors,
and
streamflows,
.restoring
maintaining upper watershed health. This could be
accomplished by implementing a locally sponsored
comprehensive
watershed
management
and
restoration program, and by implementing actions
recommended for the Sacramento River, Delta, and
Suisun Mash ecological management zones. It is
important to note that Mill Creek’s undisturbed
condition offers holding and spawning habitat which
is essentially
unchanged
from historic
times.
Restoration
of the creek’s
anadromous
fish
populations
may depend on the success of
downstream restoration actions.

The Ecosystem
Restoration
Program
(ERP)
recommends the following approaches for restoring
the Butte Basin Ecological Management Zone.

VISIONS

FOR ECOLOGICAL
MANAGEMENT
UNITS

PAYNES
CREEK
MANAGEMENT

ECOLOGICAL
UNIT

ECOLOGICAL
UNIT

The vision for the Paynes Creek Ecological Unit is to
improve steelhead trout and fall-run chinook salmon
populations by improving streamflows
and gravel
spawning habitat. Paynes Creek can make minor but
important contributions
to the upper Sacramento
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attributes of the watershed. Though a stakeholder
planning process,the Conservancy has completed a
watershed management plan including and existing
condirions report and an important watershed
management strategy which outlines actions to
protect the future of Deer Creek.

DEER CREEK
ECOLOGICAL
MANAGEMENT
UNIT
The Deer Creek Ecological Unit is one of the more
important
ecological units in the Butte Basin
Ecological Management Zone. It provides for highly
valued populations of spring-run chinook salmon and
steelhead, and populations of other chinook salmon
and resident native fish. The vision for Deer Creek is
to increase chinook salmon and steelhead runs by
maintaining adequate streamflows, spawning gravels,
fish passage, protecting
and restoring
riparian
corridors, and maintaining upper watershed health.
This is being accomplished by a locally sponsored
watershed
management
and
comprehensive
restoration program which is supported by-many
state and federal agencies.

BIG CHICO

CREEK
MANAGEMENT

ECOLOGICAL

UNIT

The vision for the Big Chico Creek Ecological
Management Unit is to increase runs of chinook
salmon and steelhead by providing adequate
streamflows, providing unobstructed fish passage,
protecting and restoring riparian corridors, and
maintaining upper watershed health. This could be
accomplished by implementing a locally sponsored
comprehensive watershed management and
restoration program.

DE&
CREEK
WATERSHED
DEMONSTRDeer Creek has been
ATION
PROGRAM:
tentatively selected as a demonstration watershed for
the CALFED
Stage 1 (first seven years)
Implementation Program. During Stage 1, CALFED
will support ongoing management and restoration
efforts in the watershed. Successin Stage 1 will set
the stage for subsequent implementation phasesas
information derived in the Deer Creek watershedwill
have broad application in designing and
implementing similar programs in other watersheds
throughout the Sacramento Valley.

BUITE
CREEK ECOLOGICAL
MANAGEMENT
UNIT
The vision for the Butte Creek Ecological
Management Unit is restoring spring-run chinook
salmon and steelheadpopulations by improving fish
passage, increasing and improving streamflow,
consolidating and screening diversions, and
protecting and restoring the riparian corridor. These
improvements will help to restore and maintain
habitats needed to support a large population of
spring-run chinook salmon and modest populations
of fall-run chinook salmon and steelhead trout.
Screening will allow continued water diversion for
agricultural purposesand for the seasonalflooding of
private wetlands and adjacent wildlife refuges.
Restoring habitat in Butte Creek would allow the
spring-run and’fall-run chinook population to achieve
increasedannual spawning populations.

Cumulatively, an investment in Deer Creek during
Stage 1 will provide direct benefits to the creek and
provide the types of restoration information needed
to successfully move the Ecosystem Restoration
Program into subsequentimplementation phases.A
few of the lessonsto be learned in the Deer Creek
watershed include how to improve overall watershed
health; how to integrate local, state, federal, and
private efforts in a large-scale restoration program;
how to design and implement actions to benefit
spring-run chinook salmon and steelhead;and how to
best manage ecological processessuch as sediment
transport and stream meander in a partially modified
stream system.

BUTTE
SINK
ECOLOGICAL
MANAGEMENT
UNIT
The vision for the Butte Sink Ecological Management
Unit includes restoring stream channels, streamflow,
and riparian SRA habitat, aswell as adjacent wetland
habitat. ERPP alsoenvisionsrestoring or maintaining
stream channels, streamflows, and SRA habitat to
improve rearing and migrating conditions for salmon
and steelhead and to improve habitats for resident
native fishes, such asthe Sacramento splittail.

One of the cornerstones to the probable successof
this effort is the Deer Creek Watershed Conservancy.
The Conservancy is an active organization comprised
of landowners within the watershed who have joined
together with state and federal resourcemanagement
agenciesto protect and restore the unique ecological i
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VISIONS

woody debris habitats. These, in turn, will support
improved aquatic speciessurvival. The vision is that
the riparian system will provide shading to moderate
water temperatures, provide habitat for aquatic
species,and provide a migration corridor for birds
and other terrestrial species.

FOR ECOLOGICAL
PROCESSES

VALL~
STREAMFLOW:
Healthy
streamflows are required to sustain sediment
stream meander, riparian plant
transport,
communities and aquatic organisms. The vision is
that streamflows will emulate (imitate) the natural
seasonalrunoff pattern. This would include a latesummer or early fall flow event to sustain ecological
processesrelated to channel maintenance. Such flows
would attract and improve the upstream migration of
adult chinook salmon.
CENTRAL

FRESH EMERGENT
WETLAND
HABITAT:
The
vision is to maintain and enhanceexisting permanent
marshesin the ColusaBasin Ecological Management
Zone.
FISH HABITAT:
Freshwater fish
habitat is an important component neededto ensure
the sustainability of resident native and anadromous
fish species.The upper reachesof creeks in Butte
Basin Ecological Management Zone are typical of
salmon-steelheadstreams and the lower section are
typical of fall chinook salmon spawning stream
(Moyle and Ellison 199 1). The quality of freshwater
fish habitat in these creeks will be maintained
through actions directed at streamflows, coarse
sediment supply, stream meander, natural floodplain
and flood processes,and maintaining and restoring
riparian and riverine aquatic habitats.
FRESHWATER

SEDIMENT
SUPPLY:
Natural sediment
supplies and gravel recruitment below major dams
have been eliminated. Supplementing gravel and
other sediments at those sites and reactivating
sediment transport in lower creek sections would
assist in maintaining ecological processes and
important habitat substrates used for invertebrate
production and fish spawning. The vision is that
existing natural sediment supplies will be protected
to maintain stream channel gradients, provide gravel
for spawning and invertebrate production, and
contribute to maintaining riparian vegetation.
COARSE

The streamsin this
ecological management zone have been identified as
EssentialFish Habitat (EFH) basedon the definition
of waters currently or historically accessibleto salmon
(National Marine Fisheries Service 1998). Key
featuresof EFH to maintain or restore in thesecreeks
include substrate composition; water quality; water
quantity, depth and velocity; channel gradient and
stability; food; cover and habitat complexity; space;
accessand passage; and flood plain and habitat
connectivity.
ESSENTIAL

MEANDER:
A natural stream meander
processwill provide much of the habitat needed to
support healthy riparian systems, wildlife, and
aquatic species.The vision is that streams will be
allowed to naturally migrate consistent with flood
control requirements.
STREAM

VISIONS

FOR HABITATS
.

WETLAND
HABITAT:
The vision is
that increasedseasonalflooding of leveed lands, use
of the Butte Sinks’snatural flood detention capacity,
protection and enhancement of existing wetlands,
and development of cooperative programs with local
landowners will contribute to increasedhabitats for
waterfowl and other wetland dependent fish and
wildlife resourcessuch as shorebird, wading birds,
and the giant garter snake.
SEASONAL

RIPARIAN
HABITATS:

AND

RIVERINE

FISH

HABITAT:

LANDS:
Improving habitats on
and adjacent to agricultural lands in the Butte Basin
Ecological Management Zone will benefit native
waterfowl and wildlife species.Emphasizing certain
agricultural practices (e.g., winter flooding and
harvesting methods that leave some grain in the
fields) will also benefit many wildlife that seasonally
use theseimportant habitats.
AGRIC’ULTURAL

AQUATIC

VISIONS
FOR REDUCING
OR
ELIMINATING
STRESSORS

Habitats important to anadromousfish
production in this ecological zone are impaired by
land useactivities, including developments along the
stream corridors. Improvements are neededto restore
riparian, shadedriverine (of rivers) aquatic (SRA), and

DIVERSIONS:
Removing water through
unscreeneddiversionsis a direct sourceof young fish
WATER
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mortality. Reducing these losses would contribute to
overall ecosystem health by promoting sustainable
fisheries and higher population levels. The vision is
that alternative water sources will reduce reliance on
instream diversions and that water will be diverted in
a manner that does not impair efforts to restore
aquatic species and riparian habitat.
Improve
the opportunity for the successful upstream and
downstream migration of anadromous fish species.
The vision is that instream structures will not impair
the up- and downstream migration of aquatic species.
DAMS

AND

OTHER

STRUCTURES:

OF FISH AND WILDLIFE:
The legal
and illegal harvest of chinook salmon and steelhead
in the streams, Bay-Delta, and ocean constrain the
recovery of wild populations. Harvest rate reductions
will be necessary to allow recovery of populations.
The vision is that harvest will not impair efforts to
rebuild chinook salmon and steelheadpopulations.
HARVEST

PROPAGATION
OF FISH:
The
artificial production of chinook salmon and steelhead
supports important sport and commercial fisheries
and mitigates loss of salmon and steelheadhabitat
that resulted from dam construction. Due to release
practices, fish from several Central Valley hatcheries
supplement the naturally spawning salmon and
steelheadin the Sacramento River and its tributaries.
Hatchery salmon and steelhead may impede the
recovery of wild populations by competing with wild
stocks for resources.Hatchery-raised stocks, because
of interbreeding, may not be genetically equivalent to
wild stocks or may not have the instincts to survive in
the wild. If these stocks breed with wild populations,
overall genetic integrity suffers. Improvements in
hatchery practices are necessaryto ensurerecovery of
wild salmon and steelheadpopulations. The vision is
that hatchery practices throughout the Sacramento
Valley will not impair the genetic integrity or
identity of chinook salmonand steelheadin the Butte
Basin Ecological Management Zone.

ARTIFICIAL

VISIONS

FOR

SPECIES

CHINOOK
SALMON:
The vision for
fall-run chinook salmon is to recover all stocks
presently proposedfor listing under the ESA, achieve
naturally spawning populations levels that support
and maintain oceancommercial and oceanand inland
recreational fisheries, and the use fully existing and
FALL-RUN

restoredhabitat. Fall-run chinook will directly benefit
from restoration actions to improve ecological
processesand habitat, and by reducing stressorsthat
reduce juvenile and adult fish survival. The vision is
that fall-run chinook salmon will be sustained at
levels that fully useexisting and restored habitat.
CHINOOK
SALMON:
The vision
for spring-run chinook salmon is to recover this State
and federally listed threatened species, achieve
naturally spawning population levels that support
and maintain oceancommercial and oceanand inland
recreational fisheries, and that fully useexisting and
restored habitats. Spring-run chinook will directly
benefit from restoration actions to improve ecological
processesand habitats, and by reducing stressorsthat
reduce juvenile and adult fish survival. The vision is
that adult and juvenile spring-run chinook salmon
will fully useexisting and restored habitat.

SPRING-RUN

The vision for steelheadit to recover
this federally listed threatened speciesand achieve
naturally spawning populations of sufficient size to
support inland recreational fishing and that usefully
existing and restored habitats. Steelheadwill directly
benefit from restoration actions to improve ecological
processesand habitats, and by reducing stressorsthat
reduce juvenile and adult fish survival. The vision is
that steelhead will fully use existing and restored
habitat.

STEELHEAD:

The vision for anadromouslamprey is to
maintain and restore population distribution and
abundance to higher levels than at present. The
vision is also to better understand life history and
identify factors which influence abundance.Lamprey
are a California speciesof specialconcern. Becauseof
regarding their status,
limited. information
distribution, and abundance, the vision is that
additional monitoring or research will provide the
data necessaryto better manage these speciesand
their habitat.
LAMPREY:

ANURAN
AMPHIBIANS:
The vision for
the native anuran amphibian speciesis to stop habitat
lossand the introduction of other speciesthat prey on
the different life stagesof theseamphibians.Ongoing
surveys to monitor known populations and find
additional populations is essentialto gauge the health
of the speciesin this group. To stabilize and increase
anuran populations, non-native predator species
should be eliminated from historic habitat ranges.
NATIVE
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Increasing suitable habitat and maintaining clean
water supplies that meet the needs of the various
species in this group is essential.

and restore these resources in conjunction with efforts
to protect and restore wetland and riparian and
riverine aquatic habitats.

NATIVE RESIDENT
FISH: The vision for native
resident fish species is to maintain and restore by
distribution
and abundance of species such as
hardhead, Sacramento sucker, and California roach.

INTEGRATION
RESTORATION
WATERSHED

MILL

NEOTROPICAL
MIGRATORY
BIRDS: The vision
for neotropical migratory birds is to maintain and
increase populations through restoring habitats on
which they depend.

CREEK

WITH OTHER
PROGRAMS
ORGANIZATIONS
CONSERVANCY

The Mill Creek Conservancy
is spearheading a
cooperative approach to watershed management with
special emphasis on protecting
and enhancing
chinook salmon and steelhead habitat. In December
1994, the Conservancy developed a Memorandum of
Understanding
(MOU)
to create a Mill Creek
Watershed
Management Strategy. There are 17
partners to the MOU, including the US. Forest
Service, California Department
of Fish and Game
(DFG), Bureau of Land Management, California
Department of Water Resources (DWR), The Nature
Conservancy, Natural Resource Conservation Service,
Los Molinos School District, and others. In 1995, the
Conservancy secured funding and developed a work
program
for
a cooperative,
local resource
management approach. In 1996, a wide range of
stakeholders participated in eight Scoping Study
sessions to discuss goals and project priorities. The
result was the Mill Creek Watershed Management
Strategy
which
contained
13
Report,
recommendations
from the Watershed
Advisory
Committee. The USFWS, through the CVPIA, has
provided funding for riparian restoration projects
along lower Mill Creek. Planting and monitoring will
be done over a three-year period.

GIANT GARTER SNAKE: The vision for the giant
garter snake is to contribute to the recovery of this
State and federally listed threatened species in order
to contribute to the overall species richness and
diversity.
Achieving this vision will reduce the
conflict between protection for this species and other
beneficial uses of land and water in the Bay-Delta.
Protecting existing and restoring additional suitable
wetland and upland habitats will be critical to
achieving recovery of the giant garter snake. The
proposed restoration of aquatic, wetland, riparian,
and upland habitats in the Butte Basin Ecological
Management Zone will help in the recovery of this
species by increasing habitat quality and area.
WATERFOWL:
The vision for waterfowl
is to
maintain and restore healthy populations at levels
that can support consumptive (e.g., hunting) and
nonconsumptive (e.g., birdwatching)
uses consistent
with the goals and objectives of the Central Valley
Habitat Joint Venture and the North American
Waterfowl
Management
Plan. Many species of
resident and migratory waterfowl will benefit from
improved aquatic, wetland, riparian, and agricultural
habitats. Increase use of the Butte Basin Ecological
Management Zone, particularly in the Butte Sink
Ecological Management Unit, and possibly increases
in some populations would be expected.

DEER

CREEK
WATERSHED
CONSERVANCY

The Deer Creek Watershed Conservancy was created
by the property owners within the drainage to protect
Deer
Creek’s
unique ecological values. The
Conservancy provides a forum for all stakeholders to
become involved in the watershed and to share ideas
regarding land use decisions. The processes used by
the Conservancy helps build a common information
base, keeps communication
channels open, and
establishes trust and credibility among those wishing
to protect and enhance the watershed. The first act of
this conservancy was to author and initiate legislation

GREATER SANDHILL
CRANE: The vision for the
greater sandhill crane is to contribute to the recovery
of this State-listed threatened species. Improvements
in pasture lands and seasonally flooded agricultural
habitats, such as flooded corn fields, should help
toward
recovery of the greater sandhill crane
population.
PLANT SPECIES AND COMMUNITIES:
The
vision for plan species and communities is to protect
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to prevent the construction
the watershed.

BUTTE

organizations,
water
districts,
and individual
landowners.
These groups are expected to work
together to maintain and restore streamflows and fish
and wildlife habitat, reduce impacts of diversions, and
minimize poaching and habitat and water quality
degradation in basin streams. ERPP may provide
supporting
funding for enhancing streamflows,
reducing fish passage problems, screening diversions,
restoring habitats, and increasing Fish and Game
Code enforcement to protect recovering populations
of salmon and steelhead.

of any new dams within

CREEK WATERSHED
CONSERVANCY

The Butte Creek Watershed Conservancy was formed
to provide a forum for communication
among
stakeholders and property owners in the watershed
planning
and
and to develop a watershed
management program.

BIG

CHICO

CREEK
WATERSHED
ALLIANCE

CENTRAL
VALLEV
IMPROVEMENT

The Big Chico Creek Watershed
Alliance was
sponsored by the City of Chico to address-specific
problems in the watershed. Still active, it has the
potential to serve as the public forum to bring
together stakeholders,
landowners,
and technical
experts to develop a watershed management program
for Big Chico Creek.

FOUR

PUMPS

PROJECT
ACT

The U.S. Fish and Wildlife Service (USFWS) and the
Bureau
of
Reclamation
(Reclamation)
are
the
Central
Valley
Project
implementing
Improvement
Act (CVPIA),
which provides for
restoration of habitats and species and elimination of
many stressors. Key elements of the CVPIA program
include the Anadromous Fish Restoration Program
(USFWS 1997) and the Anadromous Fish Screening
Program. The CVPIA calls for doubling the salmon
and steelhead populations in the Butte Basin by

AGREEMENT

(Agreement
Between the Department
of Water
Resources and the Department of Fish and Game to
Offset Direct Fish Losses in Relation to the Harvey
0. Banks Delta Pumping Plant.) This agreement
between the Departments
of Water Resources and
Fish and Game is a mutually beneficial program to
protect and restore habitat for anadromous fish,
particularly for chinook salmon. Project-by-project
funding is available through this agreement. Projects
that provide quantifiable benefits to spring- and fallrun chinook salmon, within specified cost-benefit
parameters, are geneially approved for funding.

2002.
SALMON,
STEELHEAD
AND
ANADROMOUS
FISHERIES
PROGRAM
ACT
Established in 1988 by Senate Bill 2261, this Act
directs the DFG to implement measures to double
the numbers of salmon and steelhead present in the
Central Valley (CDFG 1993). The DFG’s salmon and
steelhead restoration program includes cooperative
efforts
with. local governments
and private
landowners to identify problem areas and assist in
obtaining
funding
for
feasibility
studies,
environmental permitting, and project construction.

Maintaining and restoring the ecological health of the
Butte Basin Ecological Management Zone units will
heavily depend on local watershed groups. The ERPP
encourages similar watershed groups on Paynes and
Antelope Creeks. Efforts in the Butte Basin will be
linked to the California Waterfowl
Association,
Ducks Unlimited, The Nature Conservancy, and the
California rice industry. Overall efforts will require
cooperation from resource agencies, such as DFG,
DWR, U.S. Fish and Wildlife Service (USFWS), and
the National Marine Fisheries Service (NMFS), as
well as participation
and support from the U.S.
Bureau of Reclamation (Reclamation), the Natural
Resources Conservation Service, and other private

Other efforts to ‘improve habitat and reduce stressors
will be coordinated with existing state and federal
programs and with stakeholder organizations. Their
objectives include restoring Central Valley habitat
and fish and wildlife populations.

CENTRAL

VALLEY
HABITAT
VENTURE

JOINT

The Central Valley Habitat Joint Venture and the
North American Waterfowl Management Plan have
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developed
Ecological
consistent
Ecological

Creek
Ecological
populations
in the Butte
LManagement Zone will require efforts in other zones.

objectives for wetlands in the Butte Basin
LManagement Zone. These objectives are
with the ERPP targets developed for this
Management Zone.

CALFED

BAY-DELTA

Reducing or eliminating stressors in the downstream
Ecological Management Zones and improving or
restoring downstream
habitat are important
to
restoring
healthy
fish,
wildlife,
and plant
communities
in the Butte
Basin Ecological
Management Zone.

PROGRAM

CALFED has funded approximately 20 ecosystem
restoration projects in Butte Basin. Many of these
projects address improving fish passage and restoring
riparian habitat. One of the more significant projects
constructed a siphon to pass an irrigation canal under
Butte Creek, removed five diversion dams, and
eliminated I2 unscreened diversion for the Western
Canal Irrigation District.

RESTORATION
PROGRAMMATIC
ECOLOGICAL
CENTRAL

OTHER

PROGRAMS

-

ECOLOGICAL

PROCESSES

VALLEY

STREAMFLOW

TARGET 1: Increase spring and fall flow in Paynes
Creek (+).

Lassen National
Forest Land and Resource
Management Plan.
National Water Quality assessment Program-the
Sacramento River Basin.
Redding Resource Management Plan.
Deer Creek Water Exchange Project.
The Watershed Management Initiative.
California Rivers Assessment (CARA).
Rangeland Water Quality Management Plan.
Sierra Nevada Ecosystem Project.
Sacramento
Coordinated
Water
Quality
Monitoring Program.
Sacramento
River Toxic Pollutant
Control
Program.
Sacramento River Watershed Program.
Tehama County General Plan.
Tehama County Groundwater
Management
Plan.
.

LINKAGE

TARGETS
AND
ACTIONS

PROGFWMMATIC
ACTION
IA:
Develop a
cooperative approach to increase flow in Paynes Creek
by acquiring water from willing
sellers or by
developing alternative supplies.
TARGET 2: Increase flow in Antelope Creek during
October 1 through June 30 (e).
PROGRAMMATIC
ACTION
2~:
Develop a
cooperative approach to evaluate opportunities to
increase flow in Antelope Creek. This involves
acquiring water from willing sellers or providing
alternative water supplies to diverters during the
upstream and downstream migration of adult and
juvenile spring- and fall-run chinook salmon and
steelhead trout.
TARGET

TQ OTHER
MANAGEMENT

3: Increase the flow in Mill Creek (+).

PROGRAMMATIC
ACTION
3~:
Develop a
cooperative approach to increase flow in the lower 8
miles of Mill Creek. This involves acquiring water
from willing sellers or by providing alterative water
supplies to diverters during the upstream migration
of adult salmon and steelhead.

ZONES
Many of the resource elements in the Butte Basin
Ecological Management Zone depend heavily on
conditions or elements in other zones. Anadromous
fish, for example, are highly migratory and depend on
conditions in the mainstem Sacramento River, Delta,
San Francisco Bay, and nearshore Pacific Ocean.
Because these fish are affected by stressors
their
range, such as unscreened
throughout
diversions, contaminants, water quality, harvest, and
a variety of other factors, restoring anadromous fish

TARGET 4: Increase flow in the lower 10 miles of
Deer Creek (+).
PROGFXAMMATIC
cooperative approach
section of Deer Creek.
to provide alternative

ACTION
4~:
Develop a
to increase flow in the lower
This involves innovative means
supplies during the upstream
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migration of adult spring-run
salmon and steelhead trout.

and fall-run chinook

when supplemental
could be used best.

TARGET 5: Increase flow in Butte Creek (a+).

COARSE

PROGRAMMATIC
ACTION
5~: Develop a
cooperative approach to increaseflow in Butte Creek
by acquiring water from willing sellers.

or alternative
SEDIMENT

water

supplies

SUPPLY

TARGET 1: Develop a cooperative program to
replenish spawning gravel in Big Chico Creek.
Especially target stream reaches that have been
modified for flood control so that there is no net loss
of sediments transported through the Sycamore,
Lindo Channel, and Big Chico Creek split (++).

TARGET 6: Maintain a minimum year-round flow
of 40 cfs in Butte Creek between the Centerville
Diversion Dam and the Centerville Powerhouse
(+++).

PROGRAMMATIC
ACTION 1~: Assist in the
redesignand reconstruct the flood control box culvert
structures on Big Chico Creek near the Five-Mile
Recreation Area to allow natural downstream
sediment transport.

PROGRAMMATIC
ACTION
6~: Develop a
cooperative program with PG&E to maintain a
minimum flow in Butte Creek below the Centerville
Diversion Dam.

TARGET 2: Develop a cooperative program to
improve fall-run chinook salmonspawning habitat in
the lower 8 miles of Mill Creek (+).

TARGET 7: Develop and implement comprehensive watershed management programs to protect
water quality, increase summer base flows, and
protect and restore other resourcessuch as riparian
vegetation (+>.

PROGRAMMATIC
ACTION 2~: Develop a
cooperative program to improve chinook salmon
spawning habitats in lower Mill Creek by reactivating
and maintaining natural sediment transport
processes.

PROGRAMMATIC
ACTION 7~: Support local
groups in funding and developing watershed
management plans including support for watershed
coordinators.

TARGET 3: Improve spawning gravel and gravel
availability in Butte Creek (++).

RATIONALE:
The streams in the Butte Basin
Ecological Management Zone provide extremely
valuable habitat for spring-run chinook salmon and
steelhead trout. One of the key attributes of
streamflow in this Ecological Management Zone is
providing for successful upstream passageof adult
fish. In addition, flow is the power that drives many
ecological functions 2nd processes linked to stream
channel morphology, riparian communities, and fish
habitat. Many of the diversions on these streams are
for agricultural purposes, and alternative water
suppliesduring important periods could permit flow
to remain in the creek while alternative sourcesare
provided. The lower watersheds of many of these
streams are being subdivided, and additional
demands are being placed on the limited water
supplies and instream flows. Two important periods
are during the upstream migration of adult springrun chinook salmon and the downstream migration
of yearling spring-run chinook salmon and steelhead,
which typically occurs in late winter and early spring.
Warer diversions often shorten the migration season,
when streamflows naturally decline. This is the period

PROGRAMMATIC
ACTION 3~: Develop a
cooperative program to improve spawning habitat in
Butte Creek by maintaining natural sediment
transport processes.
RATIONALE:
Gravel
transport and deposition
processesin Butte Basin Ecological Management
Zone streamsare essential.Theseprocessesmaintain
spawning and’rearing habitats ofspring-run and fallrun chinook salmon, steelheadtrout, and other native
fishes. Opportunities to maintain and restore gravel
recruitment

are possible

by manipulating

natural

processesand controlling or managing environmental
stressors

that adversely

STREAM

affect gravel

MEANDER

recruitment.

AND FLOODPLAIN

TARGET 1: Preserveor restore the 50- to loo-year
floodplains along the lower reachesof streamsin the
Butte Basin Ecological Management Zone, and
construct setback levees to reactivate channel
meander in areaspresently confined by levees(++).
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PROGRAMMATIC
ACTION
1 A: Cooperatively
evaluate whether a more defined stream channel in
the lower 10 miles of Antelope Creek would facilitate
fish passageby minimizing water infiltration through
the streambed and maintaining flow connection with
the Sacramento River.

PROGRAMMATIC
ACTION 2~: Restore and
manage seasonalwetland habitat throughout the
Ecological LManagementZone.
RATIONALE: Restoring seasonalwecJandhabitats’
along with aquatic, permanent
wetland, and riparian
habitats is an essenrial element of the restoration
strategy for the Butte Basin Ecological Management
Zone. Restoring these habitats will also reduce the

PROGRAMMATIC
ACTION 1 B: Cooperatively
evaluate whether a more defined stream channel in
the lower 10 miles of Deer Creek would facilitate
stream meander, channel-floodplain interactions,
gravel recruitment and transport, and riparian
regeneration.

amount
and concentrations
of contaminants
that
could interfere with restoring the ecological health of
the aquatic ecosystem. Seasonal wetlands support a
high producrion
race of primary and secondary food
species and large blooms (dense populations)
of
aquatic invertebrates.

RATIONALE: Stream meander belts are the areas in
which natural bank erosion and floodplain and
sediment bar accretions occur along screams. F3acura.l
stream meander belts in alluvial areas of the Butte
Basin Ecological Management Zone fimccion
dynamically.

They transport

and deposit

Wetlands

sediments

roughness

and provide transient habitats important co aquatic
invertebrates
and fish. They also provide
and
maintain surfaces chat are colonized by natural
vegetation chat supports wildlife. The lower
valley
screamreachesin this Ecological Management Zone
serve as important
migratory corridors co the upper
watersheds for spring-run chinook salmon and
steelheadand provide spawning substrate for fall-run
chinook salmon.

are also efficient

of seasonal wetland

vegetation

filters

and

craps sediment and organic parciculates.
Water
flowing out from seasonalwetlands is typically high
in foodweb
prey species concentrations and fine
particulate organic matter that feed many Delta
aquatic
and semiaquatic
fish and wildlife. To
capitalize on these functions, most of the seasonal
wetlands of the Butte Basin Ecological Management
Zone should. be subject co periodic
flooding
and
overland flow from river floodplains.

RIPARIAN

HABITATS
SEASONAL

that are dry in summer

sinks for the transformation of nutrients and the
breakdown ofpesticides and ocher contaminants.
The

WETLANDS

AND RIVERINE
HABITATS

AQUATIC

TARGET 1: Develop a cooperative program to
restore and maintain riparian habitat along the lower
10 miles of Mill Creek (+++).

TARGET 1 : Assist in protecting 10,000 acres of
existing seasonal wetland habitat through fee
acquisition or perpettial easementsconsistent with
the goals of the Central Valley Habitat Joint Venture
and the North American Waterfowl Management
Plan (++).

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to restoreand maintain riparian
habitat along Mill Creek by acquiring conservation
easementsor by voluntary landowner participation.

PROGRAMMATIC
ACTION IA: Develop and
implement a cooperative program to improve
management of 10,000 acres of existing, degraded
seasonalwetland habitat.

TARGET 2: Develop a cooperative program to
restore and maintain riparian habitat along the lower
10 miles of Deer Creek (+++).
PROGMMMATIC
ACTION
2~: ‘Develop a
cooperative program to restore and maintain riparian
habitat along Deer Creek by acquiring conservation
easementsor by voluntary landowner participation.

TARGET 2: Develop and implement a cooperative
program to enhance 26,150 acresof existing pubiic
and private seasonalwetland habitat consistent with
the goals of the Central Valley Habitat Joint Venture
and the North American Waterfowl Management
Plan (++).
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TARGET
3: Develop a cooperative program to
restoreand maintain riparian habitat along Big Chico
Creek (+++).

connectivity of creeks in this ecological management
zone and rheir floodplains, and in maintaining and
restoring riparian and riverine aquatic habitats.

PROGRAMMATIC
ACTION 3~: Cooperate with
local landowners to encourage revegetation of
denuded stream reachesand to establish, restore, and
maintain riparian habitat on Big Chico Creek.

AGRICULTURAL

TARGET 1: Cooperatively manage 108,832 acresof
agricultural lands (4+).
PROGRAMMATIC ACTION 1 A: Increasethe area
of rice fields and other crop lands flooded in winter
and spring to provide high-quality foraging habitat
for wintering and migrating waterfowl and shorebirds
and associatedwildlife.

TARGET 4: Develop a cooperative program to
restore and maintain riparian habitat along Butte
Creek (++a).
PROGRAMMATIC
ACTION 4~: Cooperate with
local landowners to encourage revegetation of
denuded stream reachesand to establish, restore, and
maintain riparian habitat on Butte Creek. _

PROGRAMMATIC
ACTION
1 B: Convert
agricultural lands in the Butte Basin Ecological
Management Zone from crop types of low forage
value for wintering waterfowl and other wildlife to
crop types of greater forage value.

RATIONALE:
Many wildlife species, including
several listed as threatened or endangered under the
State and federal Endangered Species Acts (ESAs),
and severalspecial-statusplant species in the Central
Valley, depend on or are closely associated with
riparian habitats. Riparian habitats support a greater
diversity of wildlife species than all other habitat
types in California. Riparian habitat degradation and
loss have substantially reduced the habitat area
available for associatedwildlife species.This habitat
losshasreduced water storage, nutrient cycling, and
foodweb support functions.
FRESHWATER
FISH HABITAT
ESSENTIAL
FISH HABITAT

LANDS

PROGFIAMMATIC ACTION 1 c: Defer fall tillage
on rice fields in the Butte Basin Ecological
Management Zone to increase the forage for
wintering waterfowl and associatedwildlife.
Following
the extensive lossofnative
wetland habitats in the Central Valley, somewetland
wildlife specieshave adapted to the artificial wetlands
of some agricultural practices and have become
dependent on these wetlands to sustain their
populations. Agriculturally created wetlands include
rice lands; fields flooded for weed and pest control;
stubble
management; and tailwater
circulation
ponds.
RATIONALE:

AND

TARGET
1: Maintain and improve existing
freshwater fish habitat and essential fish habitat
through the integration of actions described for
ecological processes,habitats, and stressorreduction
or elimination (++).
_

Managing agricultural lands to increase
waterfowl

and other wildlife

forage for
will increase the survival

rates of over-wintering wildlife and strengthen them
for migration, thus improving breeding success
(Madrone Associates 1980)

PROGRAMMATIC
ACTIONS:
No additional
programmatic actions are recommended.

Creating small ponds on farms with nearby waterfowl
nesting habitat but little brood habitat will increase
production of resident waterfowl species when brood
ponds are developed and managed properly.
Researchersand wetland managers with the DFG,
U.S. Fish and Wildlife Service and the California
Waterfowl Association have found that well managed

RATIONALE: Freshwater fish habitat and essential
fish habitat are evaluated in terms of their quality and
quantity. Actions described for ecological processes,
stressor reduction, and riparian and riverine aquatic
habitat should suffice to maintain and restore
freshwater fish habitat and essentialfish habitat.. For
example, maintaining freshwater and essential fish
habitats is governed by actions to maintain
streamflow, improve coarse sediment supplies,
maintain stream meander, maintain or restore

brood ponds produce

the high levels of invertebrates

neededto support brooding waterfowl. Other wildlife
such as the giant garter snake will also benefit.
Restoring suitable nesting habitat near brood ponds
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will increase the production
species.

of resident

Bypass by evaluating the need to install positive
barrier fish screens on diversions.

warerfowl

Resroring nesring habirar, especially when ir is near
brood ponds, will increase rhe production of residenr
warerfowl species. When rhe restored nesting habitat
is properly managed, large, ground predators are less
effecrive in preying on eggs and young of warerfowl
and orher ground
nesting
birds.
Managing
agricultural lands co increase forage for waterfowl and
other wildlife will increase the overwinter
survival
rares of wildlife and strengthen them for migration,
thus improving
breeding success (Madrone and
Assoc. 1980)

REDUCING

OR ELIMINATING
STRESSORS

WATER

RATIONALE:
Diverring,
storing, and releasing
wafer in rhe warershed direcrly affects fish, aquatic
organisms, and nutrient levels in rhe sysrem and
indirectly affecrs habitat, foodweb production, and
species abundance and distribution. Diversions cause
warer, nurrienr, sediment, and organism losses.
Seasonal and daily water release patterns from storage
may affecr habitar, water qualiry, and aquaric
organism survival.
Flood control releases into
bypasses also cause adulr and juvenile fish stranding.

DAMS

AND

OTHER

STRUCTURES

TARGET 1: Improve chinook salmon and steelhead
survival
in Antelope
Creek by developing a
cooperative program to reduce the use of seasonal
diversion dams by 50% during the late spring, early
fall, and winter (++).

-

DIVERSIONS

TARGET 1: Improve the survival of chinook salmon
and steelhead in Butte Creek by helping to install
positive-barrier
fish screens (*+e).

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to evaluate the reduced use of
seasonal diversion dams that may be barriers to
migrating chinook salmon and steelhead in Antelope
Creek by acquiring water rights or providing
alternative sources of water.

PROGRAMMATIC
ACTION
IA: Improve the
survival of juvenile chinook salmon and steelhead in
Butte Creek by helping’ to the install screened
portable pumps as an alternative to the Little Dry
Creek diversion.

TARGET
2: Develop a cooperative program to
improve the upstream passage of adult chinook
salmon and steelhead in Big Chico Creek by
providing access to 100% of habitat located below
natural barriers (++).

PROGMMMATIC
ACTION
1~: Increase the
survival of juvenile chinook salmon and sceelhead in
Butte Creek by helping local interests to install
positive-barrier
fish screens at the Durham-Mutual
Diversion Dam.

PROGFXAMMATIC
ACTION
2A:
Repair or
reconstruct the fish ladders in Big Chico Creek to
improve the upstream passage of adult spring-run
chinook salmon and steelhead trout.

PROGRAMMATIC
ACTION
Ic:
Increase the
survival of juvenile chinook salmon and steelhead in
Butte Creek by helping local interests to install
positive-barrier
fish screens at Adams Dam.

PROGFIAMMATIC
ACTION 2~: Repair the Lindo
Channel weir and fishway at the Lindo Channel box
culvert at the Five Mile Diversion to improve
upstream fish passage.

PROGFWMMATIC
ACTION
1 D: Increase the
survival of juvenile salmon and steelhead in Butte
Creek by helping local interests to install positivebarrier fish screens at Gorrill Dam.

TARGET
3: Develop a cooperative approach to
ensure unimpeded upstream passage of adult springrun chinook salmon and steelhead in Mill Creek
(+++).

PROGRAMMATIC
ACTION
1~: Increase the
survival of juvenile salmon and steelhead in Butte
Creek by evaluating the need to install a positivebarrier fish screen at White Mallard Dam.

PROGRAMMATIC
ACTION
3A: Cooperatively
develop and implement an interim fish passage
corrective program at Clough Dam on Mill Creek

PROGRAMMATIC
ACTION
IF. Increase the
survival of juvenile salmon and steelhead in the Sutter
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until a permanent solution is developed cooperatively
with the landowners.

populations where necessary by marking hatcheryreared fish and instituting a selective fishery.

4: Develop a cooperative program to
improve the upstream passageof adult spring-run
chinook salmon and steelhead in Butte Creek to
allow access to 100% of the habitat below the
Centerville Head Dam (+++).

PROGRAMMATIC

Evaluate a
marking and selective fishery program for chinook
salmon.

TARGET

ACTION
4A:
Increase the
opportunity for the successfulupstream passageof
adult spring-run chinook salmon and steelhead on
Butte Creek by developing a cooperative program to
evaluate the feasibility of removing diversion dams,
providing
alternative sources of water, or
constructing new high-water-volume fish ladders.
PROGRAMMATIC
ACTION
4~: Improve chinook
salmon and steelhead survival and passagein Butte
Creek by cooperatively developing and evaluating
operational criteria and potential modifications to the
Butte Slough outfall.

ARTIFICIAL

ACTION
4c: Increasechinook
salmon survival in Butte Creek by cooperatively
helping local interests to eliminate stranding at the
drainage outfalls in the lower reach.

TARGET

RATIONALE:
Dams and their associatedreservoirs
block fish movement, alter water quality, remove fish

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to evaluate the benefits of
stocking hatchery-reared salmonand steelheadin the
Sacramento River and Battle Creek. Stocking may be
reduced in years when natural production is high.

and wildlife habitat, and alter hydrological and
sediment processes. Other human-made structures
may block fish movement or provide habitat or
opportunities for predatory fish and wildlife, which
could be detrimental to fish speciesofspecial concern.
AND

2: Limit hatchery stocking if salmon or
steelhead populations can be sustained by natural
production (+++).
TARGET

WILDLIFE

I:
Develop harvest management
strategiesthat allow the wild, naturally produced fish
spawning population to attain a level that fully uses
existing and restored habitat. Focus the harvest on
hatchery-produced fish (++4).

TARGET

Augment fall
chinook salmon and steelheadpopulations only when
alternative measures are deemed insufficient for
populations recovery.
PROGRAMMATIC

ACTION
16: Develop harvest
management plans with commercial and recreational
fishery organizations, resourcemanagement agencies,
and other stakeholders to meet the target.
ACTION

naturally

2~:

3: Minimize further threats of hatchery
fish contaminating naturally produced chinook
salmon and steelhead stocks (+++>.

PROGRAMMATIC

PROGFUMMATIC

ACTION

TARGET

PROGRAMMATIC
ACTION
1 A: Control illegal
harvest by providing increasedenforcement efforts.

harvest of wild,

OF FISH

PROPAGATION

1: Minimize the likelihood that hatcheryreared salmon and steelhead produced in Central
Valley salmonand steelheadhatcherieswill stray into
non-natal streams to protect naturally produced
salmon and steelhead(+++).

PROGRAMMATIC

OF FISH

1~:

RATIONALE:
Restoring and maintaining chinook
salmon and steelheadpopulations to levels chat fUy
take advantage of habitar may require restrictions on
harvest during, and even after, the recovery period.
Stakeholder organizations should help to ensure a
balanced and fair allocation of available harvest.
Target population levels may predude existing
harvest levels of wild, naturally produced fish. For
populations supplemented with harchery fish,
selective fisheriesinay be necessaryto limit the wild
fish harvest, while hatchery fish harvest levels reduce
their potential
to disrupt the genetic integrity of wild
populations.

PROGFIAMMATIC

HARVEST

ACTION

PROGRAMMATIC
ACTION
3~: Adopt methods
for selecting adult spawnersfor the hatchery from an
appropriate cross-section of the available adult
population.

lc:
Reduce the
produced steelhead
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Harchery augmenration shou!d be
limited to protect recovery and maintenance of wild
populations. Hatchery-reared salmon and steelhead
may directly compere with and prey on wild salmon
and sreelhead. Hatchery fish may also threaren the

waters of California. California Fish and Game
77(4): 161-180.

RATIONALE:

genetic

integrity

of wild stocks by interbreeding

National Marine Fisheries Service. 1998. Draft
proposed recommendations for amendment 14
to the Pacific Coast salmon plan for essentialfish
habitat. March 26, 1998.

with

the wild fish. Although irreversible contamination of
the genetics of wild stocks has occurred, additional
protective measuresare necessaryro minimize fimher
degradation of genetic integrity. Because of the
extent of development on the Sacramento River and
Battle Creek, stocking chinook salmon and steelhead
may be necessary to rebuild and maintain stocks to
sustain sport and commercial fisheries.
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+ FEATHER
ECOLOGICAL

RIVER/~UTTER
MANAGEMENT

BASIN
ZONE

salmon from Butte Creek. In most years, almost all
populations of upper Sacramento River migratory fish
are potentially affected by the Sutter Bypass. The
bypass system (Tisdale, Colusa, and Moulton weirs)
are configured such that at river flows exceeding
approximately 22,000 cfs, flows begin to begin to be
diverted into the bypass. During periods of high
runoff, all flows above 30,000 cfs are diverted into
the bypass. The Sutter Bypass also is an important
spawning and rearing area for splittail, which migrate
from the Bay-Delta each winter to spawn in flooded
portions of the lower rivers, such as the Sutter
Bypass. Under certain hydrologic conditions, bypass
flooding may cause stranding and loss of juvenile fish
and other aquatic resources.
Important ecological processes that would maintain
or increase Feather R.iver/Sutter Basin Ecological
Management Zone health are:

INTRODUCTION

n

The
Feather
Rive&utter
Basin
Ecological
Management Zone contributes to the health of the
Sacramento-San Joaquin River Delta by sustaining
ecological processes that support anadromous fish and
other aquatic and terrestrial
wildlife and plant
habitats in this zone and in the Delta. Streamflow,
including
nitrogen,
sediment,
and nutrients,
phosphorous, and organic detritus coming from this
Ecological Management Zone, are all important to
.
the Delta.

1
n
n
n

streamflow,
coarse sediment supplies
stream meander
floodplain processes, and
water temperature.

Important habitats include riparian wetlands, shaded
riverine aquatic (SRA), freshwater fish habitat, and
essential fish habitat. Seasonally flooded wetlands are
common through the lower basin portions and are
extremely important habitat areas for waterfowl,
shorebird, and.wading bird guilds. Important species
include,all runs of chinook salmon, steelhead trout,
sturgeon, American shad, resident native fish guilds,
waterfowl guilds, shorebird and wading bird guilds,
and riparian wildlife guilds. Stressors, including flood
urbanization
(floodplain
control improvements,
encroachment), dams, legal and illegal fish harvest,
insufficient flow in the lower portions of most
streams, high water temperature
during salmon
spawning and egg incubation, poor water quality,
stranding in flood bypasses and flood plains, hatchery
stocking of salmon and steelhead, and unscreened or
poorly screened water diversions, have affected the
health of anadromous fish populations.

Chinook salmon, white sturgeon, green sturgeon,
steelhead and lamprey are important anadromous fish
species and striped bass and American shad are
harvestable (sport) species that depend on healthy
conditions in the Sacramento-San Joaquin Delta and
Feather River/Sutter Basin Ecological Management
Zones. The Feather River is important for spawning
and rearing fall:run and spring-run chinook salmon,
steelhead, white and green sturgeon, striped bass, and
American shad. The Yuba River is important for fallrun chinook salmon, steelhead, and American shad,
and potentially for spring-run chinook salmon. Bear
River and Honcut Creek support small runs of fallrun chinook salmon. Sutter Bypass is an important
migration route for spring-run and fall-run chinook
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DESCRIPTION
MANAGEMENT

The
Feather
River/Sutter
Basin
LManagement Zone includes the following
Management Units:
n
n
n

n

take place at both reservoirs. The lower Feather River
downstream of Oroville picks up the flow of major
tributaries, including Honcut Creek, the Yuba River,
and the Bear River.

THE
ZONE

OF

Ecological
Ecological

Feather River Ecological Management Unit
Yuba River Ecological Management Unit
Bear River and Honcut
Creek Ecological
Management Unit, and
Sutter Bypass Ecological Management Unit.

These units provide habitat for a wide variety of fish,
wildlife, and plant species.

LIST OF SPECIES
TO BENEFIT
FROM
RESTORATION
ACTIONS
IN THE
FEATHER
RIVER/SUTTER
BASIN
ECOLOGICAL
MANAGEMENT
ZONE
n
n
n
n
n
n
n
n
n
n
n

green sturgeon
white sturgeon
chinook salmon
steelhead trout
striped bass
American shad
lamprey
splittail
waterfowl
neotropical migratory birds
plants and plant communities.

the Feather River/Sutter
Basin
Manngement
Zone and Units.

Ecological

The Feather River has a natural (unimpaired)
streamflow pattern typical of streams that drain the
higher Cascade Range and Sierra Nevada elevations
on the east side of the Sacramento Valley. Flows peak
in winter and spring. Lower flows in summer and fall
are sustained by snowmelt and foothill and mountain
springs. In the wettest years, unimpaired monthly
average flows in winter months average 24,000 to
48,000 cubic feet per second (cfs), whereas spring
inflows are slightly lower at 18,000 to 28,000 cfs. In
dry and normal years, winter and spring unimpaired
flows range from 2,000 to 10,000 cfs. In the driest

DESCRIPTIONS
OF
ECOLOGICAL
MANAGEMENT
UNITS
FEATHER
RIVER
MANAGEMENT

Mapof

Location

Historical

Monthly

Average

Flow

ECOLOGICAL
UNIT

The Feather River, with a drainage area of 3,607
square miles, is the largest Sacramento River
tributary downstream of Shasta Dam. Watersheds of
the various forks drain high-elevation ranges of the
Cascade Range and Sierra Nevada. Numerous storage
reservoirs are located on the river, including Lake
Almanor and Butt Valley Reservoir on the North
Fork, Lake Davis and Bucks Lake on the Middle
Fork, and Little Grass Valley Reservoir on the South
Fork. Oroville and Thermalito Reservoirs are on the
mainstem below the forks, and major water diversion

z-2500
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1000
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0
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0
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1992 (Dry
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Year

a

Dry Year

Streamflow
on the Feather
Rivet below
year is the 20th percentile
year; normal
percentile
or median year.)
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Oroville Reservoir, the lowermost
reservoir on the
Feather River, is the keystone of the State Water
Project
(SWP)
operated
by the California
Department of Water Resources (DWR). Water is
released from Oroville Dam through a multilevel
outlet to provide appropriate water temperatures for
the Feather River Hatchery
and to protect
downstream
fisheries.
Approximately
5 miles
downstream from Oroville Dam, water is diverted at
the Thermalito Diversion Dam into the Thermalito
Power Canal, from there into the Thermalito Forebay
and another powerhouse, and finally into Thermalito
Afterbay. Water can be p,umped from the Thermalito
Diversion
Pool back into Oroville Reservoir to
generate peaking power. The Fish Barrier Dam,
located approximately 1 mile below the Thermalito
Power Canal intake, is the upstream limit of
anadromous fish migration. The Oroville-Thermalito
complex, completed in 1968, provides benefits to
water conservation, hydroelectric power, recreation,
flood control, and fisheries.

years, unimpaired flows in winter months average
1,100 to 1,500 cfs and spring flows average slightly
higher at 1,500 to 2,000 cfs. The lowest unimpaired
flows are 800 to 1,000 cfs in August through
October of the driest years. Summer and early-fall
flows are normally 1,000 to 2,000 cfs, except in years
of high rainfall, when they range from 2,000 to 6,000
cfs.

Unimpaired

Monthly

Average

Flow
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Year
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Feather River flows between
the Thermalito
Diversion Dam and the Thermalito Afterbay outlet
are a constant 600 cfs. This river section is often
referred to as the low-flow section. Water is released
through a powerhouse, then through the fish barrier
dam to the Feather River Hatchery, and finally into
the low-flow section. Thermalito Afterbay serves both
as an afterbay for upstream peaking-power
releases to
ensure constant river and irrigation canal flows,
and
as a warming basin for irrigation water being diverted
to the rice fields. Because of warm water releases into
the Feather River from Thermalito Afterbay, water
temperatures in the approximately 14mile section of
salmon spawning area from the Thermalito Afterbay
outlet to the mouth of Honcut Creek (referred to as
the high-flow section) are higher than in the 8 miles

Dry Year

Unimpaired
Screamflow
on the Feather River at Oroville,
1972-1992
(Dry year is the 20th percentile
year; normal
year is the 50th
percentile
or median year.)

The natural flow pattern has been altered by storage
reservoirs in the middle and upper watersheds and
diversions in the lower river. Comparing
recent
historical flows (1972 through 1992) and unimpaired
flows for the same period near Oroville indicates
impaired flow extent. With winter and spring inflows
stored in reservoirs for summer and fall irrigation
releases, there has been a shift in the river’s flow
pattern. In dry years,‘winter
and spring flows have
been reduced from 2,000 to 6,000 cfs to 1200 to
1,600 cfs. In normal years,-the shift has been from
4,000 to 10,000 cfs to 2,000 to 3,000 cfs. In the
driest years, winter and spring flows average about
800 to 900 cfs, compared to 1,100 to 1,500 cfs for
unimpaired flow.
The opposite pattern is seen in summer and fall,
when storage releases for irrigation increase base
flows. Summer and fall flows in dry and normal years
are approximately
50% to 60% higher than
unimpaired flows. Highest flows are similar to
unimpaired flows. In late summer and fall of driest
years, unimpaired and historical flows are both in the
800 to 1,000 cfs range.
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of the low-flow section. In recent years, the low flow
section has been heavily used by fall-run chinook
salmon spawners to the extent that overuse is a
problem due to redd superimpostion (a situation in
which fresh spawners dig up existing salmon nests in
order to deposit their eggs).

the California Department
of Fish and Game’s
water
(DFG’s)
temperature
and
flow
recommendations for the low-flow section.
Feather River spring-run chinook salmon population
estimates during 1982 to 1991 averaged 2,800 fish.
This is greater than the pre-project (i.e., SWP)
average of 1,700 fish, primarily because of consistent
cold-water deliveries to the hatchery and the low-flow
section of the river. The Feather River spring-run
chinook salmon’s genetic status is uncertain. This
stock may have hybridized with fall-run chinook
salmon, but the extent of hybridization
and the
potential effect on spring chinook genetics in the
Central Valley is unknown.

Juvenile chinook salmon and other species of fish may
become stranded on flood plain depressions, shallow
ponds, and toe drains or borrow pits along the base of
levees. In April 1998, thousands of young chinook
salmon were found stranded in broad, shallow ponds
on the flood plain near Nelson Slough. Stranding,
under certain flow condition, may be a source of
mortality to naturally produced chinook salmon in
the Feather Basin. The losses probably occur from
two sources, entrapment by which young fish are
prevented from migrating downstream and through
predation by resident warmwater
gamefish such as
largemouth black bass and other members of the
sunfish family and predation by wading birds in the
broad, shallow ponds. This flood plain stranding
needs
further
evaluation,
but
limited
engineering/technical evaluations indicate that many
of the levee borrow pits could be hydrologically
reconnected to the river to allow juvenile chinook to
resume their seaward migration.

I

Important resources in the Feather River Ecological
Management
Unit include fall- and spring-run
chinook salmon, steelhead, white and green sturgeon,
striped bass, American’ shad, and lamprey. The
Feather River Hatchery is the only Central Valley egg
source for spring-run chinook salmon. Spring-run
chinook salmon adults ascend the river in spring,
hold over during summer in deep pools in the lowflow section, and are allowed into the hatchery in
September. These fish are artificially spawned in the
hatchery and also spawn naturally on the riffles in the
low-flow section from late September to late October.
Introgression (hybridization)
of fall- and spring-run
chinook salmon is a problem in the Feather River.
About 20% of the tagged juvenile chinook salmon
from females identified as spring run when returned
were misidentified as fall-run. Similarly, about 29%
of tagged juveniles from spring-run parents were
misidentified as fall run when they returned as adults
(Brown and Green 1997). A more recent analysis
shows that in some years misidentification may be as
high as 74%. Requirements for adult spring-run
chinook salmon holding and early spawning influence

Fall-run

Chinook
Hatcherv.

Salmon Returns to Feather
1964-1998
(CDFG
19991.

River
I

Most Feather River chinook salmon are fall-run fish
that spawn in the low-flow section and below from
October through December. As with spring-run fish,
the present average run of fish returning to the
hatchery and spawning in the river exceeds the preIn addition
to spawning
project population.
escapement, about 10,000 salmon (fall and spring
runs combined) are harvested by anglers each year.
During
1968-1993,
Feather
River
Hatchery
produced about 7.4 million fall-run and I.2 million
juvenile spring-run
chinook salmon and about
‘50,000 juvenile steelhead annually.
100
. . .._._____._...__....-____....___....__..............-

80

1960

Fall-run
(excluding

1965

1970

1975

1980

1985

1990

Chinook
Salmon Returns to the Feather
hatchery
returns),
1960-1998
(CDFG

1995

River
1999).
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Feather River steelhead are primarily hatchery stock,
natural production
of juveniles in the low-flow
section appears to be limited, possibly due to elevated
water temperatures in summer or scouring of redds.
The 2,000 steelhead hatchery mitigation goal is
comparable to the present lo-year (1982 to 1983
through
1991 to 1992) average return to the
hatchery of 1,454 steelhead and an angler catch in
the Feather River estimated as high as 7,785 fish.
Steelhead juveniles must remain in the river or be
held in the hatchery for at least one year until they
are large enough to begin their anadromous journey.
Appropriate water temperature and flow in the lowflow section are vital to continued Feather River
steelhead program success.
American shad ascend the Feather River to spawn
from April through June. The number of shad in the
river, and thus the success of anglers, depends on the
relative flow magnitude at the mouth of the Feather
and Sacramento Rivers. In the 1987 to 1992
drought, Feather River flows in April through June
were relatively low and the number of shad returning
to the river was lower than average.
Striped bass spawn in the lower Feather River
downstream of the Yuba River’s mouth from April
through June. Striped bass are found in the river
during much of the year with a peak occurrence in
July and August. Lamprey enter in the spring and
early summer to spawn and their young remain for
up to several years before migration to the ocean.

YUBA
RIVER
ECOLOGICAL
MANAGEMENT
UNIT
.
The Yuba River watershed drains 1,339 square miles
of the western Sierra Nevada slope and includes
portions
of Sierra, Placer, Yuba, and Nevada
Counties. The Yuba River is tributary to the Feather
River, which, in turn, feeds into the Sacramento
River.
Three dams on the river have altered river flows and
fish passage. Englebright Dam was built by the U.S.
Army Corps of Engineers (Corps) in 1941 to collect
placer mining debris that contributed to flooding in
the Central Valley. Englebright Reservoir contributes
storage capacity, hydropower,
and cool, bottomreleased water to the lower Yuba River. Most
Englebright Reservoir water, the lowermost storage
reservoir on the river and the upstream anadromous

fish limit, is released through the Narrows 1 and 2
Englebright
Dam
powerhouses
to generate
hydroelectric power. The 0.2 mile of river between
the dam and the two powerhouses has no flowing
water unless the reservoir is spilling. The 0.7 mile of
river from the Narrows 1 and 2 powerhouses to the
Deer Creek mouth has steep rock walls; long, deep
pools; and short stretches of rapids. Below this area,
the river cuts through 1.3 miles of sheer rock gorge
called the Narrows,
forming a single large, deep,
boulder-strewn
pool.
The river canyon opens into a wide floodplain several
miles beyond the downstream end of the Narrows,
where large quantities of hydraulic mining debris
remain from past gold-mining operations. This 18.5mile section is typified as open-valley plain. Daguerre
Point Dam, 1.2.5 miles downstream from Englebright
Dam, is the major lower-river diversion point. The
open plain continues 7.8 miles below Daguerre Point
Dam to beyond the downstream Yuba Goldfields
terminus. This section is primarily alternating pools,
runs, and riffles, with a gravel and cobble substrate
and contains most of the suitable lower Yuba River
chinook salmon spawning habitat.
The remaining section of the lower Yuba River
extends approximately
3.5 miles to its confluence
with the Feather River. This river section is bordered
by levees and is subject to Feather River backwater
influence.
In the upper Yuba
River watershed
above
Englebright Reservoir, storage reservoirs affect the
natural flow pattern. The major storage reservoir is
New Bullards Bar on the North Fork, with a storage
capacity of about 1 million acre-feet (af) and a
watershed area of 490 square miles. Fifteen other
reservoirs have been constructed in the upper basin,
with a combined storage capacity of 400,000 af.
Power-generation
diversions of about 100 cfs are
made into the Feather River basin (from Slate Creek
to Sly Creek), and about 600 cfs is diverted to the
Bear River and Deer Creek watersheds for power and
irrigation (from Lake Spaulding to Drum Canal and
the South Yuba Canal). A major portion of the.
watershed is unregulated, however, and very high
flows pass through Englebright Reservoir to the lower
watershed during major storms.
The natural, unimpaired flow pattern in the Yuba
River is typical of Sacramento Valley tributaries with
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are 190 to 230 cfs. Spring flows in dry years are 340
to 440 cfs compared to unimpaired flows of 800 to
3,700 cfs.

headwaters in the Sierra Nevada. Flows are highest in
winter and spring, decreasing quickly in late spring.
Annual inflow is highly variable. Basin inflows in
winter months of years with the highest rainfall
average 15,000 to 25,000 cfs, whereas inflow in the
driest years averages 300 to 600 cfs. In the driest
years, inflow in summer and early fall averages only
0 to 100 cfs. In dry and normal water years, average
monthly inflows in summer and early fall are 200 to
600 cfs.

Historical

Monthly

Average

Flow

Historical

Monthly

Average

Flow

1
0
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cl

Normal

Year

q

Dry Year

Historical Streamflow on the Yuba River at Matysville,
1972-1992 (Dry year is the 20th percentile year; normal year
is the 50th percentile or median year.)

The Yuba River is one of the most important
Ecological Management
Units in the Feather
RiveGutter Basin Ecological Management Zone. The
river supports highly valued populations of steelhead
trout, resident rainbow trout, and fall-run chinook
salmon, as well as populations of other anadromous
and resident fish communities. The Yuba River is the
only remaining wild steelhead fishery in the Central
Valley. All other streams that have wild population,
have population that are either so low that they do
not support a fishery or are closed to angling. Springrun chinook salmon abundance and status in the
Yuba River is not known.
Directed efforts are
required to determine if it is a component of the
fishery -and whether additional management and
restoration measures are required.

JFMAMJJASOND

0

Normal

Year

a

Dry Year

Historical Streamflows on the Yubn River below Englebright Dam,
1972-1992 (Dry year is the 20th percentile year; normal year is the
50th percentile or median year.)

New Bullards Bar and Englebright Reservoirs store
winter and spring flows and distribute water more
evenly throughout the year and from year to year.
Summer and early-fall
irrigation
releases are
substantially higher than unimpaired flows. In the
driest years, reservoir’releases increase base flows in
summer and early fall by 0 to 100 cfs to 70 to 260
cfs. In dry years, summer flows are 500 to 900 cfs
compared to unimpaired flows of 190 to 230 cfs.
Spring flows in dry and normal years are 300 to 900
cfs, as compared to unimpaired flows of 700 to 1,200
cfs. In years with the highest rainfall, flows are similar
to unimpaired flows, averaging 10,000 to 20,000 cfs
in winter months.

Fall-run chinook salmon is the most abundant
anadromous fish species in the lower Yuba River.
Historically,
the Yuba River supported as much as
15% of the annual fall-run chinook salmon run in the
Sacramento River system. Run sizes in the Yuba
River have varied over the period of record (195 3 to
1989L ranging from 1,000 fish in 1957 to 39,000
fish in 1982. Approximately
60% of those salmon
spawned between Daguerre Point Dam and the
Highway 20 bridge, with most of the remaining fish
spawning above Highway
20 or below the dam.

Diversions in the lower river, primarily from just
above Daguerre Point Dam, reduce lower river flows
during the irrigation season. Flows from August
through October at Marysville are generally higher
than unimpaired flows, whereas flows from March
through June are substantially lower. In the driest
years, summer flows are 70 to 90 cfs and winter flows
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Presently, fall-run chinook salmon spawning
average 13,050 fish annually.

Fall-run

Chinook
Salmon Returns co the Yuba
1960-1998
(CDFG
1999).

runs

Yuba Water Districts share another; and Browns
Valley Irrigation
District
operates a rhird. The
combined diversions can reach a maximum of 1,085
cfs (see table below). Juvenile chinook salmon, and
likely juvenile steelhead, ate lost at all diversion
intake structures because of impingement on screens,
entrainment into unscreened diversions, or predation
in the river adjacent to the intakes. Although losses
at individual diversions may not be significant, the
cumulative impact of all diversion-related losses may
be substantial. DFG estimated that before 1970,
approximately 200 steelhead trout spawned in the
river annually, and the potential existed for about
2,000 spawning
adults after completing
New
Bullards Bat Reservoir.

River,

Historically,
there has been a small spr%g-run
chinook salmon spawning population in the Yuba
River. The run had almost disappeared by 1959,
presumably
because of diversions and hydraulic
development projects. A remnant of the spring-run
chinook salmon population persists in the lower Yuba
River. It is maintained by fish produced in the river,
salmon straying
from the Feather River, and
infrequent stocking of hatchery-reared fish by DFG
(a practice that has been discontinued).

BEAR RIVER AND HONCUT
ECOLOGICAL
MANAGEMENT

CREEK
UNIT

The Bear River is the second largest tributary to the
Feather River, with a watershed area of 300 square
miles. It enters the Feather River at river mile (RM)
12, immediately
upstream from the town of
Nicolaus. Honcut Creek flows into the Feather River
from a small foothill watershed approximately
15
.miles below Thermalito. In highest rainfall years,
winter flows average 3,400 to 5,600 cfs. In normal
years, winter inflows ate 600 to 800 cfs. In the driest
years, watershed inflows average only 20 to 65 cfs in
winter months and 0 cfs in all other months.

The lower Yuba Rivet supports a seasonal American
shad sport fishery from late April to July. The fishery
is confined to the area between Daguerre Point Dam
and its confluence with the Feather River. Studies
have shown that the shad fishery on the Yuba River
has declined significantly in the past two decades.
The run was estimated at 30,000 to 40,000
spawning adults in 1968 and 40,000 adults in 1969.
In recent years, however, the shad run has been only
a fraction of that level. Daguerre Point Dam limits
the upstream migration of American shad. The dam
is equipped with two conventional pool-and-weirtype fishways. Shad do not generally enter fish
ladders; therefore, most of the population is restricted
to the river sections below the dam. Reduced flows
below Daguerre Point Dam, particularly in spring
and early summer, are a primary factor in the decline
of the American shad run.

The natural or unimpaired Bear River flow pattern is
oical of foothill streams. with high winter and

Historical

-z
‘t

The three most significant diversions along the lower
Yuba River are at or just upstream of Daguerre Point
Dam. Water is generally extracted from late March
through October. Hallwood
Irrigation Company,
Cordua Irrigation
District,
and Ramirez Water
District share one diversion; the Brophy and South
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Flow
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Streamflow
on the Bear River near Wheatland,
(Dry year is rhe 20th percentile
year; normal
is the 50th percentile
or median year)
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Table 8. Diversion Rates in Acre-Feet per Month for the Major Water Districts Supplied by the Yuba County Water
Agency on the Lower Yuba River

HalIwood
Irrigation
Company
Month

WR

WR

March

Ramirez
Water
District

Corda Irrigation
District

0

P

WR

WR

0

4,500

Browns Valley
Irrigation
District

South
Yuba
Water
District

BG:!z
District

P

P

0

0

P
520

300

0

0

900

2,010

2,269

1,667

4,795

3,000

April

10,000

M&Y

14,500

10,600

2,120

3,270

2,345

1,666

6,460

4,006

Jlltle

14,100

10,400

2,080

2,745

2,269

1,667

6,670

4,200

JOY

13,600

11,100

2,620

1,920

2,345

2,500

6,985

4,400

August

12,900

11,000

2,600

1,755

2,345

2,000

5,525

3,400

September

8,000

5,900

1,180

1,500

2,269

0

3,750

2,400

October

4,900

6,500

500

700

2,345

0

625

400

78,000

60,000

Total

275

-

12,000

Maximum

cfs

_-

Notes:

WR = basic water right of water district.
P = purchase
wavx through
contract
with

13,900

275

Yuba

County

16,187
75

Water

38.2

9,500
42

35,330
230

22,100
150

Agency.

supported substantial salmon and steelhead runs, but
because of low flows in the lower river below the
SSID Diversion Dam, no self-sustaining salmon runs
presently
exist, and the status of steelhead is
unknown. Occasionally, when heavy fall rains and
sufficient spillage take place at the SSID Diversion
Dam, hundreds of fall-run chinook salmon and
steelhead may ascend and spawn in the lower Bear
River. In addition to the effects of Camp Far West
Reservoir and the SSID diversion, other factors have *
contributed to streamflow problems in Bear River.
These include numerous small water diversions and
hydroelectric
projects in the lower and upper
watersheds. Agencies involved in these projects are
the Nevada Irrigation
District,
Pacific Gas and
Electric Company, Placer County Water Agency, and
SSID. Portions of the water supply go to Auburn and
Grass Valley. The proposed Garden Bar project,
which would capture more of the winter streamflow
for water suppIy, is currently inactive.

spring flows and very low summer and fall flows in
wer years. Summer and early-fall inflows remain near
0 cfs in dry and normal years. Honcut Creek has a
similar unimpaired flow pattern that includes low
annual flow in dry years and very low summer and
fall flows in most years.
Bear River flows are almost entirely regulated by
several storage reseyoirs and numerous diversions.
Camp Far West is the largest storage reservoir,
followed by Rollins Reservoir in the upper watershed
near Grass Valley and Auburn. The South Sutter
Irrigation District
(SSID) Diversion Dam is the
largest diversion, Minimum flow releases below the
diversion into the Bear River are 25 cfs in spring and
10 cfs during the rest of the year. Flows from June
through December are generally 0 to 40 cfs except in
the wettest years. Flows in years of high rainfall are
similar to unimpaired, flows from fall to spring,
averaging 3,500 to 5,200 cfs in winter; summer flows
are 30 to SO cfs, compared to unimpaired flows of 70
to 150 cfs.

The major attribute of the Honcut Creek is its
linkage to the District 10 area immediately north of
Marysville. This area encompasses thousands of acres
of private wetlands and flooded rice fields which

The upstream anadromous fish limit is the SSID
Diversion Dam, approximately
15 miles above the
Feather River confluence. The Bear River once
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provide important
waterfowl.

wintering

and foraging habitat for

(Central Valley Habitat Joint Venture 1990). The
northern end of the bypass is connected to the
extensive marshlands of Butte Sink. Large areas of the
bypass are used to grow irrigated crops, such as rice.

The Bear River
and Honcut
Creek Ecological
iManagement Units are presently less ecologically
important for anadromous fish species than the other
units in this Ecological Management Zone because of
the extensive water development and inadequate
natural summer and fall base flows. In some years,
these streams provide habitat for fall-run chinook
salmon,
steelhead,
and resident
native fish
populations. The overall ecological health of the Bear
River and Honcut Creek Ecological Management
Units, however, is poor.

VISION
ECOLOGICAL

FOR THE
MANAGEMENT
ZONE

The vision for the Feather Rive&utter
Basin
Ecological Management Zone includes restoring and
enhancing important fishery, wildlife, and plant
communities by restoring ecological processes and
habitats and reducing stressors. Attaining this vision
requires restoring or reactivating important ecological
processes that create and maintain fish, wildlife, and
plant community habitats throughout the Ecological
Management Zone.

SUTTER BASIN ECOLOGICAL
MANAGEMENT
U&IIT
The Sutter Bypass section of the Sutter Basin
provides important waterfowl habitat and serves as a
migratory route for salmon and steelhead in the
River and its tributaries,
upper Sacramento
particularly
Butte Creek. Salmon and steelhead
migrating to Butte Creek use Butte Slough, which
originates at the Butte Slough Outfall Gates and ends
at the north end of the Sutter Bypass. The reach
within the Sutter Bypass is generally referred to as
the East and West Barrows and the connection with
the Sacramento River is the Sacramento Slough. In
wet years, when Sacramento River overflows into the
bypass,
both upstream-migrating
adults and
downstream-migrating
juvenile salmon and steelhead
use Butte Slough, the East and West Barrows, and
Sacramento Slough. Native resident fish, including
splittail, also use the bypass as spawning and rearing
habitat. In wet years; some salmon, steelhead, and
native resident fish may become stranded in isolated
pockets and die when floodwaters recede from the
bypass and respective overflow weirs (Tisdale, Colusa,
and Moulton).

The vision for this Ecological Management Zone
focuses on maintaining and improving floodplain and
flood processes,
streamflow,
coarse sediment
recruitment and transport, and seasonally flooded
aquatic habitats that provide important wintering
areas for waterfowl and shorebird guilds. Actions to
reduce stressors include the installation of screen on
diversions, upgrading or installing fish passage
facilities at diversion dams or other obstacles to fish
migration, providing suitable water temperatures for
summer rearing, reducing the extent of stranding loss
of juvenile fish, and limiting the adverse effects of
introducing hatchery fish on endemic aquatic species.
Hatcheries
in this and adjacent Ecological
Management Zones will be operated to preserve the
genetic identity of endemic, naturally spawning
chinook salmon and steelhead trout stocks. Hatcheryproduced fish will be used to support sustainable
ocean recreational and commercial fisheries and
directed fisheries in the natal streams. Marking
techniques will enable sport and commercial anglers
to distinguish
between hatchery-produced
and
naturally produced fish. Additional genetic analyses
of the Feather River and Yuba River spring-run
chinook populations are necessary to determine the
value and role of these stocks in efforts to rebuild
Feather River and other basin populations.
In
addition, the hatcheries may play an extremely
important role in the propagation of genetically pure,
wild spring-run chinook salmon and steelhead. These

Sutter Bypass is also an important area for waterfowl
and wildlife.
The bypass has remnant riparian
woodlands and wetlands and is part of the Sutter
National Wildlife Refuge. Sutter Refuge is the only
publicly owned waterfowl habitat in the Sutter basin.
It consists of 2,590 acres of seasonally and
permanently
flood marsh and scattered uplands,
Private duck clubs provide an 1,500 acres of habitat
of which about 500 acres are natural wetland. Most
of the private duck clubs and nearly all of the natural
wetlands in this area are located in the Sutter Bypass
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fish would be used to reestablish populations in areas
that formerly supported the species.

Higher, more natural spring flow events may
encourage spring-run
chinook salmon, steelhead,
sturgeon, American shad, and striped bass move
upstream
into the Feather River during their
traditional migrations in spring. Higher flows may
also benefit juvenile fall-run
chinook
salmon
migrating
downstream
and juvenile
salmon
migrating out of lower Feather River tributaries.
These flows will also benefit stream-channel and
riparian
vegetation
in the lower river and,
consequently, will benefit fish. Improved riparian
habitat will also benefit riparian-associated wildlife,
such as those in the neotropical migratory bird guild.
The added flows coming from the Feather River will
also benefit juvenile salmon and steelhead from other
Feather and Sacramento River tributaries in their
journey through the lower Sacramento River below
the Feather River and through the Delta and Bay.

I

Green sturgeon and white sturgeon use the Feather
River for spawning, but additional studies are needed
to identify and describe the species’ habitat
requirements and status in this basin. The Feather
River could contribute more substantially to the
overall sturgeon health and abundance if the species’
life history and habitat requirements were known and
habitat conditions maintained to benefit sturgeon
along with other important species. Splittail would
benefit from improvements
in riparian and stream
meander corridors, wetlands with connection to the
rivers, and floodplain overflow
basins and flood
bypasses.
-

VISIONS
FOR ECOLOGICAL
MANAGEMENT
UNITS
FEATHER
RIVER
MANAGEMENT

Improving habitat in the lower Feather River will
encourage natural production of these anadromous
fish. Improving spawning habitat will increase young
salmon and steelhead production.
Restoring or
maintaining stream-channel and riparian vegetation
and reducing the extent of juvenile fish stranding will
increase the survival and production of juvenile
salmon and steelhead. Providing suitable water
temperatures for summer rearing by managing cold
water releases from Lake Oroville will significantly
improve natural steelhead production.

ECOLOGICAL
UNIT

The vision for the Feather River Ecological
Management Unit is to improve natural spawning
populations of spring- and fall-run chinook salmon
and steelhead. This involves improving
spring
(March) flows below Oroville in dry and normal
water-years,
improving
spring through fall base
flows, providing suitable water temperatures
for
summer rearing, and improving
spawning
and
rearing habitat in the lower river below Oroville. The
vision also includes implementation
of adaptive
management components of monitoring and research
to collect the scientific information required to best
judge the merits of additional flows and the timing
for additional flows that would provide the highest
benefit for aquatic species and habitat maintenance.

YUBA
RIVER
ECOLOGICAL
MANAGEMENT
UNIT
The vision for the Yuba River is to improve spring
streamflows for spawning runs of spring-run chinook
salmon (potentially),
steelhead, sturgeon,
and
American
shad. These flows will also benefit
downstream migration of juvenile fall-run chinook
and sturgeon.
Improving
salmon,
steelhead,
streamflows
will also benefit stream-channel
and
riparian habitat; native resident species, including
splittail, that spawn farther downstream
in the
Feather River; and other species that reside further
downstream in the Bay-Delta estuary. The vision aho
includes evaluation of gravel recruitment
and
stream-channel
transport
processes,
sediment
configuration,
and riparian habitats in the lower
Yuba River floodplain to improve anadromous and
resident fish production and survival.

The vision for the Feather River includes reactivating
or maintaining, important ecological processes that
create and sustain habitats for anadromous fish. The
Feather River must not only contribute substantially
to the growth of many fish populations, but provide
better support for naturally spawning steelhead, falland spring-run
chinook salmon, American shad,
white sturgeon and green sturgeon, lamprey, and
striped bass. The most important processes include
floodplain
and flood processes and a natural
streamflow pattern in the river, to which most of the
anadromous and resident native fishes are adapted.

Volume II: Ecosystem Restoration Program Plan
Feather River/Sutter Basin Ecological Management
Zone Vkion
July 2000

264

At present, sufficient stored water remains in the
Yuba River system (in New Bullards Bar Reservoir)
to help restore and maintain the river’s anadromous
fish runs. Providing
the needed streamflow,
temperature, and screens for the lower Yuba River
will affect storage in the reservoir and require
operation changes at diversions in the lower river. An
early spring flow event in the lower river during dry
and normal water years will improve upstream
passage for spring-run chinook salmon, and improve
spawning conditions for steelhead, sturgeon, and
American shad. Such a flow event would also improve
downstream migration conditions for juvenile fall-run
chinook salmon, steelhead, and sturgeon. The higher
flows will also improve natural stream-channel and
riparian habitat conditions
in the lower-river,
consequently benefitting fish as well as a variety of
other aquatic and terrestrial
wildlife
species.
Reducing mortality
at diversions and improving
stream-channel and riparian habitat will also improve
fish production. Restoring or maintaining riparian
habitat will provide substantial benefits to riparianassociated wildlife
species in the neotropical
migratory bird guild.

recruitment downstream,
their effects.

Stream-channel and riparian habitat will be improved
by promoting
conservation
of the lower river
meander zone and active floodplain, rapidly phasing
out gravel mining in the floodplain, and protecting
shorelines and levee riparian vegetation from any
damaging activities. Vegetation may need to be
planted or the disturbed channel and floodplain
regraded in certain areas to hasten and sustain
recovery. Major efforts will be required to control or
eradicate tamarisk and giant reed infestations, which
prevent natural vegetation succession by native tree
species. Improving the stream-channel configuration,
such as shaded side channels and backwater areas that
are heavily influenced by cool groundwater,
will
increase available spawning and rearing habitat and
improve juvenile salmon and steelhead production in
the lower river. Improving woody and other cover
types in and along the stream margin will also
increase juvenile salmon and steelhead production.
Steelhead and spring-run
chinook salmon may
greatly benefit from actions to restore access to
and rearing areas
historical holding, spawning
upstream of Englebright
Dam. Evaluations are
needed on the extent and quality of habitat above
Englebright
Dam, the nature and quantity of
sediments in the reservoir, the presence of any
chemical contaminants in the sediments, and shortand long-term economic impacts. These evaluations
are required so that decisions can be formulated
regarding the efficacy of restoring fish access to
stream reaches above Englebright Dam and are an
integral
element
of the CALFED
adaptive
management approach to ecosystem restoration.

High water temperatures in late spring, summer, and
fall in the lower river can be improved
by
constructing a multiple-level outlet on Englebright
Dam. Water temperature
control will also be
improved
by maintaining
the stream channel
configuration
and riparian vegetation of the lower
river. A channel with more diversity, including
islands, backwaters,
and shaded riverine aquatic
habitat, will reduce river heating and provide coolwater refuges for juvenile fish. Reducing the number
of ponds linked to the lower river (e.g., in the Yuba
Goldfields) will reduce the-input of warmer water.
Encouraging the flow of cool groundwater from the
Goldfields through small stream channels lined with
riparian vegetation may not only reduce heating, but
also provide cool-water refuges for juvenile steelhead.
The potential benefits of constructing exclusionary
devices to prevent adult chinook salmon and
steelhead from entering the Goldfields should be
evaluated.
Gravel
supply
Existing
stream
sorting

F-D4
L.

Stressors, such as unscreened diversions, fish passage
problems, and illegal and legal harvest, should be
reduced to improve health of salmon and steelhead
populations.
A cooperative
will be developed
program to evaluate the feasibility of screening
irrigation diversions along the lower Yuba River.
Upstream and downstream fish passage at Daguerre
Point Dam should be improved and entrainment of
juvenile steelhead into the diversion should be
eliminate.

sources will be protected and the natural
supplemented
where and when necessary.
and past gravel mining operations in the
channel, which affect the natural fluvial
and cleansing of gravel and inhibit gravel

BAY-DFLTA
PROGRAM

will be changed to limit

Measures being considered to reduce harvest of
naturally produced chinook salmon in sport and
commercial fisheries include restricting harvest and
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marking
all hatchery-produced
fish to permit
selective harvesting of hatchery fish. Enforcement and
public education measures will be undertaken to
ensure that harvest rates for salmon and steelhead are
minimal. The current practice of stocking spring- and
fall-run chinook salmon and steelhead using fish
reared in the Feather River Hatchery should be
reconsidered. The ramifications of this practice for
wild stocks in the Feather River and adjacent Central
Valley watersheds
require careful consideration.
Efforts to evaluate the genetic integrity of spring-run
chinook salmon stocks in the Feather River will be
expanded to include fall-run chinook salmon and
steelhead. Criteria used to select genetic types of
adult salmon and steelhead for the hatchery will be
carefully evaluated to minimize possibly damaging
effects on the genetic integrity of wild populations in
the Central Valley.

BEAR

RIVER

ECOLOGICAL

AND HONCUT
MANAGEMENT

CREEK
UNITS

The vision for the Bear River and Honcut Creek
Ecological Management
Units
is to improve
conditions for fall-run chinook salmon and steelhead
by maintaining
and improving
stream-channel,
riparian, and floodplain habitat; ensuring adequate
spawning gravels; and, where possible, improving
late-fall flows for adult salmon spawning migrations
and late-winter
flows to support young salmon
emigrating from the river. In addition, improving
gravel recruitment
and riparian habitat would
provide adequate habitat for salmon and steelhead in
years when they use these streams. In addition to
improving
floodplain habitats, upper watershed
health should be improved by reducing forest fuels
and implementing
other practices to protect
streamflows,
stream channels, and riparian habitat
and minimize sediment input to the streams.

SUTTER
BYPASS
MANAGEMENT

taken to benefit salmon and steelhead will improve
waterfowl
and wildlife habitat in the bypass. Fish
passage and unscreened diversion problems should be
resolved where possible.

VISIONS FOR ECOLOGICAL
PROCESSES
CENTRAL

VALLEY

STREAMFLOWS:

Streamflows
shape stream
channels.
Riparian
vegetation, provides habitat for fish, moderates water
temperature in rivers, attracts anadromous fish to
spawning streams, and transports young anadromous
fish to downstream nursery areas in the Sacramento
River, Bay-Delta estuary, and ocean. Streamflow in
each of these rivers is impaired by upstream storage
reservoirs and diversions, particularly
in dry and
normal rainfall years. A healthy streamflow pattern in
the rivers and in the Sutter Bypass would emulate
(imitate) the natural runoff pattern, with a latewinter/early-spring
flow event and summer-fall base
flows that maintain important ecological processes,
functions, habitats, and important species. The vision
for streamflows is to evaluate the ecological benefits
of a short-term (IO-day) flow event in late winter or
early spring that typically occurred at least once in
dry and normal years prior to water supply
development on the rivers.
SEDIMENT
SUPPLY:
Gravel
recruitment from basin watersheds is important to
provide a natural stream channel configuration and
stream substrate, as well as essential spawning gravels
for salmon and steelhead. A natural sediment supply
is also important to natural stream meander and to
riparian habitat regeneration. Sediment transport and
gravel recruitment has been eliminated below major
dams in zone rivers. The vision is to supplement the
gravel supply below major dams on the three rivers
where needed for salmon and steelhead spawning
habitat, riparian habitat, and natural stream channel
and meander development.

COARSE

ECOLOGICAL
UNIT

The vision for the Sutter Bypass Ecological
Management Unit is to restore adequate streamflows,
as well as stream channel, riparian, and wetland
habitats in the floodplain, and to ensure passage of
adult salmon migrating upstream through the Sutter
Bypass and accessibility to floodplain spawning and
rearing areas for splittail.‘In
addition to improving
conditions for migrating salmon and steelhead in the
Sutter Bypass and eliminating stranding, actions

In their floodplains, Central
Valley rivers naturally meander through floodplain
sediments, progressively eroding the next bank while
adding to the previous bank. This process, called a
stream meander, occurred in the stream corridors of
the Feather, Yuba, and Bear Rivers. A natural stream
meander process in the lower Feather, Yuba, and
Bear River floodplains provides much of the habitat
needed to support healthy riparian systems, wildlife,

STREAM
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and aquatic species. Today, the natural meander
process in each stream is inhibited by dams, bank
protection, bridge abutments, flood control levees,
and the reduction or elimination of natural coarse
sediments now trapped behind the large dams. In
some places, bank erosion occurs, but lack of
sediment precludes adding to the previous banks.
The vision is to restore a portion of the natural
meander to the rivers by setting back levees where
they are necessary and by removing structures from
the floodplain where possible.
NATUFIAL
PROCESSES:

FLOODPLAIN

AND

summer. High fall water temperatures in the lower
rivers hinder upstream migrations of fall-run chinook
salmon and steelhead. The vision for water
temperatures in these rivers is to provide sufficient
summer and early-fall base flows from the dams and
restore the riparian corridors and natural stream
channel characteristics
that limit river heating.
LMaintaining sufficient cool water storage in the
reservoirs in droughts will also be important to
maintain a minimum of cool-water habitat in the
rivers.

FLOOD

VISIONS

The Sacramento Valley formerly had
many natural overflow basins that retained
floodwaters, permitted sediment deposit&, and
provided fish and waterfowl habitat. Partially
reactivating these important ecological functions will
contribute to system health and provide for
prolonged periods of natural streamflow and
’ sediment input. Natural overflow basinswould also
supply important habitat for fish, including chinook
salmon and splittail, as well as nesting and foraging
habitat for many waterfowl. The vision is to restore
natural overflow basinswithin the lower floodplains
of the four rivers and Sutter Basin. This would
provide additional flood control protection for other
areasin this zone and downstream, aswell asvaluable
natural wetland, riparian, and aquatic habitats for
fish and wildlife.

FOR HABITATS

WETLAND
HABITAT:
Seasonal
flooding of leveed lands and flood bypassesprovide
important habitat for waterfowl, native fish, native
plants, and wildlife. Flooding and draining seasonal
wetlands also contributes to the aquatic foodweb.
The vision is to increasethe frequency and extent of
over-bank flooding in the river floodplains and Sutter
Basin.
SEASONAL

RIPARIAN
HABITATS:

AND

RIVERINE

AQUATIC

Riparian and shaded riverine aquatic
habitats are important to the health of the rivers by
providing shade,insectsand organic debris important
to the aquatic foodweb, and soil and bank protection.
The riparian corridors and related riparian and shaded
riverine aquatic habitats are impaired by lack of
natural stream meander; river channel confinement
by levees; and streamsidevegetation loss to animal
grazing, levee construction, and agricultural clearing.
The vision is to improve and restore riparian habitat
along the rivers and Sutter Bypass, where possible
and needed.

CENTRAL
VALLEY
STREAM
TEMPERATURES: Salmon and steelheaddepend on cool water

for their survival. In the Feather, Yuba, and Bear
Eivers, salmon and steelhead are confined to the
floodplains below the’dams. Maintaining cool water
below the dams is essential to maintaining salmon
and steelhead in these rivers. Summer and early fall
water temperatures in floodplains of these rivers are
naturally warm, but are kept cool by cold-water
releasesfrom deeper bottom waters of the major
reservoirs.The extent of cool water habitat below the
dams depends on the amount of cold water released
from the dams, the extent of shade along the river
channels provided by riparian vegetation, and the
amount of warm water dischargeinto the rivers from
urban and agricultural drainage. Improving water
temperatures below the major impoundments in this
zone can contribute to ecological system health and
promote ‘sustainable fisheries. Steelhead and spring
chinook particularly depend on cool summer water
temperatures asthey remain in the rivers through the

Freshwater fish
habitat is an important component neededto ensure
the sustainability of resident native and anadromous
fish species.The lower reachesof the Feather, Yuba,
and Bear rivers are typical of fall chinook salmon
spawning streams (Moyle and Ellison 1991). The
quality of freshwater fish habitat in thesestreamswill
be maintained through actions directed at
streamflows, coarse sediment supply, stream
meander, natural floodplain and flood processes,and
maintaining and restoring riparian and riverine
aquatic habitats.
FRESYWAT~R

FISH

HABITAT:

The Feather, Yuba,
and Bear rivers have been identified asEssentialFish
ESSENTIAL
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Habitat (EFH) based on the definition of waters
currently
or historically
accessible to salmon
(National
Marine Fisheries Service 1998). Key
features of EFH to maintain or restore in these rivers
include substrate composition; water quality; water
quantity, depth and velocity; channel gradient and
stability; food; cover and habitat complexity; space;
access and passage; and flood plain and habitat
connectivity.

HARVEST OF FISH AND WILDLIFE:
The legal
and illegal anadromous fish harvest in the river,
estuary, and ocean constrains
recovery of wild
anadromous fish populations. Reducing the harvest
would likely be necessary to allow recovery of wild
populations to a healthy condition. The vision is to
continue to take actions that will reduce the wild
anadromous fish harvest and focus legal harvest on
hatchery stocks of salmon and steelhead.

AGRICULTURAL
LANDS: Improving habitats on
and adjacent to agricultural lands in the Feather
Rive&utter
Basin Ecological Management Zone will
benefit native waterfowl
and wildlife
species.
Emphasizing
certain agricultural
practices (e.g.,
winter flooding and harvesting methods that leave
some grain in the fields) will also benefit many
wildlife that seasonally use these important habitats.

ARTIFICIAL
PROPAGATION
OF FISH: Stocking
hatchery-reared salmon and steelhead in the Feather
River supports important sport and commercial
fisheries and helps to mitigate salmon and steelhead
losses caused by large dams and reservoirs. Hatchery
fish also supplement naturally spawning salmon and
steelhead in the river. However, hatchery salmon and
steelhead may impede the recovery of wild
populations by competing with and preying on
young wild fish and reducing the genetic integrity of
the wild populations. The vision is to improve
hatchery practices of adult fish selection, spawning,
rearing, and release to minimize potential conflicts
with naturally-spawning
salmon and steelhead
populations.

VISIONS
FOR REDUCING
OR
ELIMINATING
STRESSORS
WATER DIVERSIONS:
Water diversions along the
rivers and Sutter Bypass divert not only water but
small fish. Many diversions are screened to reduce
young fish losses. Reducing losses to screened and
unscreened diversions will contribute
to overall
ecosystem health by promoting sustainable fisheries
and higher population levels. The vision is to screen
those diversions presently with no screens or with
inadequate screens that where there is a potential to
screen young fish in significant numbers, and for
diversions where the fish screens are not operated
continually throughout
the irrigation season, to
extend the operation throughout
the period of
.
diversion.

STRANDING:
Biological and technical evaluations
will be completed to fully assess the potential adverse
effects of stranding and the resultant loss of juvenile
chinook salmon. The vision is that stranding losses
will be minimized such that stranding will not impair
efforts to maintain self-sustaining
populations of
anadromous fish in the rivers and streams of this
ecological management zone.

VISIONS

FOR SPECIES

GREEN STURGEON:
The vision for green sturgeon
is to recovery the California species of special concern
by maintaining and restoring population distribution
and abundance to historical levels. Green sturgeon
are known to inhabit and possibly spawn in the
Feather River. Improved flows and stream channel
and floodplain processes will benefit sturgeon
populations through improved habitat and food
supply. Higher peak late winter and spring flows will
provide attraction
for adult sturgeon
moving
upstream from the lower rivers, Delta, Bay, and
ocean. Stream channel improvements will provide
greater amounts and improved quality of spawning
and early rearing habitat. Screening unscreened
diversions will reduce young sturgeon losses to water

DAMS AND OTHER STRUCTURES:
Instream
structures can impair up- and downstream adult and
juvenile fish passage. The vision for the Feather
Rive&utter
Basin Ecological Management Zone is
that the connections between upstream fish holding,
spawning,
and rearing areas and the Sacramento
River are improved and maintained to permit
unobstructed
or unimpaired
fish passage. Fish
passage at Daguerre Point Dam on the Yuba River
needs to be improved to permit easier up and
downstream
passage for steelhead and chinook
salmon. The vision also includes evaluating the
potential of restoring access to historical habitats
presently blocked by impassable dams.
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diversions. Limiting the adult sturgeon harvest will
also protect the populations.

to survive. Steelheadwill also benefit from improved
gravel spawning habitat, and stream rearing habitat,
especially if summer river heating is reduced in the
process. Screening unscreened and poorly screened
diversions will improve young steelheadproduction.
Limiting harvest to hatchery steelheadwill help to
protect wild steelhead.

STURGEON:
The vision for white sturgeon
is to maintain and restorepopulation distribution and
abundance ro historical levels and support a sport
fishery. White sturgeon are known to inhabit and
possibly spawn in the lower Feather River. Improved
flows and stream channel and floodplain processes
will benefit sturgeon populations through improved
habitat and food supply. Higher peak late winter and
spring flows will provide attraction for adult sturgeon
moving upstream from the lower rivers, Delta, Bay,
and ocean. Stream channel improvements will
provide greater amounts and improved quality of
spawning and early rearing habitat. Screening
unscreened diversions will reduce young sturgeon
losses to water diversions. Limiting the adult
sturgeon harvest will also protect the populations.

WHITE

Steelhead in the Feather River are supported by a
hatchery propagation program at Feather River
Hatchery. The hatchery program will continue, but
improved environmental conditions in the river, the
Sacramento River, and Delta will allow for more
reliance on the wild, naturally spawning population.
GARTER
SNAKE:
The vision for the giant
garter snake is to contribute to the recovery of this
State and federally listed threatened speciesin order
to contribute to the overall species richness and
diversity. Protecting existing and restoring additional
suitable wetland and upland habitats will be critical
to achieving recovery of the giant garter snake. The
proposed restoration of aquatic, wetland, riparian,
and upland habitats in the Feather River/Sutter Basin
Ecological Management Zone will help in the
recovery of this speciesby increasing habitat quality
and area.
GIANT

SALMON:
The vision for chinook
salmon is to recover all stocks presently listed or
proposed for listing under ESA and CESA, achieve
naturally spawning population levels that support
and maintain oceancommercial and oceanand inland
recreational fisheries. Spring- and fall-run chinook
salmonwill benefit from improved flows. Late-winter
and spring flows will provide attraction for upstream
migrating adult spring chinook and downstream
migrating spring- and fall-run chinook. Summer and
fall base flow improvements will benefit oversummering adult and juvenile spring-run chinook
salmon, as well as upstream migrating fall-run
chinook salmon. Improvements in wetland and
riparian habitats; stream channel and meander; and
coarsesediment recruitment will alsoimprove springand fall-run chinook salmon spawning and rearing
habitat. Screening unscreened and poorly screened
diversions will improve young salmon production.
Limiting harvest will help ensure adequate numbers
of spawners.
CHINOOK

BASS:
The vision for striped bassis to
maintain healthy populations, consistent with
restoring native species, to their 1980s level of
abundance to support a sport fishery in the Bay,
Delta, and tributary rivers. Striped basswill indirectly
benefit from larger late winter, early spring flow
events provided in the lower Feather River to benefit
chinook salmon and steelhead. The higher flow will
provide upstream attraction flows and improve
transport of eggs from spawning areasin the lower
Feather and Sacramento Rivers.
STRIPED

The vision for American shad
is to maintain a naturally spawning population,
consistentwith restoring native species,that supports
a sport fishery similar to the fishery that existed in
the 1960s and 1970s. Improved spring flows should
benefit American shad runs in the lower Feather and
Yuba Rivers. Greater magnitude flow events in
spring will provide attraction flows for adults to
lower river spawning areas. Higher spring through
fall baseflows should improve spawning and early
rearing, post-spawning adult survival, and juvenile
shad survival and downstream migration. Although

AMERICAN

The vision for steelhead trout is to
recover this specieslisted as threatened under the
ESA, and achieve naturally spawning populations of
sufficient size to support inland recreational fishing
and that use fully existing and restored habitat.
Steelhead will benefit from improved peak flow
events, especially in dry and normal years. Summerfall base flows are needed to maintain oversummering juveniles and will also provide water
temperatures low enough to allow juvenile steelhead
STEELHEAD:
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American shad require warmer temper tures for
spawning, stream temperatures will be driven by the
requirements of native chinook salmon and steelhead.

impacts of diversions, minimize poaching, and
minimize habitat and water quality degradation in
basin streams. Funding may be provided to enhance
streamflows,
reduce fish-passage problems, screen
diversions, restore habitats, and increase California
Fish and Game Code enforcement
to protect
recovering salmon and steelhead populations. The
U.S. Army Corps of Engineers owns and operates the
Daguerre Point Dam on the Yuba River and is
undertaking evaluations to improve fish passage and
fish screening opportunities.

SPLITTAIL:
The vision for splittail is to recover this
federally listed threatened species. Improvements
in
the riparian and stream meander corridors, wetlands,
and floodplain overflow basins will improve spawning
and early rearing habitat of splittail and other native
resident fish species. Improved late winter and early
spring flows will provide attraction
flows for
upstream migrating adult splittail from the Delta,
and improve transport of larvae splittail downstream
to the lower rivers and Bay-Delta.

CENTRAL
VALLEY
IMPROVEMENT

WATERFOWL:
The vision for waterfowl
is to
maintain and restore healthy populations z levels
that can support consumptive (e.g., hunting) and
nonconsumptive
(e.g., birdwatching)
uses, through
and improvement
of habitats
and
protection
reduction in stressors. Waterfowl
will benefit from
improved riparian corridors,
floodplain overflow
basins, and more wetlands.

Restoring and maintaining ecological processes and
functions
in
the
Feather/Sutter
Ecological
Management Zone will augment other important
ongoing and future restoration efforts for the zone.
The program proposed by the Central Valley Project
Improvement Act (CVPIA) will complement efforts
of the USFWS’s Anadromous
Fish Restoration
Program (USFWS 1997). The goal of the program is
to double the average anadromous fish population
that was produced naturally in the system from 1967
through 199 1.

PLANT
SPECIES AND COMMUNITIES:
The
vision for plan species and communities is to protect
and restore these resources in conjunction with efforts
to protect and restore wetland and riparian and
riverine aquatic habitats.

INTEGRATION
RESTORATION

PROJECT
ACT

SALMON,
STEELHEAD
TROUT
ANADROMOUS
FISHERIES
PROGRAM
ACT (SB 2261)

WITH OTHER
PROGRAMS

AND

The vision will also help the DFG to reach its goal,
under this program, of doubling the number of
anadromous fish that were produced in 1988.

Maintaining
and restoring
the health of the
Ecological Management
Units
in the Feather
River/Sutter Basin Ecological Management Zone will
depend on the efforts of local and State water
management agencies. Efforts in the Sutter Basin will
be linked to activities of the California Waterfowl
Ducks
Unlimited,
The Nature
Association,
Conservancy,
and the California Rice Industry.
Overall, these efforts will require cooperation from
resource agencies, such as DFG, the California
Department
of Water Resources (DWR), the U.S.
Fish and Wildlife Service (USFWS), and the National
Marine Fisheries Service, as well as participation and
support from the U.S. Bureau of Reclamation
(Reclamation),
the
U.S.
Natural
Resources
Conservation
Service (NRCS), and other private
organizations, water districts, and landowners. These
groups will work together to maintain and restore
streamflows
and fish and wildlife habitat, reduce

CENTRAL

VALLEY
HABITAT
VENTURE

JOINT

The Central Valley Habitat Joint Venture and the
North American Waterfowl Management Plan have
developed objectives for wetlands in the Butte Basin
Ecological Management Zone. These objectives are
consistent with the ERPP targets developed for this
Ecological Management Zone.

UPPER

YUBA
RIVER
PROGRAM

STUDIES

The Upper Yuba River Studies Program is a
stakeholder driven process directed by the Upper
Yuba River Workgroup. The agreed upon purpose of
the Program is to determine if the introduction of
wild chinook salmon and steelhead to the Upper
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Yuba river watershed is biologically, environmentally,
and socio-economically feasible over the long term.

CALFED

BAY-DELTA

DFG (1993) will provide a basis to refine the flow
needs in the Feather River better. Flow events will be
provided only if they are less than or equal to Oroville
Reservoir inflow (++).

PROGRAM

CALFED
has funded four ecosystem restoration
projects in Feather River and Sutter Basin. One
project screened the Browns Valley Irrigation District
diversion. Another project developed a watershed
plan for the Yuba River.

ACTION
IA:
Develop a
cooperative program to evaluate the benefits of
supplemental Feather River flows to ecological
processesand riparian and riverine aquatic habitats.
PROGRAMMATIC

ACTION
1 B:
Evaluate
alternative flow schedules in the Feather River to
optimize the ecological benefits for fish and plant
communities and ecological processessuch asstream
meander, sediment transport, and temperature
control.
PROGRAMMATIC

LINKAGE
ECOLOGICAL

TO OTHER
MANAGEMENT
20~~s

Many of the resource elements in the Feather
River/Sutter
Basin Ecological Managemen?- Zone
depend extensively on conditions or elements in other
zones. Anadromous
fish, for example, are highly
migratory and depend on conditions in the mainstem
Sacramento River, the Delta, San Francisco Bay, and
the nearshore Pacific Ocean. Because these fish are
affected by stressors throughout their range, such as
unscreened diversions, toxic contaminants, degraded
water quality, and harvest, restoring populations in
Ecological
the
Feather
River/Sutter
Basin
Management Zone will require corresponding efforts
in other zones.

2: Evaluate the potential benefits to
increasednatural production of salmon and steelhead
in the Feather River of releasing 2,500 cfs from
Oroville Dam during September through May and
1,100 cfs during June through August in wet and
normal years, and 1,700 cfs during September
through May and 800 cfs during June through
August in dry years (++).

TARGET

PROGRAMMATIC
ACTION
2~:
Develop a
cooperative program to supplement Feather River
flows with water acquired from new water sources,
water transfers, and willing sellersin accordancewith
applicable guidelines or negotiated agreements.

Reducing or eliminating stressors in the downstream
Ecological Management Zones and improving or
recreating habitat in those zones are important steps
healthy fish, wildlife,
and plant
in restoring
communities
in the Feather River/Sutter
Basin
Ecological Management Zone. Efforts in the Sutter
Basin, particularly those relating to the Sutter Bypass
and Butte Slough, will greatly benefit the other
Ecological Management Zones and units of the upper
Sacramento River.

3: Supplement flows in the Yuba River
with March flow events of 2,000 to 3,000 cfs in dry
years and 3,000 to 4,000 cfs in ‘normal years to
improve conditions for all chinook salmon, steelhead,
and American shad life stages. In addition, provide
minimum flows recommended at Marysville by DFG
(1993). Seetable below. Flows will be provided only
if inflow to Englebright and New Bullards Bar
Reservoirsis sufficient to meet the flow requirements
TARGET

RESTORATION
TARGETS
AND,
PROGRAMMATIC
ACTIONS
ECOLOGICAL
CENTRAL

VALLEY

(++).
Minimum Streamflow Recommendations
for Yuba River at MatysvilIe

PROCESSES

Flow

STREAMFLOWS

in All Water-Year

Period

TARGET

1: More closely emulate the seasonal
streamflow pattern in the Feather River by providing
March flow events of 4,000 to 6,000 cfs in dry years,
6,000 to 8,000 cfs in below-normal years, and 8,000
to 10,000 cfs in above-normal years. In addition,
evaluating the minimum flows recommended by

October

l-March

April
lulv

Types

I-June

l-Seotember

600-700

31
1,000

30
10

cfs

cfs minimum

450 cfs
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PROGRAMMATIC
ACTION
3~:
Supplement
flows in the Yuba River below Englebright Dam with
water acquired from new water sources, water
transfers, and willing sellers, consistent with
applicable guidelines or negotiated agreements to
provide flows recommended by DFG (1993) to
improve conditions for all chinook salmon and
steelheadlife stages.Seetable above.

adaptive management and must be basedon credible
scientific underpinnings.
The streams in rhe Feather River/Surrer Basin
Ecological Management Zone provide extremely
valuable habitat for spring-run chinook salmon and
sreelhead trout. Key benefits of streamflow
in rhis
Ecological Managemenr Zone are successfkl upstream
of adult fish passage and downstream passageof
juvenile fish. In addition, flow drives many ecological
functions and processeslinked to stream-channel
morphology, riparian communities, and fish habitat.
The best flow schedule for providing maximum
ecological benefits in the Feather River has not been
agreed upon. The California Department of Fish and
Game (1993) recommended the following flows and
temperatures below Thermaliro Afterbay:

4: Supplement flows in the Bear River to
improve conditions for all chinook salmon and
steelhead life stages. Provide a flow event of 300 to
500 cfs in dry years. See table below for
recommended minimum streamflows (++).

TARGET

Minimum Streamflow
Recommendations
for Bear River

I

Month

_

Flows (cfs)

I
Period

October
October

1-14

IS-December

January-March
April-June
July-September

Streamflow

(cfs)

Temperature

100
15

Jan-Apr

2,000

56°F

May 1 - 15

3,000

60

May 16 -June IS

4,000

60

June 16 - Ott 15

1,000

NF

Ott 16 - Dee 3 I

1.700

56

250

250
2so
10

PROGRAMMATIC
ACTION
4~:
Supplement
flows in the Bear River with water acquired from new
water sources, water transfers, and willing sellers
consistent with applicable guidelines or negotiated
agreements to provide flows that will improve
conditions for all chinook salmon and steelheadlife
stages.

The increasedflow in the DFG recommendation is
partially designed to provide a large flow for
American shad spawning. The temperature
recommendation, however, is too low for shadasthey
require a spawning temperature about 5 “F higher
than recommended.
Technical agreement on Feather River flows and
temperatures has not been reached. This is an area
that needsto be addressedby the CALFED approach
to adaptive management. Additional monitoring
and/or researchmay be required to develop consensus
on these issues. The CALFED approach also goes
beyond the flow and temperature requirements of
anadromous fish by also including
the flows needed
for coarse sediment transport, overbank flooding, and
riparian maintenance and
regeneration. The
recommended flow targets provide a basisfor ongoing and future evaluations using adaptive
management as a tool to reach agreement.

The proposed March supplemental
flows were selected as a representative value for
impacr analysis in the Programmatic ELS/EIR.
Throughout the ERP, the need to determine optimal
srreamtlow for ecological
processes,habitats, and
speciesis repeated. The issuesof supplemental flows
are complex in term of ecosystemimprovements. The
frequency, magnitude, duration, timing and rate of
change ofstreamflows char form channels,create and
maintain riparian habitat (in&ding all species of
vegetation), and promote all fife srages of the various
aquatic species dependent on a particular stream will
never occur within a single year. An optimal flow
regime will have to vary, perhaps significantly, from
year
to
year.
The
supplemenraf
flow
recommendations will be an intensive exercise in
RATIONALE:

Supplementing flows on the Yuba River by
acquisition of water from willing sellers dependson
whether or not there are any willing sellers.Findings
from a detailed hydrologic and operations assessment
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of rhe Yuba River system to develop water-year-typespecificinstream flow recommendationsindicate that,
with the exception of wet years, insuficient water
would be available within the system always to meet
the recommendedflows (Beak 1996). In years when
f7ow augmentation is required, a decisionwill have co
be made regarding use of acquired water in the
spring to either meet DFG’s recommendation of
1,000 cfi at Marysville during the April-June period,
or to use this water to 1) provide higher flows and,
therefore, greater thermal protection to steelhead
during July-September, or 2) supplement flows
during the October-December period to benefit fallrun chinook salmon spawning.

salmonand steelheadin the Yuba River. If indicated,
renovate or supplement gravel supplies to enhance
substrate quality.
PROGRAMMATIC
ACTION lc: Evaluate the
quality of spawning gravel in areasused by chinook
salmon and steelheadin the Beat River. If indicated,
renovate or supplement gravel supplies to enhance
substrate quality
RATIONALE:
Sediment transport is the process
whereby flows carry away finer sediments that fill
gravel interstices (i.e., spaces between cobbles).
Gravel cleansing is the process whereby flows
transport, grade, and scour gravel. Gravel transport
and cleansing, by flushing most fines and moving
bedload, are important processesto maintain the
amount and distribution of spawning habitat in the
Sacramento-San ]oaquin River basin. Human
activities have greatly
reduced or altered these
processes. Opportunities to maintain and restore
these processes include changing water flow,
sediment supplies, and basin geomorphology;
removing stressors;or manipulating channel features
and scream vegetation directly. Gravel deposits in
Feather Rive&utter Basin Ecological Management
Zone streams are essential to maintain spring- and
fall-run chinook salmon, steelhead trout, and other
resident native fish spawning arid rearing habitats.
Although additional evaluations are required to
define the magnitude of flows required to move
coarse sediments in each of the streams in this
ecological management zone better, it appears chat
flows exceeding 20,000 cfs in the Feather River are
probably sufficient to achieve this important
ecological event.

Studies conducted in the lower Yuba Riverduring
1976-1978 revealed that the lower Yuba River is not
a season-longnursery areafor American shad(Meinze
1979). That may reflect drought condition during
part of the study period but the study did reveal chat
newly hatched shad fry are rapidly transported
downstream and into the Feather River. Larvae are
swept out by currents before they grow large enough
to maintain their position in the river. Juvenile shad
spendseveral weeks to severalmonths in the Feather
and Sacramento rivers and in the Delta, which is
consideredthe primary rearing habitat for American
shad(Painter et al. 1977, Painter et al. 1979, Meinze
1979, SWRCB 1992). Consequently, highei spring
flows in the lower Yuba River may provide minimal
increasedbenefits for young shad.
COARSE

SEDIMENT

SUPPLY

TARGET 1: Maintain existing erosion and gravel
recruitment levels in. tributaries that sustain an
adequate level of gravel recruitment, or restore
desirable levels by directly manipulating and
augmenting gravel supplieswhere the natural fluvial
process has been interrupted by dams or other
features that retain or remove the gravel supply
c++>.

Opportunities co maintain and restore gravel
recruitment include manipulating natural processes
and tontrolling or managing environmental stressors
that adversely affect recruitment.
STREAM

PROGRAMMATIC
ACTION
IA:
Evaluate
spawning gravel quality in areas used by chinook
salmon and steelhead in the Feather Rivet. If
indicated, renovate or supplement gravel supplies to
enhance substrate quality by importing 4,000 to
8,000 tons of additional gravel below the hatchery as
conditions require.

MEANDER

TARGET 1: Preserve and expand the streammeander belts in the Feather, Yuba, and Bear Rivets
by adding a cumulative total of 1,000 acres of
riparian lands to the meander zones (+*+).
PROGRAMMATIC
ACTION 1 A: Acquire ripacian
and meander-zone lands by purchasing them directly
or acquiring easements from willing sellers, or

PROGF~MMATIC
ACTION
1 B: Evaluate
spawning gravel quality in areas used by chinook
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provide incentives for voluntary efforts to preserve
and manage riparian areas on private land.

PROGRAMMATIC
ACTION
IF:
Develop
floodplain management plan for the Bear River.

PROGFWMMATIC
ACTION
1~: Build local
support for maintaining active meander zones by
establishing a mechanism whereby property owners
would be reimbursed for lands’ lost to natural
meander processes.

PROGRAMMATIC
ACTION
1~: Develop a
floodplain management plan for the Sutter Basin and
Sutter Bypass.
RATIONALE: Setback levees will.provide greater
floodplain inundation, room for stream meander, and
more riparian forest and seasonalwetland habitats
along
the lower rivers. Channel configuration
adjustments may be necessaryto accelerate natural
floodplain habitat restoration and to restore and
maintain configurations that may not occur naturally
due to remaining constraints from new setback
levees. Permanent structures, such as bridges and
diversions dams, can interrupt and impair natural
floodplain processesand habitat development and
succession.Thus, it may be necessaryto remove or
rebuild some structures or require continuing
maintenance or mitigations to minimize their effects.

PROGFWMMATIC
ACTION
1~:. Develop a
cooperative program to improve opportunities for
natural meander by removing riprap and relocating
other structures that impair stream meander.
RATIONALE:
Preserving and improving the streammeander belts in the Feather Rive&utter
Basin
Ecological Management Zone will ensure that this
important natural process is maintained. Typically,
thesereaches are important for spawning and rearing
salmon and steelhead.A natural meanderprocesswiIl
provide near-optimal habitat for spawning (through
gravel recruitment), rearing (channel configuration,
cover,
and foodweb), and migration. There is limited
potential for natural channel migration in narrowly
leveed sections. Overall, the program must be
consistent with flood control requirements and in the
longer
term, should reduce need for future flood
control efforts by using natural system resilienceand
ff ood control characteristics.
NATURAL

FLOODPLAIN

AND

a

CENTRAL VALLEY STREAM
TEMPERATURES
TARGET 1: Improve water quality conditions in the
Feather, Yuba, and Bear rivers to benefit anadromous
fish (++).
PROGRAMMATIC
ACTION 1 A: Develop and use
a temperature model as a tool for managing the
Feather River.

FLOOD

PROCESSES

PROGRAMMATIC
ACTION 1 B: Maintain a daily
average water temperature of 60°F in the low-flow
section of the Feather River from June 1 through
September 30 to benefit over-summering steelhead
juveniles.

TARGET 1: Restore and improve opportunities for
rivers to flood their floodplain seasonally(+).
PROGMMMATIC
,ACTION
IA:
Conduct a
feasibility study to construct setback levees in the
Feather, Yuba, and Bear lower river floodplains.

PROGRAMMATIC
ACTION
Ic:
Develop a
cooperative program to identify and remove physical
and water quality barriers in the Feather River that
impede, access for white and green sturgeon to
spawning habitat, or facilitate passagearound these
barriers.

PROGRAMMATIC
ACTION
16: Restore, as
needed, stream channel and overflow basin
configurations within the floodplain.
PROGRAMMATIC
ACTION 1 c: Minimize effects
of permanent structures, such as bridges and
diversion dams, on floodplain processes.

PROGRAMMATIC
ACTION
ID: Develop a
cooperative program to maintain mean daily water
temperatures below 65°F for at least 1 month from
April 1 to June 30 for American shad spawning in
the Feather River. This is consistent with actions to
protect chinook salmon and, steelhead and, when
hydrologic, conditions are adequate, to minimize
adverseeffects on water-supply operations.

PROGRAMMATIC
ACTION
ID: Develop a
floodplain management plan for the Feather River.
PROGRAMMATIC
ACTION
1~: Develop a
floodplain management plan for the Yuba River.
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PROGRAMMATIC
ACTION
1~: Develop a
cooperative approach to operating reservoirs in the
Yuba River watershed to provide adequate water
temperatures for anadromous fish.

introduced
species. On the Feather and Yuba rivers,
the warer temperature
requirements of anadromous
salmonids
(chinook salmon and steelhead) have
priority. After their temperature
needsare met, then
the temperature
requirements
ofAmerican shad can
be addressed.

PROGFXAMMATIC
ACTION
1 F: Evaluate
whether improving water temperature control wih
shutter configuration
and present coldwater pool
management at New Bullards Bar Dam on the Yuba
River are effective. Modify the water release outlets at
Englebright Dam if these improvements are effective.

RequiredWater Tern eraturesin the Bear River
for Chinook Sarmon and Steelhead

Month

PROGRAMMATIC
ACTION
1 G: Maintain a daily
average water temperature of 60°F from Englebright
Dam to Daguerre Point Dam in the Yuba River from
June 1 through September 30 to benefit oversummering steelhead juveniles.
PROGRAMMATIC
ACTION
1~:
Develop a
cooperative program to maintain mean daily water
temperatures below 65°F for at least 1 month from
April 1 to June 30 for American shad spawning in
the Yuba River. This is consistent with actions to
protect chinook salmon and steelhead and, when
hydrologic conditions are adequate, to minimize
adverse effects on water-supply
operations.

Wheatland

Highway

70

100

60

60

October 15December15

250

58

57

January-March

250

56

57

April-June

250

60

60

10

65

65

HABITATS
SEASONAL

WETLANDS

TARGET 1: Assist in protecting 500 acres of
existing seasonal wetland habitat through fee
acquisition or perpetual easementsconsistent with
the goalsof the Central Valley Habitat Joint Venture
and the North American Waterfowl Management
Plan (++).

RATIONALE:
Aquatic species have very specific
water temperature requirements that vary by stagein
their fife cycles. Water temperatures are typically
high during the late summer and early fall, when
water management *flexibility below the major
reservoirs is typically limited. Water temperatures
should be addressedthrough integrated water and
temperature management programs that seek to
conserve cool water reservoir pools for release later in
the summer and by investigating feasibility of
modifjring water releaseoutlets on existing dams to
to utilize

Temperature(“F)

October l-14

July-September

PROGRAMMATIC
ACTION
1 I: Develop
a
cooperative approach to providing adequate water
temperatures in the Bear River (see following table)
for all chinook salmon and steelhead life stages.

provide a greater ability
the reservoir fully.

Flows
(cfs)

PROGRAMMATIC
ACTION IA: Develop and
implement a cooperative program to improve
management of 500 acres of existing, degraded
seasonal wetland habitat in the Sutter Bypass
Ecological Management Unit.
TARGET 2: Develop and implement a cooperative
program to enhance 3,090 acres of existing public
and private seasonalwetland habitat consistent with
the goalsof the Central Valley Habitat Joint Venture
and the North American Waterfowl Management
Plan (++).

the cold water in

Operating to provide specific water temperatures at
the appropriate times in systems where aquatic
resources have differing
temperarure
requirements
can be difficult. In situations where water
temperature
requirements
may conflict, water
temperarure
operations should first addressthe needs
of listed species, then native species, and then

PROGRAMMATIC
ACTION 2~: Restore and
manage seasonalwetland habitat throughout the
Sutter Bypass Ecological Management Unit.
RATIONALE: Restoring seasonalwetland habitats
along with aquatic, permanent wetland, and riparian
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habitats is an essential element of the restoration
strategy for the Feather River/Sutter Basin Ecological
Management Zone. Restoring these habitats will also
reduce
the amount and concentrations of
contaminants that could interfere with restoring the
ecological health of the aquatic ecosystem. Seasonal
wetfands support a high production
rate ofprimary
and secondary food speciesand large blooms (dense
populations)

of aquatic

improve salmonid habitat and instream cover along
the Beat River.
RATIONALE:

invertebrates.

roughness of seasonal wetland vegetation filters and
traps sediment and organic particulates. Water
flowing out from seasonalwetlands is typically high
in foodweb prey species concentrations and fine

induding

support functions.
Improving low- to moderate-quality shadedriverine
aquatic habitat will benefit juvenile chinook salmon
and steelhead by improving
shade, cover, and food.
Wildlife
in this Ecological
Management
Zone will

particulate organic matter that feed many Delta
aquatic and semiaquatic fish and wildlife.
To
capitalize on these functions, most of the seasonal
wetlands of the Cofusa Basin Ecological Management
Zone should be subject to periodic flooding and
overland flow from river floodplains.
AND RIVERINE

wildlife species,

several listed as threarened
or endangered
under the
State and federal Endangered Species Acts and several
special-status
plant species in the Central Valley,
depend on or are closely associated with riparian
habitats. Riparian habitats support a greater wildlife
species diversity than all other habitat types in
California. Riparian habitat degradation and loss has
substantially reduced the habitat area availabLe for
associated wildlife
species. Loss of this habitat has
reduced water storage, nutrient cycling, and foodweb

Wetlands that are dry in summer are also efficient
sinks for the transformation
of nutrients and the
breakdown ofpesticides and other contaminants. The

RIPARIAN

Many

also benefit

from improved

habitat.

Protecting

and

improving shaded riverine aquatic
habitat
may
involve changes in land use that will require the
consensusof local landowners and local, State, and
federal agencies. Limitations
on land suitable or
available for restoration will require establishing
priorities,
with efforts directed at acquiring
highpriority, low-cost sitesfirst.

AQUATIC

HABITATS
TARGET: Provide conditions for riparian vegetation
growth along river sections in the Feather
River/Sutter Basin Ecological Management Zone
(++).

FRESHWATER
FISH HABITAT
ESSENTIAL
FISH HABITAT

AND

PROGRAMMATIC
ACTION
7 A:
Purchase
streambank conservation easements from willing
sellersor establish voluntary incentive programs to
improve salmonid habitat and instream cover along
the Yuba River.

TARGET
1: Maintain and improve existing
freshwater fish habitat and essential fish habitat
through the integration of actions described for
ecological processes,habitats, and stressorreduction
or elimination (+,+).

PROGRAMMATIC
ACTION 1~: Evaluate the
benefits of restoring
stream-channel and riparian
habitats on the Yuba River, including creating side
channelsto serveasspawning and rearing habitats for
salmonids.

PROGRAMMATIC
ACTIONS:
NO additional
programmatic actions are recommended.

PROGRAMMATIC
ACTION
1 c:
Purchase
streambank conservation easements from willing
sellers or establish voluntary incentive programs to
improve salmonid habitat and instream covet along
the Feather River.

stressorreduction,

RATIONALE: Freshwater fish habitat and essential
fish habitat are evaluated in terms of their quality and
quantity.

described for ecological processes,
and riparian and riverine aquatic
habitat
should
suffice to maintain
and restore
freshwater fish habitat and essentialfish habitat. For
example, maintaining freshwater
and essentialfish
habitats
is governed by actions to maintain
streamflow, improve
coarse sediment supplies,
maintain
stream
meander, maintain or restore
connectivity
of the Feather, Yuba, and Bear rivers

PROGRAMMATIC
ACTION
1 D: Purchase
streambank conservation easements from willing
sellers or establish voluntary incentive programs to

Actions

..
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and their floodplains,
and in maintaining
restoring riparian and riverine aquatic habirars.

AGRICULTURAL

and

other wildlife will increase the overwinter survival
rates of wildlife and srrengrhen them for migration,
thus improving
breeding success (Madrone and
Assoc. 1980)

LANDS

TARGET 1: Cooperatively manage 57,578 acres of
agricultural lands consistent with the objectives of the
Central Valley Habitat Joint Venture and the North
American Waterfowl
Management Plan (++).

REDUCING

ELIMINATING
STRESSORS

WATER

PROGRAMMATIC
ACTION
1 A: Increase the area
of rice fields and other crop lands flooded in winter
and spring to provide high-quality foraging habitat
for wintering and migrating waterfowl and shorebirds
and associated wildlife.

OR

DIVERSIONS

TARGET
1: Improve the survival of juvenile
anadromous fish in the Yuba River by installing,
upgrading, or replacing fish screens (+++).
PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to upgrade or construct screens
that meet current Department of Fish and Game and
National Marine Fisheries Service screening standards
at the Hallwood-Cordua
and Brophy-South
Yuba
Canal water
diversion,
and other unscreened
diversions on the Yuba River.

~TIONALE:
Following rhe extensive loss of narive
wetland habitats in the Central Valley, somewetland
wildlife species have adapted to the artificial wetlands
of some agriculrural
practices and have become
dependent on these wetlands
to sustain their
populations. Agriculrurally
created wetlands include
rice lands; fields flooded for weed and pest control;
stubble management;
and tailwater
circulation
ponds.

TARGET
2: Improve the survival of juvenile
anadromous fish in the Bear River by installing,
upgrading, or replacing fish screens (++4>.
PROGF~AMMATIC
ACTION
2~:
Develop a
cooperative program to evaluate and screen diversions
in the Bear River to protect all anadromous fish life
stages.

Managing agricultural lands to increase forage for
waterfowl and other wildlife will increase the survival
rates of overwintering
wildlife and strengthen them
for migration,
thus improving
breeding success
(Madrone Associates 1980)

TARGET
3: Improve the survival of juvenile
anadromous fish in the Feather River by installing,
upgrading, or replacing fish screens (+++>.

Creating small ponds on farms with nearby waterfowl
nesting habitat but little brood habirat will increase
production of resident waterfowl species when brood
ponds are developed
and managed properly.
Researchers and wetland managers with the DFG,
U.S. Fish and Wildlife Service and the California
Waterfowl Association havefound thar well managed
brood ponds produce the high levels of invertebrates
needed to support brooding waterfowl. Other wildlife
such as the giant garter snake will also benefit.
Restoring suitable nesting habitat near brood ponds
will increase the producrion of resident waterfowl
species.

PROGRAMMATIC
ACTION
3~:
Develop a
cooperative program to evaluate and screen diversions
in the Feather River to protect all anadromous fish
life stages.
,
RATIONALE:
Water diversion, storage, and release
in the watershed
directly affect fish, aquatic
organisms, and nutrient levels in the system and
indirectly affect habitat, foodweb production, and
species abundance and disrribution.
Unscreened
diversions cause direct mortality to young fish; the
level of morrality is likely influenced by the number
of young fish present, diversion size, and diversion
riming.

Restoring nesting habitat, especially when it is near
brood ponds, will increase the production of resident
waterfowl species. When the restored nesting habitat
is properly managed, large, ground predarors are less
effective in preying on eggs and young of waterfowl’
and other ground
nesting
birds.
Managing
agriculrural lands to increase forage for warerfowl and

The fish screens on the water diversions at Daguerre
Point Dam on the Yuba River (Hallwood-Cordua
and
Brophy-South
Yuba Canal) are inadequate and do
not meet current DFG or NMFS screening criteria
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(DFG 1991). The Hallwood-Cordua
Fish Screening
Facility is funded and staffed by DFG, but because of
Jimited funding, DFG does not operate the facility
after the peak of chinook salmon emigration has
occurred (sometime in June). Unscreened diversions
continue throughout
the summer and fall, and
significant
numbers
of juvenile steelhead are
en trained and lost.
The Brophy-South
Yuba
diversion utilizes a rock Jevee to prevent fish from
entering the diversion, however, the levee has been
shown to be permeable to small fish even when the
diversion is not operating, and significant numbers of
juvenile chinook salmon are entrained (DFG 1991).
Fully-functioning
fish screens that meet current
criteria and are adequately funded, staffed, and
operated throughout the irrigation season need to be
implemented at both diversions.

DAMS

AND

OTHER

PROGRAMMATIC
ACTION
3~:
Improve
chinook salmon and steelhead passagein the Bear
River by negotiating with landowners to remove or
modify culvert crossingson the Bear River.
RATIONALE: Dams and their associatedreservoirs
block fish movement, alter water quality, remove fish
and wildlife habitat, and alter hydrologic and
sediment processes.Other structures may block fish
movement or provide habitat or opportunities for
predatory fish and wildlife, which could be
detrimental to fish speciesof special concern.
It is estimated that 82% to 95% ofhistorical salmon
and steelhead spawning and rearing habitat in the
Central Valley has been lost due to impassabledams
(Reynolds et al. 1993; Yoshiyama 1996). Perhapsthe
greatest potential for anadromous fish restoration in
the Central Valley can be realized by reestablishing
accessto someof theseformer habitats, especiallyfor
thosefish that are dependent upon habitat in mid- to
upper-elevation stream reaches,such assteelheadand
spring-run chinook salmon. Restoring access at
Englebright Dam would allow salmon and steelhead
to utilize a considerableamount ofhistorical habitat
in the Yuba River system, primarily in the South and
Middle forks, and would have a substantial effect on’
restoration on a basin-wide level. Providing accessto
historical habitats could also reduce the reliance on
low-elevation, valley-floor reachesthat require large
amounts of water to maintain suitable temperatures,
thus could potentially reduce overall water costsfor
anadromous fish restoration. Compared to other
major Central Valley tributaries, the Yuba River has
greater potential than most to reestablish accessto a
substantial amount of former habitat. To resolve
issuesrelated to introducing anadromous fish to the
watershed above Englebright Dam on the Yuba
River, the Upper Yuba River Workgroup has
identified six key issuesfor feasible study. These
issuesinclude 1) condition of upstream habitat for
anadromous fish, 2) affects of reoperating or
modifying Englebright Dam on the condition of
downstream habitat and fisheries,3) economiceffects
and social impacts, 4) impact to water supplies, 5)
impact to downstream flood control, and 6) quantity
of sedimentsand heavy metals trapped by the dam.

STRUCTURES

TARGET 1: Increase adult and juvenile anadromous
fish Passage in the Yuba River by providing accessto
100% of the available habitat below Englebright
Dam (+++).
Programmatic Action la: Develop a cooperative
program to improve anadromous fish passagein the
Yuba Rivet by removing dams or constructing fish
ladders, providing passageflows, keeping channels
open, eliminating predator habitat at instream
structures, and constructing improved fish bypasses
at diversions.
PROGFCAMMATIC
ACTION
1 B: Facilitate
passageof spawning adult salmonids in the Yuba
River by maintaining appropriate flows through the
fish laddersor modifying the fish ladders at diversion
dams.
TARGET 2: Increase the number of naturally
produced chinook salmon and steelheadin the Yuba
River drainage and contribute to each specieslongterm sustainability (+).
PROGRAMMATIC
ACTION
2~: Conduct a
cooperative study to determine if introduction of wild
chinook salmon and steelhead to the Upper Yuba
River watershed is biologically, environmentally, and
socio-economically feasibleover the long term.

HARVEST

TARGET 3: Improve chinook salmonand steelhead
passagein the Bear River by providing accessto
100% of the available habitat below the SSID
diversion dam (++).

OF FISH AND WILDLIFE

TARGET
1:
Develop harvest management
strategies that allow wild, naturally produced fish
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spawning populations to attain levels that make full
use of existing and restored habitat, and focus harvest
on hatchery-produced
fish (+++>.
PROGRAMMATIC
ACTION
1 A: Control
harvest by increasing enforcement efforts.

TARGET 2: Reduce superimposition of chinook
redds in the low flow sectionof the Feather River (+).
.
PROGRAMMATIC
ACTION
2~: Develop a
cooperative program to evaluate alternative meansof
reducing the number of spawnersin the upper section
and increasing the number of spawnersin the high
flow section below Thermalito.

illegal

PROGFWMMATIC
ACTION
1 B: Develop harvest
management plans with commercial and recreational
fishery organizations, resource management agencies,
and other stakeholders to meet target levels.

TARGET 3: Limit hatchery stocking if populuations of salmon or steelheadcan be sustainedby
natural production (44+).

PROGRAMMATIC
ACTION
1 c: Reduce harvest
of wild, naturally produced steelhead populations, by
continuing to mark all hatchery-reared
fish and
continuing to institute selective harvesting.
PROGRAMMATIC
ACTION
ID:
marking and selective fishery program
salmon.

PROGRAMMATIC
ACTION 3~: Augment fallrun chinook salmon and steelheadpopulations only
when alternative measuresare deemedinsufficient to
provide population recovery.

EvaLate
a
for chinook

TARGET 4: Minimize further threats of hatcheryproduced fish interbreeding with wild chinook
salmon and steelhead stocks (++a).

RATIONALE:
Restoring and maintaining chinook
salmon and steelhead populations to levels that take
full advantage of habitat may require restricting
harvest during and after the recovery period.
Involving the various stakeholder organizations
should help ensure a balanced and fair harvest
allocation. Target population levels may preclude
existing harvest levels of wild, naturally produced
fish. For populations supplemented with hatcheryreared fish, selective harvesting may be necessary co
limit wild fish harvest while harvesting hatcheryproduced fish to reduce their potential to disrupt the
genetic integrity of wild populations. The Fish and
Game
Commission recently
adopted DFG
recommendations to establish a selective fishery for
hatchery steelheadand to reduce incidental hooking
of wild steelhead on all Central Valley streams.
ARTIFICIAL

PROPAGATION

PROGFIAMMATIC
ACTION 4~: Adopt methods
for selecting spawning adults for the hatchery from
an appropriate crosssection of the adult population
available to the hatchery.
RATIONALE: In watershedssuch as the Sacramento
River and Feather River, where dams and habitat
degradation have limited natural spawning, hatchery
supplementation may be necessary to sustainfishery
harvest at former levels and co maintain a wild or
narural spawning population during adverse
conditions,
such
as droughts.
Hatchery
augmentation,
however, should be limited
recovery and maintain
wild populations.

to protect
Hatchery-

reared salmon and steelhead may directly compete
with and prey on wild salmon and steelhead.
Hatchery-produced fish may alsothreaten the genetic

OF FISH

integrity

of wild

stocks

by interbreeding

with

wild

fish. Although irreversible contamination of wild
stocks hastaken place, additional protective measures
would minimize
further
degradation
of genetic
integrity. Development on the Sacramento and
Feather Rivers might necessitatestocking of chinook
salmon and steelheadto rebuild and maintain stocks
that will sustain sport and commercial fisheries.

TARGET 1: To protect naturally produced salmon
and steelhead,minimize the likelihood that hatcheryreared salmon and steelheadproduced in the Feather
River Hatchery will stray into non-natal streams
(444).
PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to evaluate the benefits of
stocking hatchery-reared salmon and steelheadin the
Feather River. Stocking levels may be reduced in
years when natural production is high.

Superimposition of chinook salmon redds in the low
flow

section

of the Feather

River is a problem

that

reduces the success of naturally spawning fish. The
mechanisms leading to overuse of the low flow
(upper) section of the Feather River are poorly
understood. Potential causes may be linked to

279

Volume II: Ecosystem Restoration Program Plan
Feather River/Suffer Basin Ecological Management
Zone Vision
July 2000

releasepractices such as trucking to distant
releasesites, differing flows between the low flow and
high flow stream reaches, or genetic history of fish

California Department of Fish and Game. 1993.
Restoring Central Valley Streams: a plan for
action. November 1993.

hatchery

using

the upper

section.

Spring-run

chinook

have

California Dept. of Fish and Game. 1991. Lower
Yuba River fisheries management plan.
Evaluation Rpt. No. 9 l-l.

adapted to moving further upstream than their fallrun counterparts. The fall spawning chinook in the
Feather River are know to by introgressed with
spring-run which may provide one avenue ofresearch
to determine why the upper section is over-utilized
by spawners while high quality spawning gravel in
the high flow section is highly underutilized.

Central Valley Habitat Joint Venture. 1990. Central
Valley Habitat Joint Venture Implementation
Plan, a component of the North American
Waterfowl Management Plan. February 1990.

STRANDING

Jones and Stokes -Associates 1990. 1009 field
investigations of Yuba River American shadUSA
90-098). Prepared by W.T. Mitchell and P.L.
Dunn. Sacramento, California. Prepared for the
Yuba County Water Agency.

TARGET 1: Reduce or eliminate the stranding of
juvenile chinook salmon on floodplains, shallow
ponds, and levee borrow areas(4+).
PROGMMMATIC
ACTION 1 A: Conduct surveys
of stranding in the Feather River under a range of
flow conditions and develop recommendations to
resolve the problem.

Madrone Associates. 1980. Sacramento-SanJoaquin
Delta wildlife habitat protection and restoration
plan. Prepared for the California Department of
Fish and Game and U.S. Fish and Wildlife
Service.

PROGMMMATIC
ACTION 1 B: Conduct surveys
of stranding in the Sutter Bypass under a range of
flow conditions and develop recommendations to
resolve the problem.

Meinze. M. 1979. American shad, Alosa sapidissima,
sport fishery in the Sacramento river system,
1976-1978: catch and effort: California
Department of Fish and Game, Anadromous
FisheriesBranch Administrative Report Number
81-1. 19 p.

RATIONALE:
Under many flow conditions,
stranding is likely a minimal problem. However,
under conditions in which rivers reach high flows and
flow is diverted into the flood bypasses,and then flow
quickly recede, stranding is likely a serious problem.
Timing also plays a important role in determining
the severity of the problem.
Flood plain inundation
prior to young
that inundation

Moyle, P.B., and J.P. Ellison. 1991. A conservation
oriented classification system for the inland
waters of California. California Fish and Game
77(4): 161-180.

salmon emerging
is less of a problem
after most of the fry have emerged.

National Marine Fisheries Service. 1998. Draft
proposed -recommendations for amendment I4
to the Pacific Coast salmon plan for essentialfish
habitat. March 26, 1998.
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+ AMERICAN

RIVER

BASIN ECOLOGICAL
MANAGEMENT
ZONE
ecological health of San Francisco Bay and Delta,
including many estuarine fish species and their
foodwebs.
The American
Basin was once an
important wintering area of waterfowl
the use the
Central Valley portion of the Pacific flyway.
The American River is also an essential watershed for
the spawning,
rearing, and migrating
fall-run
chinook salmon, steelhead, striped
bass, and
American shad, which must pass through the Bay
and Delta during portions of their life cycle.
Although their period of residence in some cases (e.g.,
steelhead) in the Bay and Delta may be brief, it
constitutes an important part of the life cycles of
these fish species. Hence, the population status of
these anadromous fish species is influenced by human
activities that affect both their freshwater riverine and
Bay-Delta estuarine habitats.

The American River Basin Ecological Management
Zone is located east of the Sacramento River and lies
between the Bear River to the north and the
Cosumnes River to the south. The total watershed
encompasses about 2,000 sq. mi. (California State
Lands Commission
1993). The zone consists of
several watersheds adjacent to and including the
American River. These watersheds includes smaller
creeks that drain into the Natomas Cross Canal
(NCC), the Natomas East Main Drainage Canal
(NEMDC),
Morrison Creek, and the lower American
River below Folsom and Nimbus Dams. The NCC
and NEMDC form the watersheds of the American
Basin including the Natom-as Basin, located east of
the Sacramento River between the Bear River and
American River watersheds. Morrison Creek is a small
watershed located just south of Sacramento and the
American River that drains into the north-eastern
portion of the Delta in the Stone Lakes area.

The two ecological factors with the greatest influence
on anadromous fishes of the lower American River are
seasonal stream flow and water temperature.
In
addition spawning gravel, stream-channel dynamics,
shaded riverine aquatic (SEA) and riparian habitats
also are important factors, Stressors such as dams,
legal and illegal harvest, water quality (e.g., water
temperature .and toxins from urban runoff), and
artificial propagation of anadromous fish further
affect the population dynamics of anadromous fish in
watersheds of the zone.

DESCRIPTION
‘MANAGEMENT

OF THE
ZONE

The American Basin Ecological Management Zone is
located in the east-central portion of Central Valley.
Its eastern boundary is the Sierra foothills. The
western boundary is the Sacramento River and Delta.
The northern
boundary
is the Feather River
Ecological
Management
Zone. The southern
boundary
is the Cosumnes
River Ecological
Management Zone. This Ecological Management
Zone has two Ecological Management Units:

The health of the Sacramento-San Joaquin River
Delta depends on the condition of the streams that
make up its watershed. The American River is one of
the largest tributaries within the Delta’s watershed.
The other streams of the basin are minor but
potentially important contributors. Water, sediment,
and nutrients from the American River and the other
watersheds
are important
factors governing the

n

American Basin, and

w

Lower American River.
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Location Map of rhe American

Canal (NCC) and the Natomas East Main Drainage
Canal (NEMDC)
in southern Sutter and northern
Sacramento counties. The NCC drains into the
Sacramento River just south of the Feather River,
while the NElMDC drains into the Sacramento River
just to the north of the American River. The
NElMDC watershed is comprised of the Dry Creek
and Arcade Creek watersheds. Dry Creeks headwater
watersheds include Linda Creek, Cirby Creek, Miners
Ravine, and Antelope Creek, which come together
and form Dry Creek near the City of Roseville in
southern Placer County. Dry Creek then flows
southwest
through
Sacramento
County to the
NEMDC
in the City of Sacramento. The NCC
watershed
includes Coon Creek with its main
tributary Doty Creek, Markham
Ravine, Auburn
Ravine with its main tributary
Dutch Ravine,
Pleasant Grove Creek, and Curry Creek.

River Basin Ecological Management
Zone.
-

LIST OF SPECIES TO BENEFIT
FROM
RESTORATION
ACTIONS
IN THE
AMERICAN
RIVER BASIN ECOLOGICAL
MANAGEMENT
ZONE
I
fall-run chinook salmon
I
I
I
w
n
n
n
n
n

w
H

Once large wetland areas, the American Basin
floodplain is now principally rice fields in the north
and central areas, with the metropolitan area of the
City of Sacramento in the south. The Sacramento
River levee marks the western boundary of the unit.
The northern boundary is the Bear River watershed.
The southern boundary
is the American River
watershed.
The eastern boundary is the upper
watersheds of the Bear and American Rivers. Above
the floodplain the creeks pass through the rolling hills
of Placer County, and the cities of Lincoln, Roseville,
and Rocklin. This central portion of the creek
watersheds
is a mixture
of agricultural
lands,
grasslands, and oak woodlands. The upper eastern
portion of the unit consists of the upper watersheds of
Coon Creek, Auburn Ravine, and Dry Creek that
extend upslope into Sierra foothills near the City of
Auburn. Here lands are a mixture of oak-pine
woodlands
and orchards, intermixed with other
agricultural and municipal developments.

steelhead trout
splittail
native resident fishes
lamprey
American shad
giant garter snake
neotropical migratory birds
Swainson’s hawk
waterfowl
non-native warmwater
gamefish
plants and plant communities.
.

DESCRIPTIONS
OF
ECOLOGICAL
MANAGEMENT
UNITS
AMERICAN
ECOLOGICAL

The unit has a Mediterranean
climate with wet
winters and dry summers. With only a maximum
elevation of about 1,500 ft, little or no snow melt
enters the upper watershed of the unit. The eastern
foothill portion of the unit receives more rainfall
(about 40 inches) than the valley portion (about 20
inches). Of the streams, Coon, Doty, Auburn Ravine,
Dry Creek, Linda Creek, Miners Ravine, Secret
Ravine, and Antelope Creek have sufficient summer
flow from diversions from other basins, ground water,
storm drains, irrigation returns, or sewage treatment

RIVER BASIN
MANAGEMENT

UNIT

The American River Basin Ecological Management
Unit includes the watersheds between the American
and Feather River systems on the east side of the
Sacramento Valley. The streams included from North
to South are Coon Creek, Markham Ravine, Auburn
Ravine, Pleasant Grove Creek, Curry Creek, Dry
Creek, and Arcade Creek. These creeks enter the
floodplain drainage systems of the Natomas Cross
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effluent to be considered perennial. Water is also
diverted from the upper Bear and American River
watersheds into the Coon Creek, Auburn Ravine, and
Dry Creek watersheds for irrigating lands in the
American Basin.

the lower creek drainages despite channel capacities
totaling 36,000 cfs. The NElMDC captures the flows
of Dry and Arcade Creeks and conveys them to the
Sacramento River just upstream from the mouth of
the American River.

Scream flows have been modified by water diversions,
subsidence in ground water tables, and watershed
activities such as grazing, road building, wetland
management, forest management, and agriculture. In
wetter periods all the streams are essential in carrying
stormflow. Drains and ditches in the lower floodplain
convey floodwaters to the NCC, NEMDC,
and RD
1000 pumping plants on the Sacramento River.

Lands west of Pleasant Grove Creek Canal and the
NEMDC to the Sacramento River are in the Natomas
Basin. These lands and those west of the East Side
Canal were once floodplain marshes connected to the
Sacramento River, and are now protected from
flooding by levees and a series of drainage canals
operated by Reclamation District 1000 that drain
rainwater, floodwaters, and irrigation return water
back’ to the Sacramento River via a system of
drainage ditches and pumping stations. In the
southern portion of Natomas
Basin there are
extensive developments including the Sacramento
Metropolitan
Airport,
Arco Arena, Interstate
Highways 5 and 80, and the City of Sacramento. Of
the approximately 50,000 acres in Natomas Basin,
approximately 40,000 are croplands (mostly rice),
5,000 are urban, 1,500 are roads, 1,500 are vacant,
and 3,000 are wetlands or open water.

In drier periods, creeks of the unit are used to carry
convey irrigation
water, Xr are
drain water,
intermittent.
During
the spring through
fall
irrigation season, much of the water in these streams
is diverted along their paths to irrigation. In the
lower floodplain, water is pumped into the basin from
the Sacramento River and dispersed through the
system of irrigation
canals maintained by the
Natomas Central Mutual Water Co. (NCMWC)
for
irrigation.

East of the Natomas Basin and East Side Canal the
floodplain extends up the watersheds of the creeks.
Rice field dominate the low lands, while grasslands
and oak woodlands with mixed agriculture and
pasture lands occur between the creek bottoms:
Elevation rises gradually from west to east from 30
feet to about 100 feet elevation. Lincoln, Roseville,
and other Sacramento suburbs are located in this
portion of the unit.

In all but wetter years, winter-spring
rainwater is
conveyed from the natural floodplain of the American
Basin to the Sacramento River via the NCC,
NEMDC, and drainage ditches. In wettest years. large
portions of the floodplain are subject to flooding from
overtopping levees or simply filling with rainwater.
Floodwaters are eventually drained and pumped to
the Sacramento River.
The American Basin Ecological Management Unit
has two distinct geomorphological
areas: the hilly
east side in the Sierra Foothills and the valley
floodplain on the western side adjacent to the
Sacramento River. The western portion of the unit in
the Sacramento Valley floodplain is best described as
an agricultural belt with some managed wetlands.
Most of the land is in rice production and is 20 to 30
feet of elevation or less.

Further to the east begins the foothills to the east of
Lincoln, Roseville and Sacramento. Here the
watersheds of Coon Creek, Auburn Ravine, and Dry
Creek tributaries rise quickly to elevations near 1,000
feet near the City of Auburn in Placer County. The
creeks flow through forested ravines. The hills are a
mixture of orchards, woodlands, grasslands, pastures,
and other agricultural and municipal developments.
In some locations the creeks are dammed creating
small ponds and wetlands. Some areas have quality
riparian forests, while others are degraded from
livestock grazing or other land use activities.

The NCC’s northern extension, the East Side Canal,
and its southern extension, the Pleasant Grove Creek
Canal capture the flows of the creek’s of the NCC
watershed and convey them to the NCC and west to
the Sacramento River. The NCC has a capacity of
22,000 cfs, which in high water years is insufficient to
carry flood flows, thus water tends to back up into

Important habitats in the unit are wetlands, riparian
forests, and grasslands. Marshes, once the most
widespread habitat in the American Basin floodplain,
are now restricted to remnant patches. There have
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Upland habitats are found on the eastern floodplain
and foothills and consist primarily of grasslands and
oak woodland and oak savanna. Of these perennial
grasslands are an important transition habitat for
many wildlife species and are buffers to protect
wetland
and riparian habitats. Much grassland
habitat associated with wetland and riparian habitat
has been lost to agriculture (i.e. pasture, grain,
vineyards, and orchards) and development (i.e.,
airports, sports complexes, industrial parks, home
construction, golf courses). Grasslands are important
buffers of wetland and riparian habitat and provide
habitat for many plant and animal species.

been extensive reclamation of emergent wetland
habitat to agricultural development. Most of the
remaining wetlands lack adjacent upland transition
habitat and other attributes of fully functioning
wetlands. Seasonal wetlands include portion of the
floodplain that flood in winter and spring, especially
in high rainfall years. Most of this habitat is located
in the Valley floor adjacent to the Sacramento River.
Seasonal wetlands once covered large areas of the
Basin during the winter rainy season or after seasonal
flooding. With reclamation, flooding occurs primarily
from accumulation of rainwater behind levees, from
inflow to the basin of flood waters carried by the
foothill creeks, or from water diverted to leveed lands
(e.g. rice lands and managed wetlands). Seasonal
wetlands are important habitat to many species of
fish, waterfowl, shorebirds, and wildlife. Vernal pool
habitat is common in the central and eastern portion
of the floodplain.

Agricultural habitats are also important habitat as
they support populations of small animals, such as
rodents, reptiles, and amphibians,
and provide
opportunities for foraging shorebirds, waterfowl, and
raptors. Nonflooded fields and pastures are also
habitat for pheasants, quail, and doves. Preferred
habitat of raptors consists of tall trees for nesting and
perching in proximity to open agricultural fields,
which support small rodents and insects for prey.
Both pasture land and alfalfa fields support abundant
rodent populations. Rice lands provide invertebrates
and amphibians for shorebirds,
waterfowl,
and
snakes.

Riparian habitat, both forest and shrub, is found on
the water and land side of levees and along creek
channels of the unit. This habitat ranges in value
from disturbed (i.e., sparse, low value) to relatively
undisturbed (i.e., dense, diverse, high value). The
highest value riparian habitat has a dense and diverse
canopy structure with abundant leaf and invertebrate
biomass. The canopy and large woody debris in
adjacent aquatic habitat provide shaded riverine
aquatic habitat on which many important fish and
wildlife depend on during some portion of the life
cycles. The lower value riparian habitat is frequently
mowed, disced, or sprayed with herbicides, disturbed
by livestock grazing and watering,
resulting in a
sparse, habitat structure with low diversity. Riparian
habitat is used by more wildlife than any other
habitat type. From about 1850 to the turn of the
century most of the riparian forests in the Central
Valley were decimated for fuelwood as a result of the
gold rush, river navigation, and agricultural clearing.
Remnant patches are found on levees, along stream
channels, and along the margins of marshes. Riparian
habitats and their adjacent shaded riverine aquatic
habitat benefit many species of fish and wildlife.
There is little riparian habitat in the western,
floodplain portion of the unit. Kparian habitat is
more prevalent along the creeks from the valley floor
to the basin headwaters, but suffers in places from
effects of livestock grazing and watering, as well as
urban development.

Important
biological resources in this Ecological
Management Unit include the giant garter snake,
Swainson’s hawk, fall-run chinook salmon, steelhead,
waterfowl,
as well as many other native plants and
wildlife found within the diversity of habitat types.
Though creeks of the basin contain chinook salmon
and steelhead in small numbers, the creeks are
primarily
warm
water
habitats
that sustain
largemouth and smallmouth bass, catfish, sunfish,
suckers,.and minnows including squawfish and carp.
The giant garter snake (GGS) is a State and federally
listed threatened species whose habitat is marsh lands
with adjacent uplands used for shelter from flooding
and winter hibernation. There have been numerous
observations of the GGS in this unit. They appear to
do well in the systems of drainage and irrigation
canals and rice fields, and other seasonal wetlands.
Swainson’s hawks are a State listed threatened species
found primarily along the riparian corridor of the
Sacramento River on the west side of this unit. At one
time they were likely found in the riparian corridors
of the floodplains of the creeks of this unit. They
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forage widely over the unit
agricultural areas.

in grasslands

and

Splittail migrate from the Bay-Delta into the lower
rivers to spawn in late winter and early spring. They
seek flooded lands to spawn including those of the
Yolo and Sutter Bypasses. In wet years they likely
migrate upstream into the lower NCC and NEMDC
and spawn in flooded portions of creeks of this unit.

Wild juvenile fall-run chinook salmon have been
found in small numbers in Coon Creek, Doty Creek,
Auburn Ravine, and the upper creek watersheds of
Dry Creek, including Secret Ravine, Antelope Creek,
and Miners Ravine. Juvenile salmon raised in the
Feather and American River hatcheries have been
stocked since 1383 in several streams including Coon
Creek, Auburn Ravine, and tributaries of Dry Creek.
With Bear and American water present in many of
these creeks, salmon from these rivers may stray into
the creeks of the American Basin. Both Coon Creek
and Auburn
Ravine have been stocked with
fingerling fall-run chinook salmon during th<I!@Os.
Dry Creek, Auburn Ravine, Doty Ravine, Secret
Ravine, and Coon Creek received plants of Feather
River spring-run chinook salmon in the mid 1980s.
Adult salmon carcasses have been observed in
Antelope Creek, Miners Ravine, and Secret Ravine in
the late fall. In I963 and I964 DFG surveys
indicated 300800
wild fall-run chinook salmon
spawned
successfully
in Secret Ravine, where
spawning gravels were once adequate for over 1,000
salmon. DFG surveys indicate that Doty Ravine has
sufficient spawning habitat for 400 salmon redds.
Salmon are limited by low flows and high water
temperatures
in the fall during the upstream
migration of adults and in the spring during the
downstream migration of juveniles.

LOWER AMERICAN
ECOLOGICAL

RIVER

MANAGEMENT

UNIT
The American River is a major tributary to the
Sacramento River, with their confluence located at
the City of Sacramento. It provides approximately
15% of the total Sacramento River flow. The
American River ranges in elevation from 23 feet to
more than 10,000 feet and drains a watershed of
approximately 1,900 square miles. Average annual
precipitation in the watershed ranges from 23 inches
on the valley floor to 58 inches at’the headwaters.
Approximately
40% of American River flow results
from snowmelt. The American River has three major
branches: the South, Middle, and North Forks, all of
which drain into Folsom Reservoir. Average historical
unimpaired runoff at Folsom Dam is 2.8 million acrefeet (af).
The American River meanders through a 4,800-acre
floodplain that is bordered, for the most part, by low
bluffs in its upper course and levees along its lower
course. lMost of the floodplain between the levees and
opposite the bluffs has been acquired by either the
City or County of Sacramento and is managed
cooperatively as the American River Parkway. The
lower American River, below Nimbus Dam, is also
listed as a State and federal Wild and Scenic River
and designated as “recreational”.

Rainbow trout/steelhead fry have been found in Coon
Creek, Auburn Ravine, Dry Creek and, tributaries of
Dry Creek, particularly Secret Ravine and Miners
Ravine. Adult steelhead have been observed in ’
Auburn Ravine and steelhead smolts have been found
in Dry Creek, Secret Ravine, and Miners Ravine.
Steelheadlrainbow
trout require cool waters and
sufficient flow through the summer and fall to sustain
their populations. Such habitat still exists in the
upper watersheds
of these creeks. Inter-basin
diversions into these creeks from the Bear and
American River watersheds probably helps sustain
steelhead.

Development on the American River began in the
early days of the Gold Rush when numerous small
dams and canals were constructed.
Today, the
drainage has three major and 10 smaller reservoirs
with a total storage capacity of 1.9 million af. Folsom
Lake, the largest reservoir in the drainage, was
constructed in 1956 and has a storage capacity of
974,000 af. Proposed additional water project
developments in the basin are the 2.3-million-af
Auburn Dam and the 225,000-af
South Fork
American
River project. Folsom Dam, located
approximately 30 miles upstream from the mouth of
the American River, is a major element of the federal

Native fishes resident in the creeks of the unit include
Sacramento squawfish, Sacramento sucker, hitch,
California, roach, and hardhead. These fish are
adapted to higher winter-spring
and low summer fall
flows and warmer summer-fall water temperatures of
the creeks.
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Central Valley Project (CVP), operated by the U.S.
Bureau of Reclamation
(Reclamation)
as an
integrated system to meet contractual water demands
and instream flow and water quality requirements.

Because the watershed contains I3 reservoirs, the
natural flow pattern of the lower American River has
been altered extensively. Spring flows have been
greatly reduced, summer and fall flows have increased
substantially,
and winter
flows are relatively
unchanged. Annual variability has been reduced by
the release of water from Folsom Reservoir in drier
years. Peak average monthly flows in high rainfall
years remain unchanged from unimpaired flows.
Summer and early fall flows in the driest years
average 300-900 cfs, whereas unimpaired flows
average 0 cfs. Dry- and normal-year flows in summer
and early fall months consistently average 1,2003,200 cfs, whereas unimpaired flows average less than
500 cfs. Fall and winter flows have increased slightly
in dry and normal years. Spring flows (March
through May) have decreased from an unimpaired
level of 3,500-4,500 cfs to 1,20@1,500 cfs in dry
years. In normal rainfall years, spring flows are
2,800-4,200 cfs, compared to unimpaired flows of
5,500-6,800 cfs. A similar decline in spring flows has
occurred in wet years.

The American River has a natural pattern of
moderate flows in winter, high flows in spring, very
low flows in summer, and low flows in fall. This
pattern is atypical of northern Sacramento Valley
streams, which are fed by springs from the Cascade
Range, and more similar to San Joaquin River
tributaries.
Flows in the Sacramento River and
tributaries usually peak in March, whereas flows on
American and San Joaquin River tributaries peak
progressively later in spring from north to south.
Natural (unimpaired) flows on the American&ver
in
dry and normal rainfall years generally peak from
March to May.
Annual rainfall in the watershed is also highly
variable. In the wettest years, unimpaired flows
average 20,000-34,000 cubic feet per second (cfs) in
winter months. In the driest years, unimpaired flows
in winter
months
average only 200-800 cfs.
Unimpaired
spring flows, particularly
in March
through May, are generally more dependable,
ranging from I,300-1,500 cfs in driest years, 3,5004,500 cfs in dry years, and 5,OOO-6,500 cfs in normal
years. Unimpaired flows during summer and early fall
are 0 cfs in the driest years, increasing to I.,OOO-6,000
cfs in the wettest years. In median rainfall years,
unimpaired summer and early fall flows are generally
100-500 cfs.
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Important
aquatic resources that depend on the
Lower American River and its riparian habitats
include naturally spawning fall-run chinook salmon,
steelhead,
American
shad, other native fish
assemblages, amphibian populations,
and lower
trophic organisms.
Important
aquatic habitats
include holding, spawning, rearing, and migration
habitats for all fish species; sufficient quantities of
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high-quality water at the appropriate
and riparian and SRA habitats.

low numbers of spring-run
chinook salmon and
steelhead, was located at Folsom. A relatively large
run of fall-run chinook salmon became established in
the reach of the river below the old Folsom Dam
(Clark 1929). Counts of steelhead passing through
the fishway on the old Folsom Dam from 1.943 to
1947 indicate that the majority of the steelhead were
spring-run which ranged in number from 200 in
1944 to 1,252 in 1948 (USFWS and CDFG 1953).
These fish passed through the fishway from May
through July en route to their. upstream spawning
and rearing areas, In 1950, flood waters destroyed
the ladder, eliminating upstream spawning and
rearing areas and in 1955 Nimbus Dam was closed
and became the upstream terminous of anadromous
fish migration. The native spring-run steelhead was
probably eliminated at this time.

temperature;

The American River historically supported steelhead
trout and chinook salmon that spawned principally in
the upper watershed above the valley floor. There is
historical documentation
of chinook salmon in the
North, Middle, and South forks, and steelhead in the
North Fork and Middle Fork as far upstream as the
rubicon River (Yoshiyama
et al. 1996). Each
population probably exceeded 100,000 fish. Salmon
and steelhead runs have declined significantly in the
lower American River because of the combined effects
of dams blocking traditional spawning and rearing
areas (nearly all of the steelhead historical spawning
and rearing habitat is ,located above Nimbus Dam
(McEwan and Nelson 1991), altered seasonal flow
regimes resulting from dam operations, severe flow
fluctuations that dewater redds and strand juveniles!
and high water temperatures during crucial period:
of salmon and steelhead development.

,960
1965

Fall-run
(excluding

Chinook
returns

1970

1975

1980

1985

1990

Decision 893 (D-893), issued by the California State
Water
Resources
Control
Board
(SWRCB),
established the minimum allowable riverflow in the
lower American River as 500 cfs from September 15
through December 31 and 250 cfs from January 1
through
September
14. This flow regime is
inadequate to maintain anadromous fish in the
present spawning and rearing areas of the lower
American River below Nimbus Dam. Except for
drought years such as 1976-77 and water-years
1989-1992, flows have seldom dropped to these
minimum levels.

1995

Salmon Returns co the American
to Nimbus Hatchery),
1960-1999

Since Folsom Dam and Reservoir were constructed,
Reclamation has made releases that are legally
constrained by the outdated fish flow requirements of
D-893, which allows flows in the river during dry
years to be as low as 250 cfs. Nevertheless,
Reclamation voluntarily releases amounts sufficient to
meet D-1400
(discussed below) when water is
available. In recent years, Reclamation has made an
attempt to voluntarily implement the flow objectives
established by the Anadromous
Fish Restoration
Program (AFRP).

River
(CDFC

.
3o iii

u1960

Fall-run

I

1965

1970

Chinook
Salmon
American
River,

1975

1980

1985

Returns co Nimbus
1960-1999
(CDFG

1990

SWRCB Decision 1485 (D-1485) established water
quality standards for the Delta that require additional
releases from upstream storage facilities, including
Folsom Reservoir. Reclamation has relied on releases
from Folsom Reservoir to help meet the standards
imposed by D-1485 b ecause of its location near the
Delta and the high probability of refill in the winter.
This change in operation has reduced the carryover
storage in Folsom Reservoir, which has resulted in less

1995

Hatchery
1999).

on th

J

Historically, over 125 miles of riverine habitat were
available for anadromous fish in the American River
system. Since the 1890s a dam, which included a
semi-functional
fish ladder which passed relatively
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cold water being retained through summer and fall in
the reservoir. This, in turn, has often resulted in high
summer and fall water temperatures (above 70°F) in
the lower American River.

Because of these changes, the lower American River
is managed to provide or emulate, as much as
possible, the conditions
that formerly
existed
upstream of Folsom Dam.

In 1993, the Sacramento Area Flood Control Agency
(SAFCA) prepared and distributed environmental
documentation associated with operating to a new
flood control diagram, known
as the 400-670
Variable Flood Control Diagram. As part of the
SAFCA work to provide a net beneficial effect to the
salmonid resources of the American River, water
temperature modeling and hydrologic modeling were
conducted to evaluate the beneficial effect of the
shutter reconfiguration at Folsom Dam.

Other important
habitats have been severely
disrupted by water storage and diversions, as well as
levee construction
and maintenance. Rapid flow
fluctuations strand salmon and steelhead eggs and
juveniles on higher terraces and in’side channels. The
present condition of migration,
spawning,
and
nursery habitat for American River salmon and
steelhead limits and impairs recruitment and survival
of juvenile fish. Boating and rafting safety programs
remove woody debris and overhanging SRA habitat
from the river, thereby reducing the quality of
important rearing habitats

The California Department
of Fish and Game’s
recently completed the Lower American River
Steelhead Management Plan identifies poor habitat
conditions in the lower American River as a problem
for steelhead. Cold water temperatures cannot be
maintained year round in the lower American River
because of the limited amount of cold water present
in Folsom Reservoir that is available for releases to
the river. In addition, the practice of clearing trees
and other objects from the river to eliminate hazards
to recreationists reduces instream cover for juvenile
steelhead rearing in the river.

Rearing habitat quality for young salmon and
steelhead also has been reduced by low flows and
associated high water temperatures,
especially in
drought years. Folsom Dam has a limited capacity for
selective withdrawal
of cold water from deeper
portions of the reservoir to control downstream water
temperatures, At Nimbus Dam, turbine intakes draw
in the heated surface waters of Lake Natoma rather
than the cooler, deeper flows from Folsom Dam.
When turbines are not operating at Nimbus Dam,
heated surface water from Lake Natoma is released
over spillways to the river below the dam.

Among the most significant factors affecting the
American River ecosystem are altered natural runoff
patterns, impaired channel maintenance processes,
and loss of connectivity between upstream spawning
and rearing habitats and the lower river following
construction of Folsom and Nimbus Dams. These
changes have resulted in the following:
1

exclusion of salmon and steelhead from many of
their historic upstream spawning and rearing
areas,

n

altered
seasonal
temperature,

n

significant reduction
and rearing habitats,

n

armoring

n

elimination

n

loss of islands and riparian vegetation.

river

flow

and

in high-quality

Some of the gravel beds in the river below Nimbus
Dam have either been washed downstream or become
armored and, therefore, are no longer moved by
seasonal peak flows. Floods wash gravel downstream
or onto high terraces along the river, where it is of
little value. Many natural side channels still retain the
scars of extensive dredger mining from nearly a
century ago; others have been eliminated and no
longer provide nursery or rearing habitat for juvenile
salmon and steelhead. In some cases the river is
connected to former dredger ponds (e.g., near Arden
Pond and at the Sailor Bar pond), that may increase
already high river water temperatures locally, and can
provide refuges for predatory, non-native warm water
fishes such as smallmouth
and largemouth bass.
Reduced river flows, rip-rap bank protection, and
levees contribute to the decline or impairment of
natural sediment transport and channel maintenance
processes, which have combined to substantially
reduce natural gravel recruitment and transport in
the river.

water

spawning

of existing instream gravel resources,
of natural stream meanders, and
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Another factor limiting production
of naturally
spawning salmon and steelhead is the presence of
large numbers of native and non-native predators and
competitors. The highly modified flow regime and
altered instream habitat have provided potential
advantages to striped bass, Sacramento squawfish,
suckers, smallmouth and largemouth bass, resident
trout, and American shad. Sport and commercial
harvest also remove chinook salmon and steelhead
adults from the natural spawning population.

increased seasonal flows of quality water in the
creeks, and area wetlands, and reducing the input of
agricultural waste runoff and associated contaminants
into unit watersheds
and wetlands,
and the
Sacramento River. Improvements in the quality and
quantity of water supplies provided ro publicly and
privately managed wetlands will reduce stresses on
waterfowl
populations.
Additional water quality
improvements
can be achieved by tertiary water
treatment plants to improve effluent discharges.
Improvements in water quality and quantity to unit
creeks and the Sacramento River will directly benefit
fish and wildlife of the Sacramento River and the
Bay-Delta.

VISION
FOR THE ECOLOGICAL
MANAGEMENT
ZONE
The vision for the American River Basin Ecological
Management
Zone includes restoring important
fishery, wildlife, and plant communities by restoring
ecological processes, habitats and reducing the
adverse affects of stressors. The vision for this
Ecological Management Zone focuses on restoring an
ecologically based streamflow
plan, improving the
supply and accessibility of sediments, maintaining the
existing stream meander configurations, maintaining
water temperatures in the lower American River to
support
anadromous
fish, and supporting
the
development
of locally
sponsored
watershed
planning. The vision also encourages restoring a
variety of aquatic, riparian, and terrestrial habitats for
fish, wildlife, and plant communities.

Floodplain habitat improvement would be the focus
of efforts in the western portion of the unit. Riparian
and stream channel improvements would be the focus
of efforts in the middle and upper watersheds.
Seasonal wetlands for migratory species such as
waterfowl
and shore birds would be expanded and
improved. Present restoration efforts can be expanded
by ensuring adequate supplies of high quality water
to the seasonal wetlands. Water supplies can be
improved by reducing or eliminating diversions in
streams and sloughs that flow into wetlands.
Restoring natural watershed, stream, and floodplain
processes along creek watersheds will promote
natural habitat restoration. Emphasis should also be
placed on connecting habitats and providing habitat
corridors necessary for species such as the giant garter
snake, Swainson’s hawk, waterfowl, and neotropical
birds.

VISIONS
FOR ECOLOGICAL
MANAGEMENT
UNITS
AMERICAN
BASIN ECOLOGICAL
MANAGEMENT
UNIT

Throughout much of the central and upper (eastern)
portion of the unit creek restoration would provide
higher quality, water and improved habitats for
salmon’and steelhead. Exclusion of cattle along the
streams and creeks, limitation of gravel mining,‘and
reduction of diversions would improve stream
channels and riparian corridors. Reforestation of
cottonwood and other riparian forest species has not
been possible because cattle range through rhe creek
bottoms and land owners divert water for irrigation.
Facilitating passage at numerous seasonal dams
would allow better access to upstream spawning and
rearing habitat.

The vision for the American
Basin Ecological
Management Unit includes improved water quantity
and quality from the basin to sustain aquatic,
wetland, riparian, and upland habitats that support
natural production of an abundance of resident fish
and wildlife, as well as waterfowl and other migrant
birds that use the Pacific Flyway each winter. The
vision includes improving, restoring, and enlarging
areas of remaining native habitats and establishing
connectivity of those areas. Native habitats include
riparian, emergent wetlands, season wetlands, and
grasslands.

The narrow
strips of grasslands and riparian
vegetation
along levees, irrigation
canals, and
drainage ditches would be protected and restored
where possible. More environmentally sound means

The vision focuses on improving watershed, stream
channel, and floodplain processes that would lead to
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of applications of pesticides and herbicides will be
sought throughout
the unit. Vegetation control
practices would be modified to support the recovery
of native plants such as perennial grasses and wetland
species. The health of the upper creek watersheds will
be enhanced by reducing the potential for wildfires in
riparian and forest woodlands through forest fuels
management and improved fire suppression.

also help to sustain the natural aesthetic quality of
the stream channel and the associated riparian
corridor
and floodplain
while
allowing
both
consumptive and nonconsumptive uses of the fish,
wildlife, and plant resources of the area.
The American River Flood Control Project, the lower
American River Parkway, operations of Folsom and
Nimbus dams of the CVP, and the designation of the
parkway as a State and federal Wild and Scenic River
are essential elements that will guide the restoration
of ecological health of the American River Basin
Ecological Management Zone.

Limited wetland areas located in the eastern portions
of the unit adjacent to the Sacramento River should
be protected and expanded. Stream flow into the
wetland-slough
complexes should be improved.
Water quality should also be improved. Natural
floodplain processes should be enhanced through setback levees, stream meanders, and season4 flood
overflow basins, which in turn should reduce peak
flood flows to the Sacramento River and water levels
in flood-prone portions of the unit.

Restoration
activities are directed at improving
seasonal stream flow and water temperatures,
spawning
gravel resources, and stream channel
configuration
and habitat, and riparian corridor
management. These processes, in turn, will support
development and maintenance of spawning
and
rearing habitat (e.g., physical habitat, water
temperature,
and food supply).
To support
populations of naturally spawning steelhead trout,
fall-run chinook salmon, American shad, and resident
native fishes, the natural stream flow pattern and
spawning and rearing habitat need to be improved.
Of these actions, improving seasonal stream flow and
water temperature have been identified by the Lower
American River Technical Team as being of greatest
importance in restoring anadromous fish populations
in this river.

LOWER AMERICAN
RIVER
ECOLOGICAL
MANAGEMENT
UNIT
The vision for the Lower American River Ecological
Management Unit focuses on restoring important
fishery, wildlife,
and plant communities
to a
condition in which the status of specific resources is
no longer considered to be of concern within the unit.
Restoration within the American River will, in turn,
contribute to restoring aquatic resources of the BayDelta. This vision will be accomplished by restoring
’ or reinitiating important ecological processes and
functions that create and maintain important habitats
for fish, wildlife, and plant communities along the
lower American River. Numerous and diverse actions
may be implemented taken on a broad scale to
restore and maintain sustainable, naturally spawning
stocks of chinook salmon and steelhead in the
American River, including improving seasonal flow
and temperature regimes, in-channel and riparian
habitats, fishery regulations, and hatchery operations.

For the American River, improving spring (i.e.,
March through May) flows would help steelhead and
American shad move upstream into the American
River during rheir traditional spring migrations. Such
flows during these months could also benefit older
juvenile fall-run chinook salmon and steelhead
migrating downstream to the estuary and ocean after
rearing for an extended time. Moreover, improved
spring flows would also benefit stream channels,
gravel transport
and cleansing,
and riparian
vegetation in the lower river, which, in turn, will
benefit fish. Improved flow from the American River
in spring would also enhance survival of American
and other river anadromous fish during their passage
downstream through the Delta to the Bay and ocean.

Restoration
efforts will emphasize benefits to
naturally spawning chinook salmon and steelhead
populations, which coexist with non-native American
shad and striped bass and hatchery stocks of chinook
salmon and steelhead. Harvest of naturally produced
chinook salmon and steelhead will be regulated to
ensure sustained recovery. Recreation along the river
will be enhanced by improving flows and habitats
and expanding populations of salmon, steelhead,
American shad, and striped bass. These actions will

In addition to spring flows, flows are also needed in
other seasons to protect juvenile salmon and
steelhead rearing and migrating in the river. In some
cases, flow needs exceed natural, unimpaired river
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flows below Nimbus Dam, because these juvenile
fishes must rear in the non-traditional habitats of the
lower river instead of the upstream reaches above the
dams. LManaging flows and water temperatures is
necessary to optimize use of limited water resources.
Doing so would require alternative operation of the
water release shutters at Folsom Reservoir’s power
penstocks and physical modifications to the urban
water intake structures to facilitate the diversion of
water from Folsom Dam at elevations other than 3 17
ft (msl).

Adequate seasonal flows to sustain salmon and
steelhead populations are not always available in the
American River. This is especially true for flows
during spring through fall in drier than normal
water-years. Additional water releases will be made
possible from Folsom Lake storage, through
purchases of CVP water from willing sellers for fish
and wildlife, revised guidelines for operation of the
CVP and State Water Project (SWP), water transfers,
and/or purchases of water conserved from other
sourcesusing available restoration funds.

Habitat improvements in the lower American River
are necessary to increase spawning and rearing
habitat quality and quantity for salmonand steelhead
to improve natural production of these anadrOmous
fish species.Improved spawning habitat will lead to
increasedproduction of young salmon and steelhead.
Improved stream channel and riparian vegetation will
increase the availability of essential spawning and
rearing habitat available for chinook salmon and
steelhead.Somechangesto the stream channel could
reduce warming of the river and provide fewer
refuges for warm water predators.

Reaching this vision for the American River
Ecological Management Unit will also require
reducing the adverse effects of illegal and legal
harvest, hatcheries, and contaminants from urban
drainage on lower American River aquatic resources.
The following section describesadditional visions or
objectives for restoring key ecological processes,
habitats, and important species of the American
River.

Many of the deficiencies identified in ecosystem
processesin the American River can be remedied by
improving water management and modifying aquatic
and terrestrial habitats. For example, side channels
can be restored along with SRA habitat to provide
rearing habitat and reduce heating of the river. Much
of the needed gravel for the river is stored in and
along the river but is unavailable becauseof armoring
or is stored on higher terraces and in dredger tailings.
Restoration efforts can focus on reconfiguring the
existing channel, redistributing available gravel
supplies and restoring riparian vegetation while
maintaining or improving the flood capacity of the
channel.

CENTFWL VALLEY STREAMFLOW:
Though
many of the streams in the American Basin are
naturally intermittent, maintenance of the natural
winter and spring flows in the streams is important
for maintaining floodplain processessuch asmeander
belts and stream channel configurations, as well as
riparian and wetland habitats. Stream flows also
attract salmon and steelhead to the creeks of the
basin beginning in fall, and transport young salmon
and steelheaddownstream in winter and early spring.
Adequate streamflows are important for maintaining
native rainbow trout/steelhead through the summer
in upper Coon Creek, Auburn Ravine, and Dry
Creek. Some stream flow is also needed to support
native resident fishes through the summer-fall
irrigation season.The visio’nfor stream flow is where
possiblenatural streamflowswill be retained in creeks
to support riparian habitat and important species.
This may involve reduced diversions or increased
inflows either from increasedinter-basin diversionsor
other sourcesof water (i.e., groundwater or recycled
water).

VISIONS

Ameliorating or eliminating these problems would
require long-term intervention and maintenance
beyond simply replenishing the gravel supply of the
American River. Although redistributing available
gravel and improving the gravel permeability of
salmonid spawning grounds is an important element
of the vision, reconstructing and maintaining the
channel also would be critical aspectsof the effort.
For example, much of the natural channel has
become incisedand armored, becausesandand gravel
appropriate for spawning have been continually
eroded without being replaced.

FOR ECOLOGICAL
PROCESSES

Streamflows shape river channels, support riparian
vegetation, and provides habitat for fish and other
aquatic organisms. The vision for streamflow in the
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American River below Nimbus Dam is to more
closely emulate the natural flow regime of the river
through operating changes in the allocation of the
available water supply
of reservoirs and reducing
demands on water supply
in drier years to maximize
direct benefits to lower American River anadromous
fishery resources. Improvement
in spring flows also
will provide indirect benefits by supporting naturally
occurring seasonal flow patterns in dry and normal
years that supports many ecological processes/features
essential to the health of anadromous
fish
populations.

CENTRAL VALLEY WATER TEMPERATURES:
Beginning in spring when streamflows in the creeks
decline after the rainy season,water temperatures in
the creeksincreasenaturally with the warm Valley air
temperatures. The creeksdo not cool again until fall.
Water diversions, irrigation returns, riparian habitat
degradation, and urban runoff alter this natural
pattern. Springs, diversions from other watersheds,
and higher elevations maintain cool water habitat in
the upper watershedsof Coon Creek, Auburn Ravine,
and Secret Ravine. The vision is provide cooler spring
through fall water temperatures in these watersheds
by protecting and enhancing stream flow where
possible,enhancing riparian vegetation along creeks,
reducing warm water dischargesto the creeks, and
reducing diversions from the creeks.

COARSE SEDIMENT
SUPPLY: Sediment supply
is an important watershed attribute that contributes
to stream channel meander and maintenance of
riparian systems. Sediment supply
and, gravel
recruitment
on the American River is impaired
because recruitment from upstream is blocked by
Folsom and Nimbus
dams. The vision is to
redistribute
and/or supplement gravel to provide
continual replenishment of gravel for chinook salmon
and
spawning
habitat.
Activities
steelhead
implemented to reach this vision will be consistent
with flood control requirements.

High summer and fall water temperatures limit
salmon and steelhead production in the American
River. The vision is to control water temperatures in
the lower American River, to the extent possible,to
maintain and contribute to the restoration of chinook
salmon and steelheadpopulations and to avoid high
water temperatureswhich causemortality or result in
other adverseeffects to young steelhead(e.g., reduced
growth), or delay fall spawning of salmon.

STREAM MEANDER:
A natural stream-meander
process in the American River is no longer possible
because of dams, flood-control levees, remnant effects
of dredger mining, and altered flow patterns. The
vision is to sustain some semblance of a natural
stream meander corridor to the extent possible to
sustain the diversity of habitats that depend on a
natural meander, and to dissipate the energy of the
river.
.
NATURAL
FLOODPLAIN
PROCESSES:
In
addition to changes in stream flow, floodplains
have been altered
by floodplain
processes
development
including
flood control
levees,
reclamation
of wetlands
for agriculture,
gravel
mining, and other land uses. The vision is where
possible natural floodplain processes will be preserved
by allowing winter-spring
flows to overflow into
riparian and wetland
habitats. Natural stream
meanders will be encouraged by removing where
possible constraints on meander belts such as levees
and bank protection in the lower floodplain portions
of the creeks. Natural floodplain overflow will help to
collect floodwaters
and sediment, and help to
dissipate the erosive forces of flood waters.

VISIONS

FOR HABITATS

SEASONAL
WETLANDS:
Seasonal wetlands,
including vernal pools, are important habitat for
many speciesof fish, wildlife, and waterfowl. The
vision is to protect existing areasof seasonalflooding
and to maintain or expand sources of water t,o
promote higher quality wetlands especially in drier
years. Areas where seasonal flooding develops
seasonal wetlands will be expanded. Flooding
easementswill be obtained from willing landowners
to provide seasonalwetlands in flood prone areassuch
asNatomas Basin and lowlands to the east.
RIPARIAN
AND
RIVERINE
AQUATIC
HABITAT: The vision is to fully protect and restore
riparian and riverine aquatic habitats to maintain and
enhance to support aquatic and terrestrial species,
particularly those of primary management concern.
Riparian habitats are important to fish, wildlife
including giant garter snake, and waterfowl. The
vision is to protect and expand riparian and riverine
aquatic habitat, both forest and shrub, along creeks,
drainage ditches, irrigation canals, and wetlands.
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Remnant patches of high-quality riparian habitat will
be protected. Areas of disturbed habitat will be
restored where possible. Agricultural
and grazing
practices will be modified in riparian zones to
encourage recovery of riparian and S&4 habitat along
the creeks. Improvements
in stream flows will also
benefit riparian zones. Riverine aquatic habitat is
essential to spawning
and rearing salmon and
steelhead in the upper basins of Coon Creek, Auburn
Ravine, and Secret and Miners Ravines. Stream
channel and SK4 habitat should be protected and
enhanced.

will be protected and expansion encouraged. Wildlife
friendly agricultural practices will be encouraged.

VISIONS
FOR REDUCING
OR
ELIMINATING
STRESSORS
WATER
DIVERSIONS:
The vision for water
diversions is to: 1) prevent loss of fish at diversion
facilities; and 2) prevent the take of water from
inhibiting the maintenance and/or restoration of
riparian and riverine aquatic habitats.
Water
diversions from streams and adjacent marshes divert
streamflow that is important to habitat and species of
the unit. The vision is to reduce water diversions
along creeks and floodways where possible to protect
fish and enhance riparian and wetland habitats.
Greater streamflows
especially in drier years will
provide for greater amounts of riparian habitat and
sustain salmon and steelhead, as well as native
resident fishes.

FRESHWATER
FISH HABITAT:
Freshwater fish
habitat is an important component needed to ensure
the sustainability of resident native and anadromous
fish species. The Lower American River is typical of a
fall chinook salmon spawning stream (Moyle and
Ellison 199 1). The quality of freshwater fish habitat
in the Lower American River will be maintained
through actions directed at streamflows,
coarse
sediment supply, stream meander, natural floodplain
and flood processes, and maintaining and restoring
riparian.and riverine aquatic habitats.

LEVEES, BRIDGES, AND BANK PROTECTION:
Levee construction and bank protection have led to
the loss of riparian, wetland, and shallow-water
habitat along the river and adjacent marshes. The
vision is to restore riparian vegetation along levees
and protected banks. The vision is to selectively
remove or setback levees and limit bank protection
along streams and marshes to allow natural stream
processes and habitat development.

ESSENTIAL
FISH
HABITAT:
The Lower
American River has been identified as Essential Fish
Habitat (EFH) based on the definition of waters
currently
or historically
accessible to salmon
(National
Marine Fisheries Service 1998). Key
features of EFH to maintain or restore in the Lower
American River include substrate composition; water
quality; water quantity, depth and velocity; channel
gradient and stability;
food; cover and habitat
complexity; space; access and passage; and flood plain
and habitat connectivity.

INVASIVE
RIPARIAN
AND MARSH
PLANTS:
Invasive plant species can outcompete and displace
valuable native species. Invasive plants often have
little or no value to native wildlife and are destabilizing natural ecosystem functions and processes.
The vision is that invasive plants will be controlled to
allow native riparian plant species to naturally
propagate.

PERENNIAL
GRASSLANDS:
Upland habitats are
important for waterfowl,
giant garter snakes, and
raptors such as the Swainson’s hawk. The vision for
upland habitats is to protect and expand around the
outer edges of wetlands, and to restore grasslands and
remnant oak woodland
and oak savanna where
possible.

CONTAMINANTS:
Toxins continue to enter the
river from municipal, industrial, and agricultural
discharges. The toxins have had a demonstrated effect
on the health, survival,
and reproduction
of
waterfowl,
fish, and wildlife. The vision is to reduce
the input of toxins entering the streams and wetlands
to improve health, survival, and reproduction
of
many important waterfowl and other wildlife, as well
as reduce contaminant effects on fish in the American
River, the Sacramento River, and the Bay-Delta.

AGRICULTURAL
LANDS:
Agricultural
habitats
are important to waterfowl and wildlife. The vision is
to foster agricultural practices that provide valuable
wildlife habitat. Where sufficient water is available,
rice lands will be flooded after harvest rather than
burned to provide winter
waterfowl
areas and
reduced air pollution. Riparian and upland habitats
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will provide attraction for upstream migrating adults
and support downstream migrating juveniles.
Improved summer-fall base flows are needed to
maintain over-summering physical habitat and lower
water temperatures. Steelheadwill alsobenefit from
improved gravel spawning habitat, and stream
rearing habitat, especially if summer river heating is
reduced in the process. Screening unscreened and
poorly screened diversions will improve young
steelhead production, Limiting. harvest to hatchery
steelheadwill help to protect wild steelhead.

OF FISH AND WILDLIFE:
The vision
is to reduce or eliminate that illegal harvest of
anadromousfish and to assurethat legal harvest will
not compromise efforts to rebuild fall-run chinook
salmon and steelhead populations in the lower
American River.
HARVEST

PROPAGATION
OF FISH:
The
vision for the artificial propagation of fish is that
Nimbus Hatchery will contribute to the rebuilding of
fall-run chinook salmon and steelhead populations
without impairing the genetic identity of naturally
spawning populations. Also, minimizing the
interactions of wild and hatchery fish will contribute
to reducing the potential for predation on and
competition with the natural spawning popul_ations.
ARTIFICIAL

BASS:
The vision for striped bassis to
maintain healthy populations, consistent with
restoring native species, to their 1960s level of
abundance to support a sport fishery in the Bay,
Delta, and tributary rivers. Striped basswill benefit
from larger late winter, early spring flow events in
the lower American River. The higher flow will
provide upstream attraction flows and improve
transport of eggs from spawning areasin the lower
American and Sacramento Rivers.
STRIPED

The vision for stranding is to
implement remedial measuresthat will reduce the
frequency and extent of stranding losseswithin the
American Basin Ecological Management Zone.
STRANDING:

VISIONS

FOR SPECIES

SHAD:
The vision for American shad
is to maintain a naturally spawning population,
consistentwith restoring native species,that supports
a sport fishery similar to the fishery that existed in
the 1960s and 1970s. Improved spring flows should
benefit American shad runs in the lower American
River. Greater magnitude flow events in spring will
provide attraction flows for adults to lower river
spawning areas.Higher spring through fall baseflows
should improve spawning and early rearing, postspawning adult survival, and juvenile shad survival
and downstream migration.

AMERICAN

The vision for chinook
salmon is to recover all stocks presently listed or
proposed for listing under ESA and CESA, achieve
naturally spawning population levels that support
and maintain oceancommercial and oceanand inland
recreational fisheries. Fall-run chinook salmon will
benefit from improved flows. Late winter and spring
flows will provide attraction for downstream
migrating fall-run chinook. Summer and fall base
flow improvements will benefit over-summering
juvenile steelheadaswell asupstream migrating fallrun chinook salmon. Improvements in wetland,
riparian, and SRA habitats; stream channel and
meander; and gravel recruitment will also improve
and fall-run chinook salmon spawning and rearing
habitat. Screening unscreened and poorly screened
diversions will improve young salmon production.
Limiting harvest will help ensure adequate numbers
of spawners.
CHINOOK

SALMON:

The vision for splittail is to achieve the
recovery of this federally listed threatened species.
ESA. Improvements in the riparian and stream
meander corridors, wetlands, and floodplain overflow
basins will improve spawning and early rearing
habitat of splittail and other native resident fish
species.Improved late winter and early spring flows
will provide attraction flows for upstream migrating
adult splittail from the Delta, and improve transport
of larvae splittail downstream to the lower rivers and
Bay-Delta.
SPLITTAIL:

TROUT:
The vision for steelhead
trout is to recover this specieslisted as threatened
under the ESA, and achieve naturally spawning
populations of sufficient size to support inland
recreational fishing and that use fully existing and
restored habitat. Steelhead will benefit from
improved peak flow events, especially in dry and
normal years. Late winter, early spring flow events
STEELHEAD

The vision for waterfowl is to
maintain and restore healthy populations at levels
that can support consumptive (e.g., hunting) and
nonconsumptive (e.g., birdwatching) uses,through
WATERFOWL:
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protection
and improvement
of habitats
and
reduction in stressors. Waterfowl
will benefit from
improved riparian corridors,
floodplain overflow
basins, and more wetlands.
NATIVE
RESIDENT
FISH: The vision for native
resident fish species is to maintain and restore by
distribution
and abundance of species such as
Sacramento
blackfish,
hardhead,
tule perch,
Sacramento sucker, and California roach.

restoring
native species, in order to provide
opportunities for consumptive uses such as angling.
PLANT SPECIES AND COMMUNITIES:
The
vision for plan species and communities is to protect
and restore these resources in conjunction with efforts
to protect and restore wetland and riparian and
riverine aquatic habitats.

INTEGRATION
RESTORATION

LAMPREY: The vision for anadromous lamprey is to
maintain and restore population distribution
and
abundance to higher levels than at present. The
vision is also to better understand life history and
identify factors which influence abundance. Better
knowledge
of these species and restorationwould
ensure their long-term population sustainability.

WITH OTHER
PROGRAMS

In restoring the stream channel and riparian habitats,
close coordination
is required with government
agencies responsible for the lower American River
and American Basin. The City and County ,of
Sacramento, which administers the American River
Parkway Plan, and the Secretary for Resources and
the Secretary of the Interior, who administer the State
and federal Wild and Scenic Rivers Acts, will be
essential participants in the restoration program for
the lower American River. In addition, the Corps and
the Sacramento Area Flood Control Agency are
responsible for ensuring the flood control capacity of
the river and American Basin is retained, while
retaining as much as possible the ecological resources
of the river. Both agencies are cooperating to develop
plans to improve habitat and flood control on the
lower river and American Basin.

NEOTROPICAL
MIGRATORY
BIRDS: The vision
for neotropical migratory birds is to maintain and
increase populations through restoring habitats on
which they depend.
GIANT GARTER SNAKE: The vision for the giant
garter snake is to contribute to the recovery of this
State and federally listed threatened species in order
to contribute
to the overall species richness and
diversity.
Achieving this vision will reduce the
conflict between protection for this species and other
beneficial uses of land and water in the Bay-Delta.
Protecting existing and restoring additional suitable
wetland and upland habitats will be critical to
achieving recovery of the giant garter snake: The
proposed restoration of aquatic, wetland, riparian,
and upland habitats in the American Basin Ecological
Unit will help in the’ recovery of these species by
increasing habitat quality and area.

The following list includes the most active programs
in the American Basin Ecological Management Zone
that can contribute to restoring ecological health to
the basin. Attaining the visions described above for
the American River will require cooperative and
coordinated efforts on the part of stakeholders and
agencies with management interests in the river.
CENTRAL

SWAINSON’S
HAWK:
The vision for the
Swainson’s hawk is to contribute to the recovery of
this State-listed threatened species to contribute to
the
and diversity.
overall
species
richness
Improvements
in riparian and agricultural wildlife
habitats will aid in the recovery of the Swainson’s
hawk. Increased abundance and possibly some
nesting would be expected in the Delta as a result of
improved habitat.

VALLEY

HABITAT

JOINT

VENTURE
The Central Valley Habitat Joint Venture is a
component of the North
American
Waterfowl
Management Plan of the USFWS with funding and
cooperative projects of the federal, State, and private
agencies. New sources of funding including CALFED
restoration funds are being sought to implement the
Joint Venture. The Joint Venture has adopted an
implementation
plan that includes the American
Basin. Objectives include protection of wetlands
through acquisition of fee-title or conservation
easements, enhancement of waterfowl
habitat in

NON-NATIVE
WARMWATER
GAMEFISH:
The
vision for non-native warmwater
gamefish is to
maintain self-sustaining populations, consistent with
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wetlands and agricultural lands. The objectives and
targets of the Joint Venture have been adopted by
the ERPP.

SACRAMENTO

WATER

SACRAMENTO
AREA FLOOD
CONTROL AGENCY (SAFCA)
SAFCA with other resource agencies and private
entities is developing a Floodway Management Plan
(FIMP) for the lower American River. A Lower
American River Task Force has been working toward
developing a FMP that provides protection
to
resources in the floodway. Their focus is on protection
and restoration of riparian habitat in the floodplain of
the lower American River. SAFCA is also active in
protecting and restoring habitat in the Natomas
Basin of the American Basin Ecological Management
Unit.
Planning efforts are being conducted to
improve flood protection for the Natomas Basin.
SAFCA has developed a Natomas Area Flood Control
Improvement Project that provides additional levee
protection and surface transport of floodwaters, and
also addresses special status plant and animal species,
vernal pool and wetland habitats, and upland and
riparian habitats.

FORUM

The Water Forum is a diverse group of business and
agricultural
leaders,
environmentalists,
citizen
groups, water managers, and local governments.
Together, the participants in the Water Forum have
agreed upon two co-equal objectives for the lower
American River to address future water shortages,
environmental degradation, contamination, threats to
groundwater
reliability,
limits
to economic
prosperity,
and competition
for American River
water. The dual Water Forum objectives are to: 1)
provide a reliable and safe water supply for the
region’s economic health and planned development
through to the year 2030; and 2) preserve the fishery,
wildlife, recreational, and aesthetic values of the lower
American River.
Important elements sponsored by the Water Forum
that will contribute to improving ecological health of
the lower American River include an improved
pattern of fishery flow releases from Folsom Reservoir
and habitat mitigation. The flow pattern being
developed will
be ‘fish friendly’
and would
significantly benefit fall-run chinook by improving
river flows and temperatures
at critical times.
Changes in the operations of the water release
shutters at the power penstocks of Folsom Dam is
anticipated to improve water temperatures in the
lower American
River in summer and fall. In
addition, the Water Forum, in partnership with other
management agencies on the lower American River,
is proposing a series of fishery studies and pilot
projects to determine what additional operations,
modifications,
and mitigation projects should be
implemented to help restore lower American River
chinook salmon and steelhead populations.

AMERICAN

SAFCA has funded extensive work on designing
environmental features into bank protection projects.
SAFCA and the U.S. Army Corps of Engineers
continue
to develop
habitat
conservationlmitigation/enhancement
elements to be incorporated
into the levee improvement
and bank protection
program for the Lower American River. These
elements include design and construction of multistage bench areas at specific water surface elevations
in order to provide littoral rearing habitat for
salmonids,
as well as increasing the habitat
complexity and diversity in portions of the Lower
American River.

NATOMAS
BASIN HABITAT
CONSERVATION
PLAN (HCP)
A habitat conservation plan was developed in 1996 to
provide a practical program to promote biological
conservation along with economic development and
continuation of agriculture in the Natomas Basin, the
south-west subunit of the American Basin Ecological
Management Unit. The program outlined in the Plan
establishes a multi-species, multi-habitat conservation
program to mitigate the expected loss of habitat
values and incidental take of protected species that
would result from urban development, operation of
irrigation and drainage systems, and agricultural
activities in the Natomas Basin. Funds are obtained

RIVER OPERATIONS
GROUP

The American River Operations Group is composed
of representatives of fishery agencies, water agencies,
local governments, and stakeholders. The Ops Group
meets regularly to identify and recommend actions
involving water operations on the American River
that will optimize conditions for steelhead and
chinook salmon.
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from developers to purchase habitat reserves and
conduct studies. The HCP establishes a Natomas
Basin Conservancy to cover activities associated with
managing reserves, populations status surveys, and
general scientific research. The HCP covers wetlands,
riparian, and upland habitats and associated plant
and animal species, and does not cover aquatic
habitat or fish species.

anadromous fish in Central Valley rivers and streams
to not less that twice the average levels present from
1967-1991.
The U.S. Fish and Wildlife Service and the Bureau of
Reclamation are implementing
the CVPIA which
provides for restoration of habitats and species and
minimization
of stressors. Key elements of the
CVPIA program
include the Anadromous
Fish
Restoration
Program
(USFWS
1995) and the
Anadromous
Fish Screening
Program.
Other
elements
are directed
at spawning
gravel
replenishment on the lower American River, water
acquisition, and other measures that will contribute
to restoring the health of the Sacramento River and
Sacramento-San
Joaquin
Delta
Ecological
Management Zones.

COORDINATED
RESOURCE
MANAGEMENT
AND PLANNING
(CRMP)
CRMP programs are being established at least for the
Auburn Ravine Creek watershed. Coordinated land
management
and planning activities arc being
undertaken between agencies and private entities and
MOU’s developed to focus on water quality, fisheries
improvement, and fire safe communities in order to
promote public safety, watershed stability, and high
quality
waters
in Auburn
Ravine
through
cooperation,
information
development,
and
education. The CRMP deals with erosion and
sedimentation,
habitat quality, habitat loss and
depletion of biodiversity,
rural homes and fire
hazards, and the need to maintain overall stability of
the watershed. Watershed quality is to be improved
through
forest fuels management,
preventing
discharge of pollutants, sustaining fish and their
habitats, and creating and sustaining diverse habitat
and wildlife diversity. The role of the creek for
conveying irrigation water and as a flood channel are
also to be protected.

CALFED

BAY-DELTA
1

Activities with direct application to the American
Basin include a program to restore small tributaries
to the Sacramento River. Local entities such as
Resource Conservation Districts are being funded to
identify problems, develop solutions, and implement
actions to address small-scale restoration projects on
tributary
streams.
CVPIA’s
Comprehensive
Assessment and Monitoring
Program (CAMP) is
funding efforts to provide information
on the
anadromous fish runs in tributary streams. Funding
is also being provided for regional conservation
planning of watersheds in the basin that support
salmon and steelhead. Funding is also available for
evaluating the potential contribution of intermittent
tributary streams like those in the American Basin as
spawning and rearing habitat for chinook salmon.
Funding is also available to reduce fish passage and
screening problems.

PROGRAM

CALFED
has funded two ecosystem restoration
projects in the American River Basin. One project
developed a watershed plan for the American River.
Another Restoration
project planned watershed
restoration actions on the Middle and North Forks of
the American River, Auburn Ravine Creek, and Coon
Creek.

CENTRAL VALLEY
IMPROVEMENT

A Water Management Plan is being developed to
guide water supply development for anadromous fish
under CVPIA’s
3406(b)(2)
and (b)(3) projects.
Dedicated CVP water and supplemental
water
purchased from willing sellers will be used to enhance
flows for anadromous fish. Such water supply can be
used to enhance salmon and steelhead populations in
American Basin streams and in the lower American
River.

PROJECT
ACT

The CVPIA added ‘mitigation,
protection
and
restoration of fish and wildlife’ as a purpose of the
Central Valley Project and required the implementation of a program that makes all reasonable
efforts to increase the natural production
of
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SALMON,
STEELHEAD
ANADROMOUS

PROGRAM

TROUTAND
FISHERIES

adjacent zones providing connectivity where needed
and cumulative benefits to the system.

ACT

PLANNING
BY CITIES
COUNTIES

TARGETS AND
PROGRAMMATICACTIONS

RESTORATION

Established in 1988 by Senate Bill 2261, this Act
directs the California Department of Fish and Game
to implement measures to double the numbers of
salmon and steelhead present in the Central Valley
(DFG 1993, 1996). The Department’s
salmon and
steelhead restoration program includes cooperative
and private
efforts
with
local governments
landowners to identify problem areas and to assist in
for
feasibility
studies,
obtaining
funding
environmental permitting, and project construction.
Reaching the goals and targets developed to restore
ecosystem functions of the American River Basin and
the associated biotic community will require close
coordination among State, federal, and local agencies,
with
participation
by water
developers
and
stakeholders.

ECOLOGICAL
CENTRAL

ECOLOGICAL

STREAMFLOWS

TARGET 1: Develop and implement an ecologically
based streamflow regulation plan for the American
Basin creeks and lower American River. The lower
American River should meet the recommended
minimum flows and flow targets for the lower
American River (presented in Tables 8 and 9). Lower
American River flow events should be coordinated
with similar flows that occur naturally’ in the
Sacramento Valley and with storage releases from
Shasta and Oroville Reservoirs (4+*).
PROGRAMMATIC
ACTION
IA: Provide target
flows by modifying CVP operations and acquiring
water
as needed from willing
sellers, with
consideration given to reservoir available carryover
storage and flows needed to meet needs determined
by the water temperature objective discussed under
Target 3 below.

AND

The cities of Roseville, Auburn, Lincoln, Rocklin, and
Sacramento, and the counties of Sutter, Sacramento,
and Placer are all involved in planning activities that
related to ecological resources and restoration in the
American
Basin Ecological Management
Zone.
Activities include a Roseville Regional Wastewater
Treatment Service Area Master Plan that involves
collection, treatment, and disposal of waste water,
water quality, and public health. Cities and Counties
of the Basin are pressed with the need to conserve
biological resources, habitats, and ecosystem quality,
while addressing large scale growth and land use
changes in the cities and counties that may affect the
flood
capacity,
water
-quality,
and general
environmental health of the watersheds.

LIN~GE

VALLEY

PROCESSES

PROGRAMMATIC
ACTION
1~: Develop and
implement a comprehensive watershed management
plan for the American Basin and lower American
River to protect the channel (e.g., maintain flood
control capacity and reduce bank erosion) and
preserve and restore the riparian corridor. Upper
watershed health should be improved by reducing the
potential for wildfire
and implementing
other
practices
to protect
watershed
improvement
streamdows, stream channel morphologies, spawning
gravel condition, and riparian habitats, and minimize
sediment input to the stream.

TO OTHER

PROGFIAMMATIC
ACTION
1 c: Acquire water
from willing sellers to augment river flow during dry
years to provide fishery benefits.

MANAGEMENT
ZONES

TARGET
2: Minimize flow fluctuations
below
Nimbus Dam that can dewater salmonid redds and
reduce survival of juvenile anadromous fishes due

Many of the habitats, processes, and stressors found
within this Ecological Management Zone are similar
to those found in the Feather/Sutter,
Cosumnes,
Delta, Yolo Basin, and Colusa Basin Ecological
Management Zones. Efforts within one Ecological
Management
Zone should be similar to those in
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Table 9.

Average Monthly

Minimum

Flow Targets (cfs) on the American

River.
Critical Relaxation

Table 10.

Average Flow Targets for 10-&y
Shasta and Oroville Reservoirs.

Pulse (cfs) on the American

Water-Year
Month

Wet

River, Coordinated

Type

Above and Below
Normal

Exceptions
DV

March

6,000-7,000

4,000-5,000

3,000-3,500

Late April or early
May

7,000~8,000

5,000~6,000

3,soo-4,000

to stranding and/or isolation from the main channel.
(+++).

with Flows from

Only when inflows
are sufficient
Only when inflows
are sufficient

ACTION
3B:
Enter into
agreements with landowners and water districts to
limit diversions of natural flows from creeks to
improve stream flows.
PROGFIAMMATIC

PROGFMMMATIC
ACTION
2~: Complete ongoing collaborative efforts to develop flow ramping
criteria and operationally implement these criteria to
reduce adverse affect of flow fluctuations on lower
American River fishery resources.

PROGFUMMATIC
ACTION
3c: Limit diversion
of natural stream flows from American Basin creeks
into irrigation canals and ditches by providing other
sourcesof water or through purchase of water rights
from willing sellers.

PROGFWMMATIC
ACTION
2~: To minimize
dewatering of salmon and steelhead redds, flows
exceeding 2,500 cfs after the onsetof chinook salmon
spawning should be maintained at least at this level
until April 30.

Natural streamflow patterns are
important in maintaining geomorphology of
watersheds, as well as riparian and floodplain
vegetation along srream banks. Streamflow is also
essentialfor the well being of valley wetlands and for
upstream passage of adult anadromous fish,
spawning, successful rearing, and downstream
migration of juveniles. In addition, streamflows
influences stream channel morphology, riparian
communities, and fish habitat. Base flows and f70w
events will be provided by releasing water from
Folsom Reservoir, reducing diversions from the
American River. Flood-control releasesfrom Folsom
RATIONALE:

3: Provide flows of suitable quality water
that more closely emulate natural annual and
seasonal streamflow patterns in American Basin
watersheds (++).
TARGET

ACTION
3~:
Enter into
agreements with water districts and wetland
managers to provide return flows of high quality
water from irrigated agriculture and seasonal
wetlands to the American Basin.
PROGFWMMATIC
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Reservoir that occur during winter and spring months
are beneficial in sustaining gravel recruirmenc,
transport and cleaning processes.Lace non-flood
control releasesduring the winter and/or early-spring
period f7ow will be maintained ar levels events bf
sufficient magnitude co arcracr and sustain adult
sceelhead and American shad spawning runs.
Moreover, spring and early summer flows will be
mainrained ac levels char provide sufficient physical
space for improve transport of juvenile salmon,
steelhead, and shad rearing as well as favorable
downstream migration conditions. Both high-level
flood-control releasesand lower base-flow releases
from reservoir storage during winter and spring will
be managed within the operational constraints of the
reservoir to sustain riparian habitats and-sustain
gravel recruitment,
transport, and deansing
processes.Suficient minimum
flows are necessaryto maintain adequate conditions
for adult holding, spawning, egg incubation, and
juvenile rearing and migration, especially because
these functions must now occur below Nimbus Dam.
The target minimum flows (Table 8) are consistent
with historic and unimpaired flows for the American
River in dry and normal years that, in some years,
may not occur under the present level of project
development

and operation.

needed

to

maintain

ecological processes and

hgbitats;
and supporting
restoration of chinook salmon, steelhead, and other

maintaining

anadromous and resident fish populations below
Nimbus Dam. This plan may involve options
presently being considered by the American River
Water Forum, induding diverting water from near
the mouth of the river or at the Fairbairn
Water
Treatment Plant, rather than from Nimbus Dam, or
Fairbairn Water Treatment
Plant to meet the needs
of water users. Opportunities for adjusting seasonal
streamtlow
and carryover storage patterns to benefit
fish

and

lower

American

River

habitats,

while

maintaining other beneficiacial
uses,will be explored.
These

opportunities

may

rarger level of the flow events must
be
implemented conservatively becauseof the potential
impact on water supply. If a flow event equal to or
greater than the target flow has not taken place
The

during

uncontrolled

releases

then

supplementing

March,

include

acquiring

from

FoJsom Dam

by

base flows

or

augmenting
spills with

small, natural flow events or reservoir
additional
reservoir releases is the only
means co provide the necessary flows. Such releases
would be allowed only if an equivalent or greater
inflow
to FoJsom Lake occurs. Flow fluctuations
within the range of 1,000 to 4,000 cfs can desiccate
redds and fluctuations
within the range of 3,000 to
10,000 cfi can strand juvenile salmon and steelhead
in pools that become isolated from the main channel.
Flow reduction
crireria (ramping rates) need to be
implemented to minimize this problem.
March

through

May

is the logical

period

during

which to provide such flow events because this is the
period when natural flow events occurred historically
in dry and normal years, and because opportunities
for such flow

to occur

normal project
Forecasts

Opporrunity
co succeed in providing optimum,
rather
than minimum,
flows will rely on collaborative
efforts
that indude stakeholder groups such asthe American
River
Water Forum, State and federal agencies, and
local governments.
Developing
a long-term
water
management
plan for the American
River
will meet
a diversity of needs, in’cluding providing streamflows
functions;

rights from willing sellers or developing supplemental
supplies (e.g., conjunctive use and/or recycled water
programs).

naturally

operation

regarding

the

as a function

of

would have passed.

water-year

type

(dry

or

normal) would also be available by February
or
March and will be used as the basis for decisions that
balancefishery flows with water-supply
needs.
flow event would be expected to travel
unimpaired to the Delta becausefew if any diversions
from the American and Sacramento
Rivers occur
during March. {Note that additional flow events are

The March

prescribed

for the Feather

and Sacramento

Rivers in

March, which will further enhanceSacramento River
flows below the confluence with the American River.)
A March flow event
outflow requirements.

would also help satisfy Delta
Further,
the prescribed ,flow
event in late April and early May would add to flow
events prescribed from the Mokelumne,
Stanislaus,
Tuolumne,
and Merced rivers to the south, which
together will also satisfj.DeJra
outflow requirements.
These prescribed flows cannot usurp individual
water
rights established
subject to California
Jaw. ERPP
does not include
any adjudication
or involuntary
reallocation
of water rights.

water
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for appropriate seasonal flow regimes in
the lower American River and American Basin creeks
will restore and sustain anadromousand resident fish
populations, help promote narural channel formation
processes,establishand maintain riparian vegetarion,
and will sustain numerous foodweb functions.
Minimum flows also atrracr adult steelhead and fallrun chinook salmon during fall and winter.

The Lower American River Technical Team reported
char rhe availability of spawning habitat does not
appear co be an immediate problem as there are
adequateamounts of appropriately sizedgravel in the
river; and there is a large amount ofgravel along rhe
banks and in the bars of rhe lower American River
that provide sourcesfor gravel recruitment.

Managing

COARSE

SEDIMENT

Simply adding gravel to rhe srream channel may not
improve
spawning conditions
because an
impermeable clay fens under the deposited gravel
could limir upward percolation and , therefore, fish
use for spawning., and other site-specific habitat
characteristics.Hence, the specific river location were

SUPPLY

TARGET 1: Maintain, improve, or supplement
gravel recruitment and natural sediment transport in
the lower American River and American Basin
watersheds to maintain natural ecological processes
linked to stream channel maintenance, erosion and
deposition, maintenance of fish spawning areas,and
the regeneration of riparian vegetation (++).

gravel deposition
occurs will largely
benefits to fishery resources of deposition

dicrate
gravel.

the

sediment supply from the watershed above
Folsom Dam has been eliminated. The long-term
adverse effects of this have not been adequately
investigated. Lack of sedimenr recruirment from rhe
upper warersheds, ranging from fine sandsto cobbles,
may adversely influence the structural characteristics
of the stream channel, impair riparian
and riverine
aquatic habitats,
and reduce habitat
complexity
required
by anadromous
and resident fish species.
investigations into these issueswill provide additional
insight into finer
resolution of long-term

Natural

PROGRAMMATIC
ACTION
1 A:
Monitor
spawning gravel conditions in the lower American
River and American Basin watersheds, and identify
specific sites where mechanical cleaning or gravel
introductions would be beneficial to enhance or
increasegravel spawning habitat.
PROGRAMMATIC
ACTION 1~: Implement a
pilot study to assessthe benefits of mechanical
cleaning to improve gravel permeability.

opporruniries
ro improve
American River.

PROGRAMMATIC
ACTION
lc:
Develop a
collaborative program to investigate erosion, bedload
movement, sediment transport, and depositional
processesand their relationship to the formation of
point bars and riparian regeneration in the lower
American River and American Basin watersheds.
.
RATIONALE:
Gravel is an essential efemenr of
spawning and rearing habitats for salmon, steelhead
trout, and other native fishes. Gravel suppliesare not
thought to currently limited salmonid production in
the lower American River but may become limiting
in the near future, especiallyin the area immediately
below Nimbus Dam. Some gravel is provided
naturally when the river cuts inro dredger tailings
during high flows; however, this input is nor
suficienr to maintain high-quality spawning habitat
for rhe target levels of naturally produced fall-run
chinook salmon and steelhead. Gravel recruitment
can be supplemented by providing additional gravel
for the river ro capture under its controlled flow
regime.

the ecological

health

of the

The sedimentregimesofAmerican Basin creekshave
not

been

investigated.

However,

because

these

streamsdo not have dams on them, natural sediment
suppliesare probably available. The condition of the
watershed and spawning
habitats
in the upper
watershedsof Coon Creek, Auburn Ravine, and Dry
Creek should

NATURAL

be investigated.

FLOODPLAIN
AND FLOOD
PROCESSES

TARGET 1: Maintain the existing stream meander
configuration along the American River between
Nimbus Dam and the Sacramento River (+).
PROGFUIMMATIC
ACTION
IA:
Maintain a
stream meander configuration along the lower
American River by working with involved parties to
develop a floodplain management program consistent
with flood control needs. These parties include the
Corps, the California Reclamation Board, the
Sacramento Area Flood Control Agency, the Lower
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American River Task Force, and the American River
Water Forum.

to maintain riparian forests and woodlands. In
addition, much of the nutrient input is derived from
infrequent
overbank
flooding
of
rhe
riparian/floodpJain zone. Opportunities to restore
floodplains and flood processes along the lower
American River are constrained by the flood control
requirementsprovided by FoJsomDam and the levee
system throughout in the lower river reach. Adaptive
management including focused research and
monitoring will be important elements to guide rhe
level to which floodplain processescan be maintained
and restored in the lower American River. These
processes are dosely linked to maintaining and
restoring the riparian corridor which supports a
variety of aquatic and terrestrial species.

PROGRAMMATIC
ACTION 1 B: Where possible,
maintain mainstem and side channel habitats typical
of a natural river that provide salmon and steelhead
spawning and rearing habitat.
TARGET 2: Restore natural stream meanders in the
floodplains of American Basin creeks (+).
PROGFWMMATIC
ACTION
2~: Where possible
within flood control constraints,
restore natural
meander belts along the lower creeks through setback
of levees or removal of bank protection, or other
physical structures
impeding a natural meander
process.

Remnant effects of devastating dredger mining along
the American River also hinder natural streamchannel processes. Because of these constraints,
artificial means are necessary to maintain natural
stream-channel processes that will provide the
habitats needed by salmon and sceelheadnormally
created by these processes.

TARGET
3: Maintain and enhance floodplain
overflow areas in the lower American River and
floodplain of the American Basin (+a).
PROGRAMMATIC
ACTION 3~: Setback levees in
the floodplains of creeks and canals of the American
Basin.

In the American Basin project leveeschannel flows in
lower creeksinto the NCC and NEMDC, which carry
floodwaters to the Sacramento River. Levees along
the lower creeks typically fail to hold back water as
water backs up at the Sacramento River. Widening
the floodplain and setting back levees along the
NCC, NEMDC, and lower creeks provides more
flood carrying capacity and a more natural floodplain
process that would promote riparian and wetland
habitat development.

PROGRAMMATIC
ACTION 3~: Protect existing
overflow areas from future reclamation.
PROGFWMMATIC
ACTION
3c:
Develop
floodway detention basins in the floodplains of the
American Basin to temporarily store floodwaters.
PROGRAMMATIC
.ACTION
3~:
Enter into
agreements with willing landowners and irrigation
districts to set back ,levees and allow floodplain
processes such as stream meander belts.

CENTRAL VALLEY STREAM
TEMPERATURES

PROGFWMMATIC
~TION
3~: Expand existing
floodplain overflow basins by obtaining easements of
titles from willing sellers of floodplain lands.

TARGET 1: Maintain lower American River water
temperatures in the spawning and rearing reach
between Arden Bar and Nimbus Dam at or below
60°F beginning asearly in October aspossible,based
on annual coldwater pool availability and maintain
water temperatures in the upper portion of the reach
between Nimbus Dam and Sunrise Bridge below
65°F from spring through fall (+++).

PROGFIAMMATIC
ACTION
3~:
Reduce or
eliminate gravel mining from active stream channels.
RATIONALE:
Natural river floodplain processes
permit natural stream-channel development that
supports for riparian vegetation and provides
spawning and rearing habirat for chinook salmon and
steelhead. Natural stream processes in alluvial
systems transport and deposit sediments; provide
transient habitats important to algae, aquatic
invertebrates, and fish; and provide surfaces colonized
by natural vegetation that support wildlife. Overbank
flooding is an important regenerative processneeded

PROGRAMMATIC
ACTION
1 A: Optimally
manage Folsom Reservoir’s coldwate; pool via realtime operation of the water-release shutters to
provide the maximum equitable thermal benefits to
lower American River steelheadand chinook salmon
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throughout
the year, within the constraints
reservoir coldwater pool availability.

of

agriculture and urban runoff, and supplementing
creek flows with diversions of waters from the Bear
and American River Basins.

Reconfigure
Folsom Dam shutters to improve management of
Folsom Reservoir’s coldwater pool and maintain
better control over the temperature of water released
downstream.
PROGRAMMATIC

ACTION

1 B:

SAFCA used an iterative modeling
approach to develop a monthly target release
temperature regime on the Lower American River (as
part of the DEIR&IS for P.L. IO 1-5 14 CVP Water
Supply Concraccs).This effort developed a monthly
target release temperature regime that mitigated
project-related potential water temperature
impacts
ofsteelhead and alsoreducesaverageannual early life
stage mortality for chinook salmon. Modeling
analysesrevealed thar managing Folsom Reservoir’s
coldwater pool in this alrernative manner would: (1)
provide water temperatures during theJuly through
September period that would be lower than those
realized under the Base Case condition, thereby
providing more favorable conditions for oversummeringjuvenile steelhead;and (2) reduce average
annual early life stage losses of chinook salmon
caused by elevated Lower American River water
temperature during September, October, and
November.
RATIONALE:

ACTION
Ic:
Install a
temperature control device on the municipal water
intakes at Folsom Dam.
PROGFWMMATIC

PROGRAMMATIC
ACTION
1 D: Investigate
opportunities to improve the manner in which the
water-releaseshutters at Folsom Dam are physically
installed, removed, and maintained annually,-as well
as opportunities to improve their efficiency in
releasingwater from desired elevations.
PROGFIAMMATIC
ACTION
1~: Evaluate the
potential for creating side-channelsthermal refuges
for juvenile steelhead rearing over-summer in the
lower American River. Such habitat could provide
habitat slightly cooler than, peak daytime river
temperatures.
PROGFZAMMATIC

ACTION

Improved operation
of the water-release
shutters
configuration at Folsom Dam can reduce the
temperature of water released into the lower
American River. Improved temperatures of water
releasedfrom Folsom Dam and improved channel
habitats are neededto provide adequateover-summer
rearing habitat for juvenile steelhead. Releasesfrom
FolsomReservoir’scoldwaterpool are alsorequired to
provide adequatespawning temperaturesfor fall-run
chinook salmonin October and November. However,
the low end-of-year storage levels allowed in Folsom
Reservoir currently for flood-control purposes will
make remperature control for salmon spawning
difficult in late summer and early fall of most water-

1 F: Evaluate options

to reduce releasesof warmer surface waters of Lake
Natoma through the turbines at Nimbus Dam into
the lower American River. Options may include a
temperature curtain in the lake near the turbine
intakes. Operations of Nimbus Dam during
occasional spill events should also be evaluated to
minimize the release of warm surface waters from
Lake Natoma.
ACTION
1 G: Provide a more
direct supply of colder wafer to Nimbus Hatchery.
PROGRAMMATIC

2: Maintain a daily average water
temperature below 65°F from June 1 through
September 30 in the lower American River between
Nimbus Dam and Watt Avenue and in the upper
portions of Coon Creek, Doty Creek, Auburn Ravine,
Miners Ravine, and Secret Ravine in the American
Basin (++).
TARGET

years.

While managing the cold-water pool in FolsomLake
is a priority for maintaining cool water temperatures
in the lower American River, lessor but significant
benefits can also attained by managing releases from
Nimbus Dam. Surface waters (top several feet) of
Lake Natoma can heat up to 5 to lOoF from late
spring through early fall. Water releasedinto the
lower American could be 1 to 2’F lower if warmer
surface waters were not included in releases.Because
summer temperaturesoften reach near or above 63”F,
1 to 2’F additional heating is significant. On rare

ACTION
2~: Evaluate means
of maintaining cool water temperatures as necessary
in upper watershedsof Coon Creek, Auburn Ravine,
and Dry Creek, including such measuresaspumping
ground water, enhancing riparian vegetation,
reducing drainage. inputs of warm water from
PROGFXAMMATIC
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from Lake Nacomas spills from
the spillways rather
than coming from the turbines,
an even greater proportion of warmer surface waters
from the lake can be released co the river.

Basin consistent with the objectives of the Central
Valley Habitat Joint Venture and the North
American Waterfowl Management Plan (++).

occasions when water

PROGRAMMATIC
ACTION IA: Protect 2,000
acres of existing wetland habitat through fee
acquisition and perpetual conservation easements.

Installing a temperature control device at the
municipal water supply intake, which is the lowest
outlet at Folsom Dam, would allow water from
higher elevations of the reservoir co be diverted for
municipal purposes, which would preserve the
reservoir’s cold water pool for releases co the lower
American River. The device, which is estimate co cost
about $3 million, was authorized by Congress in
1998, but funding was not appropriated.

PROGRAMMATIC
ACTION
acresof existing wetlands.

RATIONALE: Seasonal wetlands habitats include
rice fields and vernal pools, both of which are
prevalent in the American Basin. Seasonalwetland
habitats provide unique micro habitat conditions that
are utilized by fish for spawning and rearing, provide
nesting and feeding habitat for waterfowl and wading
birds, and provide otters and ocher mammals with
suitable mating, feeding, and rearing habitats.
Wetland/slough habitats increase the overall
complexity of the aquatic environment, thereby
supporting more diverse foodwebs and more diverse
fish and wildlife communities. Expansion of seasonal
wetlands is important in the Central Valley and
American Basin, becausemuch of such habitat has
been lost co land reclamation for agriculture and
urban development.

The Nimbus Hatchery water supply doesnot provide
suficiently cool water at times during the s3mmer
months,
and this creates disease problems for
steelhead in the hatchery. On occasion, water
temperatures are so high that all fish must be
removed from the hatchery and transported to nearby
hatcheries for rearing. Hatchery temperature
requirements can alsoconflict with Folsom Reservoir
cold water pool management for in-river salmonids.
When cool water is released for the hatchery, it
requires that the entire amount being releasedco the
river be at the desired hatchery temperature even
though the hatchery usesa very small portion of the
flow. This can exhaust the cold water pool before the
end of the summer.

RIPARIAN

AQUATIC

PROGRAMMATIC ACTION 1 A: Develop riparian
corridor restoration and management plans for the
Americqn Basin and lower American River.

To somedegree, high water temperatures
in summer
and fall in the lower American River are natural; in
part, they are a consequence of impaired streamchannel configurations that do not provide shaded
sidechannelswith cool groundwater flows. Coldwater
releases from the dams and improved channel
habitats are neededcoprovide adequate over-summer
rearing habitat for juvenile steelhead.

PROGRAMMATIC
ACTION 1 B: Protect riparian
habitat along water coursesof the American Basin.
PROGRAMMATIC
ACTION lc: Plant riparian
vegetation along water courses of the American
Basin.
PROGFWMMATIC ACTION 1 D: Reduceland use
practicessuchaslivestock grazing and watering along
stream channels of the American Basin that cause
degradation of riparian habitat.

HABITATS
WETLAND

AND RIVERINE
HABITAT

TARGET 1: Establish and/or maintain a sustainable
continuous, sustainable corridor of riparian habitat
along the lower American River and American Basin
creeks (++).

The upper watersheds of the American Basin have
historically provided suficiently cool water co sustain
naturally produced rainbow crout/sceelheadthrough
the summers. Protecting and enhancing remaining
cool water habitat is an essentialelement of restoring
steelheadto these watersheds.

SEASONAL

1 B: Enhance 3,150

HABITAT

TARGET 2: Enhance shaded riverine aquatic
habitat in American Basin creeksand drainage canals

TARGET 1: Protect and enhance 5,150 acres of
seasonalwetland habitat acreage in the American
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and ditches and along the lower
(+++).

American

should suffice to maintain and restore freshwater fish
habitats. For example, maintaining freshwater and
essential fish habitats is governed by actions to
maintain streamflow, improve coarse sediment
supplies, maintain stream meander, maintain or
restore connectivity of streams in this zone and their
floodplains, and in maintaining and restoring riparian
and riverine aquatic habitats.

River

PROGRAMMATIC
ACTION
2A: Terminate or
modify current programs that remove woody debris
from the river and creek channels.
PROGFIAMMATIC
ACTION
2~: Restore sidechannels along the lower American River to provide
additional riparian corridors for increasing fish and
wildlife habitat.
PROGFWMMATIC
ACTION
2c:
management
practices to protect
riparian and SRA habitat.

PERENNIAL

GRASSLANDS

TARGET 1: Restore perennial grasses in the
American Basin Ecological Management Unit
associatedwith existing or proposed wetlands (+).

Improve levee
and enhance

PROGFIAMMATIC
ACTION
IA:
Develop a
cooperative program to restore perennial grasslands
by acquiring conservation easementsor purchasing
land from willing sellers.

RATIONALE:
Many species of wildlife, including
several species listed as threatened or en&ngered
under the State and federal Endangered Species Acts
and severalspecial-statusplant speciesin the Central
Valley, are dependent on or closely associatedwith
riparian habitats. These habitats support a greater
diversity of wildlife species than all other habitat
types in California. Degradation and lossof riparian
habitat have substantially reduced the habitat area
available for associatedwildlife species. In addition,
lossof this habitat has reduced water storage and has
altered nutrient cycling, and foodweb support
functions. Controlled flows, lack of gravel
recruitment, stream-channel confinement by the
flood control system, and remnant dredger taihngs
limir the possibleextent of a natural riparian corridor
along the lower American River. Constructing and
maintaining restored riparian habitats would improve
the habitat needed by fish and wildlife dependenc
upon the river ecosystem.

RATIONALE:
Restoring wetland, riparian, and
adjacent upland habitats in associationwith aquatic
habitats is an essential element of the restoration
strategy for this Ecological Management Zone.
Eliminating fragmentation and restoring connectivity
will enhance habitat
conditions
for special-status
species.

AGRICULTURAL
TARGET 1:
corridors (+).

LANDS

Restore and maintain migration

PROGRAMMATIC ACTION 1 A: Purchaseland or
conservation easementsfrom willing sellerson which
to restore wildlife habitat to connect existing
grasslandor agricultural wildlife habitat.

.

TARGET 2: Enhance 20,948 acres of private
agricultural land to better support nesting and
wintering waterfowl consistent with the objectives of
the Central Valley Habitat Joint Venture and the
North American Waterfowl Management Plan
c++x

FRESHWATER
FISH HABITAT
AND
ESSENTIAL FISH HABITAT
TARGET
1: Maintain and improve existing
freshwater fish habitat and essential fish habitat
through the integration of actions described for
ecological processes,habitats, and stressorreduction
or elimination (++).

PROGRAMMATIC
ACTION
2~:
Develop
cooperative programs with farmers to conduct
wildlife friendly practices.

PROGRAMMATIC
ACTIONS:
No additional
programmatic actions are recommended.

RATIONALE:
Corridors of habitat are necessary
between larger habitat areas to ensure potential
recovery of giant garter snake and other wildlife.
Waterfowl and wildlife using wetlands and aquatic
habitats depend on adjoining agricultural lands for

RATIONALE: Freshwater fish habitat and essential
fish habitat are evaluated in terms of their quality and
quantity. Actions describedfor American River Basin
Ecological Zone ecological
processes,
stressor
reduction, and riparian and riverine aquatic habitat
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foraging and cover.

INVASIVE

STRESSORS
WATER

MARSH

TARGET 1: Reduce populations of invasive nonnative plant species that compete with the
establishment and succession of native riparian
vegetation along the American River. This will help
to reestablish native riparian vegetation in
floodplains, increaseSR4 cover for fish, and increase
habitat valuesfor riparian-associatedwildlife (+++).

DIVERSIONS

TARGET 1: Reduce losses of juvenile salmon and
steelhead in the lower American River and American
Basin creeks due to entrainment at water intakes
structures (+++).
PROGRAMMATIC
ACTION 1 A: Upgrade the fish
screens at the Fairbairn Water Treatment Plant to
comply with DFG and NMFS fish screening criteria.

ACTION
IA:
Develop a
cooperative program to monitor the distribution and
abundance of non-native plants and develop
cooperative control programs as needed.
PROGFUMMATIC

PROGRAMMATIC
ACTION
1 B: Screendiversions
from the NCC, NEMDC, Dry Creek, Coon Creek,
and Auburn Ravine that operate during times when
salmon and steelheadjuveniles would be present.

RATIONALE:
Non-native plant species,suchasfalse
bamboo, salt cedar, eucalyptus, water hyacinth, and
pepperweed, can undermine riparian habitat value to
fish and wildlife, as well as the natural plant
successionthat contributes to the physical character
of the riparian corridors. Arundo has become
establishedin the American River floodway and can
seriously alter ecological
processes
by inducing
greater deposition of sediments, increasing
soil chemistry.
evapotranspiration, and altering
Arundo has little value for native speciesof wildlife
and outcompetes
native riparian plant species.

Diversion, storage, and release of
directly affect fish, aquatic organisms, and
nutrient levels in the system and indirectly affect
habitat, foodweb productivity, and the abundance
and distribution of species. Diversions cause
consumptive
loss of water, nutrients, sediment, and
organismsjuvenile anadromousfishesofmanagemenc
concern. Hence, reducing such losseswill contribute
co increasing anadromous fish populations of rhe
Cemral Valley.
RATIONALE:
water

LEVEES,

RIPARIAN
AND
PLANT SPECIES

HARVEST

BRIDGES, AND BANK
PRO-I-ECTION

OF FISH AND

WILDLIFE

1: Develop harvest management
strategies for Central Valley chinook salmon and
steelhead populations that allow populations of
naturally spawned fish to attain levels that fully use
existing and restored habitat (+++).

TARGET

TARGET 1: Reduce the adverseaffect of leveesand
bank protection on aquatic and terrestrial speciesand
their habitats along the lower American River and
American Basin canals and creeks(++).

1 A: Control illegal
harvest, of chinook salmon and steelhead by
increasing enforcement efforts.
PROGFIAMMATIC

PROGRAMMATIC
ACTION
IA:
Identify
locations in the lower American River and American
Basin creeks and canals where existing revetments
could be modified to incorporate habitat featuressuch
asscallopedembayments and associatedhard points,
multi-stage bench areas, SRA habitat, and other
features to aid in preservation and/or reestablishment
of both berm and bank vegetation.

ACTION

PROGRAMMATIC
ACTION
1 B: Develop harvest
management plans for chinook salmonand steelhead
with
commercial
and recreational fishery
organizations, resource management agencies, and
other stakeholders to meet target escapement and
production goals for the lower American River and
American Basin creeks.

Riprap reduces the ability of
vegetation to colonize
river banks and, thereby
reduces shading of river waters, decreasesinsect
production and availability to fishes, reduceshabirar
complexity and diversity, and reducesinstream cover.
RATIONALE:

PROGRAMMATIC
ACTION
lc: Evaluate the
efficacy of a marking and selective harvest program
for lower American River chinook salmon.
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RATIONALE:
Restoring and maintaining populations of chinook salmon and, steelhead, and American
shad to levels that make full use of habitat may
require restrictions on harvest during and after the
recovery period. Involving the various stakeholder
organizations in the planning processshould help to
ensure a balanced and fair allocation of harvest.
Target population levels may require that levels of
harvest of naturally produced fish be reduced. For
populations supplemented with hatchery-produced
fish, selective harvesting may be necessary to fimir
the harvest of wild fish while harvesting harcheryproduced fish at a level that will reduce their
potential to disrupt the genetic integrity of wild
populations.

ARTIFICIAL

PROPAGATION

PROGRAMMATIC
ACTION
3c: Investigate
replacing the Nimbus steelheadbroodstock with the
most genetically appropriate steelhead stock. This
could be a native residualized rainbow trout isolated
above Folsom Dam (if one exists) or another putative
native steelheadstock from within the Central Valley.
RATIONALE: In watershedssuch asAmerican Basin
creeks and the American River where dams and
habitat degradation, as well as extreme natural
conditions have limited natural spawning, hatchery
supplementation may be necessaryto sustainfishery
harvest at former levels and to maintain a naturally
spawning population during droughts. Hatchery
augmentation, however, should be limited to avoid
inhibiting recovery and maintenance of wild
populations. Hatchery-reared salmon and steelhead
may directly compete with and prey on wild salmon
and steelhead.Hatchery-reared fish may alsothreaten
the genetic integrity of wild stocks by interbreeding
with the wild fish. Although
irreversible
contamination of the genetic integrity of wild stocks
has occurred, additional protective measures are
necessaryto minimize further genetic degradation

OF F~H

TARGET 1: Evaluate hatchery production and
stocking practices at the Nimbus and Feather River
Hatcheries that affect American Basin creeksand the
lower American River to reduce the proportion of
returning, hatchery-origin chinook salmon and
steelheadthat stray into non-natal streams(++4).

and recovery of wild stocks. Because of the extent of
development on the American River, stocking of
chinook salmon and steelheadmay be necessary to’
rebuild and maintain stocks to sustain sport and

PROGFWMMATIC
ACTION
IA:
Develop a
cooperative program to evaluate the benefits of
stocking hatchery-reared salmon and steelhead in
American Basin creeks and in the lower American
River.

commercialfisheries.Stocking salmon and steelhead
may also be necessaryon American Basin creeks to
build runs to self-sustaining levels and to maintain
the runs through adverse conditions such as may
occur during droughts.

TARGET 2: Limit hatchery stocking if populations
of salmon or steelhead can be sustained by natural
production (+++).
PROGRAMMATIC
ACTION
2~:
Augment
populations of fall-rumchinook salmon and steelhead
only when alternative measuresare insufficient to
permit natural recovery of the populations.

Nimbus Hatchery steelheadand naturally spawning
fish in the American River exhibit genetic affinity to
populations from the Eel River (NMFS
1397),
reflecting the origin of this broodstock (McEwan and
Nelson 1991). This stock has alsobeenintroduced to

TARGET 3: Minimize further threats of hatchetyreared fish contaminating wild stocks of chinook
salmon and steelhead(+++).

the Mokelumne

Installation.

River via the Mokehunne

River Fish

The feasibility and desirability
of
the Nimbus
strain in favor of a stock

phasing-our
more genetically similar to the native Central Valley
stock should be investigated.
The Central Valley
Steelhead Comprehensive
Genetic Evaluation should
be able to identify the most generically
appropriate
stock to culture at Nimbus Hatchery, if one exists.

PROGFWMMATIC ACTION 3~: Adopt methods
for selecting spawning adults for the hatchery
production from an appropriate crosssection of the
returning adult population available to the hatchery.
PROGRAMMATIC
ACTION
38: Develop a
collaborative program to coded-wire tag a
representative proportion of all fall-run chinook
salmon produced at the Nimbus Hatchery.

Traditional hatchery
stocking programs are
detrimental
to the recovery of native stocks due to
genetic dilution, straying diseases, increased angling
pressure, and direct competition.
Changesmade to
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traditional
hatchery
procedures
can result in
hatcheries becoming a cool to rebuild native stocks
rather than one that degradesrhem. Decreasing the
number of hatchery propagated fish in the Lower
American River may increase rhe opportunity for
native stock recovery. However, clear restoration
goals for the Lower American River must be
developed before the eficacy of such an action can be
addressed.

CONTAMINANTS
TARGET 1: Reduce the application of herbicides,
pesticides, fumigants, and other agents toxic to fish
and wildlife on agricultural lands that have the
greatest risk to fish and wildlife populations (+).
PROGFWMMATIC
ACTION
IA:
Enter into
conservation easementswith willing landowners to
modify agricultural practices in ways to reduce loads
and concentrations of contaminants.

Porenrial changesat rhe Nimbus Fish Hatchery that
could benefit the river’s native stock include: (1) use
of all available broodstock, including grilse, to
increase genetic diversity of propagated fish. The
practice of discarding broodstock under some
arbitrary minimum length simple reducedthegenetic
diversity ofharchery propagated
fish, and thus should
be discontinued; (2)‘The emphasismust be placed on
quality, not necessarily tJle quantity of hatchery
production. This potentially meansimproving water
quality and reducing densities of fish ro create
conditions lesslikely to be conducive to development
and proliferation of disease; (3) Nimbus Fish
Hatchery should consider treating their effluent
waters to further guard against the introduction of
new diseaseswhich may impact native stocks. As
recommended in the Steelhead Restoration Plan for
the lower American River, the Nimbus Fish Hatchery
should continue ro improve and implemenr
management practices by taking early migrant and
late
migrant fish for spawning, and randomly
selecting egg Jots that are to be raised to yearling

PROGRAMMATIC
ACTION
1 B: Provide
incentives to landowners to modify agricultural or
other land usepractices that contribute to the input
of contaminants into waterways.
RATIONALE:

Reducing the inputs of contaminants
into waterways
from the lands with the greatest
inputs would provide significant improvement in
water quality in streams and wetlands, as well as the
Sacramento River and Bay-Delta.
STRANDING
TARGET 1: Reduce or eliminate the stranding of
juvenile chinook salmon on floodplains, shallow
ponds, and levee borrow areas(4+).
PROGRAMMATIC ACTION 1 A: Conduct surveys
of stranding in the American River under a range of
flow conditions and develop recommendations to
resolve the problem.
PROGFIAMMATIC ACTION 1 B: Conduct surveys
of stranding in the Natomas area under a range of
flow conditions and develop recommendations to
resolve the problem.

size.

Annual hatchery operations and release strategies
presently include trutking chinook salmon smolrs
to releasesires in the western Delta. This practice was
implemented due to the high Jossof juvenile salmon
released in the American River as they migrated
down the Sacramento River and through the Delta.
A long-term goal is to reduce the need to truck
chinook salmon by increasing their inland, survival.
This will accomplished by restorarion actions
proposed for the American River, Sacramento River,
and Sacramento-San Joaquin Delra Ecological
Management Zones, and by developing and
consrrucring alternative water conveyance facilities in
the Delta.

PROG!UIMMATIC
ACTION
lc:
Develop a
protocol for ramping flow reductions so that flows do
not recede so quickly that juvenile fish become
isolated and stranded in side-channels in large
numbers. Identify threshold flows that define
conditions of allowable flow fluctuations.
RATIONALE:
Under some flow conditions,
stranding is Jikely a minimal problem. However,
under condirions in which rivers reach high flows and
water is diverted into rhe flood bypassesor spills onto
the ff oodplain, and then quickly recedes,stranding is
a seriousproblem. Stranding ofjuvenile fish,hasbeen
a significanr problem on the lower American River in

the past,

and has resulted

in significant

Josses of
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salmon and sreelhead. Timing also plays a important
role in determining rhe severity of the problem for
chinook salmon, flood plain inundation prior to
young salmon emerging is less of a problem that
inundation after most of the fry have emerged.
Juvenile steelhead are present year-round, however,
so fish are subject to isolating flows at all times of the
year.
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+ YOLO

BASIN ECOLOGICAL
MANAGEMENT
ZONE
DESCRIPTION
MANAGEMENT

OF THE
ZONE

The Yolo Basin Ecological Management
.Zone
encompasses the southwest portion of the Sacramento
Valley adjacent to the Delta. It includes the following
Ecological Management Units:
n
n
n
n

Photo

0 California

Department

of Water

Cache Creek
Putah Creek
Solano
Willow Slough

Resources

INTRODUCTION
The health of the Sacramento-San Joaquin Delta
depends on the health of its distinct watersheds. As
with watersheds throughout
California, ecological
processes within
the Yolo Basin Ecological
Management Zone have been disrupted during the
hydrological
past century.
Due
to tenuous
connections, this zone has historically made only
fish
marginal
contributions
to anadromous
populations. As a result, the major focus in this zone
is to increase the health of its important ecological
processes, habitats, and fish, wildlife, and plant
populations and make substantial contributions
to
the health of the Delta.

Location Map of the Yolo Basin Ecological Management
Units.

Portions of the Yolo Basin Ecological Management
Zone are extensively developed for urban and
agricultural land uses. The basin includes the cities of
Vacaville, West Sacramento, Woodland, Winters,
and Davis. It also includes the northern end of the
Yolo Bypass at the mouth of Cache Creek, between
the Fremont weir and Interstate
80, and the
Sacramento Bypass between the Sacramento River
and the Yolo Bypass.

The Yolo Basin Ecological Management
Zone
provides diverse habitats for a wide variety of fish,
wildlife, and plant communities, primarily native
resident (nonmigratory) fishes, riparian communities,
seasonally and permanently
flooded wetlands,
wildlife, waterfowl, and occasionally fall-run chinook
salmon and possibly steelhead trout. The portion of
the Yolo Bypass north of the Interstate 80 causeway
is included in this zone and is an important migratory
route during wet years for downstream
migrant
chinook salmon, steelhead, and other native and
anadromous originating from up stream areas. When
flooded, the Yolo Bypass provides valuable spawning
habitat for native resident fish, including splittail.

v
h

4

Zone and

The Cache Creek Ecological Management Unit, at
the northern end of the Yolo Basin Ecological
Management Zone, encompasses the lower valley
watershed of Cache Creek (downstream
of Capay
Dam near Esparto) and the northern end of the Yolo
Bypass. The Putah Creek Ecological Management
Unit is in the central portion of the zone,
the
Putah
Creek
watershed
encompassing
downstream of Monticello Dam (near Winters). The

Volume II: Ecosysfem Restoration Program Plan
Yolo Basin Ecological Management Zone Vision
July 2oao

CUFED
MY-DELTA
PROGlUM

311

Notable stressorsto ecological functions, processes,
habitats, and speciesin this Ecological LManagement
Zone are:

Solano Ecological Management Unit includes the
nontidal watershed of the Cache-Lindsey
Slough
complex of the North Delta Ecological LManagement
Unit and the iMontezuma Hills.
Important ecological processes within the Yolo Basin
Ecological Management Zone include streamflow,
stream erosion, and natural sediment supply. The
most valuable habitats are riparian and riverine
aquatic. Although
restoration efforts within the
Ecological
Management
Units
have improved
portions of the riparian corridors, many specific
improvements
are needed to more fully restore
ecological health throughout the entire Ecological
Management
Zone. The greatest needs are to
maintain processes more closely linked to the_natural
streamflow regime and to restore connectivity to the
Yolo Basin and Delta. Developing additional sources
of water to improve low flow conditions and restoring
riparian and stream channel corridors will improve
the ecological health of the lower basin watersheds.
Restoring upper watersheds by reducing forest fuels,
improving
oak woodland,
forest, and rangeland
management, and reducing sources of bioavailable
mercury will help ensure that a clean water supply is
available in the basin.

n

water diversions and past gravel mining in the
streams,

n

insufficient available flow
continuous riparian corridor,

n

mercury contamination from natural and
previously mined sources that is taken up
through the aquatic food chain, and

n

poor quality agricultural tailwater entering the
Yolo Bypass canals and sloughs.

to maintain

a

The prevalence of non-native plant species(e.g.,
tamarisk, giant reed, eucalyptus, and water hyacinth)
is a major factor limiting the quality and extent of
riparian and riverine aquatic habitats, especially in
areasadversely affected by past gravel mining, flood
scour, and low streamflow.

LIST OF SPECIES
TO BENEFIT
FROM
RESTORATION
ACTIONS
IN THE YOLO
BASIN ECOLOGICAL
MANAGEMENT
20~~
n

Historically, fall-run chinook salmon, steelhead trout,
many native resident fish species, waterfowl,
shorebirds and wading birds, and riparian wildlife
were abundant in areas within the basin. Agricultural
and urban development, recreation, infrastructure,
mining, and flood control projects have eliminated
much of the fish and wildlife habitat. Salmon and
steelhead migrations within the creeks are now
limited to high flbw events, when there is
connectivity to the Delta. Opportunities to restore
these anadromous fish populations should not be
overlooked.

n
n

fl

chinook salmon
steelhead
native resident fishes
plants and plant communities.

DESCRIPTIONS
OF
ECOLOGICAL
MANAGEMENT
UNITS
CACHE
CREEK
MANAGEMENT

ECOLOGICAL
UNIT

Cache Creek has a watershed of about 1,300 square
miles and flows out of the coastal mountains to enter
the Sacramento Valley floor near Esparto. Cache
Creek enters the Yolo Bypass at CacheCreek settling
basin(a reclaimed tule marsh-seasonallake area) and
then flows south into the Delta through the Conway
Canal, Tule Canal, lower Cache Creek and other
small sloughs in the bypass. Most of the flow is
diverted in the spring and summer for irrigation.
High winter and early spring flows move south
through the flooded Yolo Bypass or connecting
sloughs to enter the Delta through Cache Slough

Important habitats within the Yolo Basin Ecological
Management Zone include stream and slough
channels for fish migration and holding, spawning,
and nursery habitats. Seasonallyflooded wetlands are
prevalent throughout the lower basin, and these are
important habitat areasfor waterfowl, shorebird, and
wading bird guilds. Riparian corridors along basin
creeks and sloughs are important habitat areasand
migration corridors for wildlife and waterfowl.
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which then flows to the Sacramento River north of
Rio Vista.

was a flood peak of 58,000 cfs in 1995. In driest
years, flows may be near 0 cfs the entire year.

Cache Creek drains the Clear Lake, North Fork, and
Bear Creek basins on the east side of the Coast
Ranges. The water levels at Clear Lake and Indian
Valley Reservoir are regulated for downstream
irrigation
diversions
with
a dam and gates
constructed
in 1915 and 1978, respectively. A
powerhouse
was added in 1985. The watershed
upstream of Clear Lake is about 530 square miles,
and the usable storage is about 300,000 acre-feet.
Downstream of Clear Lake Dam is the 30-mile Cache
Creek Canyon. The North Fork Cache Creek meets
Cache Creek 8 miles downstream of Clear Lake Dam
and is regulated by Indian Valley Dam, 1Kated 8
miles upstream of Cache Creek, with a watershed of
120 squaremiles and a capacity of 300,000 acre-feet.
Cache Creek enters the valley floodplain at Capay
Dam near Esparto, 18 miles upstream of the mouth.

JFMAMJJASOND

Cache Creek Screamflow from Upper Basin at Rumsey, 1962-1992
(Dry year is the 20th percentile year, normal year is the 50th
percentile of median year.)

Low flows are further reduced by year-round
diversions.The stream in the valley floor downstream
of Capay Dam is often dry during summer and fall
months. In dry years, average monthly winter flows
peaked at 30 to 100 cfs. Unimpaired flows during
March in dry years are reduced from an average of
650 to 60 cfs by diversions.Unimpaired flows during
May are reducedfrom 260 to 0 cfs. In normal rainfall
years, May flows are reduced from 590 to 10 cfs.

No minimum flow requirements have been set for
Cache Creek below Capay Dam. In some places
between Capay Dam and the Yolo Bypass, the creek
flows through areaswhere gravel mining has recently
occurred, but which have not yet had time to recover
naturally. In other areas, deep gravel deposits and
low water tables inhibit the establishment of a
sustainedlow-flow channel. Another major barrier to
upstream fish migration is the recently enlarged
outlet spillway of the Cache Creek Settling Basin.
Levees confine the stream channel in the lower 8
miles of Cache Creek. These levees define a wide
basin at the lower end and act as a sediment trap to
preserve the flood capacity of the Yolo Bypass. The
levees were raised 12 feet in 1993 to provide an
additional 50 years of sediment capacity. Flows near
the town of Yolo arevery low during summerand fall
of most years, but Cache Creek has a flashy but
intermittent natural hydrograph.

Because of barriers, fall-run chinook salmon and
steelhead are believed to have migrated up Cache
Creek and only on an infrequent basis. Anecdotal
historic evidence suggests that in wet years, when
flows in Yolo Bypassand CacheCreek are high, some
fish may have reached the spawning gravels of lower
CacheCreek from the Delta. In dry years, no passable
connection exists for salmon and steelheadbetween
the Delta and the mouth of Cache Creek. Fish
passage may also impaired at the Cache Creek
settling basin spillway and headworks.
Potentially, juvenile salmon and steelheadproduced
in wetter years may be lost during the spring when
Yolo Bypassflows ceaseand juvenile salmonbecome
trapped in the creek or ponds and dead-end sloughs
of the Yolo Bypassand settling basin. In years when
Cache Creek flows are high enough in winter or
spring, some juvenile salmon and steelhead can
migrate downstream to the Delta through the
flooded bypassor the network of agricultural drains
crossingthe Yolo Bypass to Tule Canal.

Cache Creek has a natural flow pattern of high
winter, moderate spring, and low summer-fall flows,
typical of many western Sacramento Valley streams
that originate from chaparral and oak studded
foothills rather than higher snow-laden mountains.
Portions of the stream are dry during summer and
fall months, except for small sections upstream of
Woodland receiving groundwater. Inflows to the
lower basinat Rumse.yin .wettest yearshave averaged
5,000 to 10,000 cubic feet per second(cfs) in winter
months and 300 to 700 cfs in summer months. There
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Numerous
studies performed by both state and
federal agencies indicate that Cache Creek transports
significant amounts of mercury into the Delta. The
mercury is often associated with suspended sediment
loads that occur during high flow events, when Cache
Creek is hydrologically connected to the Yolo Bypass.
A powerful
neurotoxin,
mercury
can cause
developmental damage in both wildlife and humans.
More importantly, mercury bioaccumulates through
the food chain, affecting not only aquatic organisms
but higher order species that feed upon them.

There are several factors that combine to constrain
efforts to establish salmon and steelhead habitat. The
natural geomorphology
of the stream is not
conducive to supporting a continuous, year-round
stream. The need to maintain the flood control
capacity of the river floodplain and the Yolo Bypass
restrict the feasibility of creating a natural riparian
system in the lower creek. Most important of all, the
high levels of mercury contamination measured in the
creek are a direct and significant threat to the health
of the species. Until such time as the source of the
mercury
is identified
and the contamination
remediated, Cache Creek should not be considered as
healthy habitat for many aquatic species.

Improving
streamflows,
gravel spawning,
and
riparian
habitats
and
providing
permanent
connections between the mouth of the creek and the
Delta would only marginally
help to increase
steelhead trout
and fall-run
chinook
salmon
populations. Although Cache Creek can make minor
contributions to fall-run chinook salmon populations
in some years, significant resources would be required
to provide the necessary holding, spawning, rearing,
and migration
habitat.
However,
steelhead
populations, unlike chinook salmon, can exist in
streams that have infrequent connectivity
to the
ocean, The variable life-history of steelhead/rainbow
trout populations allow them to persist in the mid- to
high-elevation stream reaches indefinitely if there are
suitable habitat conditions,
despite the loss of
connectivity
to the ocean. Although
these subpopulations may be small, they are important to the
persistence of the basin-wide population as a whole
and contribute to the overall population viability
when access is restored in wet years (IEP Steelhead
Project Work Team 1999), and should not be
overlooked.
.

Salmon and steelhead migrations within the creeks
have historically been limited to high flood events,
when there was connectivity to the Delta. However,
salmon and steelhead have not been documented to
be present in Cache Creek for many years. Their use
of Cache Creek is restricted to occasional efforts at
colonization when high flows support up-and
downstream
migration. Opportunities
to restore
these anadromous fish populations continue to be
limited and restoration
efforts will emphasize
restoration of ecological processes and the elimination
of stressors
such as mercury
or reduction
contamination and invasive plants.
Supporting the involvement of local citizens and
interested parties in existing organizations such as the
Cache Creek Conservancy
and Cache Creek
Stakeholders Group would help to restore and
maintain Cache Creek. Similarly, developing and
implementing
a
comprehensive
watershed
management plan as required under the Cache Creek
Resource Management Plan (approved in 1996 by
Yolo County as a regulatory and planning document
to maintain flood control capacity, reduce bank
erosion in the channel, and preserve and restore the
riparian corridor)
could facilitate restoring and
maintaining Cache Creek. Upper watershed health
can also be improved by reducing forest fuels and
implementing
other
watershed
improvement
practices to protect streamflows,
stream channels,
and riparian habitat and minimize sediment input to
the stream.

The riparian corridor must be improved significantly
in several areas; some areas-have been denuded and
will require a more intensive revegetation effort. This
has been aided by the elimination of commercial
instream gravel mining in the creek bed under Yolo
County’s new Cache Creek Area Plan, with all new
mine permits restricted
to off-channel sites. In
addition, several replanting projects by non-profit
organizations and government agencies are currently
underway.
Recent proposals to create off-channel
storage facilities using water conveyed from Cache
Creek in winter
and spring would also permit
recharge of groundwater resources that may improve
the survivability
of vegetation during low-flow
seasons.

Riparian habitat can be restored by providing
adequate streamflows when available, protecting the
natural sediment supply, promoting the conservation
and expansion of the active floodplain, and protecting
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shorelines from livestock grazing upstream of Capay
Dam. Planting vegetation or regrading the disturbed
channel and floodplain will hasten and sustain
recovery in some areas. Major efforts are required to
control or eradicate tamarisk
and giant reed
infestations which interfere with natural vegetation
succession by native tree species.

PUTAH
CREEK
MANAGEMENT

In driest years, flows in winter months averaged only
20 to 70 cfs. In wetter years, summer and early fall
flows averaged 20 to 100 cfs.

Unimpaired

600
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0
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Putah Creek Streamflow
year is rhe 20th percentile

Dry Year

Historically, chinook salmon migrated at least as far
as the town of Monticello (now under Lake Berryessa)
(Yoshiyama et al. 1996). Solano Diversion Dam is
now the upstream terminus of salmon and steelhead
migration.
Some fall-run chinook salmon and
steelhead still migrate up Putah Creek in wet years
(fall-run chinook adults were observed in 1997 and
1998). In dry years, no viable connection exists
between the Delta and Putah Creek for salmon and
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The largest diversion is the Putah South Canal
diversion at Solano Diversion Dam; this and other
irrigation diversions reduce flows to very low levels in
all but wet years and in all months. Flows near Davis
are very low during summer and fall of most years,
generally 0 to 60 cfs. Spillage flows reach 4,000 to
7,000 cfs in the winter of wet years, but only 4 to 20
cfs in driest years.

600

‘J

Year

The natural flow pattern has been altered by water
storage in Lake Berryessa and spring through fall
irrigation releases. Flows from Monticello Dam are
high in summer and low in winter in all but the
wettest years. Wet-year spillage flows still average
4,000 to 8,000 cfs in winter; however, in normal and
dry years, winter flows are generally less than ‘100 cfs.
Even in the driest years, irrigation releases from late
spring to early fall are 200 to 400 cfs above Solano
Dam but near zero below the diversion dam.

Aver age Flow

a

Normal

Putah Creek Unimpaired
Streamflow
at Lake Berryessa,
1961-1991
(Dry year is the 20th percentile
year, normal year is the 50th
percentile
or median year.)
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Most of Putah Creek’s flow below Monticello Dam
originates from Lake Berryessa, which has an average
outflow of approximately 350 cfs. Unimpaired flows
into the Lake Berryessa watershed formerly peaked in
winter. In wettest years, winter flows averaged 4,000
to 9,000 cfs. Lowest flows occur in summer and fall.

Monthly

Average

200

ECOLOGICAL
UNIT

Putah Creek has a watershed of about 710 square
miles and flows out of the coastal mountains to enter
the Sacramento Valley floor near Winters. Putah
Creek flows into the Yolo Bypass at the Putah Creek
sinks (a historical tule marsh-lake area). In m_ost wet
years, the creek flows to the Yolo Bypass and then
flows south through Tule Canal to the Sacramento
River. Monticello Dam (constructed in 1956) forms
Lake Berryessa from Putah Creek on the east side of
the coastal range. Below Monticello Dam, the creek
flows into Solano Lake, formed by the Solano
Diversion Dam (constructed in 1959). Below Solano
Diversion Dam, the creek flows east through Winters
and Davis.

Historical

Monthly

Dry Year

below Monticello
Dam, 1961-1991
(Dry
year, normal
years if the 50th percentile
year or median year.)
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fish, and the growth and survival of adult fish are
essential(Trihey & Associates 1996).

Flow

Improving srreamflow, spawning gravel, and riparian
habitats and providing permanent connections
between the mouth of the creek and the Delta will
increaseopportunities for steelheadtrout and fall-run
chinook salmon to usePutah Creek. Putah Creek can
make minor contributions to fall-run chinook salmon
and steelhead populations if adequate holding,
spawning, rearing, and migration habitat are
provided. Adequate streamflows are important to
maintain and restore the connections between
upstream spawning and nursery areaswith the Delta.
Actions to restoreand improve conditions for chinook
salmon and steelhead are more likely to succeed
during years of normal to above-normal rainfall.
Supplementing flows from Monticello Dam (Lake
Berryessa)through the Solano Diversion Dam during
critical, migration periods would help maintain and
improve flows. Providing supplementary flows into
and through the Yolo Bypass sloughs,either from the
Colusa basin drain through the Knights Landing
Ridge Cut Canal or the Sacramento River through
the Fremont weir near Verona, would provide the
necessaryflows in drier years to let fish passfrom the
creek mouth to the Delta. The goal is to provide
adequate flows for adult salmon migration in fall, fry
rearing in winter, and spring juvenile outmigration in
all but the driest years. Minimum flows in upstream
summer rearing areasbelow Solano Diversion Dam
would be required to sustain the steelhead
population.

Putah Creek Streamflow near Davis, 1’961-1971, 1973-1975, and
1978-1984 (Dry year is the 20th percenrile year,normal year is the
50th percentile or median year.)

steelhead.In wet years, when Yolo Bypassand Putah
Creek flows-arehigh, fish can reach spawning gravels
in lower Putah Creek from the Delta. Significant
lossesof juveniles can occur in spring if low flows or
barriers limit connections in the Yolo Bypass, or in
wet years when Yolo Bypass floodflows recede and
juvenile salmon become trapped in seasonalponds,
disconnected canals, and sloughs in the bypass. If
Putah Creek flows are high enough in winter or
spring, some juvenile salmon and steelhead can
migrate downstream through the Delta through
canals along the east side of the Yolo Bypass,.
Native fish species,such as hitch, squawfish, and
suckers, are an important component of the Putah
Creek watershed and are a primary focus for
management and restoration efforts. Native fish
populations are very low in lower Putah Creek except
for the two-mile reach immediately below Solano
Diversion Dam. The length of this reach is
insufficient to insure the long-term viability of the
native fish assemblageand a goal is to restore these
native fishes to a stat of “good condition.” Good
conditions mean that fish of all ages are present in
sufficient numbersover a large enough habitat area to
afford the population the ability to recover form
mortalities caused by unexpected disasters (i.e.,
pesticide spills; large, rapid sediment releasesfrom
Lake Solano, etc.); environmental factors; angling;
and predation. Habitat conditions that promote
successfulreproduction, growth and survival of young

Inadequate spawning gravel may be a significant
factor limiting salmon and steelhead production,
especially in the upper reach below Solano Diversion
Dam. Existing gravel sources should be protected,
and the natural supply should be added to the creek
where and when necessary. Past gravel mining
operations along the stream channel, floodway
clearing, and grading and bank protection in the
floodplain and along Dry Creek (a major source of
gravel to Putah Creek downstream of Solano
Diversion Dam) may alsoinhibit gravel recruitment
downstream. This reach offers excellent habitat for
oversummer rearing of juvenile steelheadwhen flows
and water temperatures are adequate.
The riparian corridor condition must be improved
significantly in several areas. Some areashave been
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denuded and will
require a more intensive
revegetation effort. Gravel mining operations in the
creek bed were discontinued in the 196Os, but the
major gravel and sediment source for the lower creek
was eliminated by the construction of Solano and
Monticello Dams.

reach-several
miles of high-quality
riparian and
shaded riverine aquatic (%A) habitat+urrently
supports a native and stocked trout fishery. With
appropriate spawning gravels, the 12-mile reach
between Solano Diversion Dam and LMonticello Dam
could provide good spawning and rearing habitat for
salmon and steelhead. This reach offers excellent
habitat for oversummer rearing of juvenile steelhead.

Developing
and implementing
a comprehensive
watershed management plan for both the upper and
lower watersheds, and implementing the lower Putah
Creek management recommendations
prepared in
1994 by the U.S. Fish and Wildlife Service (USFWS)
and the Lower Putah Creek Coordinating Committee,
would facilitate restoration and maintenance of Putah
Creek. Above Lake Berryessa, upper watershed health
should be improved by reducing forest .fuels_and the
opportunity
for
catastrophic
wildfire
and
implementing
other
watershed
improvement
practices to protect streamflows,
stream channels,
and riparian habitat and minimize sediment input to
the stream. Below the lake, efforts should focus on
protecting
riparian habitat, providing
adequate
gravel spawning areas for salmon and steelhead, and
improving stream channel conditions.

SOIANO
ECOLOGICAL
MANAGEMENT
UNIT
The southern portion of the Yolo Basin Ecological
Management
Zone is the Solano Ecological
Management Unit. This unit encompasses small
watersheds above the tidal Delta, south of Putah
Creek and east to the Delta. Most of this area is
within
the Cache Slough and Lindsey Slough
watersheds. The unit also includes the Montezuma
Hills, which are not part of the Delta as it is legally
defined.
Although salmon and steelhead are rarely found in
this unit, native resident fish do occupy creeks and
sloughs. Riparian corridors of these creeks and
sloughs support vegetation, waterfowl, and wildlife.
Upland habitats include vernal pools, valley oak
woodlands, and grasslands. Scattered areas of seasonal
and perennial wetlands and aquatic habitats exist
throughout the unit.

Riparian habitat can be restored or enhanced by
providing adequate floodplains along the channel and
protecting shorelines from grading, bank filling, and
native vegetation removal to expand orchards or
urban and irrdustrial facilities. Planting vegetation or
regrading the disturbed channel and floodplain will
hasten and sustain recovery in certain areas. Major
efforts are required to control or eradicate eucalyptus
tamarisk and giant reed infestations, which interfere
with natural vegetation succession by native tree
species. These efforts’will
involve coordination with
the local jurisdictions (Yolo County and the cities of
Winters and Davis), University
of California (UC)
Davis, the U.S. Bureau of Reclamation (Reclamation),
Solano County
Water
Agency,
Putah Creek
Landowners
Association,
and the Putah Creek
Council.

Many of the vernal pools within this Ecological
Management Unit are in a degraded condition due to
land use practices (e.g., discing and cultivation) and
could be improved. The potential for restoring native
perennial bunch grass is high, as well as is restoring
some of the rare vernal pool plant species.

WILLOW

SLOUGH
MANAGEMENT

ECOLOGICAL
UNIT

Willow
Slough Ecological Management Unit is
comprised
of approximately
131,000 acres of
productive farmland. The watershed is bounded and
intersected
by half a dozen natural riparian
waterways,
supporting an extensive irrigation and
drainage system. Winter
runoff from the Vaca
foothills to the west enters this series of tributaries to
terminate in the Yolo Bypass. Even during years of
normal rainfall some downstream
areas flood and
larger events have involved parts of the cities of Davis
and Winters. Very little winter water is held back or

Adequate screening systems are needed on the Putah
South Canal diversion if fish passage is to be provided
along Solano Diversion Dam. Small, unscreened
diversions in Putah Creek need to be screened to
protect juvenile fish.
Providing fish passage at Solano Diversion Dam
would allow salmon and steelhead passage into the
cold tailwaters of Monticello Dam. The interdam
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captured in the natural systems. Summer use links
the natural system with Cache Creek diversions and
the Yolo County
Flood Control
and Water
Conservation Districts (FCD) canal system to deliver
irrigation water and remove related drainage flows.

Historically, ‘the waterways acrossthe county were
rich and biologically diverse becauseof their system
of interconnected streams,wetlands, and dry uplands.
Some narrow remnants of these systemscan still be
found but most have been removed as part of
agricultural practices. Much of what remains is of a
weedy nature, and is not compatible with adjacent
agriculture, and requires continuous maintenance.

No major surface water impoundments exist within
the watershed. The creeks have historically been
managedby farmers and the FCD to remove water as
quickly as possible. As a result, there is frequent
downstream flooding, enormous movement of
sediment, and lost riparian habitat, wildlife
populations, and biodiversity. A consequence of
traditional farming practices has been the elimination
of functioning seasonal wetlands and loss or
degradation of riparian systems. These zstems
historically transported anadromous speciessuch as
chinook salmon and steelhead in years when there
was adequate streamflow. As recently as 1986, an
adult steelheadwas found in Willow Slough. Once
health natural streamways are now barren or invaded
by exotic plant speciesthat contaminate fields and
roadsidesrequiring high maintenance and chemical
usewith little ultimate control.

Where areasof natural sloughsremain, seasonalflows
support riparian vegetation consisting of valley oak,
foothill pine, some willows, toyon, buckeye, wild
rose, elderberry, and other associatedspecies.Many
wildlife speciesuse these corridors including deer,
quail, raptors, gray fox, and tree squirrels. The large
trees provide important nesting sites for the
endangered Swainson’s hawk and other species.
Thickets of elderberry, rose, button willow, mulefat,
sedges,rushes, and grassesprovide important food,
cover, and migration corridors of many species.Intact
riparian systemsalso provide important bio-filtering
of runoff waters. By trapping sediments and
chemicals, water quality improves in downstream
aquatic systemsof the Yolo Bypass and Sacramento
River.

Agriculture is the primary economic enterprise
throughout the watershed. Crops include lowland
acres of alfalfa, irrigated row crops, and orchards.
Dryland grains and rangeland grazing characterize
the upland hills. The lower irrigated croplands are
made up of highly productive deep alluvial soil as
well as heavier clay and alkali soils. The latter are
generally usedfor rice production. Intensive “clean”
agricultural practices in the watershed have had
significant negative impacts on riparian system,
wetlands, upland wildlife habitat, water quality, and
flooding. A change in land stewardship practices can
correct the negative impacts while maintaining, and
in somecases,improving the agricultural’s economic
base.

VISION
FOR THE ECOLOGICAL
MANAGEMENT
ZONE
The vision for the Yolo BasinEcological Management
Zone is to protect natural ecological processesand
habitats to a sufficiently healthy condition to support
native resident fish populations in basin watersheds.
The overall vision also includes visions for ecological
processes, habitats, species, stressors, and the
Ecological Management Units.

VISIONS
FOR
ECOLOGICAL
MANAGEMENT
UNITS
CACHE
CREEK
MANAGEMENT

The highest elevations of the watershed consist of
chaparral and blue oak woodlands. Most of the
habitats are in relatively good condition, although
heavy grazing pressure impacts the grasslandsand
riparian areas, especially in the lower reaches. The
lower foothills are mixed blue oak woodlands and
grasslandor dryland grain areas.Much of this acreage
is enrolled in the federal Conservation Reserve
Program (CRP) and consists of non-native annual
grassesand forbs.

wm
4
L.

ECOLOGICAL
UNIT

The vision for the Cache Creek Ecological
Management Unit is that native resident fish will be
sustained by improving streamflows, fish passage,
riparian habitat, and spawning gravel recruitment
and by screening unscreeneddiversions.
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PUTAH

CREEK

sediment supply is that a sediment equilibrium will
be achieved that balancessediment transport with
sediment input to make suitably sized gravels
available for fish spawning and enhances riparian
plant life.

ECOLOGICAL

MANAGEMENT

UNIT

The vision for the Putah
Creek Ecological
Management Unit is that native resident fish will be
protected and enhanced by improving stream channel
characteristics,
instream habitat, streamflows,
fish
passage, riparian habitat, and spawning
gravel
recruitment and by screening unscreened diversions.
Opportunities to promote use by chinook salmon and
steelhead trout will be further evaluated.

NATUFOIL
PROCESSES:

SOLANO ECOLOGICAL
MANAGEMENT
UNIT
The vision for the Solano Ecological Management
Unit is that creeks and sloughs and the associated
riparian, wetland, and upland habitats in the unit will
provide connections to the North Delta. Populations
of native resident fish, including Sacramento splittail
and delta smelt, may be enhanced by improving
conditions in these habitats.

WILLOW

,SLOUGH

MANAGEMENT

VISION

ECOLOGICAL
UNIT

RIPARIAN
HABITATS:

FOR

ECOLOGICAL

PROWESSES
CENTRAL
VALLEV
STREAMFLOW:
Streamflows shape channels, support riparian vegetation,
and provide habitat for fish and other aquatic species.
Streamflows also transport sediments, nutrients, and
juvenile fish. The vision is that streamflows in Cache
and Putah Creeks will support stream channel
maintenance processes,such as sediment transport
and meander (consistent with flood protection and
adjoining land uses), a healthy riparian zone, and
sustainablenative resident fish populations.
SEDIMENT

FLOOD

FOR HABITATS
AND

RIVERINE

AQUATIC

The vision is
that increasedseasonalflooding of leveed lands, use
of the Yolo Basin’s natural flood detention capacity,
protection and enhancement of existing wetlands,
and development of cooperative programs with local
landowners will contribute to increasedhabitats for
waterfowl and other wetland dependent fish and
wildlife resources.
SEASONAL

WETLAND

HABITAT:

FISH HABITAT:
Freshwater fish
habitat is an important component neededto ensure
the sustainability of resident native and anadromous
fish species.The streamsin the Yolo Basin Ecological
Management Zone are a combination of fall-run
chinook salmon spawning streams in some years of
early rainfall but more typically hitch streamsduring
most years (Moyle and Ellison 1991). The quality of
FRESHWATER

The availability
and quality of sediments within the active stream
channel are important for supporting natural stream
channel dynamics, channel maintenance, soil medium
for vegetation, and stream substrate. Sediments also
include gravel, which provides for fish spawning and
invertebrate production. The vision for coarse
COARSE

AND

A healthy riparian corridor provides a
migratory pathway linking lower and higher
elevation habitats for terrestrial species, such as
mammals and birds. Health riparian systems also
produce and contribute to shaded riverine aquatic
(SRA) habitat, which can provide cover in the form of
shade or woody debris. The vision for riparian and
SRA habitats is that they will provide a migration
corridor between the Delta and upstream habitats
that support terrestrial and aquatic species.

The vision for the Willow
Slough Ecological
Management Unit is to integrate agriculture, natural
habitats, and urban development in a manner to
support ecological health.

VISIONS

FLOODPLAIN

Stream-floodplain interactions are an
important ecological process. Streams need the
opportunity to inundate their floodplains on a regular
cycle to support riparian regeneration, nutrient input
to the system, and to erode and deposit sediments.
The vision for floodplains in the Yolo Basin
Ecological Management Zone is that Cache and
Putah Creek will seasonally flood their active
floodplains. The vision also anticipates that the flood
capacity and biological productivity of the flood
bypass system will be increased by improving
conditions that support habitat and juvenile and
adult fish survival.

SUPPLY:
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largely a result of competition for food and space,
though some of the non-native fish prey on native
species. Improving habitat for native specieswill
contribute to reducing, but not eliminating,
predation and competition.

freshwater fish habitat in Cache Creek, Putah Creek,
and Willow
Slough will be maintained through
actions directed at streamflows,
coarse sediment
supply, stream meander, natural floodplain and flood
processes, and maintaining and restoring riparian and
riverine aquatic habitats.

Reducing toxin inputs in
discharges and from contaminated sediments is
essential to maintain water quality. Reduced
concentrations in waters entering the Delta should
lead to lower concentrations in Delta water and in
fish and invertebrate tissues.Fewer health warnings
for human consumption of Delta fish and improved
foodweb productivity would alsobe expected.
CONTAMINANTS:

Both Cache Creek
and Putah Creek are identified as Essential Fish
Habitat (EFH) based on the definition of waters
currently or historically accessible to salmon
(National Marine Fisheries Service 1998). Key
features of EFH to maintain or restore in these creek
include substrate composition; water quality; water
quantity, depth and velocity; channel gradient and
stability; food; cover and habitat complexit&space;
accessand passage; and flood plain and habitat
connectivity.
ESSENTIAL

FISH

HABITAT:

VISIONS
FOR
ELIMINATING

VISIONS

SALMON
AND STEELHEAD:
The
vision is that the Yolo Ecological Management Zone
will contribute to the recovery of fall-run chinook
salmon and steelheadpopulations.
CHINOOK

REDUCING
OR
STRESSORS

NATIVE
RESIDENT
FISH SPECIES:
Many native
fish species will benefit from improved aquatic
habitats and stream channel/floodplain processes.
Population abundanceindicesshould remain stableor
increaseand population sizesshould be large enough
to recover from natural and human-induced disasters
fully. The distribution of native residentfishesshould
increasewith widespread habitat restoration.

DIVERSIONS:

Diversion can dewater
stream reachesand causedirect mortality to juvenile
fish by entrainment. The vision is that additional
water supplies will be developed to ensure that
diversions wiil not impair efforts to establish
sustainablepopulations of native resident fish species.

WA-~ER

MINING:
Gravel mining can remove
significant quantities of sediments from the active,
stream channel. This lossof sediments, often in the
form of gravel and sand, can have significant adverse
affects on stream channel dynamics and riparian
succession.The vision is that intensive gravel mining
activities will be relocated to sites outside the active
stream channelswhile allowing for continued stream
restoration, flood maintenance, and erosion control.
GROVEL

INVASIVE

RIPARIAN

AND

MARSH

The
vision for plan speciesand communities is to protect
and restore these resourcesin conjunction with efforts
to protect and restore wetland and riparian and
riverine aquatic habitats.
PLANT

PLANTS:

AND

COMMUNITIES:

WITH OTHER
PROGRAMS

All efforts proposed in the Ecosystem Restoration
Program Plan (ERPP) to improve habitat and reduce
stressorswill be coordinated with existing State and
federal programs and with local stakeholder
organizations. The ERPP also supports and
complements restoration efforts already underway in
the Yolo Basin, including the following.

CENTRAL

The presence
of non-native fish populations in the streams of the
Yolo Basin Ecological Management Zone has
adversely affected native fish assemblages.This is
AND

SPECIE?

INTEGRATION
R~TORATION

Invasive plant speciescan outcompete and displace
valuable native species.Invasive plants often have
little or no value to native’ wildlife and are destabilizing natural ecosystemfunctions and processes.
The vision is that invasive plants will be controlled to
allow native riparian plant species to propagate
naturally.
PREDATION

SPECIES

FOR

COMPETITION:

VALLEY

IMPROVEMENT

PROJECT
ACT

The Central Valley Project Improvement Act
(CVPIA) which calls for efforts to double the salmon
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H
w

and steelhead populations in the Central Val!ey by
2002 through changes in flows and project facilities
and operations.

n

H

SALMON,
STEELHEAD TROUT AND
ANADROMOUS
FISHERIES
PROGRAM ACT

n
n
n
n

DFG is required under the Salmon, Steelhead Trout
and Anadromous Fisheries Program Act of 1988 to
restore salmon and steelhead runs in the Central
Valley.

n
n
n
n

THE DELTA NATIVE FISHES
RECOVERY PLAN

Efforts in the Yolo Basin will be linked to similar
work by the California Waterfowl Association, Ducks
Unlimited, The Nature Conservancy (TNC), and the
California Rice Industry. The overall success of these
efforts will require cooperation
from resource
agencies, such as the California Department of Fish
and Game (DFG), California Department of Water
Resources (DWR),
and USFWS,
as well as
participation and support from the U.S. Bureau of
Reclamation
(Reclamation),
Natural
Resources
Conservation Service (NRCS), private organizations,
water districts, county and city governments, and
individual landowners.
These groups will work
together to maintain and restore streamflows and fish
and wildlife
habitat, develop additional water
supplies to reduce impacts of diversions,
and
minimize poaching and degradation of habitat and
water quality in basin streams. To support this effort,
funding may be provided to enhance streamflows,
reduce problems related to fish passage, install
screens at diversions, restore habitats, and increase
enforcement of the California Fish and Game Code to
recovering
populations
of salmon and
protect
steelhead.

This plan prescribes efforts to assist the rec5very of
many fish species native to the Central Valley,
including delta smelt, splittail, and other native fish
species.

ENDANGERED

SPECIES ACT

The National Marine Fisheries Service (NMFS) is
reviewing the status of steelhead trout in the Central
Valley. Any restoration program developed under the
federal Endangered Species Act (ESA) will be
compatible with recommendations in the ERPP.
The health of the Ecological Management Units of
the Yolo Basin Ecological Management Zone can be
maintained
and restored only with the active
participation of local watershed groups, which include
local landowners and concerned individuals.

NATIVE SPECIES RECOVERY PLAN
FOR LOWER PUTAH CREEK
A recovery plan for Lower-Putah
Creek native fish
species was prepared in 1996. This plan is intended
to re-establish and maintain: (10 a resident native
cool water fish assemblage, (2) a mixed native warmwater fish assemblage, (3) a warm-water.
game fish
assemblage, and (4) a native anadromous
fish
assemblage.
Many of the ERPP targets
and
programmatic actions for Putah Creek are consistent
with the recommendation in this plan

WATERSHED

WILLOW SLOUGH INTEGRATED
RESOURCE MANAGEMENT
PLAN
To implement
a set of resource management
practices, the Yolo County Resource Conservation
District (RCD) is working with local landowners, and
local, state, and federal agencies under the Willow
Slough Integrated Resource Management Plan. The
goal of this plan is to enhance the natural resources of
the watershed using voluntary, small-scale, on-farm,
The
and reproducible
management
practices.
resources and problems
that could be jointly
managed include
stormwater
runoff,
erosion,

ORGANIZATIONS

Some watershed
groups that already have been
established in the Ecological Management Zone are:
n

Cache Creek Stakeholders Group,
UC Davis Putah-Cache Bioregional Project,
Solano County Water Agency,
Water Resources Association of Yolo County,
Farm Bureau
Putah Creek Landowners Association,
Putah Creek Council,
Yolo County Resource Conservation District,
Yolo Basin Foundation,
Flood Plain Management Group,
Blue Ridge Ranchers, and
Quail Ridge Conservancy.

Cache Creek Conservancy,
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sedimentation, chemical use, wildlife
groundwater recharge.

habitat,

and

A resource inventory completed during the plan
development process found multiple benefits could be
achieved. The analysis focused on opportunities for
creating or enhancing wetland and riparian habitats,
augmenting groundwater
recharge, and decreasing
flooding problems.

LINKAGE
ECOLOGICAL

OTHER
MANAGEMENT
ZONES
TO

Sacramento
River through
the Fremont weir.
Supplemental flows may be needed in fall if water
temperature and flow in the lower Yolo Bypass are
insufficient
for passage from Cache Slough to
upstream
areas
in the
Sacramento
River.
Supplemental flows may be needed in winter and
spring to sustain downstream
migrating juvenile
salmon and steelhead on their journey through the
Yolo Bypass to the Delta. Supplemental flows would
be needed along with irrigation water from spring to
fall to sustain native fish, wetlands, and riparian
habitats in channel sloughs of the Yolo Bypass (+4).
PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to provide water for summer
flows in Cache Creek to maintain riparian vegetation
by developing new conjunctive supplies, including
groundwater.

Many of the resource elements in the Yolo Basin
Ecological Management Zone depend on conditions
or elements in other zones, including the Sacramento
River and Delta. The Yolo Basin Ecological
Management Zone has important connection with
the North Delta Ecological Management Zone. The
major area that connects the two is the Yolo Bypass.
The upper section of the,bypass (above the Interstate
80 causeway) is in the Yolo Basin Ecological
Management
Zone and the section below the
Delta Ecological
causeway
is in the North
Management Unit.

PROGFWMMATIC
ACTION
16: Develop a
cooperative program to provide water for the target
flows in Putah Creek from additional Lake Berryessa
releases or reductions in water diversions at Solano
Diversion Dam and in the creek downstream of the
dam. Water would be obtained from willing sellers,
water transfers, and by developing new supplies,
including groundwater.

The connections between these areas also include
other ecosystem elements. Anadromous
fish, for
example, are highly migratory
and depend on
conditions in the mainstem Sacramento River, the
Delta, the San Francisco Bay, and the nearshore
Pacific Ocean. Because these fish are affected by
stressors throughout their range, such as unscreened
diversions, water quality
deterioration, and harvest,
.
restoring salmon and steelhead populations in the
Yolo Bypass will require efforts in other zones.

PROGFWMMATIC
ACTION
1 c: Cooperatively
evaluate the feasibility of providing water for the
upper Yolo Bypass portion of the Cache Creek Unit
by redirecting water from Colusa basin drain through
the Knights Landing Ridge Cut Canal, an extension
of the Tehama-Colusa
Canal, and the Sacramento
River through the Grays Bend-Old River-Fremont
weir complex.
Supplemental summer flows proposed
in Cache Creek would sustain newly established
riparian vegetation and provide refuge for native
resident fish. Flows from the Colusa basin drain,
Tehama Colusa Canal extension, and the Sacramento
River are necessary to provide sufficient flow in the
Yolo Bypass during the spring through fall irrigation
seasonto sustain native fish, wetlands, and riparian
habitar; additional supplemental ffow may be needed
during the late-fall through early spring salmon and
steelheadmigration
season. These flows will sustain
native resident fish species and salmon and steelhead
using the Yolo Bypass route to and from the upper
RATIONALE:

RESTORATION
TARGETS
AND
PROGRAMMATIC
ACTIONS
ECOLOGICAL
CENTRAL

VALLEY

PROCESSES
STREAMFLOW

TARGET 1 : More closely emulate natural seasonal
patterns in Cache and Putah Creeks by providing
additional flows, when available from existing water
supplies. Flows in the Yolo Bypass would be
supplemented, as needed, by the Colusa basin drain
through the Knights Landing Ridge Cut Canal,
extending
the Tehama-Colusa
Canal, and the
W-4
L.

Sacramento

River watersheds.
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Flow in this area would pass south along both sides of
the Yofo Bypass, merging with any supplemental
Cache and Putah Creek flows along the west side of
the Yolo Bypass. A weir or screen will be placed at
the Knights Landing Ridge Cut Canal outlet to keep
salmon and steelhead from migrating upstream into
the Cofusa basin drain. Fish passage facilities will be
constructed at the Grays Bend-Old River-Fremont
weir complex to allow migrating adult salmon and
steelhead moving upstream through the Yofo Bypass
toward upper Sacramento River basins to enter rhe
Sacramenro River. Downstream
migrating juvenile
salmon and steefhead will not be discouraged from
moving from the Sacramento River in to the Yolo
Bypass, because conditions should be optimal for
rearing and migrating on their way to the D&a.

to replace natural gravel recruitment
the diversion dam.

SEDIMENT

by

PROGRAMMATIC
ACTION
1~: Develop a
cooperative program to supplement gravel in areas
downstream
of the diversion dams where other
sttuctures or gravel mining has interrupted the gravel
recruitment process.
Gravel rccruitmenr has beenseverely
interrupted in Putah Creek from dam construction.
Replacement is necessarybelow the dam to sustain
fish rearing habitat, feasible stream meander, and
riparian corridors. Consistent with this is the need to
improve the stream channel characteristic of Putah
Creek downstream of Solano Diversion Dam. Of
concern is the existing channel geometry induding
width and depth.
RATIONALE:

Improved streamflows
are one of the most critical
ecosystem elements required to promote healthy
native fish populations in Putah Creek. Opportunities
to provide the needed flows are presently limited, but
that does not lessen the need to continue efforts to
find a collaborative means by which to meet the
needs for all the beneficial uses of Putah Creek water.
There are four general classes ofstreamflow
needs for
Putah Creek native fishes: (1) flows for native fish
rearing, (2) flows for native fish spawning,
(3)
flushing flows
to push non-native
pond fish
downstream, and (4) anadromous fish flows. The first
two streamflow needs are of higher priority at this
time and alternatives to using streamflows to control
non-native fish species need to be further examined.
Restoring
more natural channel characteristics,
providing instream habitats such as woody, debris,
pools, overhanging vegetation, may provide native
species with the advantage required to displace
naturally or successfully compete non-native species
such as the red shiner.
COARSE

interrupted

NATURAL

FLOODPLAIN
AND FLOOD
PROCESSES

TARGET 1: More closely emulate natural stream
channel configurations in Cache Creek and Putah
Creek, aswell asin channelsand sloughsof the upper
Yolo Bypass, consistent with flood control
requirements (++).
PROGFWMMATIC
ACTION 1 A: Cooperatively
evaluate the feasibility of modifying the crosssections
and channel configurations in Cache and Putah
Creeksto provide a more natural configuration, while
maintaining
flood control
consistency with
requirements and minimizing impacts to adjoining
establishedland uses.
TARGET 2: Increaseoverbank flooding potential to
floodplains, where feasible and consistent with flood
protection, to support a desirable vegetation
successionprocess(+).

SUPPLY

PROGFIAMMATIC
ACTION
2~:
Evaluate
opportunities to provide flow to Yolo Bypass from
Colusa basin drain, extending the Tehama-Colusa
Canal, and Sacramento River (through Fremont weir)
in dry and normal water years, as well as normally
occurring overflow in wetter years.

TARGET 1: Restore gravel recruitment in Cache
and Putah Creeks to meet the needs of spawning fish,
maintain natural stream channel meanders and bar
formation where consistent with flood protection and
adjoining land uses, and match existing rates of
downstream displacement (+).

TARGET 3: Increase the area of flooding to the
active Cache and Putah Creek floodplains during the
wet season,where feasible and consistent wirh flood
protection (++).

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative
program
to supplement
gravel
recruitment below Solano Diversion Dam as needed
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sedimentation

PROGRAMMATIC
ACTION
3~:
Evaluate the
feasibility of expanding floodplain overflow areasin
the lower Cache and Putah Creek floodplains. Such
areas would include sloughs and creek channels,
setback levees, and wetlands, where feasible and
consistent with flood protection.

succession,

Increasing the flood capacity of the bypass may be
necessary to develop and implement future riparian
habitat restorarion programs. Riparian vegetation
reduces flood capacity, so an effecrive riparian
restoration program in the Yolo Basin would need to
be integrated with a program to offset any poren tial
lossby increasing capacity.

4: Establish a desirablelevel of floodwater
retention potential by expanding, where feasibleand
consistent with flood protection, the floodplain area
of the Yolo Bypass, lower Cache Creek, and lower
Putah Creek, and by developing off-channel water
storage facilities (++).

HABITATS

Cooperatively
evaluate the feasibility of reoperating and modifying
the Yolo Basin to increaseits capacity for flo5’dwater
detention and sediment retention by reconfiguring
levees, channels, and other physical constraints to
large-volume flow events.
ACTION

4~:

RIPARIAN

AND RIVERINE
HABITAT

AQUATIC

1: Restoreriparian vegetation along Cache
Creek, Putah Creek, and Yolo Bypass and Solano
Ecological Management Unit channels and sloughs,
where possible, to provide cover and other essential
habitat requirements for native resident fish species
and wildlife (+++).

TARGET

Overbank flooding is a regular
the Yolo Bypass in flood years.
Proposedactions will provide this valuable processin
dry and normal water years when no flooding of the
Bypass would normally occur. Flooding in the Bypass
sustains wetlands and provides for the transfer of
considerable amounts of nutrients and organic
materials to the Delta and Bay, where it servesthe
valuable purpose of contributing to the estuarine
foodweb. Developing floodplain overflow areasand
off-channel water storage facilities along lower Cache
and Putah Creeks will help reduce flood damage,
provide supplemental flows during the summer, and
improve fish, riparian, and wetland habitats, and
further contribute nutrients and organic materials to
the Bay-Delta foodweb.
RATIONALE:
occurrence

vegetation

where feasible with flood protection and adjoining
land uses.

TARGET

PROGRAMMATIC

processes, riparian

and gravel-sediment regimes (patterns),

in

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to restore riparian vegetation,
where possibleand fill gaps in forest continuity.
PROGFUIMMATIC
ACTION
16: Develop a
cooperative program to protect existing riparian
corridors along creeks,streams,sloughs,and channels
connecting to the Delta.
PROGFWMMATIC
ACTION
lc:
Develop a
cooperative program to plant riparian vegetation and
provide for early development until it becomes
naturally self-sustaining.
ACTION
lo:
Develop a
cooperative control program for non-native riparian
plants, where necessary,to promote development of,
healthy natural riparian corridors.
PROGRAMMATIC

Natural floodplain overflok basinsand off-channel
water storage facilities serve to store sediment,
nutrients, and water, making them available for other
usesand to the rivers at other times. The subsurface
water and sediment flow and nutrient retention also
help form and maintain riparian habitats, which
provide spawning and rearing habitat for native
resident fish during higher water periods.

Healthy riparian corridors along
creeks,sloughs, and channels, including those in the
Yolo Bypass;provide essentialcover, shade,and food
for spawning, rearing, and migrating native resident
fishesand other wildlife.
RATIONALE:

Successfulrestoration of the Yolo Basin streamswill
minimally require considerable stream channel
reconfiguration. The intent is to restore channels to
configurations that can be retained in a natural state
by the proposed flows, natural erosion and
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FRESHWATER
ESSENTIAL

TARGET

FISH HABITAT
FISH HABITAT

AND

DAMS

Delta and spawning
(44).

Maintain
and improve existing
freshwater
fish habitat and essential fish habitat
through the integration of actions described for
ecological processes, habitats, and stressor reduction
or elimination (++).
programmatic

ACTIONS:

No
actions are recommended.

additional

fish passage between the
grounds in the upper watersheds

PROGFUMMATIC
ACTION
1~: Evaluate the
feasibility of providing fish passage at the Solano
Diversion Dam.
RATIONALE:
During floods, large numbers of adult
lace-fall-, wincer-, and spring-run chinook salmon, as
well as wincer- and spring-run steelhead from the
upper ‘Sacramento
River
watersheds,
migrate
upstream through the Yolo Bypass. As floodwaters
recede, some of these fish are delayed or stranded
behind the Fremonc weir. Additional releases from
the Colusa basin drain and Fremont weir will further
aggravate this existing problem. Ensuring
fish
passage into upper Sacramento River watersheds from
the Yolo Bypass is essential to restoring these wild
salmon and steelhead runs co the Sacramento River
basin.

OR ELIMINATING
STRESSORS

WATER

STRUCTURES

PROGFIAMMATIC
ACTION
IA: Evaluate the
feasibility of constructing fish passage facilities at the
Grays Bend-Old River-Fremont weir complex at the
upper end of the Yolo Bypass.

RATIONALE:
Freshwater fish habitat and essential
fish habitat are evaluated in terms of their quality and
quantity. Actions described for American River Basin
Ecological Management Zone ecological processes,
stressor reduction, and riparian and riverineaquatic
habitat should suffke
to maintain and restore
freshwater fish habitats. For example, maintaining
freshwater and essential fish habitats is governed by
actions to maintain streamflow,
improve coarse
sediment
supplies,
maintain
stream meander,
maintain or restore connectivity of streams in this
zone and their floodplains, and in maintaining and
restoring riparian and riverine aquatic habitats.

REDUCING

OTHER

TARGET 1: Improve

1:

PROGRAMMATIC

AND

Providing fish passage at Solano Diversion Dam
would allow salmon and steelhead passage into the
cold tailwaters of Monticello Dam. The incerdam
reach - several miles of high quality riparian and
shaded riverine aquatic habitat - currently supports
wild trout and stocked
trout fisheries.
With
appropriate spawning gravels, the 12-mile reach
between Solano Diversion Dam and Monticello Dam
could provide good spawning and rearing habitat for
salmon’ and steelhead. This reach offers excellent
habitat for oversummer rearing ofjuvenile steelhead.

DIVERSIONS

TARGET 1: Screen all diversions in the Yolo Bypass
channels and sloughs (+44).
PROGFWMMATIC
ACTION
1~: Evaluate the
feasibility of screening diversions in the Yolo Bypass
with positive-barrier
fish screens.
RATIONALE:
Reducing loss of juvenile salmon,
steelhead, native resident fishes, nutrients, organic
debris, and aquatic invertebrates
is essential to
restoring salmon, steelhead and native resident fish
populations
to the Yolo Bypass. Unscreened
diversions are a significant threat to downstream
migrating juvenile salmon and steelhead in late
winter and early spring, and to oversummer rearing
steelhead in upstream rearing areas. Salmon and
steelhead populations from the upper Sacramento
River watersheds will benefit from reduced stranding
losses in the Yolo Bypass.

GRAVEL

MINING

TARGET 1: Protect, enhance, and restore natural
gravel recruitment within the active floodplain and
remnant gravel pits (+++).
PROGFWMMATIC
ACTION
IA:
Develop a
cooperative -program to incorporate remnant gravel
pits into active creek floodplains to increase the
channel
natural
channel
area and
restore
configurations, while providing for the maintenance
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of flood capacity and protection
uses.

of adjoining

habitat. Reducing the adverse effects of non-native
species can be achieved by a program to restore
ecological
processes, habitats, and reducing other
srressorsto the extent possible.

land

RATIONALE:
There are remnant gravel mining
effects in lower Cache and Putah Creeks. Restoring
the natural channelsby integrating remnant pits with
the active floodplain will ensure that juvenile narive
residentfish are not stranded in ponds and exposedto
the unnatural levels ofpredatory fish that reside in
theseponds. Increasing the width and variation of the

CONTAMINANTS
TARGET 1: Restore and maintain water quality in
the CacheCreek watershed (++).
Identify the
sourcesand reducethe amounts of mercury and other
contaminants coming into the watershed from
upstream sources.
PROGFWMMATIC

channel in those areas alrered by former gravel
mining operations will restore gravel recruitment to
the river and allow for the development of more
natural and stable stream channels and riparian
habitat.
INVASIVE

ACTION

1~:

2: Restore and maintain water quality in
the Putah Creek Watershed (++).

TARGET

RIPARIAN
AND MA&H
PLANT SPECIES

ACTION
2~: Develop and
implement a Streamkeeperprogram on Putah Creek.
PROGRAMMATIC

1: Reduce populations of invasive nonnative plant species that compete with the
establishment and succession of native riparian
vegetation along CacheCreek and Putah Creek. This
will help to reestablish native riparian vegetation in
floodplains, increaseSRA cover for fish, and increase
habitat valuesfor riparian-associatedwildlife (+++).

TARGET

RATIONALE:
Implementing a “Streamkeeper
Program ” on Putah Creek would provide an effective
means by which to monitor a variety of
environmental factors that inff uence the watershed
health below Monticello Dam. In addition to
collecting water samples for chemical analysis a
streamkeeper could (1) monitor telemetered stream
gauges, (2) conduct frequent site visits, (3) identify
and plan restoration projects, (4) provide local public
outreach with private landowners,
(5) monitor
the
native resident fishery, (6) act as a watchdog for the
creek, and (7) provide useful information local
government, and state and federal agenciesregarding
the health of Putah Creek.

PROGRAMMATIC
ACTION
1~: Develop a
cooperative program to monitor the distribution and
abundance of non-native plants and develop
cooperative control programs as needed.
Non-native plant species,such as false
bamboo, salt cedar, eucalyptus, water hyacinrh, and
pepper-weed,can undermine riparian habitat value to
fish and wildlife, as well as the natural plant
successionthat contributes to the physical character
of the riparian corridors.
RATIONALE:

PREDATION

STRANDING
TARGET 1:. Prevent adult salmon and steelhead
stranding in the Yolo Bypass during their upstream
migrations (++).

AND COMPETITION

1: Reducepredation and competition on
native fish species(++).
TARGET

ACTION
IA:
Evaluate the
feasibility of constructing fish passagefacilities at the
Grays Bend-Old River-Fremont weir complex at the
upper end of the Yolo Bypass.
PROGFWMMATIC

PROGFWMMATIC
ACTION
IA:
Develop a
cooperative program to modify the stream channel
and improve
aquatic habitats. (Refer to
recommendations for streamflow, sediment supply,
floodplain, and contaminants.)

Develop a
cooperative program to construct a weir or screenat
the lower end of the Knights Landing Ridge Cut
Canal to keep adult salmon and steelhead from
migrating upstream into the Colusabasin drain.
PROGRAMMATIC

Habitat alteration often provides a
competitive advantage to non-native fish species and
native fish species decline as a result ofpoor habitat,
predation, and competition for limited nutrients and
RATIONALE:

ACTION

1~:

RATIONALE:
The stranding and subsequentlosses
ofjuvenile
and adult fish in the Yolo BasinEcological
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Yolo County Resource Conservation District. 1995.
The Willow
Slough Watershed
Integrated
Resource Management Plan.

Management Zone have been observed in past years.
Additional
information
is
required to identify
effective measures to reduce or eliminate these losses.
Potential measures need to be consistent with rhe
overall goal of restoring processes, habitats and
species while maintaining or improving flood control
capaciry of the system.

Yoshiyama, RM., E.R Gerstung, F.W. Fisher, and
P.B. Moyle. 1996. Historical
and present
distribution
of chinook salmon in the Central
Valley drainage of California. Sierra Nevada
Ecosystem Project: Final report to Congress,
~01.111. Centers
for Water
and Wildland
Resources, Univ. Cal. Davis. pg. 309-361.
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+ EASTSIDE
ECOLOGICAL

DELTA TRIBUTARIES
MANAGEMENT
ZONE

Gravel Replenishment on the Mokelumne River.

Location Map of the EasstsideTributaries Ecological Management
Zone and Units.

and floodplain processes,and water temperature.
Important habitats include seasonalwetlands and
riparian and shaded riverine aquatic (SRA) habitat.

The health of the Delta is closely linked to the health
of its component watersheds.The major watersheds
contributing streamflow to the Delta include the
Sacramento River, San Joaquin River, and the
eastsideDelta tributary streams.Cumulatively, these
provide over 95% of the annual freshwater inflow to
the Delta and provide migration, spawning, and
rearing habitat for resident, anadromous, and some
estuarine fish that depend on a healthy Delta ecosystem. The eastside Delta tributary streams can
support increased abundances of resident,
anadromous, and estuarine fish, such as steelhead,
chinook salmon, and splittail, which will, in turn,
contribute to the overall Delta health.

DESCRIPTION
MANAGEMENT

Fish and wildlife resourcesin the basin include fallrun chinook salmon, steelhead,splittail, other native
resident fish, and waterfowl. Fall-run chinook salmon
and steelhead populations are generally unhealthy
due to poor habitat conditions. Achieving healthy
status for these salmonid populations, aswell as for
splittail, will depend on actions implemented in this
zone and on complementary restoration actionsin the
Sacramento-San Joaquin
Delta
Ecological
LManagement Zone. The confluences of the
Mokelumne, Cosumnes,and Calaverasrivers, asthey
enter the Delta, are important backwater floodplain
areasthat support excellent riparian habitats. These
areasprovide important habitat for juvenile chinook
salmon; delta smelt, splittail, giant garter snake,and
sandhill crane.

OF THE
ZONE

The ~Eastside Delta
Tributaries
Ecological
Management Zone includes the three major
tributaries entering the Sacramento-San Joaquin
Delta on its east side:

Notable stressorsto ecological functions, .processes,
habitats, and resourceswithin the zone include:
n

n

CosumnesRiver Ecological Unit,

n

Mokelumne River Ecological Unit, and

4

Calaveras River Ecological Unit.

n
n

ecological processeswithin the Eastside
Delta Tributaries Ecological Management Zone
include streamflow, stream meander, gravel
recruitment
and cleansing,sediment transport, flood
Important

n

interruption
processes,

n

reduced sediment transport,
poor land use and livestock grazing practices,
high levels of predation on juvenile salmonids,

n
n
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altered instream flows,
altered water temperature regimes,
separation of rivers from their floodplains,
of gravel recruitment

and cleansing
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n

n

n
n
n

its water from rainfall rather than snowmelt. The
entire Cosumnes River watershed is included in this
Ecological LManagement Zone from its headwaters to
the confluence with the Mokelumne
River. The
Cosumnes River floodplain lies primarily within the
legally defined Delta boundary.

entrainment
of aquatic organisms in water
diversions,
restriction of fish passage at dams and diversion
structures,
input of contaminants,
illegal salmon and steelhead harvest, and
riparian vegetation removal.

The Cosumnes River natural streamflow pattern is
typical of Sierra foothill streams, with high late
winter and early spring flows, moderate late spring
flows, and very low summer and fall flows. Annual
flows also vary greatly. Peak flows occur from
February through April. In years with the highest
rainfall, average monthly winter and early spring
flows range from 4,000 to 6,000 cfs, but only from
80 to 120 cfs in August and September. In driest
years, flows peak at only 30 to 50 cfs from February
to May, while flows the remainder of the year are 0 to
20 cfs. Average monthly late winter and early spring
flows in dry and normal years range from 400 to 800

LIST OF SPECIES TO BENEFIT
FROM
RESTORATION
ACTIONS
IN THE
EASTSIDE
DELTA TRIBUTARIES
ECOLOGICAL
MANAGEMENT
ZONE
n
n
n
n
n
n
n
n

w
n

splittail
chinook salmon
steelhead trout
native resident fishes

-

giant garter snake
western pond turtle
Swainson’s hawk
greater sandhill crane
waterfowl
plants and plant communities.

Historical

Monthly

Average

Flow

DESCRIPTIONS
OF
ECOLOGICAL
MANAGEMENT
UNITS
COSUMNES
RIVER
MANAGEMENT

ECOLOGICAL
UNIT
!

The Cosumnes River, with a watershed of approximately 1,265 square miles, drains the Sierra Nevada
foothills and joins the Mokelumne River north of
Thornton in the Delta. Flow records are available for
Michigan Bar (535-square mile watershed), located
near the base of the foothills as the river flows onto
the valley floor. The Sly Park Dam (Jenkinson Lake)
has a capacity of 40,000 acre-feet on the North Fork
Cosumnes, with a watershed of 60 square miles.
Releases are primarily into the Camino conduit for
irrigation in Cosumnes and South Fork American
River basins (average of about 25 cubic feet per
second
Ccfs)). There
are no other
major
impoundments
in the Cosumnes River watershed,
although several agricultural diversions are located
between Michigan Bar and Thornton. Due to the low
elevation of its headwaters, the river receives most of

.I

I

I

I

I

!

I

I

I

I’

JFMAMJJASOND
0

Normal

Year

s

Dry Year

Cosumnes River Streamflow, 1962-1992 (Dry year is the
20th percentile year; normal year is the SOth percentile 01
median year.)

The historic flows at Michigan Bar are very similar to
unimpaired flows, because there are limited diversions
from the upper watershed, and Jenkinson Lake does
not provide substantial regulation of winter and
spring runoff.
During the 1950s the Cosumnes River supported an
average annual run of approximately 5,000 fall-run
chinook salmon. During recent years, it has been
estimated that the average annual run consists of a
few hundred fish. The river has limited gravel areas
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dam has two fishways but their design is deficient by
present standards.
In addition, there are 157
registered appropriative water rights on the river.
Most water is diverted out of the river from the first
rains in the fall through early summer. This is the
period when fall-run chinook salmon most need high
flows.

suitable for chinook salmon spawning but provides
good rearing conditions
for juvenile salmon.
Spawning areas are located between Michigan Bar
and Sloughhouse.
Chinook
salmon have been
observed in the 40 miles of stream from the mouth to
Michigan Bar. A natural migration barrier is located
upstream from Michigan Bar.
5

Groundwater
pumping is apparently the cause of a
significant decline in the local groundwater
table.
This decline is responsible for the number of days of
very little to no flow in the Cosumnes River,
increasing from 82 days for water years 1942 through
1961 to 104 days for 1962 through 1982. Daily
average flow data for the lower Cosumnes River have
not been available since 1982, and the present
number of very low to no flow days is probably
greater. The decline in the groundwater table in the
vicinity of the Cosumnes River and the increased days
of very little to no flow limit access to the river by
fall-run chinook salmon as they enter, or try to enter,
the river in October and November.

I

Fall-run
Cosumnes

Chinook
Salmon
River, 1960-1999

Returns
(CDFG

co the
1999).

Low natural streamflow
in summer and fall,
particularly in low rainfall years, is the primary factor
limiting the salmon run size in the Cosumnes River.
In many years, the early portion of the run
experiences difficulty negotiating the shallow bar and
shoal areas, as well as high water temperatures. Only
during normal and wet water years are winter and
spring flows usually adequate for juvenile salmon
emigration. Typically, 35 miles of the river between
Twin Cities Road and Highway I6 are dry during the
summer to early fall months.

Other factors limiting anadromous fish production in
this ecological management zone include streambed
incision and loss of spawning gravel due to the effects
of levees, blocked upstream fish passage at small
dams, entrainment
of young salmon at water
general
climatic variations,
oceanic
diversions,
conditions, and commercial and recreational fish
harvest.
Opportunities
to restore fall-run chinook salmon in
the Cosumnes River are present. The major limiting
factor is low or no flows in the lower river during the
early upstream migration period (late September and
October). In years when winter rains are late or
lacking, salmon are not able to swim up the.river and
spawn.

Historically,
the Cosumnes River overflowed its
banks and deposited sediments, primarily sand,
which formed natural levees. The area downstream of
Wilton Road also had’a mosaic of riparian (waterside)
forest and freshwater emergent wetlands, whereas
today, only remnant stands of valley oak woodlands
remain.
Presently, the lower Cosumnes River between
Road and Twin Cities Road is extensively
Levees extend 15.8 miles along the right bank
downstream) and more than 3.6 miles along
bank.

The value of the Cosumnes River floodplain is
becoming more apparent as recent studies have found
splittail and juvenile chinook salmon utilizing that
important habitat.

Dillard
leveed.
(facing
the left

The lower Cosumnes River area also provides
wintering habitat for greater sandhill cranes, roosting
and foraging habitat for Swainson’s hawk, and
terrestrial and aquatic habitat for giant garter snake
and western pond turtle.

There are no water storage reservoirs on the
mainstem Cosumnes River, and streamflows
are
altered primarily
due to numerous small water
diversions. There is one diversion dam (Granlees
Diversion Dam) on the river, located approximately
I mile upstream from the Highway I6 crossing. This

Riparian habitat and channel conditions are affected
by an extensive system of private levees along the
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lower Cosumnes River that are set close to the active
channel. These levees are substandard and were
breached in 14 locations during the January I997
flood. Levee and channel maintenance often requires
riparian vegetation removal.

MOKELUMNE
RIVER
MANAGEMENT

Unimpaired

Monthly

Average

Flow

ECOLOGICAL
UNIT

The Mokelumne River, the largest eastside Delta
tributary, drains approximately
661 square miles,
with its headwaters at 10,000 elevation feet on the
Sierra Nevada crest. Downstream
of the town of
Thornton, the river splits into the North and South
Fork channels. The Delta Cross Channel and
Georgiana Slough divert water from the Sacramento
River into the North Fork Mokelumne River channel.
The river enters the lower San Joaquin River
northwest
of Stockton.
The median historical
unimpaired runoff is 696,000 acre-feet (af), with a
range of 129,000 to 1.8 million af.

JFMAMJJASOND
Normal

cl
Mokelumne
(Dry

Year

m

Dry Year

River Unimpaired
Screamflow
ar Pardee, 1972-1992
year is the 20th percentile
year; normal
year is the
50th percentile
or median year.)

inflows range from 4,000 to 6,000 cfs from January
through June, but from only 200 to 500 cfs in
August and September. In driest years, inflows peak
at only 600 to 1,000 cfs in April and May, while
summer and fall inflows are 0 cfs, and winter inflows
are only 30 to 150 cfs. Typical average monthly
spring inflows in dry and normal years range from
500 to 2,500 cfs.

The Mokelumne River has had a long history of water
development. Three major impoundments
in the
watershed, with a combined storage capacity of more
than 750,000 af (Camanche, Pardee, and Salt Springs
reservoirs),
now control releases to the lower
Mokelumne
River. In 1929, East Bay Municipal
Utility
District
(EBMUD)
constructed
Pardee
Reservoir and the Mokelumne Aqueduct to supply
water to 1.2 million people living in 20 cities and 10
unincorporated areas in Contra Costa and Alameda
counties. The reservoir has a capacity of 197,590 af
and the aqueduct can carry about 500 cfs from
Pardee Reservoir. Camanche Dam, constructed in
1964 by EBMUD, is now the upstream boundary for
anadromous fish migration.

Pardeeand CamancheDams have markedly changed
streamflow in the lower Mokelumne River below
CamancheDam. Winter and spring flows have been
greatly reduced in all but high rainfall years, .while
summer and fall flows have increased.Flows in years

Historical

Monthly

Average

Flow

/I----

Camanche
Reservoir,
with
a capacity
of
approximately 4 17, I20 af, provides seasonal storage
for downstream
diversions and instream flows.
Downstream
of Camanche Reservoir, developments
include both hydroelectric and irrigation facilities. At
Lodi, the Woodbridge Diversion Dam supplies water
to the eastern Delta agricultural area.

600
500
s-so0
;300
z 200
100

The natural Mokelumne River streamflow pattern is
typical of streams in the central Sierra, with high
spring flows, very low summer and fall flows, and
moderate winter flows. Total annual inflow also
varies greatly. Peak inflows occur in April and May.
In years with the highest rainfall, average monthly

0
JFMAMJJASOND
rl

Normal

Year

I@

Dry Year

Mokelumne
River Flow below Camanche
Dam, 1972-1992
(Dry year is the 20th percentile
year; normal
year is the
50th Percentile
or median year.)
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upon the results of fisheries monitoring
studies
conducted since 199 I, EBiMUD has seen no evidence
that rearing habitat is limiting in the lower
LMokelumne River. Spawning habitat for chinook
salmon and steelhead is limited below Camanche
Dam, because gravel transport down the river has
been disrupted by Camanche and Pardee Dams. Also,
the stream channel has become armored in a few
places, but the presence of salmon redds in the same
locations year after year suggests that armoring is a
minor problem. The river supported 3,892 chinook
salmon spawners in 1996 and gravel restoration since
1990 has increased the carrying capacity by 300
spawning
female salmon (Setka 1997). Rearing
habitat suffers from a lack of riparian shade
vegetation and cover. There has also been a
significant loss of riparian and riverine aquatic
vegetation along the lower river. In many years,
including dry years, water temperatures are purposely
increased by drawing water off the epilimnion to
provide optimum salmonid rearing temperatures
downstream
of Camanche Dam. This is done to
increase growth rates and speed smoltification so
chinook salmon will move through the Delta before
being affected by high late spring water temperatures
in the Delta.

provided insufficient habitat for anadromous fish
spawning,
rearing,
and outmigration.
Water
temperature
in the Mokelumne
River below
Camanche Dam, which is important for steelhead
rearing, changes downstream because of flow releases
from the dam.
The California Department of Fish and Game (DFG)
(1993) recommended substantial increases in flow
releases, with specific monthly flows in wet, normal,
and dry years ranging from approximately 100 cfs to
450 cfs, along with temperature objectives during the
summer steelhead rearing period. The U.S. Fish and
Wildlife
Service (USFWS
1997) recommended
evaluation of spring flows to assist the outmigration
of juveniles. USFWS (1997) also recommended
improving fish passage at Woodbridge
Dam and
replenishing spawning gravels. However, neither flow
recommendation was based on modeling results that
considered water supply, water quality, and water
temperatures.
EBMUD
prepared a comprehensive management
plan for the lower Mokelumne River in 1992 that
includes additional instream flows and non-flow
components.
The
Plan
was
enhancement
implemented voluntarily by EBMUD in 1993 and
the Plan was further improved by implementing
components
of the Joint Settlement Agreement
among EBMUD, CDFG, and USFWS in 1998.

As mitigation for the loss of spawning habitat
between Camanche and Pardee Dams, EBMUD
constructed a hatchery below Camanche Dam. The
river below the hatchery was expected to provide
habitat for 5,000 chinook salmon and the hatchery
would produce 100,000 steelhead. From 1964
through 1988, the hatchery received an average
annual return of 490 adult salmon and 28 adult
steelhead. This has improved in recent years with an
average, annual hatchery return of 1,528 chinook
salmon during 1989-1996.

Unscreened or poorly screened diversions along the
lower Mokelumne
River contribute to the poor
salmon and steelhead production
on the river.
Juvenile salmon and steelhead losses occur at the
Woodbridge
Irrigation District water diversion at
Woodbridge Canal due to inadequate screening. The
North San Joaquin Water Conservation District
diversion, the second largest single diversion below
Camanche Dam, is unscreened. There are also
numerous unscreened small irrigation diversions on
the lower Mokelumne River.

CALAVERAS RIVER ECOLOGICAL
MANAGEMENT
UNIT
The Calaveras River enters the San Joaquin River at
Stockton, draining approximately 362 square miles in
the foothills south of the Mokelumne River with an
average annual runoff of 166,000 af. The river flows
through Stockton and enters the San Joaquin River
channel in the Delta. The ecological unit includes the
lower Calaveras River from New Hogan Dam to the
confluence with the lower San Joaquin River.

Woodbridge
Dam also provides conditions for
predators, such as birds, squawfish, and striped bass,
to prey on juvenile salmonids that pass downstream
over the dam or through the fish ladder. The dam
also impedes upstream adult salmon and steelhead
passage.
The amount and condition of spawning and rearing
habitat below Camanche Dam may limit the chinook
salmon and steelhead populations, although based
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Flows on the Calaveras River are controlled by New
Hogan Dam, constructed in 1964 by the U.S. Army
Corps of Engineers (Corps) and operated by the U.S.
Bureau
of Reclamation
(Reclamation).
The
conservation yield from the reservoir, with a gross
pool capacity of approximately
325,000 af, is
contracted for municipal and agricultural
use to
Calaveras County Water District and Stockton East
Water District. The dam and reservoir are located in
western Calaveras County near the town of Valley
Springs.

Historical flow data below New Hogan Dam indicate
a shift of the natural runoff pattern to irrigation
season releases from May through September, with a
slight decrease in the average flow (220 cfs) caused by
evaporation and upstream diversions. Because of the
relatively large capacity of New Hogan reservoir,
non-irrigation
releases (spills) are confined to wet
years. In the highest rainfall years, average monthly
flows range from 1,400 to 2,800 cfs from November
through April. Irrigation season releases generally
range from 150 to 250 cfs, except in the driest years,
when releases only average 60 to 80 cfs from May
through August. Non-irrigation
season minimum
flows are generally 30 to 90 cfs, except in drier years,
when they average only 30 cfs or less.

The Calaveras River drainage is almost entirely below
the effective average snow level; therefore, the area
receives runoff primarily as rainfall. About 93% of
the runoff occurs from November to April. Thevalley
portion of the river historically experienced frequent
periods of low or no flow in late summer and early
fall. However, deep pools in the approximately 6mile reach from the dam to the town of Jenny Lind
now provide suitable summer holding areas for
salmon and resident trout in all but the driest years.

Historical

The monthly unimpaired flow pattern for the river is
typical of Sierra foothill streams, with most rainfall
coming in winter. Streamflow
varies considerably
from year to year with rainfall variations. The average
annual streamflow is 240 cfs with the peak average
monthly flows of 3,000 cfs in winter of wettest years.
Summer and early fall flows are very low, and the
channel is dry from July through October in low
rainfall years.
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Although winter-run
chinook salmon were known to
occur irregularly in the Calaveras River, this stock is
not a *focus of restoration
in this ecological
management
zone. The Ecosystem Restoration
Program (ERP) focuses on restoring or re-creating
ecological processes that support sediment supply,
stream channel meander, and riparian and riverine
aquatic habitat and eliminating or reducing stressors.
Together, the actions proposed for the Calaveras
River Ecological Unit will benefit fall-run chinook
salmon and other fish, wildlife, and plant resources.
New Hogan Dam operations may have increased the
frequency of salmon runs into the Calaveras River,
despite no requirements for minimum flow releases.
Since the completion of the New Hogan project,
returns of winter-run
chinook sal,mon to the river
were documented in 1972, 1975, 1976 (tidewater
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only), 1978, 1982 (tidewater
only), and 1984.
Physical habitat conditions are adequate for salmon
spawning
and rearing, which includes abundant
spawning
gravel and a dense riparian canopy.
Streamflow is the principal limiting factor.

migration corridors are improved for aquatic and
terrestrial species; and riparian and stream channel
habitats are restored.
The vision focuses on improving streamflows and
stream channel and gravel recruitment processes
needed to support habitat for anadromous salmonids
and other fish species. It also focuses on restoring
tidal wetlands,
floodplains, seasonal floodplain
inundation, and natural flood regimes. On the lower
Mokelumne River, restoration will focus on habitat
for fall-run chinook salmon and steelhead. On the
Calaveras River, the emphasis will be on providing
the opportunity for fall-run chinook salmon to spawn
successfully and providing juveniles the opportunity
to emigrate from the system successfully. On the
Cosumnes River, the focus will be on restoring
floodplain processes, seasonally flooded habitat, tidal
wetlands,
splittail and chinook salmon rearing
habitat, sandhill crane habitat, and establishing an
extensive riparian and riverine aquatic corridor.
Throughout
the basin, restoring and protecting a
self-sustaining, diverse riparian community will be
emphasized to maintain nutrient and woody debris
input to the aquatic system, enhance bank stability
and stream shading, and provide valuable habitat for
a variety of wildlife species.

Another limiting factor is loss of juvenile salmon into
water diversions downstream of New Hogan Dam.
Stockton East Water District’s diversion is presently
unscreened. There are several other unscreened
diversions along the river.
Diversion channels that carry Calaveras River water
and act as migratory routes for salmon below Bellota
Dam include the original Calaveras River channel,
Mormon Slough, and the Stockton Diverting Canal.
In some years, typically in March, partial or complete
blockage of adult salmon migration coincides with
placing approximately 30 temporary irrigation dams
in these channels. Adult salmon are prevented from
reaching deep pools and spawning gravel above
Bellota Dam and are subject to poaching below the
flashboard dams. Two of the diversion structures,
Clements Dam and Cherryland Dam, have been
identified as barriers to salmon movement. The
Bellota Dam (weir) blocks upstream salmon migrants
at flows below approximately 200 cfs.

VBION
FOR THE ECOLOGICAL
MANAGEMENT
ZONE

The ERP envisions that the fish, wildlife, and riparian
needs of the East Delta Tributaries
Ecological
Management Zone will be met and an acceptable
level of ecosystem health will be achieved when the
following visions have been satisfactorily attained.

The vision for the’ Eastside Delta Tributaries
Ecological Management Zone is to improve the
values of the rivers and riparian zones as fish and
wildlife corridors from the delta to the upland and
upstream habitats; restore tidal wetlands; create and
maintain permanent freshwater marshes, seasonal
wetlands,
floodplain habitat, spawning areas for
splittail, and rearing, spawning, foraging habitat for
fall-run chinook salmon and steelhead, habitat for the
giant garter snake. Elements to reach this vision
include improved streamflow
patterns and water
temperatures,
reconnecting
the river with its
floodplain, restoring riparian and riverine aquatic
habitat, reducing loss of salmon and steelhead and
other young fish at unscreened diversions, and
reducing fish passage problems at diversion dams.
Ecological health will be attained when levees are
modified to allow seasonal floodplain inundation;
chinook salmon and steelhead populations reach
target levels; habitat is improved for resident native
fishes, sandhill cranes, and migratory waterfowl;

VISIONS
FOR ECOLOGICAL
MANAGEMENT
UNITS
COSUMNES RIVER
MANAGEMENT

ECOLOGICAL

UNIT

The vision for the Cosumnes River Ecological Unit is
to restore floodplains, seasonally flooded habitat, tidal
wetlands,
splittail and chinook salmon rearing
habitat, sandhill crane habitat, and a riparian plant
community. The fall-run chinook salmon population
can be sustained
through
improvements
in
streamflow,
channel and floodplain morphology,
spawning
and rearing habitat, fish passage at
diversion dams, and reducing losses to unscreened
diversions and illegal harvest.
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MOKELUMNE
RIVER ECOLOGICAL
MANAGEMENT
UNIT

The vision for the Cosumnes River includes improved
streamflow and riparian habitat, modified floodplain
and channel conditions,
reduced fish passage
problems and unscreened diversions. These actions
will improve habitat conditions for fall-run chinook
salmon and other wildlife species. The flow regime is
the primary factor affecting the size of the Cosumnes
River salmon run. In drier years, the early portion of
the run experiences difficulty negotiating the shallow
bar and shoal areas.

The vision for the Mokelumne River Ecological Unit
is to support self-sustaining fall-run chinook salmon
and steelhead populations by improving streamflows,
riparian and SRA habitat, natural sediment supply
and gravel recruitment, and fish passage; reducing
predation and illegal harvest; eliminating unscreened
and poorly screened diversions; and improving and
upgrading
hatchery facilities and management
strategies.

Although
there are only minor water storage
reservoirs on the Cosumnes River, streamflows are
reduced by numerous small water diversions and the
lowering groundwater
table. Most water is diverted
from the first rains,in the fall through early summer,
coinciding with instream flow needs for fall-run
chinook salmon. Minimum instream flow during the
salmon spawning and rearing season may be needed.
Additional streamflow is needed in dry and normal
years to ensure survival of downstream
migrating
juvenile salmon.

The vision for the Mokelumne
River includes
improved streamflow, gravel recruitment, floodplain
configuration,
fish passage, salmon spawning and
rearing habitat, riparian habitat, screening of
diversions, and enforcement of fishing regulations.
Under this vision, the Mokelumne River would better
support naturally spawning steelhead trout, fall-run
chinook salmon, American shad, and resident native
fishes. For the Mokelumne
River, this means
improving flows from spring through fall below
Camanche and Woodbridge dams. Higher and more
natural flows will help steelhead move upstream
during the late fall and early winter. Higher flows
will benefit downstream migrating juvenile fall-run
chinook salmon and steelhead, as well as juvenile
salmon and steelhead migrating
out of the
Sacramento and San Joaquin Rivers and their
tributaries through the Delta. These flows will also
benefit stream channel and riparian vegetation
processes in the lower river, which in turn will benefit
the fish.

Also important
to restoration will be removing
existing levees and constructing
set back levees,
implementing
improved land management
and
livestock grazing practices along stream/riparian
zones, fish passage improvements
at small dams,
screening water diversions, and improving gravel
recruitment and riparian habitats.
Riparian and aquatic habitat quality and distribution
will be improved by expanding the width of the river
floodplain through a program of levee setbacks. In
combination with other efforts to improve floodplain
safety and levee management on the lower Cosumnes
River, levee setbacks will allow natural river
meanders to form and associated habitats to thrive.
Greater floodplain width between levees reduces the
need for channel straightening and bank armoring at
the expense of aquatic and riparian habitat. Floodplain land could continue to be farmed within the
levees, or conservation easements could be acquired
to expand riparian forest and seasonal wetland
habitats along the river.

Habitat improvements
in the lower Mokelumne
River will improve natural production of these same
anadromous fish. Improved spawning habitat will
increase young salmon and steelhead production.
Improved stream channel and riparian vegetation will
increase juvenile salmon and steelhead survival.
Floodplain stream channel and habitat improvements
will also benefit salmon and steelhead by providing
valuable seasonal rearing habitat.

CALAVERAS
RIVER ECOLOGICAL
MANAGEMENT
UNIT

Sandhill crane roosting and foraging habitat in the
lower Cosumnes River will be protected by land
acquisition through in-fee purchase or easement.

The vision for the Calaveras River Ecological Unit is
to restore and maintain
important
ecological
processes that support a sustainable migration
corridor for fall-run chinook salmon and other
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terrestrial
habitat.

and aquatic species and their upstream

The vision is that floodplains along the Cosurnnes,
Mokelumne, and Calaveras rivers will be expanded,
reconnected
to their channels, and seasonally
inundated by increased stream flows. These actions
will support
natural riparian regeneration
and
nutrient input to the Delta and help create seasonal
habitat for splittail spawning and the rearing and
emigration of juvenile fish.

The vision for the Calaveras River includes improved
gravel
recruitment,
streamflow,
floodplain
configuration,
fish passage, riparian and stream
channel habitat,
screening
of diversions,
and
enforcement of fishing regulations. Proper conditions
will maintain more consistent ‘fall-run chinook runs.

CENTRAL
VALLEY
STREAM
TEMPERATURES:
High stream temperatures limit
or interrupt
the natural life cycle of aquatic
organisms. The vision is that water temperatures
below major dams will be suitable for maintaining
important aquatic organisms and biological functions,
such as chinook salmon and steelhead spawning, egg
development,
and fry and juvenile rearing and
emigration.

Restoring instream flows adequate to maintain
anadromous fish habitat will be the focus element.
Maintaining an adequate water temperature regime,
improving
fish passage at irrigation dams, and
reducing entrainment at water diversions will also be
important.
Physical habitat conditions are adequate for salmon
spawning and rearing, including abundant spawning
gravel
canopy. With
and a dense riparian
appropriately timed flows and other improvements,
fall-run chinook salmon could be maintained more
consistently.

VISIONS

VISIONS

FOR HABITATS

SEASONAL
WETLAND
HABITAT:
The vision is
that increased seasonal flooding of leveed lands, use
of the Zones natural flood detention capacity,
protection and enhancement of existing wetlands,
and development of cooperative programs with local
landowners will contribute to increased habitats for
waterfowl
and other wetland dependent fish and
wildlife resources such as shorebird, wading birds,
and the giant garter snake.

FOR ECOLOGICAL
PROCESSES

CENTRAL
VALLEY STREAMFLOWS:
Instream
flows are inadequate and need to be supplemented
where possible, consistent with existing agreements.
Increased
flows would
help restore ecological
processes and functions that maintain habitats for
important aquatic and terrestrial species. The vision
is that instream flows will be at levels and mimic
natural flow regimes that support restored ecological
processes and function? that maintain important fish,
wildlife, and plant communities and their habitats.

RIPARIAN
AND
RIVERINE
AQUATIC
HABITATS:
Riparian plant communities
are
important to a healthy ecosystem and contribute in
to sustaining
fish and wildlife
many ways
populations. The vision is to restore diverse, selfsustaining riparian and shaded riverine aquatic
habitat along the lower reaches of the Cosumnes,
Mokelumne, and Calaveras rivers.

COARSE
SEDIMENT
SUPPLY:
The input of
sediments into the riverine systems below major dams
is inadequate to maintain ecological health. The
vision is that gravel recruitment,
transport,
and
cleansing processes will be restored, reactivated, or
supplemented to a level that supports habitat for
anadromous and other native fish populations and
sustains self-regenerating
riparian and riverine plant
communities.

FRESHWATER
FISH HABITAT:
Freshwater fish
habitat is an important component needed to ensure
the sustainability of resident native and anadromous
fish species. The streams of the Eastside Delta
Tributaries Ecological Management Zone are typical
of a fall chinook salmon spawning stream (Moyle and
Ellison 1991). The quality of freshwater fish habitat
in these streams will be maintained through actions
directed at streamflows,
coarse sediment supply,
natural
floodplain
and flood
stream meander,
processes, and maintaining and restoring riparian and
riverine aquatic habitats.

FLOODPLAIN
AND
FLOOD
NATURAL
PROCESSES:
Natural river-floodplain
interaction
has been impaired by the construction of dams and
levees. This seasonal inundation is needed to promote
ecological health and restoration of important species.
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ESSENTIAL
FISH HABITAT:
The Mokelumne,
Cosumnes, and Calaveras rivers have been identified
as Essential Fish Habitat
(EFH) based on the
definition of waters currently or historically accessible
to salmon (National Marine Fisheries Service 1998).
Key features of EFH to maintain or restore in these
streams include substrate composition; water quality;
water quantity, depth and velocity; channel gradient
and stability; food; cover and habitat complexity;
space; access and passage; and flood plain and habitat
connectivity.

VISIONS

FOR SPECIES

SPLITTAIL:
The vision for splittail is to recover this
federally listed threatened species. The vision is to
contribute to splittail restoration by improving the
riparian and stream meander corridors and natural
floodplains along the Cosumnes and LMokelumne
Rivers. The value of the seasonal habitat will be
improved by late-winter and early-spring streamflows
to provide attraction flows for spawning adults and
increased spawning habitat.
CHINOOK
SALMON:
The vision for chinook
salmon is to recover all stocks presently listed or
proposed for listing under ESA or CESA, achieve
naturally spawning population levels that support
and maintain ocean commercial and ocean and inland
recreational fisheries, and that use fully existing and
restored habitats. The vision is to assist in fall-run
chinook salmon restoration by:

VISION
FOR REDUCING
OR
ELIMINATING
STRESSORS
WATER DIVERSIONS:
The vision is to contribute,
to adult fish survival and return by reducing the loss
of juvenile aquatic organisms into water diversions
and lessen the impact of water diversion on the
elevation of the water table.

improving
streamflows
rearing, and emigration,

DAMS AND OTHER STRUCTURES:
The vision
is to contribute to restoring chinook salmon and
steelhead by improving up- and downstream
fish
passage at diversion structures.

n ’ improving

INVASIVE
RIPARIAN
AND MARSH
PLANTS:
The vision is to support, riparian regeneration by
controlling invasive (non-native) plants so that they
do not impair efforts to restore natural riparian and
riverine plant communities.
PREDATION
AND COMPETITION:
The vision is
to contribute to restoring naturally spawning chinook
salmon and steelhead populations
by modifying
hatchery practices and instream structures to reduce
rates at which juvenile salmonids fall prey to
predators.

for

passage,

spawning,

gravel recruitment,

n

providing
water
temperatures
needed
successful egg incubation and rearing,

for

1

increasing riparian and riverine aquatic habitat,

n

reducing or eliminating unscreened
and sources of contaminants, and

n

operating Mokelumne
River Fish Facility to
improve and protect naturally spawning fish.

diversions

STEELHEAD
TROUT:
The vision for- steelhead
trout is to recover this species listed as threatened
under .ESA and achieve naturally
spawning
populations
of sufficient size to support inland
recreational fishing and that use fully existing and
restored habitats. The vision is to assist in of steelhead
trout restoration by:

CONTAMINANTS:
The vision is to reduce fish and
wildlife losses due to pesticides, hydrocarbons, heavy
metals, and other toxins and contaminants.
HARVEST
OF FISH AND WILDLIFE:
The vision
is to contribute to restoring important
resident,
estuarine, and anadromous fish species by managing
legal and illegal h arvest to protect naturally spawning
fish.
ARTIFICIAL
PROPAGATION
OF FISH: The
vision is to improve and balance natural chinook
salmon and steelhead production in the Mokelumne
River with hatchery produced populations.

n

improving streamflows
rearing and emigration,

for passage, spawning,

w

improving

n

providing
water
temperatures
needed
successful egg incubation and rearing,

n

increasing riparian and riverine aquatic habitat,

gravel recruitment,
for
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n

reducing or eliminating
sources of contaminants,

unscreened diversions,
and

n

operating Mokelumne
River Fish Facility to
improve and protect naturally spawning fish.

CALIFORNIA
TIGER SALAMAN DER: The vision
for the California tiger salamander is to maintain
existing populations of this Federal candidate species
in the Bay-Delta. Protecting and restoring existing
and additional suitable aquatic, wetland,
and
floodplain habitats and reducing the effect of other
factors that can suppress breeding success will be
critical to the recovery of the California tiger
salamander.

NATIVE RESIDENT
FISH SPECIES: The vision
for resident
fish species, including
hitch and
hardhead, is to increase their abundance and
distribution
by implementing
actions to improve
stream channel, floodplain, and riparian processes.

WESTERN
SPADEFOOT:
The vision for the
western spadefoot is to maintain this California
species of special concern in the Bay-Delta.
Protecting and restoring existing and additional
suitable aquatic, wetland, and floodplain habitats and
reducing the effect of other factors that can suppress
breeding success will be critical to the recovery of the
western spadefoot.

LAMPREY:
The vision for Pacific and river lamprey
is to maintain
the diversity,
distribution
and
abundance of these species.
WHITE STURGEON:
The vision for white sturgeon
is to maintain and restore population distribui;on and
abundance to historical levels and support a sport
fisher-y. Improved flows and stream channel and
floodplain processes will benefit sturgeon populations
through improved habitat and food supply. Higher
peak late winter and spring flows will provide
attraction for adult sturgeon moving upstream from
the lower rivers, Delta, Bay, and ocean. Stream
channel improvements will provide greater amounts
and improved quality of spawning and early rearing
habitat.

SWAINSON’S
HAWK: The vision for Swainson’s
hawk is to contribute to the recovery of this Statelisted threatened species. The vision for Swainson’s
hawk is that actions in the Eastside Delta Tributaries
Ecological Management Zone to improve nesting and
foraging habitat will contribute to overall species
recovery.
GREATER SANDHILL
CRANE: The vision for the
greater sandhill crane is to contribute to the recovery
of this California species of special concern. The vision
includes contributing to their recovery by improving
foraging and resting habitat.

GIANT
GARTER
SNAKE:
The vision for giant
garter snake is to contribute to the recovery of this
State and federally listed threatened species in order
to contribute
to the overall species richness and
diversity. The vision for giant garter snake is to
maintain
or expand existing
populations
by
improving
stream channel, floodplain,
riparian
processes, and reducing predator species.

WESTERN
YELLOW-BILLED
CUCKOO:
The
vision for the western yellow-billed
cuckoo is to
contribute to recovery of this State-listed endangered
species. Improvements
will result from efforts to
protect, maintain, and restore riparian and riverine
aquatif habitats throughout
the Eastside Delta
Tributaries Ecological Management Zone.

WESTERN
POND TURTLE:
The vision for the
western pond turtle is to maintain and restore their
abundance and distribution
by maintaining
or
expanding existing populations by improving stream
channel, floodplain riparian processes, and reducing
predator species.

NEOTR~PICAL
MIGRATORY
BIRDS: Thevision
for the neotropical migratory bird guild is to restore
and maintain healthy populations of neotropical
migratory birds through restoring habitats on which
they depend. Protecting
existing and restoring
additional suitable wetland, riparian, and grassland
habitats will be critical to maintaining healthy
neotropical migrant bird populations in the Eastside
Delta Tributaries Ecological Management
Zone.
Large-scale restoration of nesting habitats will help
reduce nest parasitism and predation by creating

CALIFORNIA
RED-LEGGED
FROG: The vision
for the California red-legged frog is to maintain
populations of this federally listed threatened species.
Protecting existing and restoring additional suitable
aquatic, wetland, and riparian habitats and reducing
mortality from non-native predators will be critical to
achieving recovery of the California red-legged frog.
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habitat conditions that render neotropical
susceptible to these stressors.

birds less

COSUMNES

The CosumnesRiver Project is a multi-agency effort
to restoreand protect the CosumnesRiver ecosystem.
The Cosumnes River Project encompasses37,000
acres including Staten Island, the McCormackWilliamson Tract, and the lower Cosumnes
floodplain, vernal pools, grasslands, and blue oak
woodland. Partners in this effort include The Nature
Conservancy, Bureau of Land Management, County
of Sacramento, Department of Water Resources,
Department of Fish and Game, State Lands
Commission, Ducks Unlimited, Environmental
Protection Agency, Wildlife Conservation Board, and
the American Farmland Trust. Actions sponsoredby
the CosumnesRiver Project will complement efforts
undertaken by the ERPP to restore ecological health
of the CosumnesRiver Ecological Unit.

WATERFOWL:
The vision for waterfowl
is to
maintain and restore healthy populations at levels
that can support consumptive (e.g., hunting) and
nonconsumptive
(e.g., birdwatching)
uses. Many
species of resident and migratory waterfowl
will
benefit from improved aquatic, wetland, riparian, and
agricultural habitats. Increase use of the Eastside
Tributaries Ecological Management Zone. Improved
seasonal wetlands and floodplain/stream interactions
will be beneficial not only to waterfowl but other fish
and wildlife resources.
PLANT SPECIES
AND
COMMUNITIES:
The
vision for plant speciesand communities is to-protect
and restoretheseresourcesin conjunction with efforts
to protect and restore wetland and riparian and
riverine aquatic habitats. This vision includes such
key communities as floodplain dependent species
such asCalifornia hibiscus,button-bush thickets, and
native grasslands.

INTEGRATION
RESTORATION

RIVER PROJECT

CENTRAL

VALLN

IMPROVEMENT

PROJECT
ACT

Restoring and maintaining ecological processesand
functions in the EastsideDelta Tributaries Ecological
Management Zone will augment other important
ongoing and future restoration efforts for the zone.
The program proposed by the CVPIA will
complement efforts of the USFWS’ Anadromous Fish
Restoration Program. The goal of the program is to
double the average number of anadromous fish that
was produced naturally in the system from 1967
through 1991.

WITH OTHER
PROGRAMS

Attaining the vision for the EastsideDelta Tributaries
Ecological Management Zone includes near-term
funding and implementing actions to achieve the
targets. This includes managing water project
operations, purchasing in-title or land easements
from willing sellers, cooperatively developing and
implementing a phased fish screening program,
acquiring and placing gravel in the stream channel,
and the performing engineering feasibility and design
studies to improve fish passage at diversion
structures.

CALFED

BAY-DELTA

PROGRAM

CALFED has funded eight ecosystem restoration
projects in the EastsideDelta Tributaries Ecological
Management ,Zone. One of the more significant
projects’is the design and construction of fish screens
and ladders at the Woodbridge Irrigation District
diversion on the Mokelumne River.

Along with the near-term actions, the vision includes
cooperation and support of existing ecosystem and
species restoration efforts and programs. Parallel
efforts include developing and integrating local land
use plans that embrace and foster the objectives of
ERPP.

SALMON,
STEELHEAD TROUT AND
ANADROMOUS
FISHERIES
PROGRAM ACT (SB 2261)
The vision will also help the DFG reach its goal of
doubling the number of anadromous fish that were
produced in 1988.

Long-term efforts that will enhancethe vision for the
Eastside Delta Tributaries Ecological Management
Zone and provide durable ecosystem restoration
involve developing and implementing watershed
management plans by land use agencies and
evaluating flood management options.
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JOINT

SETTLEMENT

LINKAGE
ECOLOGICAL

AGREEMENT

BETWEEN EAST BAY MUNICIPAL
UTILITV DISTRICT,
U.S. FISH AND
WILDLIFE
SERVICE, AND
CALIFORNIA
DEPARTMENT
OF FISH
AND
GAME

20~~s
The ecosystem
health of the Eastside Delta
Tributaries Ecological Management Zone depends on
conditions in the Sacramento-San Joaquin Delta
Ecological
LManagement Zone. Because these
tributaries are directly linked to the Delta, stressors
there (entrainment, water quality) have a significant
effect on resources, such as anadromous fish, in this
zone. Conditions in San Francisco Bay and the Pacific
Ocean can also have a significant
effect on
anadromous fish.

This agreement protects and maintains the purpose
of the EBMUD’s Mokelumne River Project, protects
the anadromous fishery and lower Mokelumne River
ecosystem, and encourages cooperative action to
achieve and maintain the objectives. The agreement
contributes
to the overall effort to improve the
ecological health of the Mokelumne River Ecological
Unit by establishing a $2 million partnership fund,
encouraging voluntary participation of local interests,
establishing a lower Mokelumne River stakeholders
group, and recommending ecosystem protection and
improvement priorities.

Reducing or eliminating stressors in the downstream
ecological management zones will be important in
restoring healthy fish and wildlife communities in the
Eastside Delta Tributaries Ecological Management
Zone.

Efforts in the Eastside Delta Tributaries Ecological
Management Zone will require cooperation from
resource agencies, such as DFG, the California
Department of Water Resources (DWR), California
Department
of Forestry and Fire Protection, State
Water Resources Control Board, USFWS, USFS, U.S.
Bureau of Land Management
and the National
Marine Fisheries Service (NMFS),
as well as
participation
and support
from
the Corps,
Reclamation, Natural Resource Conservation Service,
other private organizations,
water districts,
and
individual land owners. These groups are expected to
work together to restore and maintain ecosystem
health in this zone. This program may provide
funding for the restoration measures included in the
visions.

CENTRAL

VALLEY

HABITAT

TO OTHER
MANAGEMENT

TARGETS
AND
PROGRAMMATIC
ACTIONS

RESTORATION

ECOLOGICAL
CENTRAL

VALLEY

PROCESSES
STREAMFLOWS

TARGET
1: For the Cosumnes River, where a
natural streamflow
pattern presently exists with
natural winter and spring streamflows, the target is
to maintain or restore natural summer and fall base
flows (++).
PROGFWMMATIC
ACTION
1 A:
Improve
summer and fall base flows on the Cosumnes River by
developing new water supplies along the river and by
purchases from willing sellers.

JOINT

PROGRAMMATIC
ACTION
16: Cooperatively
develop a program
to minimize or eliminate
unpermitted water diversions on the Cosumnes River,
and review water allocation for the entire basin.

VENTURE
The Central Valley Habitat Joint Venture and the
North American Waterfowl
Management Plan have
developed objectives for wetlands in the Eastside
Delta Tributaries
Ecological Management
Zone.
These objectives are consistent with the ERPP targets
developed for this ecological management zone.

PROGRAMMATIC
ACTION
1 c: Cooperatively
develop a groundwater
replenishment program to
raise the water table in the Cosumnes River
floodplain.
’
TARGET 2: The target for the Mokelumne River is
to provide conditions to maintain the fishery and
riparian resources in good condition by implementing
and evaluating the flow regime in the Joint
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PROGRAMMATIC
ACTION
4~:
Develop a
cooperative feasibility study of opportunities to
provide spring flow events.

Settlement Agreement (JSA) for Mokelumne River.
The JSA provides increased flows below Camanche
Dam beyond present requirements, which will benefit
the fishery and riparian resources of the lower
Mokelumne River (+a+).

5: For the Calaveras River, where the
natural streamflow has been greatly altered,
streamflows should be enhanced below New Hogan
Dam by the minimum flows recommended by DFG
(+).
TARGET

ACTION
2~: Provide target
flows for Mokelumne River storage releases,but only
if there are sufficient inflows into storage reservoirs
and carryover storage to meet target levels. The
additional water would be obtained by developing
new water supplieswithin the Central Valley basin,
water transfers, and from willing sellers.
PROGFWMMATIC

ACTION
5~: Provide target
flows for the Calaveras River from storage releases,
but only if there are sufficient inflows into storage
reservoirsand carryover storage to meet target levels.
The additional water would be obtained by
developing new water supplies within the Central
Valley basin, water transfers, and from willing sellers.
PROGFWMMATIC

PROGRAMMATIC
ACTION
26: Maintain or
enhance summer and fall base flows on the
Mokelumne River by developing new watersupplies
and by purchasesfrom willing sellers.

ACTION
5~: Cooperatively
develop a program to minimize or eliminate
unpermitted water diversions on the CalaverasRiver.
PROGRAMMATIC

3: The target alsois to provide enhanced
streamflows below Woodbridge,Dam by providing
minimum flows recommendedby DFG in dry years:
200 cfs from November 1 through April 14; 250 cfs
from April 15 through April 30; 300 cfs in May; and
20 cfs from June 1 through October 3 1, In normal
years, minimum flows should be 250 cfs from
October 1 through October 14; 300 cfs from
October 15 through February 29; 350 cfs during
March; 400 cfs during April; 450 cfs during May;
400 cfs during June; 150 cfs during July; and 100 cfs
during August and September. In wet years,
minimum flows should be 300 cfs from June 1
through October 14; 350 cfs from October I5
through February 29; 400 cfs in March; and 450 cfs
during April and May (+).
TARGET

ACTION
5c: Cooperatively
evaluate the potential for resizing criteria at New
Hogan Reservoir on the Calaveras River to yield
additional water for instream flow needs while
maintaining or improving flood control requirements.
PROGWMMATIC

ACTION
5~:
A flow event
should be provided in late February or early March,,
averaging 100 to 200 cfs in dry years, 300 to 400 cfs
in normal years, and 600 to 800 cfs in wet years.
Such flows would be provided only when inflows to
New Hogan Reservoir are at these levels
PROGRAMMATIC

RATIONALE:
The proposed supplemental ffows
.were selected as a representative value for impact
analysis in the Programmatic EIS/EIR. Throughout
the ERP, the need to determine optimal streamflow
for ecological processes, habitats, and species is
repeated. The issues of supplemental flows are
complex in term of ecosystem improvements. The
frequency, magnitude, duration, timing and rate of
change of streamflows that form channels, create and
maintain riparian habitat (including all speciesof
vegetation), and promote all life stages of the various
aquatic speciesdependent on a particular stream will
never occur within a single year. An optimal flow
regime will have to vary, perhaps significantly, from
The
supplemental
flow
year
co year.
recommendations will be an intensive exercise in
adaptive management and must be based on credible
scientific underpinnings.

Cooperatively
evaluate the potential for minimizing water supply
impacts by replacing the diversions at Woodbridge
with other Delta diversions.
PROGRAMMATIC’ACTION

3~:

ACTION
36: Cooperatively
develop a program to minimize or eliminate
unpermitted water diversions on the Mokelumne
River.
PROGRAMMATIC

4: A flow event should be provided on the
Mokelumne River in late April or early May,
averaging 500 to 1,000 cfs in dry years, 1,000 to
2,000 cfs in normal years, and 2,000 to 2,500 cfs in
wet years (+).

TARGET
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Inadequate instream flows have been identified as a
limiting factor for anadromous fish and other aquatic
resources
in the eastsideDelta tributary streams. For
example, the CosumnesRiver receives most of its
water from rainfall due to the low elevarion of its
headwaters and the lower reaches of the river are
often dry until the fall rains occur. As a result, adult
fish must await the runoff following rains in late
October and November before ascending to the
spawning areas between Michigan Bar and
Sloughhouse. Although there are no water storage
reservoirs on the Cosumnes River, there are 157
registered appropriative water rights (U.S. Fish and
Wildlife Service 1995). Most water is diverted from
the first rains in the fall through early summer,
coinciding with instream flow needs for -L&run
chinook salmon. USFWS recommended an
evaluation of instream flow requirement to ensure
adequate flows for all life stages of all salmonids.

Although the 1993 DFG flows for the Mokelumne
River are presented as enhancement targets to be
achieved when possible, these target levels need
further review and should be a subject of adaptive
management and focused research. The DFG flows
were not developed with
Ml
consideration
of
upsrream water quality, reservoir storage, and water
temperarures, which need to be addressedfor a finer
assessmentof water availability. The target flows,
however, provide a possible target for further
enhancement of the hliokelumne resource.
The CalaverasRiver drainage is almost entirely below
the effective average snow level and thus receives
runoff primarily as rainfall. Historically, the valley
portion of the river commonly experienced periods of
low or even no flow for many days or weeks in the
late summer and early fall (California Department of
Fish and Game 1993). Chinook salmon runs into the
river were known to occur irregularly. There are
currently no requirements to maintain flow releases
for fishery purposes.

DFG (1993) recommended revised minimum flow
schedulesfor the lower Mokelumne River. A Joint
Settlement Agreement was signed in 1998 by
EBMUD,
CDFG, and USFWS that provides
improved fish flows for the Mokelumne River, higher
minimum flows below Camanche Dam, and
gainsharing of additional flows between EBMUD and
the Environment. It incorporates a broader ecosystem
approach for managing the Mokelumne River
resources.

A preliminary instream flow study (U.S. Fish and
Wildlife Service 1993) indicated that between 50 and
225 cfi, depending on time of year and, water year
type, is needed to provide spawning and rearing
habitat for chinook salmon. A complete instream
flow incremental methodology study is needed,
however, to further define flow needs. Since the
Calaveras River water supply is already overallocated, the meansofproviding additional instream
flows alsoneed to be considered. The resizing of flood
control criteria at New Hogan Reservoir has the
potential to yield additional water to meet instream
flow needs.

The JSA flows for the Mokelumne River follow.
H

In normal and above normal water years, the
agreed upon flows at CamancheDam are 325 cfs
from October 1 ,to June 30, 100 cfs in July,
August, and September.

H

In below normal years, the agreed upon flows at
Camanche Dam are 250 cfs from October 1
through June 30, and 100 cfs in July, august and
Septern ber.

COARSE

SUPPLY

TARGET 1: On the Mokelumne River below
Camanche Dam, provide average annual supplementation of 1,200 to 2,500 cubic yards of gravel
into the active stream channel to ‘maintain quality
spawning areas and to replace gravel that is
transported downstream (+++).

m In dry years the agreed upon flows at Camanche
Dam are 220 cfs from October 1 through May
3 1, and 100 cfs in June, July, August, and
September.
8

SEDIMENT

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to evaluate, implement, and
monitor
sediment supplementation on the
Mokelumne River, consistent with adaptive
management.

In critically dry years the recommended flows at
Camanche Dam are 100 cfi from October 1
through 15, 130 cfi from October 16 through
April 30, and 100 cfs in May, June, July,
August, and September.
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2: On the CalaverasRiver, provide for the
annual recruitment of 500 to 1,000 cubic yards of
gravel into the active stream channel (++).

reversing head cutting and stream channel incision in
the CosumnesRiver.

TARGET

Recruitment of suitable salmonid
spawning gravel below Camanche Dam on the
Mokelumne River is minimal. Most gravel present is
in the small range of the preferred sizes used by
spawning chinook salmon. Targeted levels are to
maintain processeslinked to sediment supply, stream
channel meander, and riparian and riverine aquatic
habitat. This program will be subject to adaptive
management, focused research,and monitoring, and
thus is consideredshort-term until a more detailed
evaluation is completed.
RATIONALE:

Cooperatively
develop a program to protect all existing gravel
recruitment sourcesto the rivers.
PROGRAMMATIC

ACTION

2~:

PROGRAMMATIC
ACTION
28:
Develop a
cooperative program to supplement gravel with
artificial introductions.
ACTION
2c: Develop a
cooperative program with the aggregate (sand and
gravel) resource industry to improve extraction
activities within the Mokelumne River floodplain.
PROGRAMMATIC

Flood stagefor the lower Mokelumne River is 5,000
cfs. Preliminary data suggest that spawning-sized
gravel for adult salmonids (DFG 1991, Bjorn and
Reiser 1991) do not begin moving in the lower
Mokelumne River until flows of 3,000 cfs or more are
reached(Envirosphere 1988). Even at 5,000 cfs (flood
stage), the larger gravel does not move. Significant
impacts occur to property along the lower
Mokelumne River at flows above 2,500 cfs. Ic would
not be practical to place supplemental gravel along
the entire reach of the lower Mokelumne River
because numerous roads would have to be
constructed for access.The environmental impact of
these roads would negate any benefit from the
addition of spawning gravel. Therefore, a gravel
supplementation program on the Mokelumne River
would have to be long-term and gravel injected at the
upper end. Lower gravel enhancement sites were
establishedbelow Highway 88 at Mackville Road on
the lower Mokelumne River in 1997 and 1998. These
sites are approximately 5 miles below Camanche
Dam.
,
Flow regulation has reduced the frequency and
magnitude of high flow events in the lower
Mokelumne River. Due to the reduction in high flows
and excessive input of fine sediments, sediments
accumulatein salmonid spawning gravel and degrade
habitat. BioSystems (1992) reported that over 70%
of the substrate samples taken in 1991 and 1992
from chinook salmonredds contained amounts offine
sediment less than 0.48 mm in diameter, which is
detrimental to egg survival (Chapman 1988). The
needfor salmonidspawning gravel restoration is also
identified by DFG (1993) and USFWS (1997).

3: Restore gravel transport and &aning
processesto attain sufficient high quality salmon
spawning habitat in each of the three streams for
target population levels (+).
TARGET

PROGRAMMATIC
ACTION
3~:
Develop a
cooperative program to provide late winter or early
spring flow events, asneeded,to establishappropriate
flushing/channel maintenance flows.
PROGRAMMATIC
ACTION
3B: Facilitate fine
sediment transport by restoring, as necessary,the
river channel configuration so that it is consistent
with planned flow regime and available sediment
SUPPlY.
PROGFVIMMATIC
ACTION
3c: Develop a
cooperative program to improve the flexibility of
upstream reservoir management to minimize fine
sediment inputs to the lower Mokelumne and
CalaverasRivers.
’
ACTION
3~:
Develop a
cooperative evaluation of mechanically cleaning
spawning gravel at selectedsitesin lower Mokelumne
and Calaverasrivers.
PROGFIAMMATIC

Develop a
cooperative program on the Cosumnes River to
relocate sand and gravel extraction activities to areas
beyond the natural stream meander corridor.
PROGFIAMMATIC

ACTION

3~:

4: Restore channel gradient and stream
profile in the CosumnesRiver between Twin Cities
Road and Highway 16 (++).
TARGET

ACTION
4~:
Develop a
cooperative program to assessthe feasibility of
PROGFIAMMATIC
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CosumnesRiver to identify opportunities to improve
sediment transport, stream meander, and maintain
the natural flow pattern.

Gravel supplementation programs should be subject
co adaptive management, moniroting, and focused
research. The frequency and amount of supplemental
gravel will vary greatly
from year to year. Physical
monitoring can record observable changes in the size
while
biological
and distribution of gravel,
moniroring can record
use of new gravel by
anadromousfish and invertebrates. Focused research
is ‘needed to calculate annual bedload movemenr,
gravel quality, infilrration, and intragravel water
quality.

Setback levees will provide greater
floodplain inundarion, room for stream meander, and
greater amounts of riparian forest and seasonal
wetland habitats along the lower rivers. Channel
configuration adjustments may be necessary co
accelerate restoration of narural floodplain habitats
and to restore and maintain configurations that may
not occur naturally due to remaining constraints from
new setback levees. Permanent strucrures, such as
bridges and diversions dams, can interrupt and
impair natural floodplain processes and habitat
RATIONALE:

Mechanical means to clean gravel should be
evaluared. This could be a focused researchproject
Due to water quality constraints and the presenceof
juvenile anadromous and other fish species, the
window for gravel cleansing may be short. This
concern should be included in the feasibility analysis.

NATURAL

FLOODPLAIN
PROCESSES

AND

development
and succession, thus requiring
removal
of the structures,
rebuilding, or some continuing
maintenance or mitigative efforts to minimize their
effects. Some reaches of the Cosumnes River

FLOOD

upstream of Twin

TARGET 1: Restore and improve opportunities for
rivers to inundate their floodplain seasonally(+++).
ACTION
IA:
Conduct a
feasibility study to construct setback levees in the
Mokelumne River floodplain in the area from Elliot
Road to Woodbridge and from Woodbridge to the
mouth, including the Mokelumne forks below the
river’s mouth.
PROGRAMMATIC

remedial measures.
The value of floodplain inundation to native fish
species is extremely high. Recent studies have
provided more insight to the value of the Cosumnes
River floodplain to splittail spawning and rearing and
chinook rearing.

Restore, as
needed, stream channel and overflow basin
configurations within the floodplain.
PROGRAMMATIC

ACTION

Cities Road have become

entrenched and even setback levees will not raise the
level of the river bed to the point where the historical
floodplain is again functional. This requires a
feasibility analysis to identify causes of the stream
channel degradation and identification of potential

1~:

CENTRAL
VALLEY STREAM
TEMPERATURES

&TION
1 c: Minimize effects
of permanent structures, such as bridges and
diversion dams, on floodplain processes.
PROGRAMMATIC

1: Maintain mean daily water
temperatures at or below levels suitable for all life
stages ‘of fall-run chinook salmon and steelhead
(++).

TARGET

ACTION
ID:
Develop a
floodplain management plan for the Mokelumne
River.
PROGFIAMMATIC

ACTION
1 A: Cooperatively
evaluate the feasibility of releasingsufficient instream
flows to improve temperature conditions for key
resourcesin the Mokelumne and Calaveras Rivers.
PROGRAMMATIC

PROGRAMMATIC
ACTION
1~:
Develop a
floodplain management plan for the CalaverasRiver.
ACTION
IF: Develop and
implement a cooperative program to evaluate the
feasibility of reconnecting the CosumnesRiver to its
historical floodplain in areas where the river has
become entrenched.
PROGRAMMATIC

Establish
minimum pool size at New Hogan Reservoir to
ensurecold-water releasesinto the CalaverasRiver.
PROGRAMMATIC

ACTION

1 B:

1 c: Cooperatively
develop reservoir and stream temperature models for
PROGRAMMATIC

ACTION

ACTION
1 G: Cooperatively
develop and implement a feasibility study on the
PROGRAMMATIC

Eastside
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the Calaveras River to identify
temperature improvement.

potential

for water

to provide coldwater releases later in the
seasonor the following year(s).
necessary

PROGFIAMMATIC ACTION 1 D: rManagePardee
and Camanche Reservoirs through October to
maintain a cold water volume of 28,000 af when
Pardee Reservoir volume exceeds 100,000 af.

Riparian woodlandsalong all three rivers are essential
for shade to minimize heating of rhe rivers. This is
especially important along the Cosumnes River,
because there is no source of cold reservoir bottom
water as there is below Camanche and New Hogah
Reservoirs.

RATIONALE:
Water temperatures
in the lower
Mokelumne, Calaveras, and Cosumnes Rivers are
often at stressfully high levels for fall-run chinook
salmon early in the spawning run, and again in the
spring when young salmon
are
migrating
downstream to the Delta. The problem is especially
, acute downstream of Camanche Dam, where water
temperature depends on release temperature,
prevailing weather conditions, and flow rate: From
April to mid-October, the closure of Woodbridge
Dam and subsequent filling of Lake Lodi results in
the slowing of flow, allowing the water to warm.
Differencesin water temperature between Camanche

HABITATS
GENERAL

habitats along with other
wetland, and riparian habitats is
an essenrialelement of the restoration strategy for the
Eas tside Tributaries
Ecological Management Zone.

downstream

migration

of

young to the Delta.
Releasesof Pardee Reservoir water into Camanche
Reservoir should coordinated to maximize
the
effectivenessof the Camanchecoldwater pool. Timely
releasesof cold water from Pardee Reservoir can
extend the period and increase the value ofcoldwater
releasesfrom Camanche Reservoir.

restore 1,000 acres of shallow-water
habitat
(tidal perennial aquatic habitat) at the eastern
edge of the East Delta Ecological Unit,
develop 200 acresof open-water areas(nontidal
perennial aquatic habitat) in the East Delta
Ecological Unit,

Water temperatures in the CalaverasRiver are closely
associated with insti-earn flows, reservoir release
schedules, and pool size at New Hogan Reservoir
(U.S. Fish and Wildlife SerGce 1993). Temperatures
often exceed stressful or lethal levels for chinook
salmon migration, spawning, egg incubation, and
rearing. An improved temperature regime could be
achieved by maintaining a minimum pool at New
Hogan Reservoir and adequateinstream flow releases
(U.S. Fish and Wildlife Service 1993). The
appropriate minimum
pool
size needs
to be
determined.

Reservoir

and

stream

permanent

The ecological units in this zone are closely linked to
the Sacramento/San Joaquin Delta Ecological
Management Zone, particularly the East Delta
Ecological Unit. The lower sections of the Eastside
ecological
units overlap the East Delta Ecological
Unit so it is important to considerhabitat restoration
recommendationsin the Delta when evaluating needs
in the Eastside Triburaries. For example, the
following programmatic actions apply to the East
Delta Ecological Unit:

flow, colder water, and riparian woodlands may
reduce this water heating during the fall upstream
run and spring

RATIONALE

Restoring seasonal wetland
aquatic,

and Woodbridge
Dams have been measured up to
16.2 OF during dry years (Walsh et al. 1992). Higher

spawning

HABITAT

develop 300 acresof shallow,
(nontidal

perennial

open-water areas

aquatic

restored fresh emergent wetland
East Delta Ecological Unit,

habitat)
habitat

within
in the

in the short-term,
restore 10 miles of slough
habitat and 30 miles in the long-term
in the East
Delta Ecological
Unit,
restore

tidal

action

to portions

of islands

and

tracts in the East Delta Ecological Unit with
appropriate elevations, topography, and waterlandform conditions,

temperature

computer models are also needed to identify the
potential for maintaining suitable water temperatures
for chinook salmon and to weigh the conflict between
coldwater releases and loss of carryover storage

develop tidal freshwater marshes(fresh emergent
werland habitat) along the upper ends of deadend slough in the East Delta Ecological Unit,
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restore 1,000 acres of nonridal freshwater
marshes (fresh emergent wetland habitat ) in
leveed lands designated for floodplain overflow
adjacent to rhe dead-end sloughs in the East
Delta Ecological Unit,

aquatic and semiaquatic
fish and wildlife.
To
capitalize on these functions, most of the seasonal
wetlands of rhe Eastside Delta Tributaries Ecological
Management Zone should be subject to periodic
ff ooding and overland flow from river floodplains

restore and manage at leasr 6,000 acres of
additional seasonal wetland habitat and improve
management of 1,000 acres of existing, degraded
seasonal wetland habitat in the East Delta
Ecological Unit,

RIPARIAN
AQUATIC

TARGET 1: Restore a minimum of 1,240 acres of
self-sustaining or managed diverse natural riparian
habitat along the Mokelumne
River, and protect
existing riparian habitat (+++).

restore 8 to 15 miles of riparian and riverine
aquatic habitat in the East Delta Ecological Unit
of which 40% is more chat 75 feer wide and 20%
over 300 feet wide,

PROGMMMATIC
ACTION
IA:
Develop a
cooperative program
to restrict further riparian
vegetation removal, and establish riparian corridor
protection zones.

develop a cooperative program to restore 1,000
acres of perennial grassland in the East Delta
Ecological Unir through either conservation
easements of purchase from willing sellers, and
generally, cooperatively
manage
lands in a wildlife friendly manner.
SEASONAL
TARGET
1:
habitat (++).

Protect

PROGRAMMATIC
ACTION
1 B: Develop a
cooperative
program
to implement
riparian
restoration activities.

agricultural

PROGRAMMATIC
ACTION
1 c: Encourage
improved land management and livestock grazing
practices along stream riparian zones.

WETLANDS
existing

AND RIVERINE
HABITATS

PROGRAMMATIC
ACTION
1 D: Purchase
streambank
conservation easements from willing
sellers to widen riparian corridors.

seasonal wetland

PROGRAMMATIC
ACTION
IA: Develop and
implement
a cooperative program
to improve
management of existing, degraded seasonal wetland
habitat.

PROGMMMATIC
ACTION
1~: Develop a
cooperative program to restore riparian woodlands
along the entire Mokelumne River.

PROGRAMMATIC
ACTION
1~: Identify and
acquire seasonal wetland habitat from willing sellers
through acquisition or easement.

TARGET 2: Restore a minimum of 1,240 acres of
self-sustaining or managed diverse, natural riparian
habitat along the Calaveras River, and protect
existing riparian habitat (+++).

these habitats will also
reduce
the amount
atid concentrations
of
contaminants that could interfere with restoring the
ecological health of the aquatic ecosystem. Seasonal
wetlands supporr a high production rate ofprimary
and secondary food species and large blooms (dense
populations) of aquatic invertebrates.
RATIONALE:Restoring

PROGRAMMATIC
cooperative program
vegetation
removal.
protection zones along

ACTION
2~:
Develop a
to restrict further riparian
Establish
riparian corridor
all three rivers.

PROGFUMMATIC
ACTION
2~:
Develop a
cooperative
program
to implement
riparian
restoration activities.

Wetlands that are dry in summer are also eficient
sinks for the rransformation
of nutrients and the
breakdown ofpesricides and ocher contaminants. The
roughness of seasonal wetland vegetation filters and
traps sediment and organic particulates.
Water
flowing out from seasonal wetlands is typically high
in foodweb prey species concentrations
and fine
particulate organic matter that feed many Delta

PROGRAMMATIC
ACTION
2c:
Encourage
improved land management and livestock grazing
practices along stream riparian zones.
PROGRAMMATIC
ACTION
2~:
Purchase
streambank
conservation easements from willing
sellers to widen riparian corridors.
Volume II: Ecosystem Restoration Program Plan
Eastside Delta Tributaries Ecological Management Zone Vision
July zoaa

347

PROGFUIMMATIC
ACTION
2~: Develop a
cooperative program to restore riparian woodlands
along the entire Calaveras River.
TARGET 3: Restore a minimum of 1,240 acres of
self-sustaining or managed diverse, natural riparian
habitat along the Cosumnes River, and protect
existing riparian habitat (a++).
PROGFIAMMATIC
ACTION
3A:
Develop a
cooperative program to restrict further riparian
vegetation removal, and establish riparian corridor
protection zones.

resulting in increasedstream temperatures (East Bay
Municipal Utility District 1.994). Bankside erosion
has potentially affected salmonid production in
several areaswhere livestock grazing is permitted.
FRESHWATER
FISH HABITAT
ESSENTIAL FISH HABITAT

AND

TARGET
1: Maintain and improve existing
freshwater fish habitat and essential fish habitat
through the integration of actions described for
ecological processes,habitats, and stressorreduction
or elimination (++).

PROGRAMMATIC
ACTION
3~:
Develop a
cooperative
program
to implement
riparian
restoration activities.
-

PROGRAMMATIC
ACTIONS:
NO additional
programmatic actions are recommended.
RATIONALE: Freshwater fish habitat and essential
fish habitat are evaluated in terms of their quality and

PROGFIAMMATIC
ACTION
3c:
Encourage
improved land management and livestock grazing
practices along stream riparian zones.

quantity. Actions described for Eastside Delta
Tributaries Ecological Management Zone ecological
processes, stressorreduction, and riparian and riverine
aquatic habitat should s&ice to maintain and restore
freshwater fish habitats. For example, maintaining
freshwater and essentialfish habitats is governed by
actions to maintain streamflow, improve coarse
sediment supplies, maintain stream meander,
maintain or restore connectivity of streams in this
zone and their floodplains, and in maintaining and
restoring riparian and riverine aquatic habitats.

PROGMMMATIC
ACTION
3~:
Purchase
streambank
conservation easements from willing
sellers to widen riparian corridors.
PROGRAMMATIC
ACTION
3~: Develop a
cooperative program to restore riparian woodlands
along the entire Cosumnes River.
RATIONALE:
The DFG is developing a strategy to
establish a stream corridor protection zone on the
Cosumnes River to prevent incompatible land use
from affecting existing safmonid habitat. In addition,
The Nature Conservancy is targeting the restoration
of more
than 7,000 acres. The 1,240 acres
recommended for restoration under Target 3 are to
be compatible with* ongoing restoration efforts.
Generally, the 1,240 acresrepresentsa 100 foot-wide
riparian corridor along 10 miles of stream. The site
specific refinement of this target will likely occur in
collaboration with the partners of the Cosumnes
River Project.

STRESSORS
WATER

DIVERSION

TARGET 1: Install fish screensrepresentingthe best
available technology and operational constraints, as
necessary,to minimize lossesin diversions that limit
the recovery of fish populations (+++).
I
PROGRAMMATIC
ACTION
1 A: Consolidate
diversions, seekalternative water sources,and install
a permanent fish screen at North San Joaquin
Conservation District diversion on the lower
Mokelumne River.

Riparian vegetation along the lower Mokelumne
River is diminishing (U.S. Fish and Wildlife Service
1993), however, EBMUD and the Natural Resources
Conservation Service are developing a strategy for
establishing a stream corridor protection zone on the
lower Mokeiumne River. In many areas,there is no
regeneration along
the relatively thin riparian
corridor (California Department of Fish and Game
1991). Riprapping long sections of streambank has
reduced tree growth and decreasedstream shading,

PROGFMMMATIC
ACTION 1~: Improve fish
screensand the fish bypass system at Woodbridge
Dam on the lower Mokelumne River.
PROGFWMMATIC
ACTION lc: Evaluate the
feasibility of installing state-of-the-art screens on
small pump diversions.
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ACTION
lo:
Develop a
cooperative program to operate temporary screensat
diversions where juvenile salmon rear or during
seasonswhen they passthe diversion site.
PROGRAMMATIC

DAMS

RATiONALE:

PROGFWMMATIC
ACTION
IA:
Develop a
cooperative program to evaluate the need for passage
improvements at small darns on the lower Cosurnnes
River.

ACTION

On the lower

Calaveras

River,

most of

diversions are not screened or are
inadequately screened(California Department ofFish
and Game 1993). Nearly all water in the river is
diverted, especially in the summer and fall of drier
years. During the winter and spring, unscreened
diversions between the spawning areasand the river
mouth are a potential threat to juvenile salmon.
Stockton East Water District has an appropriative
water right to divert up to 100 cfs from the Calaveras
River. This diversion is currently unscreened.There
are several other unscreened diversions along the
river. It is probable that juvenile salmon lossesoccur
during years when chinook salmon enter and spawn
in the CalaverasRiver (California Department of Fish
and Game 1993).
the

STRUCTURES

TARGET 1: Improve anadromous fish passageat
dams and diversion structures (+++).

1 E: Consolidateand
install screenson diversions in the CosumnesRiver.
PROGRAMMATIC

AND OTHER

existing

PROGRAMMATIC
ACTION
1 B: Cooperatively
improve fish passageat WID diversions and Lake
Lodi on the lower Mokelumne River.
ACTION
1 c: Cooperatively
isolate the City of Lodi’s Recreational Lake Lodi on
the lower Mokelumne River to improve adult salmon
and steelheadpassageand juvenile fish survival.
PROGRAMMATIC

PROGRAMMATIC
ACTION
1 D: Develop a
cooperative program to provide fish passage at
temporary irrigation dams in the Calaveras River,
Mormon Slough, and the Stockton Diverting Canal.
ACTION
1~:
Develop a
cooperative program to install fish passagefacilities at
Bellota Weir, Clements Dam, and Cherryland Dam
on the CalaverasRiver, and provide passageflows.
PROGFWMMATIC

On the lower Mokelumne River, more than 90
pumps withdraw water from the river between
Camanche Dam and the Delta. Few, if any, are
screened to prevent fish en trainmen t (BioSysterns
1992). The Woodbridge Irrigation District (WID)
diversion at Woodbridge Canal allows juvenile
chinook salmon and steelhead losses,because the
screen does not meet present DFG criteria for
approach velocity and mesh size, nor does it
effectively screen the opening of the diversion
(California Department of Fish and Game 1993).
North San Joaquin Water Conservation District is
the second largest diversioti below CamancheDam;
temporary fish screenswere installed in 1993 (U.S.
Fish and Wildlife Service 1995).

Small flashboard dams and some
illegal dirt and gravel’ dams exist on the lower
portions of the three rivers (U.S.’ Fish and Wildlife
Service 1997). These dams may impede up- and
downstream chinook salmonmigration.
On the lower
Mokelumne River, Woodbridge Dam and the WID
diversion may kill fish or delay downstream
RATIONALE:

migrating

juvenile

salmonids

and upstream

passage

ofadult salmonids. DFG (1993) and USFWS (1997)
recommended evaluating improvements to the
exisring fishway on Woodbridge Dam.
An informal inspection of Granlees Diversion Dam
by DFG in 1998 suggested that the ladder designis

deficient. In addition to this dam, there are three
concrete summer dams/low flow crossings in the
lower Cosumnes River, well below the chinook
salmon spawning area. The Fisheries Foundation of
California and the DFG identified these to be low
flow barriers to upstream migration. Minimum
estimated flows needed for passagein this area is
approximately 150 cfs.

Most CosumnesRiver diversions are unscreenedand

likely entrain juvenile salmonids (U.S. Fish and
Wildlife Service 1995).
Screening or eliminating diversionsfrom areaswhere
juvenile salmon are rearing or actively migrating will
increaseproduction of naturally produced juvenile
salmon from these three streams.

The channels that carry Calaveras
are migratory

routes for salmon

River water, and
below Bellota Dam,
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invasive

the original Calaveras River stream
channel,
Mormon Slough, and rhe Scockron Diverting Canal
(into which drains Mormon Slough) (California
Department of Fish and Game 1993). In someyears,
typically in March, parrial or complere blockage of
the adulr salmon migration coincideswirh rhe annual
placement of approximately 30 temporary irrigation
dams in these channels. Fish are prevented from
reaching the deep holding pools and spawning gravel
above Belloca and are subjected to poaching below
the flashboard dams. Reclamation Board Permit No.
7594 (August 27, 1971) requires that some of the
flashboards and slide gates be removed from the
channel prior to November 1 of each year and nor
replaced before April 15. Two of the diversion
structures, Clements Dam and Cherryland- Dam,
have been identified as barriers to salmon movement
and require fish passagefacilities. The Bellota Dam
(weir) has alsobeenknown to block upstreamsalmon
migrants at flows below approximately 200 cfi
(California Department of Fish and Game 1982). In
son-ie years, salmon have been observed in the
tidewater reach, apparently unable to move upstream
at lower flows. Juvenile salmon have trouble finding
the downstream outlets
to the dam and fish ladder.
include

INVASIVE

RIPARIAN
AND
PLANTS

non-native

species
biological,

through public
and mechanical

methods.

PREDATION

AND COMPETITION

TARGET 1: Reduce predation level on juvenile
salmonids below Woodbridge Dam on the lower
Mokelumne River (4++).
PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to modify the stream channel
and rebuild the Woodbridge Dam fish passageand
diversion screeningfacilities. This will help minimize
losses of downstream migrating salmon and
steelhead, while maintaining other important
functions.
PROGFWMMATIC
ACTION 16: Modify and
improve the fish bypass discharge at Woodbridge
Dam.
RATIONALE:
High spring flows attract striped
bass,American shad, and squawfish to the base of
Woodbridge Dam on the lower Mokelumne
River.
Studies suggest that a significant
proportion
of the
juvenile salmon smolt production
in the Mokelumne
River basin may be lost to predation (Boyd 1994,
East Bay Municipal
Utility District
1994). Juvenile
salmon must first pass the reservoir, then the dam,
and then the predators concentrated immediately

MARSH

TARGET 1: Reduce the adverse effects of invasive
riparian plants on native species and ecosystem
processes,water quality and conveyance systems,and
major rivers and their tributaries (++).

below the dam (striped bassand American shad are
unable to ascend the ladder and move upstream;
therefore, they tend to gather in large numbers below
the dam).

PROGRAMMATIC
ACTION IA: Develop and
implement a coordinated control program to reduce
or eliminate invasive plant speciesfrom the riparian
corridor along the Cosumnes, Mokelumne, and
Calaveras Rivers.

CONTAMINANTS
TARGET 1: Restore and maintain water quality in
Camanthe Reservoir on the Mokelumne River (+).
PROGRAMMATIC
ACTION
1 A:
Support
EBMUD in developing operating procedures at
Pardeeand CamancheReservoirsthat optimize water
quality below CamancheDam.

RATIONALE:
Non-native plant species, such as
Arundo, also known as giant reed or false bamboo,
can be highly invasive, fast-growing plants that
outcompete
and displace native riparian vegetation.
These plants restrict water
flow,
increase
sedimentation,

or

education and chemical,

PROGRAMMATIC
ACTION
16:
Support
implementation of the cooperative agreement for the
long-term remediation of Penn Mine contamination.

and form large debris piles in streams

and rivers. Arundo has been introduced into the
watershedsof the EastsideDelta Tributary Ecological
Management Zone. Its presenceis impairing existing
riparian communities and will likely hinder riparian
corridor restoration. Riparian regeneration programs
will require a coordinated approach to controlling

TARGET 2: Reduce the input of nonpoint source
contaminants into the Mokelumne River (++).
PROGRAMMATIC
ACTION 2~: Develop an
integrated program to coordinate and minimize

Volume II: Ecosystem Restoration Program Plan
Eastside Delta Tributaries Ecological Management Zone Vision
July 2000

350

agricultural pesticide and herbicide use in areas that
drain into the Mokelumne River.

supplemented with hatchery fish, selecrive fisheries
may be necessary co limit wild fish harvest, while
harvesting hatchery fish to reduce their potential ro
disrupr rhe genetic integrity of wild populations.

RATIONALE:
Poor water quality hasbeen idenrified
by USFWS (1997) as a limiting factor affecting fallrun chinook salmon and sceelheadin the Mokelumne
River. USFWS (1995) srared char managing
CamancheReservoir elevations and Pardee Reservoir
inflows have nor consistently provided suitable water
qualiry to the Mokelumne River Fish Facility and to
rhe lower river. Occurrencesoflow dissolvedoxygen,
elevated hydrogen sulfide, and elevated heavy metal
levels have been documented, occasionally resulting
in fish kills. Presently, reservoir operations have
successfullymaintained the Camanchereleasewater
quality to the lower Mokelumne River. Recently,
EBMUD and others have adopted a long-term plan
to remediate Penn Mine contamination. The final
EIR/EIS has been completed and a Restoration Plan
adopted by EBMUD, CVRWQCB, CSM, and federal
ESA.
HARVEST

ARTIFICIAL

PROPAGATION

OF FISH

TARGET
1: LMinimize the likelihood that
hatchery-produced salmon and steelheadcould stray
into adjacent non-natal rivers and streamsto protect
naturally produced salmon and steelhead(+++).
PROGRAMMATIC
ACTION
1~: Develop a
cooperative program to evaluate the benefits of
limiting stocking in the Mokelumne River with
salmon and steelhead produced at the Mokelurnne
River Hatchery.
TARGET 2: Employ methods to limit straying and
reduced genetic integrity of wild and hatchery
supported stocks (+++).
PROGRAMMATIC
ACTION 2~: Rear hatchery
salmon and steelheadin hatcheries on natal streams
to limit straying.

OF FISH AND WILDLIFE

TARGET
1: Develop harvest management
strategiesthat allow the spawning population of wild,
naturally produced fish to attain levels that fully
utilize existing and restored habitat and allow harvest
to focus on hatchery-produced fish (+++).

PROGRAMMATIC
ACTION 2~: Limit stocking
of salmon and steelhead fry and smolts to natal
watersheds to minimize straying that may
compromise the genetic integrity of naturally
producing populations.

PROGMMMATIC
ACTION
IA:
Reduce or
eliminate the illegal salmon and steelheadharvest by
increasing enforcement efforts.

PROGRAMMATIC
ACTION 2c: Develop a plan
to stop importing egg or fry chinook salmon and
steelheadto the Mokelumne River.

PROGRAMMATIC
ACTION 1 B: Develop harvest
management plans with commercial and recreational
fishery organizations, resourcemanagement agencies,
and other stakeholders that support ecosystem
restoration and protect important species.

FIATIONALE:
In watersheds like the eastside
tributaries to the Delta, where dams and habitat
degradation have limited natural spawning, some
hatchery supplementation may be necessary. This
would help to sustainfishery harvest at former levels
and to maintain a wild or natural spawning
population during adverse conditions, such as
droughts. However, hatchery augmentation should
be limited in extent and to levels that do not inhibit
recovery and maintenance of wild populations.
Hatchery-produced salmon and steelhead might
directly compete with and prey on wild salmon and
steelhead. Straying of adult hatchery fish into nonnatal watershedsmight also threaten the genetics of
wild stocks. Hatchery fish might also threaten the
genetic makeup of stocks in natal rivers. Further
research and experimentation are necessary to
determine how this issue is addressed.Long-term

PROGFWMMATIC
ACTION
lc:
Evaluate a
marking and selective fishery program for chinook
salmon.
RATIONALE: Restoring and maintaining chinook
salmon and sreelheadpopulations to levels that take
full advantage of habitat may require harvest
restrictions during, and even after, the recovery
period. Involvement of rhe various stakeholder
organizations should help provide a balancedand fair
allocation of available harvest. Target popularion
levels may preclude existing harvest levels of wild,
narurally
produced
fish.
For
populations
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hatchery augmenrarion of healthy wild stocks may
genetically undermine those stocks and threaten the
genetic integrity of other stocks.

Fisheries Study.
Sacramento, CA.

Envirosphere

Company,

rMoyle, P.B., and J.P. Ellison. 1991. A conservation
oriented classification system for the inland
waters of California. California Fish and Game
77(4): 161-180.

Straying of adults into non-natal streamsmay result
in inrerbreeding with a wild population specifically
adapted ro chat watershed, and thus lead ro the loss
ofgeneric integrity in the wild population. Releaseof
hatchery-produced fish into the San Joaquin River
and its tributaries, other than the Mokelumne River,
could iead to a lossin the genetic integrity of wild
salmon and sreelhead populations.

National Marine Fisheries Service. 1998. Draft
proposed recommendations for amendment I4
to the Pacific Coast salmonplan for essentialfish
habitat. March 26, 1998.
Setka, J. 1997 (draft). 1996 lower LMokelumneRiver
chinook salmon (Oncorhynchus tshawytscha)
spawning survey report. East Bay Municipal
Utility District, Orinda, California.
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+ SAN

JOAQUIN

RIVER ECOLOGICAL
MANAGEMENT
ZONE
average width of 130 miles. The Tulare Lake basin to
the south is normally considered a separate drainage
basin but, during wet years, has contributed
occasional floodflows and subsurface flows to the San
Joaquin River. The San Joaquin River basin is
bounded on the west by the Coast Ranges and on the
east by the Sierra Nevada. The San Joaquin River
flows west from the Sierra Nevada, turns sharply
north at the center of the valley floor, and flows north
through the valley into the Sacramento-San Joaquin
River Delta.
On the arid west side of the basin, relatively small
intermittent streams drain the eastern slopes of the
Coast Ranges but rarely reach the San Joaquin River.
Natural runoff from westside sloughs is augmented
by contaminated agricultural drainage and spill flows.
On the east side, many streams and three major rivers
drain the west slope of the Sierra Nevada and flow
into the San Joaquin
River.
The
major
San Joaquin
eastside tributaries south
River
of the Delta are the
Ecological
Stanislaus,
Tuolumne,
Merced
rivers.
and
Secondary streams south
of the Merced River
include Bear Creek and
the Chowrhilla
and
Fresno rivers and the
San Joaquin
upper
River.

The health of the Sacramento-San Joaquin Delta is
dependent on its tributaries for inflows of water along
with their sediments and nutrients. The tributaries
also provide spawning,
rearing, and migration
habitats for aquatic species. The Delta also depends
on quality riparian corridors that connect it with the
upper watershed habitats needed by many terrestrial
species. The ecological integrity of the San Joaquin
River below Friant Dam is critical to the ecological
health of the Bay-Delta
system. The ecological
quality of the mainstem San Joaquin River below the
mouth of the Friant Dam is particularly important
for the anadromous fish that annually migrate into
and out of the Stanislaus, Tuolumne, and Merced
rivers.
The San Joaquin Ecological Management
Zone
encompasses four Ecolpgical Management Units:
1

Vernalis
Unit,

to Merced

n

Mendota
Merced
to
Management Unit,

n

Mendota Pool to Gravelly
Management Unit, and

fi

Gravelly Ford to Friant Ecological Management
Unit.

DESCRIPTION
MANAGEMENT

Ecological

Management

Pool
Ford

Precipitation in the San Joaquin River basin averages
about 27.3 inches per year. Snowmelt runoff is the
major source of water to the upper San Joaquin River
and the larger eastside tributaries. Historically, peak
flows were in May and June, and natural overbank
flooding took place in most years along all the major
rivers. When floodflows reached the valley floor, they
spread our over the lowlands,
creating several
hundred thousand acres of permanent tule marshes
and more than 1.5 million acres of seasonally flooded
wetlands and native grasslands. The rich alluvial soils
of natural levees once supported large, diverse
riparian (waterside) forests. As much as 2 million

Ecological
Ecological

OF THE
ZONE

The 290-mile-long
San Joaquin Valley occupies the
southern half of the Central Valley and has an
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acres of riparian vegetation are estimated to have
grown on levees, on floodplains, and along small
stream courses. Above the lower floodplain, the
zone graded into higher floodplains
riparian
supporting valley oak, savanna, and native grasslands
interspersed with vernal pools. Less than 10% of the
historic wetland acreage and less than 2% of the
historic riparian acreage exist as remnant vestiges.

Historical

Agricultural development in the basin, which began
in the 1850s brought dramatic changes in the
hydrologic system. The upper San Joaquin River
drainage (1,650 square miles) now has seven powergeneration reservoirs, which alter flows in the upper
basin. Friant Dam near Fresno is the major storage
reservoir there. Completed in 1949, the dam is
operated by the U.S. Bureau of Recl&ation
(Reclamation) to provide flood control, irrigation, and
power generation. Millerton Lake, formed by Friant
Dam, has a gross storage capacity of 520,000 acrefeet (af) and provides for deliveries into the FriantKern Canal, the Madera Canal, and other Central
Valley Project (CVP) facilities. Mean annual runoff of
the San Joaquin River into Millerton Lake totals 1.9
million af, with 2.2 million af per year committed in
water contracts.
Unimpaired

Monthly

Average

Unimpaired
1992 (Dry

Normal

Year

a

Monthly

Average

Flow

JFMAMJJASOND

q

Normal

Year

a

Dry Year

Historical
Streamflow
on the ban Joaqum
t~lver at Vernalis,
19721992 (Dry year is the 20th percentile
year; normal year is the 50th
percentile
or median year.)

Historically, the upper San Joaquin River supported
spawning and rearing habitat for the southernmost
stocks of spring- and fall-run chinook salmon and for
steelhead. Early dams along the river restricted
passage of adult salmon. By the early 194Os, large
runs of salmon in the upper San Joaquin River near
Fresno were mostly spring-run fish. This spring run,
ranging from 2,000 to 56,000 fish between 1943 and
1948, was extirpated after 1949 when the Friant
Dam closed the channel. The fall run, averaging
about 1,000 spawning adults in the 194Os, was also
eliminated by the dam. Streamflow releases to the
San Joaquin River below the dam are now insufficient
to support salmon passage, spawning, or rearing. No
water passes through the Gravelly Ford to Mendota
Pool reach except during extremely high runoff
periods.

Flow

There is.historical documentation of steelhead in the
San Joaquin river system, south to and including the
Kings River and Tulare Lake (Yoshiyama et al.
1996). The widespread
distribution
of chinook
salmon in this system provides further indication of
the extent of steelhead distribution. In the KIamath
River drainage, for instance, all streams that contain
a chinook salmon population have steelhead as well
and, in nearly all cases, steelhead go higher into the
drainage and utilize more of the stream system than
do chinook salmon. This indicates that if chinook
salmon were able to access and utilize habitat of a
particular stream, steelhead could as well. Because
steelhead utiliie smaller tributaries for spawning and
rearing, they were probably more widely distributed

JFMAMJJASOND
cl

I

Dry Year

Streamflow
on the San Joaquin
River at Vernalis,
1972year is the 20th percentile
year; normal year is the SOth
percentile
or median year.)

Water development caused a great change in the
natural streamflow
pattern of the river. The high
flows of spring are now captured in storage reservoirs
in the basin except for the years of highest rainfall.
Summer and fall flows are higher than before to
provide water for irrigation and urban water supply.
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in the San Joaquin River system (and the rest of the
Central
Valley)
than were
chinook
salmon
(Yoshiyama et al. 1996).

other samples of steelhead analyzed (132 samples
from Washington,
Oregon, Idaho, and California)
(Busby et al. 1996), hence may be representative of
native Central Valley steelhead. In most years, a few
salmon are observed spawning in late January and
February on the lower Stanislaus River. Whether
these fish are a remnant of a distinct late fall run in
the San Joaquin River basin or whether they are
strays or fall-run fish spawning later than usual is not
known.

Friant Dam’s closure of the channel and reduction of
total basin outflow damaged anadromous fish runs in
other tributaries as well. Reducing fall attraction
flows and spring outflows on the mainstem San
Joaquin River reduced adult returns, production, and
survival of salmon throughout
the system. When
spring outflow at Vernalis on the mainstem San
Joaquin River is high, the total adult salmon
escapement (fish that survive migration to spawn) in
the San Joaquin River basin increases 2.5 years later.
Since Friant Dam began operating, low spring
outflows
from the basin in most years- have
contributed substantially to low salmon production.

In recent years,
fall-run
chinook
spawning
escapements in the San Joaquin River basin have
declined to alarmingly low levels. In’ fall 1991, an
estimated 658 fish returned to the basin to spawn,
compared to 135,000 in 1944, 80,500 in 1953,
531400 in 1960, and 70,000 in 1985.

The three major eastside tributaries
to the San
Joaquin River-the
Stanislaus, Tuolumne,
and
Merced rivers-support
spawning and rearing habitat
for fall-run chinook salmon, steelhead, rainbow trout,
and perhaps late-fall-run chinook salmon. Substantial
evidence exists to show that there is an extant selfsustaining steelhead run in the San Joaquin Basin.
Since 1995, a small, but consistent, number of
juvenile steelhead that exhibit smolt characteristics
have been captured in rotary screw traps at two
chinook salmon monitoring
sites on the lower
Stanislaus River (Demko and Cramer 1997; 1998).
The presence, over multiple years, of juvenile
steelhead that have undergone smoltification and are
actively migrating to the ocean is sufficient evidence
to conclude that natural production is occurring and
a self-sustaining
population exists. This is also the
opinion of the Department of Fish and Game (CDFG
1997), the Steelhead Project Workteam
of the
Interagency
Ecological Program (IEP Steelhead
1999) and apparently
the
Project Workteam
Department of Water Resources and the U.S. Bureau
of Reclamation (DWR and USBR 1999). It is the
opinion of the Department
of Fish and Game that
small runs of steelhead still exist in the Tuolumne
and Merced rivers as well (CDFG 1997).

A streamflow of 35 to 230 cubic feet per second (cfs)
is required in the river between Friant Dam and
Gravelly Ford to support riparian water diversions.
Major reaches of the river between Gravelly Ford and
the confluence with the Merced River are essentially
dry for much of the year. The stream channel has
been affected by inchannel gravel mining and by
vegetative encroachment resulting from the absence
of frequent scouring flows. The mainstem San
Joaquin River downstream from the confluences with
the major eastside tributaries provides the migration
corridor for anadromous fish to the Delta and the
Pacific Ocean.
In recent years, drainage practices in western Merced
County have increased agricultural return flows from
Salt and Mud Sloughs into the mainstem San Joaquin
River. These flows attracted significant numbers of
adult salmon into the sloughs and, subsequently, into
irrigation canals with no suitable spawning habitat.
As spawning runs have declined, the proportion of
the San Joaquin drainage salmon straying into the
westside area has increased. In fall I99 1, 3 1% of the
salmon in the basin was estimated to have strayed
into westside canals.
Fish screens were installed on the El Solyo, West
and Patterson
Irrigation
District
Stanislaus,
diversions in the late 1970s. Because of the low
number of returning adult salmon and juveniles the
inappropriate design and inefficiency of the screens,
and the high cost of maintenance; the screens were
abandoned within a few years. The El Soyo diversion
has the capacity to withdraw as much as 80 cfs; each

Recent genetic analysis by the National Marine
Fisheries
Service of Stanislaus River rainbow
trout/steelhead collected from the anadromous reach
below Goodwin Dam show that this population has
close genetic affinities to upper Sacramento River
steelhead (NMFS 1997). Further, this Central Valley
group forms a genetic group that is distinct from all
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of the other diversions has a capacity of 249 cfs.
Together, these diversions can withdraw a significant
proportion of the mainstem river flow, particularly in
dry years.
LMany small and medium-size
the mainstem San Joaquin
salmon in addition to those
Stanislaus,
and Patterson
diversions. Cumulative losses
be significant.

Restoring and maintaining
important
ecological
processes and functions in the San Joaquin River
Ecological Management Zone depend on conditions
in both the main tributaries to the river (the East San
Joaquin Basin Ecological LManagement Zone) and the
downstream
Sacramento-San
Joaquin
Delta
Ecological LManagement Zone. Water flow, channel
incision, levee construction, gravel mining, sediment
and nutrient supply, and input of contaminants from
the tributary streams all influence habitat conditions
in the mainstem San Joaquin River. Changes of these
factors in the tributaries from historical conditions
have degraded habitat on the mainstem river.
Conditions in the Delta have a significant effect on
anadromous fish production in the basin because, in
most years, a significant proportion of inflow from
the San Joaquin River is diverted at the Delta.

irrigation diversions on
River entrain juvenile
at the El Soyo, West
Irrigation
District
at these other sites may

San Joaquin River basin outflow standards should be
established to protect adults migrating upstream in
the fall and emigrating smolts in the spring.
High water temperatures during emigration pbably
reduce smolt survival
in the mainstem
river.
California Department
of Fish and Game (DFG)
Exhibit 15 to the California State Water Resources
Control Board (SWRCB) for Phase I of the Bay-Delta
hearings showed that, in years when the flow at
Vernalis was 5,000 cfs or less in May, water
temperatures were at levels of chronic stress for these
fish. Temperature stress is additive and increases with
successive
to diversions,
predation,
exposures
handling in the Delta fish salvage ,process, and
migration delays

DESCRIPTIONS
OF
ECOLOGICAL
MANAGEMENT
UNITS
VERNALIS
TO MERCED
ECOLOGICAL
MANAGEMENT

UNIT

The Vernalis to Merced Ecological Management Unit
(43 miles, from river mile {RM] 75 to RM 118) is the
nontidal reach of the river that includes the
confluences with the Merced, Tuolumne,
and
Stanislaus rivers. These major tributaries drain the
west slope of the Sierra Nevada and provide most of
the flow to this reach. On the arid west side of the
basin, relatively small intermittent streams drain the
eastern slopes of the Coast Ranges but their waters
rarely reach the river, which flows in this reach
through a broad alluvial channel and floodplain.
Levees ‘set close to the main channel confine the
floodplain throughout most of its length, including
along the lower tributaries.

LIST OF SPECIES TO BENEFIT
FROM
RESTORATION
ACTIONS
IN THE
SAN JOAQUIN
RIVER ECOLOGICAL
MANAGEMENT
ZONE
4 chinook salmon
H steelhead trout
m splittail
’
w white sturgeon
n
American shad
fi giant garter snake
n
Swainson’s hawk
n
greater sandhill crane
n
western yellow-billed cuckoo
H shorebirds
H * wading birds
m waterfowl
n
neotropical migratory birds
n
San Joaquin Valley woodrat
w riparian brush rabbit
n
native resident fishes
E plants and plant communities.

MERCED
ECOLOGICAL

TO MENDOTA
MANAGEMENT

POOL
UNIT

The Merced
to Mendota
Pool Ecological
Management Unit (87 miles, from RM 118 to ]RM
205) includes the mouth of Salt Slough and the
Chowchilla and Fresno rivers. Flows in this reach have
been significantly reduced from historical conditions
by the Friant Dam project upstream and by the
Eastside Bypass and levee system. The reach receives
inflow from the Delta-Mendota Canal into Mendota
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Pool. Irrigation deliveries in the local area use this
reach as a conduit. Agricultural drainage practices in
western Merced County result in significant return
flows from Salt and Mud Sloughs into this reach.

MENDOTA
POOL TO GRAVELLY
FORD ECOLOGICAL
MANAGEMENT
UNIT
The vision for the Mendota Pool to Gravelly Ford
Ecological Management Unit (24 miles, from RM
205 to RM 229) includes no significant tributary
inflow. Because of the Friant Dam project upstream,
most of this reach is dry for much of the year. The
stream channel has been altered by inchannel gravel
mining, floodplain confinement
by levees and
incision, and vegetation encroachment
into the
abandoned channel and floodplain.

GRAVELLY
ECOLOGICAL

FORD TO FRIANT
MANAGEMENT
UNIT

The Gravelly
Ford to Friant Dam Ecological
Management Unit (31 miles, from RM 229 to EM
260) includes no significant tributary
inflow. At
Friant Dam, almost all the mainstem riverflow is
diverted into the Friant-Kern
Canal. Except during
spill conditions at Friant Dam, the reach from the
dam to Gravelly Ford receives a flow release of 35230 cfs to support riparian water diversions; any
streamflow
reaching Gravelly Ford sinks into the
channel bed because of the highly permeable
substrate (bottom material) in that area. The stream
channel has been altered by inchannel gravel mining,
incision, and vegetation encroachment
into the
channel and floodplain.
Significant stressors of ecological functions,
and species on the San Joaquin River are:

habitats,

w

artificial confinement
levees

n

dams the block access to historical habitat

w

poor land use and livestock
riparian lands,

n

lack of floodflows,
which alters the natural
sediment balance and reduces riparian vegetation
growth, and

n

of the river channel within

significantly reduce streamflow
temperature.
Additional

are:

n

direct removal and fragmentation
of riparian
habitat for agricultural and urban development
and floodway maintenance,

n

entrainment of fish and other aquatic organisms
in water diversions, and

n

inchannel and floodplain gravel extraction, which
alters channel forms.

Channel instability and floodplain disturbance have
caused bank and floodplain deposits to erode and
release too much fine sediment into the river. This
sediment damages spawning habitat and bars fish
passage. Construction of levees close to channels, as
well as flood bypasses and weirs, has fragmented and
degraded floodplain habitats (e.g., by causing
unnaturally high salt concentration in surface soils).
Levees have also caused excessive scour of the channel
and instability of riparian and aquatic habitats within
the leveed channel. In some reaches, native
vegetation is being replaced by non-native invasive
plants, such as giant reed. This reduces the quality of
fish and wildlife habitat, increases sediment deposits,
and decreases floodway capacity.
Important
habitats provided by the San Joaquin
River and its ecological processes include riparian and
riverine aquatic habitats; riparian forest; valley oak
woodland;
perennial grassland; various cropland
habitats (e.g., agricultural wetlands and uplands);
and migration,
holding, spawning,
nursery, and
emigration habitats for anadromous and resident fish
populations.
Important fish, wildlife, and plant species occupying
the San Joaquin River Ecological Management Zone
and its habitats include steelhead, fall-run chinook
salmon, splittail, white sturgeon, green sturgeon, and
American shad.

grazing practices on

reservoir management and diversions on the
mainstem
and
tributary
streams
that

stressors

and alter stream

VISION

FOR

THE

MANAGEMENT

ECOLOGICAL
ZONE

The vision for the San Joaquin River Ecological
Management
Zone includes restoring important
wildlife,
and plant communities
and
fishery,
ecological processes to healthy conditions
and
reducing stressors that inhibit health and limit
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restoration. This will require reactivating natural
streamflow
and
ecological processes, including
natural stream meander, to accomplish most of the
restoration. In addition, stressors such as unscreened
diversions and levee confinement of the floodplain
must be reduced. The vision includes significant
improvements
in floodplain and stream-channel
habitats consistent with flood control, urban, and
agricultural development plans in the San Joaquin
Valley floodplain.

white and green sturgeon, and splittail and the
migratory corridor for upstream and downstream
migration of fall-run and late-fall-run chinook
salmon, steelhead, and resident rainbow trout.

Throughout
the San Joaquin River, restoring a
healthy riparian zone and improving stream meander
corridor will increase the shaded riverine aquatic
(SRA) habitat, the woody debris, and the natural
sediment regime (pattern) in the aquatic system.

reestablish a functional

restore and maintain streamflows that provide
habitat and adequate temperature levels for
migrating salmon and steelhead and resident
native fishes,
maintain a diverse, self-sustaining

reduce entrainment
diversions, and

Restoring fall-run chinook salmon and steelhead runs
in the San Joaquin River basin could contribute
significantly to recovery of Central Valley stocks. In
the past, natural .fall-run spawning escapements in
the basin have accounted for as much as 27% of the
total natural escapement of fall-run chinook salmon
in the Central Valley.
Floodway
capacity
combination of:

In the reach from Friant Dam to Gravelly Ford, the
vision focuses on maintaining native resident fishes
and waterfowl
and wildlife habitat by restoring
minimum streamflows, stream-channel configuration,
and the riparian corridor.

should

be expanded

by

a

n

levee setbacks,

n

levee abandonment where new land use and
public ownership justify restoring the floodplain,

n

widening
and extending the bypass
throughout this reach, and

n

establishing a new design floodflow capacity that
includes a firm commitment
to natural
vegetation not subject to maintenance or
removal.

system

These measures
are environmentally
superior
alternatives to rebuilding and riprapping existing
banks and levees without modifying the undersized
flood-control infrastructure
damaged by the 1997
floods.

VISIONS
FOR
ECOLOGICAL
MANAGEMENT
UNITS
RIVER
UNIT

The vision sets a high priority on connecting
fragmented riparian and seasonal floodplain habitat
corridors and restoring ecological structures and
processes, such as natural channel meanders and
unconfined lower floodplains, that promote self-

The vision for the Vernalis to Merced River Ecological
Management Unit would:
w

of aquatic resources at water

reduce the input of salt and other contaminants.

In the reach from the Merced River confluence to
Mendota Pool, emphasis will be on reducing the
input of contaminants from westside drainage and
reducing
straying
of fall-run
chinook
salmon
upstream of the confluence with the Merced River.

TO MERCED
MANAGEMENT

floodplain,

restore a balanced sediment regime,

In the lower part of the zone from the Merced River
to Vernalis, restoring the stream meander corridor
will benefit upstream and downstream migration of
fall-run chinook salmon and steelhead and restore
spawning and rearing habitat for American shad,
striped bass, white and green sturgeon, and splittail.
Reducing losses of fish to water diversions, improving
streamflows at critical times of year, reestablishing a
functional
floodplain and a balanced sediment
budget, and improving water quality by reducing
input of contaminants to the river will also benefit
fish and wildlife.

VERNALIS
ECOLOGICAL

riparian zone,

restore the ecological processes needed to support
spawning and rearing habitat for American shad,
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sustaining riparian succession and creation of aquatic
habitat. Wildlife refuges and undeveloped historical
floodplains that support seasonal wetlands and other
natural habitats, but that have inadequate water
supplies and high surface salt concentrations, will be
flooded by the restored flood cycles from modified
flood control system described above.

Floodway
capacity
combination of:

Instream sand and gravel mining on the major
tributaries in this reach should be phased out and
replaced by off-channel, high-terrace
mines and
relocation to other sources. Such sources may include
reservoir delta deposits or abandoned floodplain
terraces where the channel is unnaturally confined by
recent downcutting.
Abandoned inchannel pits that
cause channel instability and trap fish shculd be
filled, where this is feasible, or modified and restored
to create stable habitats and landforms. Revegetation
programs and levee and grade modifications should
be implemented at abandoned mine pits to provide
greater bank cohesion and channel stability and to
route low flows
away
from
potential
fish
entrapments.

should

be expanded

by

a

n

levee setbacks,

w

levee abandonment where new land use and
public ownership justify restoring the floodplain,

n

widening and extension of the bypass system
throughout this reach, and

n

establishment of new design floodflow capacity
that includes a firm commitment
to natural
vegetation
not subject to maintenance
or
removal.

These measures
are environmentally
superior
alternatives to rebuilding and riprapping existing
banks and levees without modifying the undersized
flood-control
infrastructure
damaged by the 1997
floods.
The vision sets a high priority on reconnecting
fragmented riparian and seasonal floodplain habitat
corridors and restoring ecological structures
and
processes, such as natural channel meanders and
unconfined lower floodplains, that promote selfsustaining riparian succession and the creation of
aquatic habitat. Wildlife refuges and undeveloped
historical floodplains that support seasonal wetlands
and other natural habitats, but that have inadequate
water supplies and high surface salt concentrations,
will be flooded frequently by the restored flood cycles
from the modified flood control system described
above.

MERCED
RIVER
TO MENDOTA
POOL
ECOLOGICAL
MANAGEMENT
UNIT
The vision for the Merced River to Mendota Pool
Ecological Management Unit would reduce the input
of contaminants, which will improve aquatic habitat
quality in this unit and downstream in the Vernalis to
Merced River Ecological Management Unit and in
the Sacramento-San
Joaquin
Delta Ecological
Management Zone. Other parts of the vision are to
restore ecological processes that create and sustain the
habitats of a diverse, self-sustaining riparian corridor
linked with upstream and downstream
Ecological
Management Units; to reduce the straying of adult
fall-run chinook salmon into areas with no suitable
spawning habitat; and to improve land management
and livestock grazing practices along streams and
riparian zones.

MENDOTA
POOL TO GRAVELLY
FORD
ECOLOGICAL
MANAGEMENT
UNIT
,
The vision for the Mendota Pool to Gravelly Ford
Ecological Management
Unit would restore the
ecological processes needed to support a diverse, selfsustaining riparian corridor linked with upstream and
downstream Ecological Management Units and that
does not encroach on the stream channel. The vision
would also improve land management and livestock
grazing practices along streams and riparian zones.

Other requirements are to maintain a diverse, selfsustaining riparian habitat zone, to reestablish a
functional floodplain, to restore a balanced sediment
regime, to reduce entrainment of aquatic resources at
water diversions, and to reduce the input of salt and
other contaminants.

Instream sand and gravel mining should be phased
out and replaced with off-channel, high-terrace mines
and relocation to other sources. Such sources may
include reservoir
delta deposits or abandoned
floodplain terraces where the channel is unnaturally
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confined
by recent
downcutting.
Abandoned
inchannel pits that: cause channel instability and trap
fish should be filled, where feasible, or modified and
restored to create stable habitats and landforms.
Revegetation
programs
and levee modifications
should be implemented at abandoned mine pits to
provide greater bank cohesion and channel stability
and to route flows away from potential fish
entrapments.

GRAVELLY FORD TO FRIANT
ECOLOGICAL
MANAGEMENT

NATUFUIL
PROCESSES:

AND

FLOOD

Natural river-floodplain interaction
has been impaired by the construction of dams and
levees. Seasonal flooding is needed to promote
ecologicalhealth and restoration of important species.
The vision is that floodplains along the SanJoaquin
River will be expanded, reconnected to their
channels,and seasonallyflooded by increasedstream
flows that will regenerate natural riparian habitat,
carry nutrients to the Delta, and create seasonal
habitat for splittail spawning and the rearing and
emigration of juvenile fish.

DAM
UNIT

The vision for the Gravelly Ford to Friant Dam
Ecological Management Unit would restore a diverse,
self-sustainingriparian corridor linked with upstream
and downstream Ecological Management Un&. The
vision would also maintain streamflows for resident
native fishesand improve livestock grazing practices
along streams and riparian zones.

STREAM

Instream sand and gravel mining should be phased
out and replaced with off-channel, high-terrace mines
and relocation to other sources. Such sources may
include reservoir delta deposits or abandoned
floodplain terraces where the channel is unnaturally
confined by recent downcutting.
Abandoned
inchannel pits that causechannel instability and trap
fish should be filled, where feasible, or modified and
restored to create stable habitats and landforms.
Revegetation programs and levee modifications
should be implemented at abandoned mine pits to
provide greater bank cohesion and channel stability
and to route flows away from potential fish
entrapments.

CENTRAL
ATURES:

VISIONS

FLOODPLAINS

MEANDER:
Natural stream meanderin
the SanJoaquin River is constrained by dams, floodcontrol levees, and altered flow patterns. The vision
is to create and maintain any possible meander to
sustain habitats similar to those that occurred
naturally to provide sediment for the Delta and
rearing habitats for chinook salmon and steelhead.
VALLEV

STREAM

TEMPER-

High stream temperatures limit or
interrupt the natural life cycle of aquatic organisms.
The vision is that water temperatures below major
dams will be suitable for maintenance of important
aquatic organisms and biological functions such as
steelheadrearing and chinook salmon spawning, egg
development, and fry and juvenile rearing and
emigration.

FOR HABITATS

VISIONS

WETLAND
HABITAT:
The vision is
that increasedseasonalflooding and enhancementof
existing wetlands, and development of cooperative
programs with local landowners will contribute to
increased habitats for waterfowl and other wetland
dependent fish and wildlife resources such as
shorebird, wading birds, and the giant garter snake.
SEASONAL

ECOLOGICAL
PROCESSES
FOR

VALLEY
STREAMFLOWS:
Instream
flows are inadequate and need to be supplemented
where possible,consistent with existing agreements.
The vision is that instream flows will be high enough
to support the restoration of ecological processesand
functions that maintain important fish, wildlife, and
plants along with their habitats.
CENTRAL

RI PARIAN
HABITATS:

AND

RIVERINE

AQUATIC

Riparian plant communities are
important components of a healthy ecosystem and
contribute in many ways to sustaining fish and
wildlife populations. The vision is to restore diverse
self-sustaining riparian and riverine aquatic habitat
along the San Joaquin River which will serve as an
important migratory corridor to upstream habitats
for terrestrial and aquatic species.

SEDIMENT
SUPPLY:
The vision is that
existing sourcesof coarsesedimentswill be protected
and cooperative programs or conservation easements
will be developed to reduce the amount of ,coarse
sedimentsharvested from the active stream channel.
COARSE

FRESHWATER
FISH HABITAT:
Freshwater fish
habitat is an important component neededto ensure
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The vision for steelhead trout is to
recover this species listed as threatened under the
ESA and achieve naturally spawning populations of
sufficient size to support inland recreational fishing
and that usefully existing and restored habitat.
STEELHEAD:

the sustainability of resident native fish species. The
San Joaquin River is a low elevation, valley floor river
(IMoyle and Ellison 199 1). The quality of freshwater
fish habitat in the San Joaquin River will be
maintained through actions directed at streamflows,
sediment supply, stream meander, natural floodplain
and restoring
and flood processes, maintaining
riparian and riverine aquatic habitats, and reducing
the adverse effects of stressors such as contaminants.

The vision for splittail is to achieve
recovery of this federally listed threatened species.
The vision is that splittail will have access to
seasonally flooded spawning habitat and that their
offspring will have unimpaired accessto rearing and
foraging areas.
SPLITTAIL:

LANDS:
Improving habitats on
and adjacent to agricultural lands in the Butte Basin
Ecological Management Zone will benefit native
waterfowl and wildlife species.Emphasizing certain
agricultural practices (e.g., winter flooding and
harvesting methods. that leave some grain-in the
fields) will also benefit many wildlife that seasonally
use these important habitats.

AGRICULTURAL

STURGEON:
The vision for white sturgeon
is to maintain and restore population distribution and
abundance to historical levels. Improved flows in late
winter and early spring will benefit sturgeon
spawning. Improved stream meander corridors
should also benefit sturgeon. The vision is that
restoration of ecological processesand habitats along
with a reduction of stressorswill contribute to stable
and larger sturgeon populations.

WHITE

VISIONS
FOR REDUCING
OR
ELIMINATING
STRESSORS
DIVERSIONS:
The vision for water
diversions is that the diversion of water from the
lower SanJoaquin River will not adversely influence
efforts to rebuild fish populations and maintain
riparian and riverine aquatic habitats.
WATER

LRIEES,

BRIDGES,

AND

BANK

SHAD:
The vision for American shad
is to maintain a naturally spawning population,
consistent with restoring native species,that supports
a sport fishery similar to the fishery that existed in
the 1960s and 1970s.

AMERICAN

PROTECTION:

LAMPREY:
The vision for river lamprey is to
maintain the diversity, distribution and abundanceof
this species.

Levees,bridges, and bank protection measuresalong
the SanJoaquin River have inhibited overland flow
and erosion and depositional processesthat develop
and maintain the floodplain. The vision is to modify,
remove, or reoperate structures in a manner that
greatly lessensadverseaffects on ecological processes
and aquatic organisms.

POND
TURTLE:
The vision for the
western pond turtle is to maintain and restore their
abundance and distribution by maintaining or
expanding existing populations by improving stream
channel, floodplain riparian processes,and reducing
predator species.
WESTERN

The vision is to reduce lossesof
fish and wildlife due to pesticide, hydrocarbon, heavy
metal, and other pollutants.
CONTAMINANTS:

VISIONS

GARTER
SNAKE:
The vision for the giant
garter snake is to contribute to the recovery of this
State and federally listed threatened speciesin order
to contribute to the overall species richness and
diversity. Achieving this vision will reduce the
conflict between protection for this speciesand other
beneficial usesof land and water in the Bay-Delta.
Protecting existing and restoring additional suitable
wetland and upland habitats will be critical to
achieving recovery of the giant garter snake. The
proposedrestoration of aquatic, wetland, and riparian
habitats in the East San Joaquin Ecological
GIANT

FOR SPECIES

SALMON:
The vision for chinook
salmon is to recover all stocks presently listed or
proposed for listing under ESA or CESA, achieve
naturally spawning population levels that support
and maintain ocean commercial and oceanand inland
recreational fisheries, and that usefully existing and
restored habitats. The vision is that improved
habitats and flows in the SanJoaquin River below the
mouth of the Merced River will contribute to the
survival of adult and juvenile chinook salmon.
CHINOOK
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Management Zone will help in the recovery of these
species by increasing habitat quality and area.
SWAINSON’S
HAWK:
The vision for
hawk is to contribute to the recovery of
listed threatened species. Improvements
and agricultural wildlife habitats will
recovery
of the Swainson’s
hawk.
abundance and possibly some nesting
expected as a result of improved habitat.

agricultural habitats. Increase use of the East San
Joaquin Ecological LManagementZone and possibly
increasesin somepopulations would be expected.

Swainson’s
this Statein riparian
aid in the
Increased
would be

NEOTROPICAL MIGRATORY BIRDS: The vision
for the neotropical migratory bird guild is to restore
and maintain healthy populations of neotropical
migratory birds through restoring habitats on which
they depend. Protecting existing and restoring
additional suitable wetland, riparian, and grassland
habitats will be critical to maintaining healthy
neotropical migrant bird populations in the BayDelta.

GREATER SANDHILL
CRANE: The vision for the
greater sandhill crane is to contribute to the recovery
of this California species of special concern.
Improvements in pasture lands and seasonally
flooded agricultural habitats, such as flooded corn
fields, should help toward recovery of the-greater
sandhill crane population. The population should
remain stable or increase with improvements in
habitat.

RIPARIAN BRUSH RABBIT: The vision for the
riparian brush rabbit is to contribute to the recovery
of this federally and State-listed endangered species
through improvements in riparian habitat and
reintroduction to former habitat.
SAN JOAQUIN VALLEV WOODR~T: The vision
for the SanJoaquin Valley woodrat is to contribute to
the recovery of this federally listed endangeredspecies
through improvement in its habitat.

YELLOW-BILLED
CUCKOO: The
vision for the western yellow-billed cuckoo is to
contribute to the recovery of this State-listed
endangered species.The yellow-billed cuckoo along
the San Joaquin River and its tributaries is not a
speciesfor which specific restoration projects are
proposed. Potential habitat for the cuckoo will be
expanded by improvements in riparian habitat areas.
These improvements will result from efforts to
protect, maintain, and restore riparian and riverine
aquatic habitats throughout the San Joaquin River
and East SanJoaquin Ecological Management Zones,
thus sustaining the river meander belt, and increasing
the natural sediment supply to support meander and
riparian regeneration,

WESTERN

NATIVE RESIDENT FISHES: The vision for native
resident fish speciesis to maintain and restore the
distribution and abundance.
PLANT SPECIES AND COMMUNITIES:
The
vision for plan speciesand communities is to protect
and restore theseresourcesin conjunction with efforts
to protect and restore wetland and riparian and
riverine aquatic habitats.

INTEGRATION
RESTOFMTION

SHOREBIRDS AND WADING BIRDS: The vision
for the shorebird and wading bird guilds is to
maintain and restore healthy populations through
habitat protection and restoration. Shorebirds and
wading birds will benefit from restoration of wetland,
riparian, aquatic, and agricultural habitats. The
extent of seasonal use of the East San Joaquin
Ecological Management Zone by these birds should
increase.

WITH OTHER
PROGRAMS

The Ecosystem Restoration Program (ERP) proposes
targets and actions for the San Joaquin River
Ecological Management Zone to augment other
current and future restoration efforts for the zone.

SAN JOAQUIN
MANAGEMENT

RIVER
PROGRAM

The San Joaquin River Management Program was
established through State legislation (Chapter
1068/90) to develop comprehensive and compatible
solutions to water supply, water quality, flood
control, fisheries, wildlife habitat, and recreational
needsin the SanJoaquin River basin.

WATERFOWL:
The vision for waterfowl is to
maintain and restore healthy populations at levels
that can support consumptive (e.g., hunting) and
nonconsumptive (e.g., birdwatching) uses. Many
species of resident and migratory waterfowl will
benefit from improved aquatic, wetland, riparian, and
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CENTRAL
VALLEY
IMPROVEMENT

San Joaquin River flood control system in light of the
inadequate capacity demonstrated
by the I997
floods, and consistent
with floodplain habitat
recommendations contained in the 1995 San Joaquin
River Management Plan. Emphasis will be placed on
managing the floodplain and detaining floodflows to
meet safety, infrastructure
reliability, and habitat
objectives, along with reconstructing and upgrading
existing levees.

PROJECT
ACT

Section 3406(c) of the Central Valley Project
Improvement
Act directed the Secretary of the
Interior to develop a comprehensive plan to address
fish, wildlife, and habitat concerns on the San Joaquin
River. The vision for the San Joaquin River Ecological
Management Zone will also complement efforts of
the U.S. Fish and Wildlife
Service (USFWS)
Anadromous Fish Restoration Program. The goal of
the program is to double the natural production of
anadromous
fish in the system over average
production during 1967 through 199 1.

CALFED

BAY-DELTA

AGREEMENT
RIVER

In an effort to resolve issues brought forth in the
State Water Resources Control Board’s 1995 Water
Quality Control Plan for the Bay/Delta, the San
Joaquin River Tributaries Association, San Joaquin
River Exchange Contractors Water Authority, Friant
Water Users Authority, and the San Francisco Public
Utilities Commission collaborated to identify feasible,
voluntary actions to protect the San Joaquin River’s
fish resources. In spring 1996, these parties agreed on
a “Letter of Intent to Resolve San Joaquin River
Issues.” This agreement, when finalized, has the
potential of providing the following:
.
n
higher minimum base flows,

PROGFM

CALFED has funded eight ecosystem restoration
projects in the San Joaquin River Ecological
Management Zone. One project acquires and restores
6,169 acres of land along the San Joaquin River to be
incorporated into the San Joaquin River National
Wildlife Refuge. Another project studies the use of
bacteria to reduce selenium in agricultural drain
water.

SALMON,
STEELHEAD
ANADROMOUS
PROGRAM

TROUT
FISHERIES
ACT

ON SAN JOAQUIN
PROTECTION

AND

Established in 1988 by Senate Bill 2261, this Act
directs the California DFG to implement measures to
double the numbers of salmon and steelhead present
in the Central Valley (DFG 1993, 1996). The DFG’s
salmon and steelhead restoration program includes
cooperative efforts with local governments
and
private landowners to identify problem areas and to
assist in obtaining funding for feasibility studies,
environmental permitting, and project construction.
The ERP vision for this Ecological Management Zone
will also assist DFG as it progresses toward its goal of
doubling the number of anadromous fish over 1988
population levels.

n

significantly

increased pulse flows,

w

installation and operation of a new fish barrier on
the mainstem San Joaquin River,

n

set up a new biological monitoring

n

set aside federal restoration funds to cover costs
associated with these measures.

program, and

One of the important components of the Agreement
of the Vernalis
Adaptive
is the * development
Management
Program
(VAMP)
to improve
environmental conditions on the San Joaquin River.
Elements of this potential adaptive management
program include a range of flow and non-flow habitat
improvement actions throughout the watershed, and
an experimental program designed to collect data
needed to develop scientifically
sound fishery
management options for the future.

SACRAMENTO-SAN
JOAQUIN
RIVER
BASINS
COMPREHENSIVE
STUDY

The future of the Agreement is unknown at this time.
However, several actions by the San Joaquin River
Stakeholders Policy Group and other parties have
been or are presently being implemented throughout
the watershed. These actions include:

This study proposes coordination between the U.S.
Army Corps of Engineers (Corps), USFWS, California
Department of Water Resources (DWR), and other
participating agencies to review and reevaluate the
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Increased flow from the Tuolumne River, and
implementation of non-flow programs through
a settlement
between
the Federal Energy
Regulatory Commission
and numerous other
parties;

Riparian restoration may take a variety of forms and
the project will be developed to ensure that it is
consistent with other goals and objectives established
for the San Joaquin River. This is a stakeholder driven
project that will need the assistance of all the
interested parties and the public.

An interim operating plan for the New Melones
Project to provide additional flows on the
Stanislaus River;
New fishery response
Merced River;

test programs

In October 1998, the Program reported an analysis
of the affects of physical processes on the potential for
riparian habitat on the San Joaquin River from Friant
Dam to the confluence of the Merced River. They
reported that natural physical processes affecting the
river and riparian vegetation included surface and
groundwater
hydrology, bank and bed erosion and
deposition, channel and floodplain hydraulics and
sediment transport,
and other channel-forming
processes. The timing, pattern, and magnitude of
these natural physical processes have been altered by
local and state flood control projects, operation of
reservoir dams and weirs, reclamation of the river
floodplain and basin lands for agricultural and urban
uses, and mining of sand and gravel from channel
deposits.

on the

Actions by water users on the Stanislaus and
Merced rivers to sell water purchase options that
Valley Project
would
help meet Central
Improvement Act objectives;
Salmon smolt out-migration
studies conducted
by Oakdale Irrigation
District,
South San
Joaquin Irrigation District, USFS, and DFG on
the Stanislaus River;
A two-year
water purchase by USBR from
Oakdale Irrigation
District
and South San
Joaquin Irrigation Districts of up to 50,000 acrefeet to help implement fish-doubling objectives
of the Central Valley Project Improvement Act;
and

CENTRAL

VALLEY
HABITAT
VENTURE

JOINT

The Central Valley Habitat Joint Venture and the
North American Waterfowl
Management Plan have
developed objectives for wetlands in the San Joaquin
River Ecological Management Zone. These objectives
are consistent with the ERP targets developed for this
Ecological Management Zone.

Seasonal installation of a fish barrier at the head
of Old River for a five-year period.

SAN JOAQUIN
RIVER
RIPARIAN
HABITAT
RESTORATION PROJECT

LINKAGE
ECOLOGICAL

The San Joaquin River Riparian Habitat Restoration
Project is a collaborative effort of the Friant Water
the Natural Resources Defense
Users Authority,
Council, the Pacific Coast Federation of Fishermen’s
Associations, U.S. Bureau of Reclamation, U.S. Fish
and Wildlife Service, with participation by other local
and state interests, who share a strong interest in the
mainstem of the San Joaquin River. The group agreed
to pursue mutually acceptable restoration activities
and initially will focus on riparian habitat restoration
along the San Joaquin River from Friant Dam to the
confluence with the Merced River. There are many
benefits to developing and implementing a riparian
restoration plan, including improved flood control,
groundwater
recharge,
and fish and wildlife
enhancement. Other projects may be pursued as
consensus is reached.

OTHER
MANAGEMENT
TO

ZONES
Restoring and maintaining
important
ecological
processes and functions in the San Joaquin River
Ecological Management Zone depends on conditions
in both the main tributaries to the river (the East San
Joaquin Basin Ecological Management Zone) and the
downstream
Sacramento-San
Joaquin
Delta
Ecological Management
Zone. Water, sediment,
nutrient supply, and input of contaminants
from
tributary streams all influence habitat conditions in
the mainstem San Joaquin River. Changes in these
factors from historical conditions have degraded
habitat on the mainstem river. Maintaining a healthy
riparian zone and balanced sediment budget in the
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mainstem San Joaquin River will depend on an
appropriate input of nutrients, water, and sediment
from the major tributaries. Water supply from the
tributaries is critical to maintaining aquatic habitat in
the mainsrem river between the Merced River
confluence and Vernalis because Frianr Dam diverts
almost all the flow from the upper San Joaquin River
watershed.

fisheries may be needed in addition
work inland.

to restoration

RESTORATION
TARGETS AND
PROGRAMMATIC
ACTIONS
ECOLOGICAL
CENTRAL

The Sacramento-San
Joaquin Delta Ecological
Management Zone provides habitat for upstream
migration of adult anadromous fish and downstream
migration and rearing of juvenile anadromous fish
from the San Joaquin River basin. Conditions in the
Delta have a significant effect on anadromous fish
production in the San Joaquin River basin because, in
most years, a significant proportion of inflow from
the basin is diverted at the Delta and entrainment
losses of juveniles are high. In turn, the volume of
inflow and the input of nutrients, contaminants, and
sediments from the San Joaquin River significantly
affect the health of the Delta ecosystem. Restoring
and maintaining a healthy ecosystem in this zone will
be critical to ecosystem restoration in the Delta.

VALLEY

PROCESSES
STREAMFLOWS

TARGET

1: Manage flow releases from tributary
streams
to provide
adequate upstream
and
downstream
passage of fall-run and late-fall-run
chinook
salmon, resident rainbow
trout,
and
steelhead and spawning
and rearing habitat for
American shad, splittail, and sturgeon from the
Merced River confluence to Vernalis (++).
PROGRAMMATIC
ACTION IA: Develop a COOPerative program to purchase water from willing
sellers or develop alternative sources of water.
TARGET 2: Manage flow releases from Friant Dam
to Gravelly Ford to maintain sustainable populations
of resident native fish (++).
PROGFWMMATIC
ACTION
2~: Evaluate the
feasibility of increasing flows below Friant to restore
terrestrial and aquatic habitats for fish and wildlife
including anadromous salmonids.

Although delta smelt (federally listed as threatened)
do not inhabit the San Joaquin River Ecological
Management
Zone, flows from this zone have
significant effects on habitat for the species in the
Delta. Delta smelt spawn in different locations in the
Delta each year. Some always spawn on the San
Joaquin side of the Delta; however, and sometimes
hydrologic conditions cause larvae and juveniles to
move from the Sacramento to the San Joaquin side.
In the 1995 USFWS biological opinion for delta
smelt, year-round base flows and April and May
flows from the San Joaquin River are specified to
protect delta smelt. The biological opinion also states
that contaminants entering the Delta from the San
Joaquin River likely affect delta smelt and its food
organisms, as well as juvenile chinook salmon and
striped bass.

TARGET 3: Optimize the ecological value of wet
year flood releases below Friant Dam (++).
PROGRAMMATIC
ACTION
3~: Evaluate the
feasibility of modifying flood operation guidelines and
schedules in wet years to include more variable
hydrographs
with higher peak flows of shorter
duration and more overall flow variability.
I
RUIONALE:
Flows in the major eastside tributaries
to the SanJoaquin River (Stanislaus,Tuoh.r.rnne,and
Merced rivers) are controlled by releasesfrom foothill

storage reservoirs (New Melones, New Don Pedro,
and New Exchequer
reservoirs, respectively).
Flows
from the mainstem SanJoaquin River are controlled
by Frianr Dam. The significant reduction in outflow
from
the San Joaquin River caused by water
development
in the basin has significantly
reduced

Additionally,
stressors affecting fish and wildlife
species that use the San Joaquin River during at least
part of their life cycle occur outside the identified
Ecological Management Zones. For example, ocean
recreational
and commercial
fisheries have a
significant effect on the numbers of anadromous fish
returning to spawn and rear in the San Joaquin River
basin. New harvest management strategies for ocean

production of chinook salmonin the basin.Increasing
base-flowreleasesfrom the tributary reservoirswould
increasehabitat in the mainstem San Joaquin River
for rearing and for upstream and downstream
migration

of

fall-run

and

late-fall-run

chinook
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trout, and steelhead and for
salmon, rainbow
spawning and rearing habitat of American shad,
white and green sturgeon, and splittail from the
Merced River confluence to Vernalis.

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative incentive program to relocate gravel
mining operations from the active floodplain.
RATIONALE:
Dry Creek enters the river below
Friant Dam and is the only remaining tributary that
suppliesa sign&cant
source of coarse sediments with
high flows. Bedload
entering
the river from Dry
Creek during high flows reduces the tendency of the
channel to incise and forms shifting river deposits on
bars that are needed for riparian
colonization and
successionto occur.

Escapement of chinook salmon in the San Joaquin
River basinappears to be strongly improved by high
April throughjune flows at Vernalis and low exports
during the year of outmigration (California
Department of Fish and Game 1992, 1993; Carl
Mesick Consultants 1994). Basedon this relationship,
the USFWS (1995) recommended base flows for
Vernalis by water-year type to meet the goals of the
Anadromous Fish Restoration Program.

STREAM

TARGET 1: Restoreand maintain a defined streammeander zone on the San Joaquin River between
Vernalis and the mouth of the Merced River (++e).

Flows from Friant Dam to Gravelly Ford should be
managed to maintain native resident fish poptiations
until an evaluation of the potential to restore
anadromoussalmonids is completed.

PROGRAMMATIC
ACTION 1 A: Develop a cooperative strategy to acquire or obtain easementson
floodplain and riparian land.

Natural stream-meander belts in alluvial systems
transport and deposit sedimentsand provide transient
habitats important to algae, aquatic invertebrates,
and fish, as well as substrates (surfaces on which
plants and animals can live) for colonization by
riparian vegetation.

PROGRAMMATIC
ACTION 16: Establisha river
meandercorridor between the Chowchilla Bypassand
Mendota Pool.
RATIONALE: Preserving and improving the stream
meander belt below the mouth of the Merced River
will ensure that this important natural process is
maintained in the San Joaquin River. This reach is
important for migrating and rearing salmon and
steelhead and other anadromous and resident fish
species. A natural meander process will provide
excellent habitat for spawning (through gravel
recruitment), rearing (channel form, cover, and
foodweb), and migration.
The stream channel
meander program must be consistent with f f ood
control,requirements
and, in the longer term, should
reduce the need for future flood control efforts by
using natural system resilience and flood control
characteristics.

Present flood operations below Friant Dam typically
result in uniform flows for long durations during the
winter and spring months. Providing a more variable
hydrograph which emulated natural inflow patterns
to Millerton Lake would increasehabitat complexity,
and diversity, mobilize bar material, and create better
seed dispersal and more favorable sites for
colonization by riparian species. A particular
emphasisshould be placed on flow peaks during at
least portions of the early spring months when seed
of cottonwood and sycamore trees is being’dispersed
in the river. The purchase of easementsor fee title on
lands that become subject to greater flood frequency
from peak overbank flows could be used to expand
the area of low floodplain along the river to be
colonized naturally
or planted with
riparian
vegetation (San Joaquin River Riparian Habitat
Restoration Program 1998).
COARSE

SEDIMENT

The river between Chowchilla Bypass and Mendota
Pool has the highest sinuosity and a greater tendency
for bank migration, bendway cutoffs, and overbank
flow acrossmeander bends. The suggestedapproach
to restoring meander in this sectionallows river bends
to migrate within a designated meander corridor and
allows high flows to overtop the large point bars.
Thesealluvial processeswill promote the regeneration

SUPPLY

TARGET 1: Conserve existing natural sourcesof
coarsesedimentsbelow Friant Dam (+++).

ofriparian

vegetation

and overall habitat

complexity.
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NATURAL

FLOODPLAIN
PROCESSES

AND

to conduct a feasibility study for this floodplain
restoration program.

FLOOD

areas of the historic floodplain still support
natural ropography and sloughson both sidesof the
levee network,
while other areas have been laser
leveled for irrigated agriculture or managed wetlands.
The potential for rewetting the floodplain varies by
reach, based on the changes in bankfull channel
capacity and rhe magnitude of the reduction of flow
under present hydrology. Many areas would derive
ecological
benefits from the reintroduction of
managed or natural overbank flows, generally within
a range of average annual to 1O-year frequency
inundation (San Joaquin River Riparian Habitat
Restoration Program 1998).

TARGET 1: Restorefloodplain-river interactions in
the San Joaquin River between Vernalis and the
mouth of the Merced River (**4).

Large

PROGFWMMATIC
ACTION
IA: Develop a
cooperative program to evaluate the potential for
levee deauthorization, levee removal, or levee
setbacks.
PROGRAMMATIC ACTION 1 B: Develop a cooperative strategy to acquire or obtain easementsor
ownership of floodplain along the lower SanJoaquin
River.
PROGRAMMATIC
remaining natural
sloughs.

ACTION
floodplain

1 c:

&serve
topography and

CENTRAL VALLEY STREAM
TEMPERATURES
TARGET 1: Manage reservoir releasesand other
factors to provide suitable water temperatures for
important resources from the Merced River
confluence to Vernalis (++).

RATIONALE:
Setback levees will provide more
floodplain flooding, room for stream meander, and
more riparian forest and seasonalwetland habitats
along the lower San ]oaquin River. Channel form
adjustments may be necessary to accelerate
restoration of natural floodplain habitats and to
restore and maintain configurations that may nor
occur naturally due to remaining constraintsfrom the
new setback levees. Permanent structures such as
bridgesand diversionsdamscan interrupt and impair
natural floodplain processesand habitat development
and succession,
thus requiring
removal
of the
structures, rebuilding,
or some contin uing
maintenance or mitigation to minimize their effects.

PROGRAMMATIC
ACTION IA: Evaluate the
feasibility of releasing sufficient instream flows to
improve the temperature regime for important
resources.
PROGFWMMATIC ACTION 1 B: Evaluate the use
of upstream temperature control devicesand reservoir
management options to reduce water temperatures
during critical periods.
PROGF~AMMATIC
ACTION
lc:
Develop a
cooperative program to evaluate the potential for
restoring riparian vegetation to reduce water
temperatures.

Major flood flows ‘along the San Joaquin River
periodically exceed flow capacity within the river
levees, causing local and ,regional flooding. Even
lesserflows can result in seepage damage to levees
and lands adjacent to the floodway. The U.S. Army
Corps of Engineers investigated the potential for a
demonstration project for distributing peak flood
flows over land on wildlife refuges adjacent to the
river. A previous analysis of the West Bear Creek
Floodplain Restoration Project was a joint effort by
the U.S. Fish and Wildlife Service and the California
Department of Water Resources using the San
Joaquin Basin Action Plan interagency agreement
and the San Joaquin River Management Program
funding. Recently, the CALFED Category
III
restoration program provided funding to the USFWS

PROGRAMMATIC
ACTION
ID: Develop a
cooperative program to evaluate the impact of
discharge returns on stream temperature.
RATIONALE: Water temperatures in the mainstem
San Joaquin River between the Merced River
confluence and Vernalis in the fall and spring often
exceed stressful or lethal levels for upstream and
downstream migrating fall-run chinook salmon.
High temperatures are thought to delay migration in
the fall (DFG 1992) and increasemortality of rearing
and outmigrating juveniles in the spring (DFG
1993). When the Vernalis flow is 5,000 cfs or lessin
May, water temperatures are at levels of chronic
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stress. Maintenance of improved base flows in the fall
and spring will
increase survival of up and
downstream migrating chinook salmon.

Zone should be subjecr to periodic flooding and
overland flow from river floodplains.
RIPARIAN

HABITATS
SEASONAL

AND RIVERINE
HABITATS

AQUATIC

TARGET 1 : Restore 50 stream miles (1,212 acres)
of diverse, self-sustaining riparian community
(+++).

WETLANDS

TARGET 1: Assist in protecting 52,500 acres of
existing seasonal wetland habitat through fee
acquisition or perpetual easementsconsistent with
the goalsof the Central Valley Habitat Joint Venture
and the North American Waterfowl Management
Plan (++).

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to protect large remnant stands
of old growth riparian woodlands.
PROGRAMMATIC
ACTION
1 B: Develop a
cooperative program to restore riparian habitat.

PROGFWMMATIC
ACTION IA: Develop and
implement a cooperative program to improve
management of 52,500 acresof existing, degraded
seasonalwetland habitat.

PROGRAMMATIC
ACTION lc: Improve land
management and livestock grazing practices along
streamsand riparian zones.

TARGET 2: Develop and implement a cooperative
program to enhance 120,300 acresof existing public
and private seasonalwetland habitat consistent with
the goalsof the Central Valley Habitat Joint Venture
and the North American Waterfowl Management
Plan (++).

TARGET 2: Revegetate low floodplains formerly
cleared for agricultural purposes or during past
floodway clearing projects (++).
PROGFWMMATIC
ACTION
2~:
Identify
potential revegetation sites that are subject to
inundation at least every 5-10 years.

PROGRAMMATIC
ACTION 2~: Improve and
manage seasonalwetland habitat throughout the
Ecological Management Zone.

RATIONALE: Becauseofhigh-flow-event reduction,
channelization, livestock grazing,
gravel
extraction, and direct loss of habitat to agriculture
and urban development; the extent of riparian
vegetation along the mainstem SanJoaquin River has
been significantly reduced. Before they were
discurbed, riparian forests were an important
component of the mosaic of habitats in the San
]oaquin Valley, providing habitat for a variety of
native wildlife species. The riparian community
provides nutrients and woody debris to the aquatic
systern, along with shade and increased bank
stability. The importance of restoring riparian habitat
has been identified by DFG (1993) and USFWS
(19971.
stream

RATIONALE: Restoring seasonalwetland habitats
along with aquatic, permanent wetland, and riparian
habitats is an essential element of the restoration
strategy for the Joaquin Ecological Management
Zone. Restoring these habitars will also reduce the
amount and concentrations of contaminants that
could interfere with restoring the ecological health of
the aquatic ecosystem.Seasonalwetlands support a
high production rate ofprimary and secondary food
species and large blooms (dense populations) of
aquatic invertebrates.
Wetlands that are dry in summer are also eficient
sinks for the transformation of nutrients and the
{breakdownofpesticides and other contaminants. The
roughnessof seasonalwetland vegeration filters and
traps sediment and organic particulares. Water
flowing out from seasonalwetlands is typically high
in foodweb prey species concentrations and fine
particulate organic matter that feed many Delta
aquatic and semiaquatic fish and wildlife.
To
capitalize on these functions, most of the seasonal
wetlands of the San]oaquin Ecological Management

Old-growth stands of cottonwood forest, sycamore
and valley oak woodlands, and wooded grassland
savanna are scattered throughout
the area. Some of
thesestandsoccur within Stare and federal rei%ges or
parks, while others are found on private lands.
Landowners at these sites should be contacted to
determine if the old growth sites are secure under
existing land management practices or if special
conservation
easementsor management
plans are
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needed to ensure rhe long-term survival of these
unique relict-age classes and their wikffife habitat and
aesthetic values (SanJoaquin River Riparian Habitat
Restoration Program 1998).

PROGRAMMATIC
ACTION 1 A: Increase the area
of rice fields and other crop lands flooded in winter
and spring to provide high-quality foraging habitat
for wintering and migrating waterfowl and shorebirds
and associated wildlife.

There are also many sites along the SanJoaquin River
where low floodplains along the channel are subject
ro infrequent inundation every 5-10 years. The Carp’s
comprehensive new hydraulic model of the enrire
river and bypass system may reveal segments of
designated floodways where actual capacity exceed
design capacity and can therefore safely convey large
flood events, even with an increase in channel
roughness. In other instances, forest may have been
cleared within a meander corridor for agricultural use,
rhough many sites on agricultural fields apeeared in
aerial photos to be abandoned. Planted species mixes
should conform to the vertical range of cohorts in the
general vicinity of the river corridor (San Joaquin
River Ripatian Habitat Restoration Program 1998).
FRESHWATER

FISH

RATIONALE:
Following the extensive loss of native
wetland habitats in the Central Valley, some wetland
wildlife species have adapted to the artificial wetlands
of some agriculrural practices and have become
dependent on these wetlands
to sustain their
populations. Agriculturally
created wetlands include
rice lands; fields flooded for weed and pest control;
stubble management;
and tailwater
circulation
ponds.
Managing agricultural lands to increase forage for
waterfowl and other wildlife will increase the survival
tares of overwintering
wildlife and strengthen them
for migration, thus improving breeding success.
Creating small ponds on farms with nearby waterfowl
nesting habitat but little brood habitat will increase
production of resident watenCow1 species when brood
ponds ate developed and managed properly.
Researchers and wetland managers with the DFG,
U.S. Fish and Wildlife Service and the California
Waterfowl Association have found that well managed
brood ponds produce the high levels of invertebrates
needed to support brooding waterfowl. Other wildlife
such as the giant garter snake will also benefit.
Restoring suitable nesting habitat neat brood ponds
will increase the production of resident waterfowl
species.

HABITAT

TARGET
1: Maintain
and improve existing
freshwater fish habitat through the integration of
actions described for ecological processes, habitats,
and stressor reduction or elimination (++).
PROGRAMMATIC
ACTIONS:
NO additional
programmatic actions are recommended.
RATIONALE:
Freshwater fish habitat is evaluated in
terms of its quality and quantity. Actions described
for San Joaquin River ecological processes, stressor
reduction, and ripatian and riverine aquatic habitat
should suffice to maintain and restore freshwater fish
habitats. For example, mainraining freshwater fish
habitats
is governed
by actions to maintain
streamflow,
improve
coarse sediment supplies,
maintain stream meander, maintain or restore
connectivity
of the San Joaquin Rivet and its
ff oodplain, and in maintaining and restoring riparian
and riverine aquatic habitats.
AGRICULTURAL

REDUCING

OR ELIMINATING
STRESSORS

WATER

DIVERSIONS

TARGET I : Reduce entrainment of fish and other
aquatic organisms into diversions by 50%, by
volume, from the Merced River confluence to
Vernalis (+++).

LANDS

PROGRA~IMATIC
ACTION
IA:
Develop a
cooperative approach to install state-of-the-art
fish
screens at El Solyo, Patterson, and West Stanislaus
Irrigation District diversions.

TARGET 1: Cooperatively enhance 15,290 acres of
private agricultural
land to support nesting and
wintering waterfowl consistent with the objectives of
the Central Valley Habitat Joint Venture and the
North
American
Waterfowl
Management
Plan
t*+>.

PROGFMMMATIC
ACTION
1~: Develop a
cooperative program to evaluate the feasibility of
installing state-of-the-art
screens on small. and
medium-sited diversions.
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TARGET 2: Eliminate the loss of adult fall-run
chinook salmon straying into the San Joaquin River
upstream of the Merced River confluence (+4+).

the hydrologic connectivity between these channels
and natural floodplains (++).
PROGRAMMATIC
ACTION 1 A: Develop a COOPerative strategy to evaluate the potential for levee
dea’uthorization or relocation.

PROGRAMMATIC
ACTION
2~:
Continue
annually installing a temporary weir on the San
Joaquin River immediately
upstream from the
confluence with the Merced River to block adult
salmon migration.

PROGRAMMATIC
ACTION
le:
Develop a
cooperative program to acquire or obtain easements
on floodplain and riparian land needed to meet
restoration goals.

RATIONALE:
Three large water diversions
are
between the Merced River confluenceand Vernalis on
the mainstem San Joaquin River: El Solyo, West
Stanislaus, and Patterson Irrigation
District
diversions. Fish screens were installed at these
diversionsin the late 1970s; however, becauseof the
scarcity of returning salmon, the inappropriatedesign
and inefficiency of the screens,and the high cost of
maintenance; the screenswere abandoned within a
few years. Together, thesediversionscan withdraw a
significant portion of the mainstem riverf7ow,
particularly during dry water years. Irrigation
diversions rake place during the juvenile salmon
outmigration. In addition, many, small or mediumsized diversions are on this reach of rhe SanJoaquin
River.

RATIONALE:
Natural stream meander belts in
alluvial systems function to transport and deposit
sediments and provide transient habitats imporrant
to algae, aquatic invertebrates, and fish, as well as
providing substrates for colonization by riparian
vegetation. Setting back leveesalong the SanJoaquin
River encourages natural stream meander and
flooding processes.
This measure includes removing site-specific local
levees or deaurhorizing unneeded segments of state
levees to expand the area of flood basin and
floodplain inundation. Additional information is
needed to make these determinations. Each sitespecific project will require a subreach hydraulic
model and sediment transport analysisto evaluate the
feasibility of breaching or removing levees or
constructing controlled release weirs to restore
periodic inundation of the flood basin and rewater
formerly abandoned channels outside existing levees
(San Joaquin River Riparian Habirat Restoration
Program 1998).

In recent years, drainage practices in western Merced
County have increasedagricultural return flows from
Salt and Mud Sloughsinto the mainstem SanJoaquin
River. These flows attract significant numbers of
adult salmon into the sloughsand, subsequently,into
irrigation canals where no spawning habitat is
available (DFG 1993). In fall 1991, 3 1% of the run
in the SanJoaquin River basin is estimated to have
strayed into westsidecanals.In the late 198Os, DFG
established an adult trapping station at Los Banos
Wildlife Refuge at which eggs were taken for rearing
at the Merced River Fish Facility. In fall 1992, DFG
installed a temporary electrical barrier across the
mainstem SanJoaquin River immediately upstream
from the confluence with the Merced River; this was
extremely effective in blocking fish passageinto the
westside irrigation canals. Since then, a temporary
weir has been installed at the site annually, and this
has alsobeen effective in blocking passage.
LEVEES,
BANK

INVASIVE

RIPARIAN

PLANTS

TARGET 1: Eradicate or suppresspopulations of
exotic, mvasive trees and shrubs (++).
PROGRAMMATIC
ACTION IA: Evaluate and
implement effective new techniques to control
invasive plant species that combine low-impact,
mechanical removal or prescribed fire with low
concentrations of selective herbicides.
RATIONALE: Expansions of giant reed (Arundo),
tamarisk, and eucalyptus
in some river segments
threatens riparian habitat diversity and quality.
Becauseof their growth characteristics,
expansion of
theseinvasive, non-native species will reduce channel
floodway capacity and increase bank stability. The
recommended action would involve a program to
map and monitor the distribution of these harmful

BRIDGES, AND
PROTECTION

TARGET 1: Set back 10 miles of levees along the
San Joaquin River between the Merced River
confluence and Vernalis where feasibleto reestablish
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species. In vulnerable subreacbes of rhe San Joaquin
River with small, developing populations immediate
eradication by be a cost effective strategy (San
Joaquin River Riparian Habitat Restoration Program
1798).

river bed is a serious constraint ro revegerarion of
riparian habirar in some river segments. Much of the
problem sedimentsappearsto originate from erosive
processes within rhe bypasses and some of the
easrsidetributaries. Therefore rbe reduction of the
sediment problem requires solution of the erosion
occurring within the bypassesand eastsidetriburaries
(San Joaquin River Riparian Resrorarion Program
1978).

CONTAMINANTS
1: Reduce lossesof fish and wildlife from
use of pesticides, hydrocarbons, heavy metals, and
other pollutants in the basin (++).

TARGET

REFERENCES

1 A:
Provide
additional funding to enforce State laws regarding
point- and nonpoint-source pollution.
PROGRAMMATIC

ACTION

Busby, P.J., T.C. Wainwright, G.J. Bryant, L.J.
Lierheimer, R.S. Waples, F.W. Waknitz, and I.
V. Lagomarsino. 1996. Status review of west
coast steelhead from Washington, Idaho,
Oregon, and California. U.S. Dept. Commerce,
NOAA Tech. Memo. NMFS-NWFSC-27.

PROGRAMMATIC
ACTION
1~: Develop a
cooperative program to strengthen water-quality
standards as needed.
ACTION
1 c: Work with local
landowners and State and federal agenciesto improve
land management practices to reduce contaminant
input.

California Dept. of Fish and Game. 1997. Letter
from Jacqueline Schafer to Garth Griffen
(NMFS) regarding CDFG comments on
Proposed Rule to list steelhead under the
Endangered SpeciesAct, dated l/6/97.

PROGFWMMATIC

1 D: Evaluate the use
of real-time releases*
from tile drainage.
PROGIUMMATIC

ACTION

Demko, D.B. and S.P. Cramer. 1997. Outmigrant
trapping of juvenile salmonids in the lower
StanislausRiver Caswell State Park site 1996.
Final Report submitted to the U.S Fish and
Wildlife Service. 144 pp.

2: Reduce sediment sourcesentering the
river and bypass system (++).
TARGET

Conduct an
hydraulic analysis of the stability of bypasses.
PROGRAMMATIC

ACTION

2~:

California Department of Fish and Game. 1992.
Interim actions to reasonably protect San
Joaquin fall-run chinook salmon.(WRINT-DFG
Exhibit 25.) Prepared for the Water Rights
Phase of the State Water Resources Control
Proceedings.
Board Bay-Delta
Hearing
Sacramento, CA. June.

Cooperatively
develop streambed and bank protection and erosion
control management alternatives to reducesourcesof
sediment.
PROGMMMATIC

ACTION

2B:

RATIONALE:
Poor water quality resulting from
point- and nonpoint-source discharge of toxic
chemicals and other pollutants may affect
anadromous fish survival in the San Joaquin River
basin. Drainage practices in western Merced County
result
in highly saline and pollution-laden
agricultural return flows from Salt and Mud Sloughs
into the mainstem San Joaquin River above the
confluence with the Merced River. Contaminant
input from this area also affects water quality in the
downstream
Sacramento-San Joaquin
Delra
Ecological Management Zone.

. 1993. Restoring Central Valley
Streams: a plan for action. Sacramento, CA.
November.
. 1996. Steelheadrestoration and
managementplan for California. February 1996.
California Department of Water Resourcesand U.S.
Bureau of Reclamation. 1999. Effects of the
Central Valley Project and State Water Project
operations from October I998 through March
2000 on steelhead and spring-run chinook
salmon.Biological Assessmentfor ESA Section 7
consultation.

Sediment deposition within the mainstem San
Joaquin River and irs bypasses is a recognized
problem. The potential for aggradation of sand in the
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Yoshiyama, RM., E.R. Gerstung, F.W. Fisher, and
P.B. Moyle. 1996. Historical and present
distribution of chinook salmon in the Central
Valley drainage of California. Sierra Nevada
Ecosystem Project: Final report to Congress,
~01.111. Centers for Water and Wildland
Resources,Univ. Cal. Davis. pg.

Mesick Consultants.
1994. The effects of
streamflow, water quality, Delta exports, ocean
harvest, and El Niiio conditions on fall-run
chinook salmon escapement in the San Joaquin
River drainage from 195 1 to 1989. Prepared for
the Stanislaus River Council.

Central Valley Habitat Joint Venture. 1990. Central
Valley Habitat Joint Venture Implementation
Plan, a component of the North American
Waterfowl
Management Plan. February 1990.
Demko, D.B. and S.P. Cramer. 1998. Outmigrant
trapping of juvenile salmonids in the lower
Stanislaus River Caswell State Park site 1997.
Final Report submitted to the U.S Fish and
Wildlife Service. 102 pp.
Interagency Ecological Program Steelhead Project
Work Team. 1999. Monitoring, Assessment, and
Research on Central Valley Steelhead: Status of
Knowledge, Review of Existing Programs, and
Assessment
of Needs.
in Comprehensive
IMonitoring, Assessment,and ResearchProgram
Plan, Tech. App. VII-A-l 1
National Marine Fisheries Service. 1997. Status
review update for deferred and candidate ESUs of
west coast steelhead. Prepared by NMFS West
Coast Steelhead Biological Review Team.
San Joaquin River Management Program Advisory
Council. 1993. An action plan for San Joaquin
fall-run chinook salmon populations. Fisheries
Subcommittee, January. 30 p.
San Joaquin River Riparian Habitat Restoration
Program. Analysis of physical processesand
riparian habitat potential of the San Joaquin
River, Friant Dam to the Merced River. October
1998.
SanJoaquin River Interests. 1997. Agreement on San
Joaquin River Protection. Status Report. April
1997. 19 p.
U.S. Fish and Wildlife Service. 1995. Working paper
on restoration needs:habitat restoration actions
to double natural production of anadromousfish
in the Central Valley of California. May 9, 1995.
Prepared for the U.S. Fish and Wildlife Service
under the direction of the Anadromous Fish
Restoration Program Core Group. Stockton, CA.
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+ EAST
ECOLOGICAL

SAN JOAQUIN
MANAGEMENT

BASIN
ZONE

Joaquin Valley ( wit. h t h e exception of the Cosumnes
River Preserve in the Eastside Delta Tributaries
Ecological Management Zone). Seasonally flooded
wetlands are common through the lower portions of
the basin and are important habitats for waterfowl,
shorebird, and wading bird guilds. Important aquatic
habitat designations include freshwater fish habitat
and essential fish habitat.
Important species include fall-run chinook salmon,
steelhead trout, native resident fishes, waterfowl
guilds, shorebird and wading bird guilds, and riparian
wildlife guilds.
Stressors include:
fl

dams that hinder or block fish migration,
legal and illegal fish harvest,
n
water diversions that result in insufficient
flow in the lower portions of most streams,
n
high water temperature during salmon and
steelhead spawning and rearing,
n
poor water quality,
n
hatchery stocking of salmon and steelhead,
n
gravel mining in the stream channel,
n
poor livestock grazing practices,
n
high predation levels on juvenile salmon by
non-native fish,
w salmon and steelhead harvest,
n
and unscreened or poorly screened water
diversions.
n

The East San Joaquin Basin Ecological Management
Zone includes the lower Stanislaus, Tuolumne, and
Merced rivers, These rivers support Sacramento-San
Joaquin Delta health b y supplying freshwater inflow,
sediments, nutrients, and seasonal habitats for Delta
species, especially fall-run chinook salmon, steelhead,
waterfowl
(including
the endangered Aleutian
Canada goose), riparian brush rabbit, Swainson’s
hawk, giant garter snake, and western pond turtle.
The overall health of the Delta depends on habitat
quality and quantity in this zone and the health of its
fish, wildlife, and plant populations.
Important ecological processes that would maintain
or increase the health of the East San Joaquin Basin
Ecological Management Zone are:
n
n
n
n

n

These stressors have reduced the health of fish
wildlife, and plant populations in the zone. Fall-run
chinook salmon populations are generally unhealthy
because of poor habitat conditions within the zone,
entrainment
at the Delta pumping plants, and
potentially high ocean harvest rates. The status of
steelhead in the zone is unknown and will require
more focused research to determine
specific
restoration actions that need to be implemented to
improve
conditions
for its recovery. Wildlife
populations are adversely affected by loss of riparian
and wetland habitats and the ecological functions
that maintain them.

streamflow,
stream meander,
floodplain processes,
coarse sediment supply including gravel
recruitment, transport, and cleansing, and
water temperature.

Riparian and riverine aquatic is an important habitat
within zone and has close links to wetlands areas.
Caswell Memorial State Park is the best example of
remaining Great Valley riparian habitat in the San
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DESCRIPTION
MANAGEMENT

OF THE
ZONE

n
n

w
H

The East San Joaquin Basin Ecological Management
Zone includes the three major eastside tributaries to
the San Joaquin River and consists of the following
Ecological Management Units:
n

w
n

n

waterfowl
neotropical migratory birds
native resident fishes
lamprey
plants and plant communities.

DESCRIPTION
OF ECOLOGICAL
MANAGEMENT
UNITS

Stanislaus River Ecological Management Unit,
Tuolumne River Ecological Management Unit,
and
Merced River Ecological Management Unit.

STANISLAUS
RIVER
MANAGEMENT

ECOLOGICAL
UNIT

The Stanislaus River is the northernmost
major
tributary in the San Joaquin River basin. -The river
flows westward
into the Central Valley, draining
approximately
1,100 square miles in the Sierra
Nevada. The average unimpaired runoff in the basin
is about 1.2 million acre-feet (af).

Location

Map

of the East San Joaquin
Ecologicnl
and Unit.

Management

Significant changes have been made in the hydrological conditions of the basin since agricultural
development began in the 1850s. New Melones
Dam, completed by the U.S. Army Corps of
Engineers (Corps) in 1978 and approved for filling in
1981, is now the largest storage reservoir in the
Stanislaus basin, with a gross capacity of 2.4 million
af. The project is operated by the U.S. Bureau of
Reclamation (Reclamation) as part of the federal
Central Valley Project (CVP). Downstream
of the
New Melones Dam, Tulloch Reservoir, with a gross
storage capacity of 68,400 af, regulates water releases
from the New Melones Dam. Goodwin Dam, downstream, regulates releases from Tulloch Reservoir and
diverts water for power and irrigation to South San
Joaquin Irrigation District and Oakdale Irrigation
District,

Zone

The Stanislaus, Tuolumne, and Merced rivers flow
through
extensive
and biologically
valuable
grassland/vernal
pool complexes located in eastern
Stanislaus and Merced counties. Two important
National Wildlife Refuges are located in this zone:
Merced NWR and San Joaquin NWR In addition to
the larger ecological values, these units also provide
habitat for many fish, wildlife, and plant species.
They are particularly. important as spawning and
rearing areas for chinook salmon.

LIST OF SPECIES ~6 BENEFIT
FROM
RESTORATION
ACTIONS IN THE EAST
SAN JOAQUIN
ECOLOGICAL
MANAGEMENT
ZONE
n

w
H
n
n
n
n
n
n
n

Monthly unimpaired flows at New Melones (900square-mile watershed) average approximately 1,600
cubic feet per second (cfs), with highest runoff in the
rainfall months of December through March and in
the snowmelt months of April, May, and June. This
pattern is typical of San Joaquin basin streams
originating from the high Sierra. During dry years,
inflows are 500 to 1,800 cfs from February through
June, whereas summer inflows are less than 50 cfs.
from August through October. In driest years,
inflows are less than 50 cfs from July through
February but still reach peaks near 1,500 cfs in April
and May. In highest rainfall years, average monthly

chinook salmon
steelhead trout
giant garter snake
Swainson’s hawk
greater sandhill crane
western yellow-billed cuckoo
riparian brush rabbit
San Joaquin Valley woodrat
shorebirds
wading birds
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inflows are 6,000 to 11,000 cfs from February
through June, and 600 to 1,400 cfs from August
through October.

cooperative study program
was established
evaluate flows in the lower Stanislaus River.

In addition to flow allocations for fisheries, 70,000 af
is a minimum annual allocation for water quality
purposes. To meet Delta water quality standards,
Reclamation commonly releases additional water over
the 70,000-acre-foot
requirement. In recent years,
coordinating fishery and water quality flow releases
and releases for water sales and transfers have resulted
in schedules that significantly benefit anadromous
fish.

Monthly historical average flow at Ripon (near the
mouth of the Stanislaus River) is approximately 950
cfs and is more uniformly distributed throughout the
year than unimpaired flow at New Melones Dam. In
dry years, monthly average flows vary between
200 cfs and 500 cfs, except for a small increase to
750 cfs in April. Normal year flows range from 400
cfs to 1,100 cfs, with a peak in April and lowest flows
from September through January. In driest years,
flows vary from 200 cfs to 400 cfs. In highest
precipitation years, flows are similar to unimpaired
flows, ranging from monthly averages of 2,000 to
5,000 cfs, with peaks in March and April.
Historical

Monthly

Average

Flows needed for fall-run chinook salmon smolt (the
life stage at which salmon are ready for saltwater),
emigration, in particular, can be adequately met in
drier years with the present annual flow allocations.
The results of IFIM and water temperature model for
the Stanislaus River indicates that about 99,000 acrefeet can provide suitable conditions between October
I6 and June 7 for chinook salmon. There is a positive
relationship between spring outflow at Vernalis on
the San Joaquin River and at Ripon on the Stanislaus
River to the number of adults reaching the river
2% years later. Smolt survival studies have not been
completed for the Stanislaus River and the existing
data do not indicate that higher flows would improve
smolt survival. Three survival tests have conducted at
a range of flow releases between 800 and 1,200 cfs in
the Stanislaus River and no obvious relationship
between flow and smolt survival resulted from these
tests. On the other hand, flow releases made since the
1987 Reclamation and DFG agreement have been
substantially greater than those made during the
1967-1991 and yet the chinook salmon popularion
did not rebound.

Flow
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Although considerable flow is diverted for irrigation
upstream of Ripon, much of the water released from
New Melones is used for water quality control in the
San Joaquin River at Vernalis during the irrigation
season and is diverted at south Delta pumping plants.
Fall minimum flows and spring flow pulses are
prescribed to sustain fall-run salmon,

DFG has developed flow recommendations for the
Stanislaus River (California Department of Fish and
Game 1993). Recommended flows for the October 1
through March 3 1 period were based on results of the
instream flow study for salmon spawning,
egg
incubation,
and rearing. Flows during April 1
through
May 31 for late rearing and smolt
emigration were based on results of the smolt survival
studies. These flows for the lower Stanislaus River are
consistent with spring outflow objectives proposed for
the basin at Vernalis on the San Joaquin River.
Summer flow recommendations incorporate the needs
of oversummering
yearling salmon and steelhead.
The recommended flows represent the minimum
needed for salmon spawning, rearing, and emigration

Interim flow releases for fishery purposes in the lower
Stanislaus River were designated in a 1957 agreement
between Reclamation and the California Department
of Fish and Game (DFG). This agreement, enacted
under a DFG protest of Reclamation’s water right
applications to redivert water from New Melones
Dam, specified interim annual flow allocations for
fisheries between
98,300 af and 302,100 af,
depending primarily on the carryover storage at New
Melones and inflow. Under the agreement, a 7-year
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Goodwin
Dam, located approximately
15 miles
downstream of New Melones Dam, is the upstream
barrier for steelhead and salmon migration. Spawning
occurs in the 25mile reach downstream of Goodwin
Dam (California Department
of Fish and Game
1993) and juvenile chinook salmon and steelhead rear
in the entire lower river. Historically,
the river
supported steelhead and spring- and fall-run chinook
salmon. The river now supports fall-run chinook
salmon and steelhead and perhaps late-fall-run
chinook.

on the lower Stanislaus River. These flows would
represent a significant improvement over existing
required stream releases but are not optimum flows,
particularly in drier water years. The U.S. Fish and
Wildlife
Service (USFWS
1995) recommended
similar flows to double anadromous fish production
in the basin.
Water
temperature
in the Stanislaus River is
influenced by ambient air temperatures, late summer
storage levels and thermocline development at New
Melones Reservoir, the depth of diversions from New
Melones
Reservoir,
and
Tulloch
Reservoir
temperatures and operations.

Substantial evidence exists to show that there is an
extant self-sustaining steelhead run in the Stanislaus
River. Since 1995, a small, but consistent, number of
juvenile steelhead that exhibit smolt characteristics
have been captured in rotary screw traps at two
chinook salmon monitoring sites on the lower river
(Demko and Cramer 1997; 1998). These fish do not
appear to be the result of straying of juvenile
hatchery steelhead planted in the Mokelumne River
because none of the smolts captured in the screw
traps in I988 were adipose-fin clipped (I997 was the
first year of 100% marking of hatchery steelhead at
Mokelumne River Hatchery).
The presence, over
multiple years, of juvenile steelhead that have
undergone smoltification and are actively migrating
to the ocean is sufficient evidence to conclude that
natural production is occurring and a self-sustaining
population exists, We note that this is the opinion of
the Department of Fish and Game (CDFG 1997) and
the Steelhead Project Workteam of the Interagency
(IEP
Steelhead
Project
Ecological
Program
Workteam 1999) as well. Other evidence that a selfsustaining run exists includes:

Fall flow releases to the lower Stanislaus River
sometimes exceed critical temperatures forTalmon
spawning and egg incubation when storage levels at
New Melones Reservoir are low. Elevated water
temperatures are a problem in critically dry water
years, a problem exacerbated by low reservoir storage
and the presence of the Old Melones Dam in the
reservoir which restricts access to the remaining cold
water pool. During the 1987 through 1992 drought,
the first fish entering the river to spawn did not arrive
rather than in October,
until early November,
because of low water and high water temperatures.
Elevated water temperatures were the major cause of
the delay. With such a delay in spawning, juvenile
fish are not ready to emigrate until later in spring
when high water temperatures again occur in the
river and in the mainstem San Joaquin River.
Delayed spawning also reduces survival of eggs in
gravel, the number of fry rearing in the river, and the
number of young salmon traveling to and through
the Delta to San Francisco Bay and the Pacific Ocean.
Egg mortality has been shown to increase when
temperatures exceed 56°F. When storage levels at
New Melones are low, water temperature exceeds
56OF in much of the salmon spawning reach until
ambient air temperatures
cool the river during
November.
Water temperatures
above 65°F are
stressful to juvenile salmon.
Forty-four
small pump diversions
have been
identified on the lower Stanislaus River, none of
which
are adequately
screened
to prevent
entrainment (carrying into the diversion) of juvenile
salmon and other aquatic organisms. Although losses
at these diversions are unknown, the diversions are
considered a serious threat to these populations.

w

CDFG
fishery biologists
have documented
successful reproduction (in the form of juvenile
emigrants) in the lower San Joaquin River since
1987 (CDFG 1997).

n

Anglers in the Oakdale area report occasional
steelhead from 2 to 10 pounds and CDFG creel
census information
documents the catch of
rainbow trout greater than 20 inches (CDFG
unpublished data). Examination of scale samples
from these larger trout by CDFG biologists show
an accelerated growth period typical of estuary or
ocean residence (CDFG unpublished data).
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n

recent years, spawning escapementshave declined to
very low levels. In the falls of 1991 and 1992, fewer
than 300 salmon returned to spawn in the lower
Stanislaus, compared to a recent historic high of
35,000 fish in 1953. Peak runs in the past 30 years
have generally followed a seriesof high rainfall years.
Poor runs occur during and following droughts.

A 28-inch steelhead illegally harvested from the
Stanislaus River was confiscated by CDFG
wardens in 1995.

Stanislaus
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raps

25

12

5
0

1995

1996

1997

1998

Year
Dab
fmm
S.P.
cmmr
and
Auoshbs.
1898
data
* pmllmlnary

-

Recent genetic analysis by the National Marine
Fisheries Service of Stanislaus River rainbow
trout/steelhead collected from the anadromous reach
below Goodwin Dam show that this population has
close genetic affinities to upper Sacramento River
steelhead(NMFS 1997). Further, this Central Valley
group forms a genetic group that is distinct from all
other samples of steelhead analyzed (132 samples
from Washington, Oregon, Idaho, and California)
(Busby et al. 1996), hence may be representative of
native Central Valley steelhead.

Fall-run
Stanislaus

Chinook
Salmon
River. 1960-1999

Returns
(CDFG

to the
1999).

This analysis also provides further evidence that
StanislausRiver steelheadare not derived‘from adults
straying from Mokelumne River Hatchery. The
analysis showed that steelhead from Nimbus
Hatchery on the American River are more closely
related to coastal steelhead,which accurately reflects
the founding history of Nimbus Hatchery steelhead
(Nimbus broodstock was founded from Eel River
steelhead eggs). Mokelumne River Hatchery, which
rears steelhead from eggs obtained every year from
Nimbus Hatchery, is the nearest steelheadhatchery
population in proximity to the Stanislaus River,
therefore if the StanislausRiver steelheadpopulation
is derived from Mokelumne River Hatchery strays,
then this population would show close genetic
affinities to Nimbus Hatchery steelhead and other
coastal sceelheadpopulations.

Physical habitat for salmon and steelheadspawning
and rearing on the lower Stanislaus River has been
lost or degraded because of low instream flow
releases.A variety of factors, including low flows,
have cumulatively resulted in degradation of
spawning gravel, loss of side channels and channel
diversity, and reduced spawning gravel recruitment
to the active stream channel. Siltation of spawning
gravel is primarily causedby watershed disturbance.
Existing fine sedimentsin the lower system may be a
result of the intensive hydraulic mining that occurred
in the mid-1800s, particularly near the town of
Columbia. This problem can best be corrected by
minimizing erosionin the watershedand by routinely
adding clean gravel to the active channel. The lossof
side channels and channel diversity was probably
causedby road construction, instream gravel mining,
armoring of streambanksby landowners, and by the
current practice of removing woody debris from the
active channel to protect rafters. Upstream damsand
the practice of in-channel gravel mining have
removed spawning gravel, altered the migration
corridor, and created salmon predator habitat.

As in other tributaries in the basin, fall-run chinook
spawning escapements(fish that survive migration
and spawn) in the lower StanislausRiver have varied
considerably since surveys were initiated in 1939. In

Habitat improvement opportunities for chinook
salmon in the SanJoaquin basin, including the lower
StanislausRiver, have been assessed
through a DFGfunded study. Projects identified include gravel
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renovation projects, channel modifications to create
new spawning riffles, channel modifications to isolate
existing excavated areas from the active river channel
to reduce predation and improve the migration
corridor, and riparian vegetation restoration.

the Hetch-Hetchy
aqueduct to San Francisco. The
Modesto and Turlock Irrigation Districts
jointly
regulate the flow to the lower river from New Don
Pedro Reservoir, with a gross storage capacity of
2.03 million af. The reservoir, completed in 1970,
provides power,
irrigation,
and flood control
protection. LaGrange Dam, located downstream
from New Don Pedro Dam, diverts approximately
900,000 af per year for power, irrigation, and
domestic purposes.

Recovery options for steelhead in the Stanislaus River
have not been assessed, but, as with other regulated
rivers in the Central Valley, recovery measures will
focus on providing access to historical habitats and/or
maintaining
adequate water temperatures
below
dams for oversummer
rearing of juveniles. These
issues will need to be addressed. The canyon reach
between Knights Ferry and Goodwin Dam contains
the highest quality habitat for steelhead, and there is
a substantial, self-sustaining “wild trout” pop_ulation
in this reach. Juvenile steelhead probably utilize the
entire reach between Goodwin Dam and Riverbank
for rearing. Water temperatures
of 60” F or less
should be maintained during the summer months in
this reach to provide the necessary conditions for
rearing.

Streamflow in the Tuolumne River is typical of
southern Sierra streams originating from the high
mountains. Monthly unimpaired flows at New Don
Pedro Dam average approximately 2,500 cfs, with
peak runoff as snowmelt from April through July.
Rainfall can cause substantial runoff from November
through March. In highest rainfall years, average
monthly inflows range from 10,000 to 18,000 cfs
from February through July, 5,000 to 9,000 cfs from
November through January, and 1,500 to 3,500 cfs
from August through October. In driest years, April
and May average monthly inflows peak at only
1,500 cfs, with August through’october
flows of
only 15-30 cfs.

The remnant population of riparian brush rabbit is
restricted to 198 acres of native riparian forest along
the Stanislaus River in Caswell Memorial State Park.
A population census following the January 1997
flood indicates that this species is close to extinction.

TUOLUMNE
RIVER
MANAGEMENT

The average historical flow at La Grange near the
river mouth is approximately 880 cfs, with most of
this flow occurring during winter periods when
storms cause reservoir flood control releases in all but
low rainfall years. In highest rainfall years, monthly
average flows peak in April and May at 8,000 to
10,000 cfs, with summer and fall flows of 900 to
4,000 cfs. Summer flows range from less than 10 cfs

ECOLOGICAL
UNIT

The Tuolumne River is the largest tributary in the
San Joaquin River basin, with an average annual
runoff of I.95 million af and a drainage area of
approximately
1,900, square miles, including the
northern half of Yosemite National Park. The lower
Tuolumne River below La Grange Dam is divided
into two geomorphic zones based largely on channel
slope and bedload material (McBain & Trush 1998).
The lowermost area, the sand-bedded zone, extends
from the mouth upstream for 24 miles. The upper
area, the gravel-bedded
zone, extends from river
miles 24 to 52.

Historical
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Flow
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Hetch Hetchy Reservoir (located in Yosemite) was
constructed by the City and County of San Francisco
in 1923 for drinking water supply, with a capacity of
approximately
360,000 af. Cherry Lake (capacity
260,000 af) was completed in I953 to increase the
aqueduct yield to the maximum of approximately
300 cfs (220,000 af per year) currently exported in
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to 50 cfs in all but wet years. Irrigation return flows
along the lower Tuolumne increase summer flows
near LModesto to approximately 100 cfs. Flows in dry
and normal years generally peak in January to March
at 150 to 600 cfs and are minimum in June to
September at 10 to 50 cfs.
Unimpaired

I

Monthly

Average

Flow

JFMAMJJASOND
m

Normal

Year

may be a significant factor affecting smolt survival.
Results of the stream temperature modeling study
indicate that in IMay, and at times in late April,
smolcs emigrating
from the Tuolumne
River
encounter stressful or lethal water temperatures.
Temperature was a consideration in formulating the
FERC and AFRP revised flow schedules. However,
these new schedules will not ease temperature
problems under all ambient conditions, especially in
the lower portion of the river during low flows.
LaGrange Dam is the upstream barrier to salmon and
steelhead migration. Salmon spawn in the 25-mile
reach between LaGrange Dam and the town of
Waterford
and rear in the entire lower river.
Historically, the river supported spring- and fall-run
chinook salmon and steelhead trout. A total of 66
adult steelhead was counted at Dennett Dam near
the City of Modesto in 1940. Other historical
information and the presence of spring-run chinook
salmon also provide ample evidence of a steelhead run
in the Tuolumne River (Yoshiyama et al. 1996;
CDFG 1997)

I
m

Dry Year

I

1
Tuolumne

River Unimpaired
Screamflow
nc Don Pedro Reservoir,
1972-1992
(Dry year is the 20th percentile
year;
normal year is the 50th or median percentile
year.)

The river now supports fall-run chinook salmon and
steelhead and perhaps late-fall-run chinook salmon.
The presence of distinct anadromous runs of late-fallrun chinook salmon is not confirmed. Evidence of
natural production (observations of young-of-the-year
rainbow
trout),
creel census information,
and
anecdotal observations of adult steelhead by anglers,
provides some evidence that a steelhead population
persists in the Tuolumne River (CDFG
1997).
Because there has been no focused effort to assess the
steelhead population in the Tuolumne River, and
there is essentially no indirect or bycatch information
from other monitoring
programs
on which to
estimate a probability
of extinction, there is no
information available to conclude that steelhead are
extirpated from the Tuolumne River. This fact, and
the anecdotal information and observations cited
above, have led CDFG to conclude that a remnant
steelhead population still exists in the Tuolumne
River (CDFG 1997).

Streamflow
strongly
influences chinook salmon
production
in the Tuolumne
River.
Flow
requirements
for the lower Tuolumne River are
specified in the New Don Pedro Proceeding
Settlement Agreement (February 1996) and the
Federal Energy Regulatory
Commission
(FERC)
Order Amending License for the New Don Pedro
Project (July 1996). USFWS (1995) recommended an
alternative flow schedule to achieve the goals of the
Anadromous Fish Restoration Program (AFRP).
Low flows can lead to poor water quality, which can
delay spawning, decrease egg survival, and cause high
juvenile mortality
during the spring emigration
period. Results of the stream temperature modeling
study on the lower Tuolumne River indicate that in
recent years, temperature limits for salmon spawning
were commonly
exceeded in a portion of the
spawning
reach in October. This contributed
to
delayed upstream migration and spawning. In recent
drought years, the first fish have returned to spawn in
the lower Tuolumne River in early November, rather
than in October as in previous years, because high
water
temperatures
blocked
their
upstream
migration. As with the other San Joaquin basin
tributaries, high water temperatures on the lower
Tuolumne River during the spring emigration period

As in the other basin tributaries, fall-run spawning
escapements in the lower Tuolumne River have
varied substantially. Population fluctuations are the
result of extreme variations
in environmental
conditions in the river, Bay-Delta, and ocean. Since
surveys were initiated, the Tuolumne River, on
average, has supported
the highest spawning
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to substantial superimposition of redds, with this
being a major causeof chinook mortality.

escapements (fish that survive migration and spawn)
among the San Joaquin basin tributaries. During the
1987
through 1992 drought, chinook salmon
spawning runs in the lower Tuolumne River declined
drastically. In the falls of 199 1 and 1992, fewer than
300 adults returned to spawn, as compared to a
recent peak of 40,000 in 1985 and an earlier estimate
of 130,000 in 1944.
so

Fall-run

In major portions of the spawning reach and below,
riparian vegetation has been removed because of
agricultural development, cattle grazing, urban
development, and gravel mining. Gravel mining in
the active stream channel has removed gravel from
long stretches of the spawning reach. In roughly half
of the spawning reach, extensive mining hasleft long,
deep pools and a widened channel. These pools
provide habitat for salmon predators, such as
largemouth and smallmouth bass,and contribute to
warming the river. The 1992 EA Engineering study
also revealed that these introduced bassspeciesmay
be a dominant causeof juvenile chinook mortality,
especiallyunder low flow conditions in the Tuolumne
River. The highest densities of predatory fish were
observedin former in-channel gravel extraction pits.

I

Chinook

Salmon

Returns

to the Tuolumne

River,

Thirty-six small irrigation pump diversionshave been
identified on the lower Tuolumne River; none are
screened. Juvenile salmon lossesat these sites are
unknown, but cumulatively, they may cause a
measurablelossof young salmon and steelhead.

1960-1999 (CDFG 1999).

The SanJoaquin NWR (780 acres)is located at the
confluence of the SanJoaquin and Tuolumne rivers.
This refuge provides important riparian and seasonal
wetland habitats for Aleutian Canadagoose, greater
sandhill crane, western yellow-billed cuckoo,
waterfowl, shorebirds,and neotropical migrant birds.

Illegal harvest of upstream migrating chinook salmon
has been identified asa factor limiting production in
the basin.With many miles of migratory habitat that
are often under low-flow conditions, salmon are
particularly vulnerable to poaching.

Chinook salmon smolt survival studies completed
thus far on the lower Tuolumne River indicate that
adequate spring flows improve smolt survival. Smolt
appearsto be the critical bottleneck in the life cycle,
becausesmolt production determines adult run size.
Unnaturally high summer flows in the salmon
spawning and rearing areas below the dams from
storage releases for irrigation sustains large
populations of predatory fish. These predators are
then present in other months and can cause
significant young salmon losses.

Steelhead recovery options for the Tuolumne River
have not been addressed by the management
agencies. However, the ESA listing of steelhead
populations in the San Joaquin tributaries will
necessitate that options be identified and
implemented. As with other regulated rivers in the
Central Valley, recovery measureswill need to focus
on providing access to historical habitats and/or
maintaining adequate water temperatures below
dams for oversummer rearing of juveniles. These
issueswill need to be addressedin future recovery
planning.

Steelhead and chinook salmon spawning and rearing
habitat has been degraded becauseof low instream
flow releases,which resulted in siltation of spawning
gravel, and lack of spawning gravel recruitment. EA
Engineering (1992) examined the distribution and
abundance of chinook spawning habitat and
concluded that spawning habitat was a significant
factor limiting salmon production in the Tuolumne
River. In addition, the study suggested that lack of
gravel supply, combined with Tuolumne fall-run
chinook’s preference to spawn in the upper reach, led

MERCED
RIVER
MANAGEMENT

ECOLOGICAL
UNIT

The Merced River is the southernmost streamusedby
chinook salmonin the SanJoaquin River basinand in
California. The river flows westward into the valley,
draining approximately 1,275 square miles in the
Sierra Nevada mountains and foothills, including the
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southern half of Yosemite National Park The average
unimpaired runoff in the basin is approximately
1.02 million af, similar to the Stanislaus River
drainage.

dry and normal years, spring inflows average 800 to
1,700 cfs and 2,000 to 3,000 cfs, respectively,
whereas August through October flows range from
30 to 100 cfs.

Agricultural
development began in the 185Os, and
significant changes have been made to the hydrologic
(water circulation)
system since that time. The
enlarged New Exchequer Dam, forming
Lake
McClure
with
a gross storage
capacity
of
1,024,OOO af, was constructed in 1967 and now
regulates releases to the lower Merced River. The
dam is operated by LMerced Irrigation District (MID)
for power production, irrigation, and flood control.
The river is also regulated. by McSwain Dam (an
afterbay for New Exchequer Dam) and Merced Falls
and Cracker-Huffman
diversion
dams located
downstream.
Approximately
500,000 af of water is
diverted each year at Merced Falls and CrockerHuffman Dams.
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In addition to streamflow, available natural spawning
habitat also limits salmon production in the Merced
River. Physical habitat for salmon spawning and
rearing has been lost or degraded because of channel
changes caused by many years of low-flow releases.
These changes include siltation of spawning gravel;
lack of spawning
gravel recruitment
below the
rese,rvoirs; removal of bankside riparian vegetation,
reducing stream shading and bank stability; and inchannel mining, which has removed spawning gravel,
altered the migration corridor, and created excellent
salmon predator habitat.

I

JFMAMJJASOND

ormal Year

Monthly historic flow data near the mouth of the
Merced River at Stevinson indicate that the water
storage and delivery systems are extremely efficient
on the Merced River. The historical average flow is
approximately
650 cfs (50% of unimpaired), with
most of this flow occurring during winter rainfall
periods or in fall during reservoir flood control
releases. Summer flows are less than 50 cfs in driest
years. In highest rainfall years, flows in February
through June average 4,000 to 5,500 cfs, whereas
flows in August and September average 1,000 to
2,000 cfs. In dry and normal years November to
April flows range from 150 to 450 cfs, while July to
September flows range from 30 to 200 cfs.

1
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Merced River unimpaired inflows to its watershed are
typical of southern Sierra streams with headwaters in
the high mountains. Monthly unimpaired flows at
Lake McClure average approximately 1,325 cfs, with
peak runoff as snowmelt from April through June.
Rainfall can cause substantial runoff from December
through March. Unimpaired flows in late summer
and early fall are generally less than 100 cfs in all but
wet years. In highest rainfall years, average monthly
inflows range from 6,000 cfs to 12,000 cfs from
February through July. In driest years, flows are less
than 20 cfs from August through December, whereas
April through June flows average 300 to 600 cfs. In
I

Monthly

year is the
or median
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Spawning and rearing habitat in the LMerced River is
the most degraded among the San Joaquin basin
tributaries. Legally required summer flow releases are
low (15 to 25 cfs) and are usually depleted before
they reach the river mouth because of small water
diversions throughout the lower river. In portions of
the spawning reach and below, riparian (waterside)
vegetation
has been removed for agricultural
development, cattle grazing, urban development, and
gravel mining.

Flow releases are not sufficient to accommodate
salmon migration, spawning, egg incubation, juvenile
rearing, and smolt emigration on the Merced River.
Flows in the spawning reach during the spawning
and early rearing period are further depleted by water
diversions. Spring flows for smolt emigration are
particularly inadequate.
Streamflow for fishery purposes in the lower Merced
River is mandated in FERC License No. 2 179 for the
New Exchequer Project, issued in April 1964, and
Davis-Grunsky
Contract No. D-GG417
(DWR
Contract No. 160282) between DWR and MID,
executed in October
1967. The Davis-Grunsky
contract requires MID to maintain a continuous flow
of between 180 cfs and 220 cfs from November 1
through April 1 throughout the reach from CrockerHuffman Dam to Shaffer Bridge.

Gold dredging in the early 1900s removed significant
quantities of spawning gravel from the Merced River.
Large tailing piles remain along the spawning reach,
and there is a lack of recruitment of new spawning
gravel due to the dams, gravel mining, bank
protection, and levee construction. In many riffles,
significant armoring has also occurred, with only
large cobbles remaining. In-channel gravel mining
was extensive along the Merced River. Downstream
from the State Route 59 bridge, the river flows
through large mined-out pits in the channel. Some
pit areas have been isolated from the active channel
by levees; however, most of these levees were poorly
designed and have been breached during flood flows.
The ponds and small lakes resulting from these pits
create excellent salmon predator habitat, disrupt
salmon migration, trap juvenile salmon when water
recedes, and raise stream temperatures.

Adequate releases for upstream attraction of adults
and spawning begin on.November
1, but upstream
migration typically begins in October. The present
spawning and rearing flow requirements were not
established by scientific studies and are too low to
meet spawning and rearing needs. In addition, six
major riparian diversions in the spawning reach from
Cracker-Huffman
Dam to below Snelling deplete
these flows. At times, significant portions of the
spawning reach receive flows less than the legally
amounts.
Required
streamflows
are
required
measured at the Shaffer Bridge gage, which is
downstream from several irrigation returns.

Juvenile salmon.are lost in water diverted at the six
medium-sized
irrigation diversions in the salmon
spawning portion of the Merced River. The DavisGrunsky contract between the California Department
of Water Resources (DWR) and MID requires the
district to install and maintain fish screening devices
at these diversions.
Rock screens, consisting
of
perforated conduit buried in cobble-filled gabions,
have been installed at four of the diversions. These
structures are only moderately effective at preventing
juvenile salmon loss in diverted water. The screens
quickly become clogged with vegetation, and the
bypass gates, which allow diversion without water
passing through the screens, are often opened when
the screens become clogged.

The most significant deficiencies in the present flow
requirements for chinook salmon occur in the spring
emigration period. April and May flows required in
the FERC license are 75 cfs in a normal year and 60
cfs in a dry year. Smolt survival studies conducted in
the other tributary
streams in the San Joaquin
drainage indicate that significantly higher spring
flows are needed in the lower Merced River.
A revised flow schedule for the lower Merced River
was formulated by DFG (1993) based on instream
flow. study and smolt survival data from similar
drainages. DFG concluded
that, although the
recommended flows are a significant improvement
over the presently required releases, they are not
optimal for salmon spawning, rearing, or emigration,
particularly
in drier
years.
USFWS
(1995)
recommended flows that would contribute to its
Central Valley Project Improvement
Act (CVPIA)

DFG surveys on the lower Merced River have
identified 68 small pump irrigation diversions; none
is adequately screened to prevent entrainment of
juvenile salmon. Cumulative losses at these sites are
unknown.
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goal of doubling anadromous fish production in the
basin, but did not include any measures to recover
steelhead. The most significant
deficiencies for
steelhead are unsuitable water temperatures
for
summer rearing.

1993). The river now supports
salmon and perhaps steelhead
chinook salmon.

As with the Stanislaus and Tuolumne Rivers, the
number of late-fall-run chinook salmon and steelhead
in the LMerced River is unknown. Each year, a few
large rainbow trout, possibly steelhead, enter the
Merced River Hatchery
(MRH).
Also, an adult
steelhead was captured immediately above the Hills
Ferry Salmon Barrier just upstream of the Merced
River confluence in November, 1996 (Mayott 1997).
Because there has been no focused effort to assess the
steelhead population in the Merced River, and there
is essentially no indirect or bycatch information from
other monitoring programs on which to estimate a
probability of extinction, there is no information
available to conclude that steelhead are extirpated
from the Merced River. This fact, and the anecdotal
information and observations cited above, have led
CDFG to conclude that a remnant steelhead
population still exists in the Merced River (CDFG

Poor water quality delays spawning, decreases egg
survival, and causes high juvenile mortality. Stream
temperature on the river often exceeds temperature
tolerances for salmon spawning and egg incubation in
October and early November in at least a portion of
the spawning reach. High water temperature delays
upstream migration and spawning. In recent drought
years, salmon have not spawned in the river until
after the first week of November,
when water
temperature has dropped to tolerable levels.In late April and May, stream temperature often
exceeds stressful
levels for emigrating
smolts.
Elevated spring temperatures are a more significant
problem in the lower Merced River than in the other
San Joaquin tributaries because of higher ambient air
temperatures and lower flows.

1997).

Cracker-Huffman
Dam, near the town of Snelling, is
the upstream barrier for salmon and steelhead
migration.
Salmon spawn in the 24-mile reach
between Cracker-Huffman
Dam and the Town of.
Cressey. Rearing habitat extends downstream of the
designated spawning reach to the mouth.

As with other tributaries
in the basin, fall-run
chinook salmon spawning escapements in the lower
Merced River have varied significantly since surveys
were initiated. Construction and operation of MIU-I,
in combination with increases in instream flows
related to the 1967 Davis-Grunsky
Contract, have
increased the Merced River salmon run. Before 1970,
spawning escapements were generally less than 500
fish annually; since that time, annual runs have
averaged 5,800 fish. During the 1987 through 1992
droughts, spawning escapements in the lower Merced
River declined to seriously low levels. In fall 1991,
fewer than 100 fish returned to spawn, compared to
a recent high of 23,000 fish in 1985. Extremely low
returns to MRH in late 1980s and early 1990s

Historically, the river supported spring- and fall-run
chinook salmon and steelhead. Historical information
and the presence of spring-run
chinook saltnon
provide ample evidence that a steelhead run was
present historically in the Merced River (Yoshiyama
et al. 1996; CDFG 1997), and there is some evidence
that they were able to .migrate as far upstream as
Yosemite Valley (Hubbs and Wallis 1948; Snyder
30
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severely limited the hatchery’s ability to sustain San
Joaquin basin salmon through droughts.
MRH, located below Cracker-Huffman
Dam, is
presently the only salmon hatchery in the San
Joaquin River drainage south of the Delta. Operated
by the DFG, MRI-I was constructed in 1970 and
operated for 10 years with funding provided in the
Davis-Grunsky
Agreement. The hatchery has been
valuable in augmenting and sustaining salmon runs
in the lower Merced River and in the Stanislaus and
Tuolumne
Rivers and providing
fish for study
purposes throughout
the San Joaquin basin. The
facility was recently modernized using funding from
the Salmon Stamp Program and the DWR Four
Pumps Agreement.
Merced NWR is located in the southern portion of
this Ecological Management
Zone. The refuge
encompasses 2,561 acres and provides about 700
acres of seasonally flooded marsh and 600 acres of
corn, alfalfa, irrigated pasture, and winter habitat.
The marshes are flooded from October through April
and attract thousands of migrating and wintering
birds, especially ducks, geese, cranes, and shorebirds.
The agricultural
land provides forage for lesser
sandhill cranes and four species of geese.
Preliminary surveys on the Merced River indicate that
the major needs for salmon habitat improvement
include rehabilitating riffle areas, constructing
or
repairing levees and channels to isolate mining pit
areas from the active stream channel, and modifying
diversion structures. The existing abandoned gravel
pits also serve as predator habitat and trap sediments
transported from upstream areas.

during the fall salmon migration
prey for poachers.

make salmon easy

VISION FORTHEECOLOGICAL
MANAGEMENTZONE
The vision for the East San Joaquin Basin Ecological
Management Zone includes improved streamflow,
greater sediment supplies, lower spring through fall
stream temperatures,
improved upper watershed
health,
improved
foodweb
productivity,
and
improved habitats, including riparian, wetland, and
seasonally flooded aquatic habitats. In addition,
actions to reduce stressors,
such as screening
unscreened diversions, reducing the effects of gravel
mining, reducing wild salmon and steelhead harvest,
and limiting the adverse effects of introducing
hatchery fish, will help restore salmon and steelhead
populations in zone rivers.
The vision focuses on restoring important
fish,
wildlife, and plan communities and their habitats by
restoring ecological processes and reducing stressors.
Primary focus will be on restoring or reactivating the
ecological processes that create and maintain habitats
for anadromous salmonids and riparian vegetation. In
each of the zone rivers, focus will be on restoring and
protecting a self-sustaining stream meander corridor
and an associated diverse riparian community that
provide shade, nutrients, and woody debris to the
rivers, as well as habitat for plants and wildlife
communities. Because dams on each of the rivers
interrupt the natural sediment supply on which
natural stream meander depends, it will be necessary
to sustain some natural sediment supply artificially,
including silt, sand, and gravel.

Steelhead recovery options for the Merced River have
not been addressed by the management agencies.
However, the ESA listing of steelhead populations in
the San Joaquin tributaries will necessitate that
options be identified and implemented. As with other
regulated rivers in the Central Valley, recovery
measures will need to focus on providing access to
historical habitats and/or maintaining adequate water
temperatures below dams for oversummer rearing of
juveniles. These issues will need to be addressed in
future recovery planning.

In addition to restoring a natural stream channel
process, it will also be necessary to restore natural
floodplain processes needed to enhance foodweb
productivity.
These processes provide habitat for
juvenile salmon and steelhead and spawning habitat
for splittail and other native resident (non-migratory)
fish, and habitat for migratory
waterfowl
and
shorebirds. Natural floodplain processes occur in
areas that receive seasonal flooding overflows adjacent
to the stream channel, such as riparian forests,
oxbows, and seasonal wetlands.
These habitats
depend on seasonal flooding, and the rivers and Delta
depend on floodplain recruitment. Gravel is needed
to maintain stream channel configuration (structure)
and spawning habitat for salmon and steelhead.

Illegal harvest of upstream-migrating
adult salmon
has also been identified as a factor limiting salmon
production in the Merced River. Low water flows
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Throughout the basin, restoring and/or protecting a
self-sustaining, diverse riparian community will be
emphasized to maintain nutrient and woody debris
input to the aquatic system, enhance bank stability
and stream shading, and provide valuable habitat for
a variety of species.

habitat, and screening diversions to increase the
survival of chinook salmon, steelhead, and native
resident fish and wildlife. Managing flow releases to
provide suitable habitat and water temperatures for
key resources is critical to ecosystem restoration. Also
important
will
be restoring
natural channel
configurations and gravel recruitment, transport, and
cleansing processes. Improved land use and livestock
grazing practices will contribute to improved riparian
habitat. Reducing non-native
fish populations,
entrainment of aquatic resources at water diversions,
contaminant input, and illegal harvest will further
benefit salmon and steelhead. Restoring a diverse,
self-sustaining. riparian corridor linked with upstream
and downstream areas will be critical in restoring
ecosystem function.
4
Restoring fall-run chinook salmon in the Stanislaus
River could have significant benefits to sport and
commercial
fisheries.
Historically,
spawning
escapements of fall-run chinook in the Stanislaus
River have numbered up to 7% of the total fall-run
salmon escapement in the Central Valley. The
restoration program has the potential to return
populations to recent historic levels, which could
improve coastal sport and commercial fisheries.

In the lower Stanislaus, Tuolumne, and Merced
rivers, emphasis will be on restoring fall-run chinook
salmon and steelhead populations. Because spawning
and rearing habitats are degraded, and poor
streamflows
and stressors
have depressed the
populations, it may be necessary to continue or
expand hatchery rearing of salmon and steelhead, at
least in the short term, to maintain sufficient
production in these rivers to support spgt and
commercial fisheries. However, hatcheries will be
operated to preserve the genetic identity of endemic
(native to a particular locality), naturally spawning
stocks of chinook salmon and steelhead trout.
Hatchery-produced
fish will be used to support
sustainable
ocean recreational
and commercial
fisheries and directed fisheries in the rivers. Marking
techniques will enable sport and commercial anglers
to distinguish
between
hatchery-produced
and
naturally produced fish to minimize wild fish harvest.
The Ecosystem Restoration Program (ERP) envisions
that the fish, wildlife, and riparian needs of the East
San Joaquin Basin Ecological Management Zone will
be met and acceptable ecosystem health will be
achieved when the following
visions have been
satisfactorily attained.

The vision for the Stanislaus River includes
reactivating and maintaining important ecological
processes that create and sustain habitats for salmon
and steelhead. Streamflow should be enhanced below
Goodwin
Dam
by
providing
base flows
recommended by the AFRP and a spring flow event
in late April or early May in normal and wet years,
and suitable temperatures
for juvenile steelhead
rearing in summer. Higher, more natural spring flow
events will assist young salmon and steelhead on their
downstfeam migration to the Bay-Delta and ocean
and also support natural stream channel and riparian
habitat restoration. Pulse flows also benefit the river
and Bay-Delta foodweb production. The added flows
in the Stanislaus River, in combination with similar
flow events from the Tuolumne and Merced Rivers,
will assist young salmon from all three rivers on their
downstream journey through the lower San Joaquin
River, Delta, and Bay to the ocean. An improved
stream meander corridor and associated SRA habitat,
in combination with improved gravel recruitment
and water temperatures, will provide more suitable
habitat for salmon and steelhead spawning and
rearing, which should lead to greater natural salmon

VISIONS
FOR ECOLOGICAL
MANAGEMENT
UNITS
STANISLAUS
RIVER ECOLOGICAL
MANAGEMENT
UNIT
The vision for the Stanislaus River Ecological
Management Unit is to improve natural fall-run
chinook salmon and steelhead populations
by
providing suitable water temperatures for rearing
juveniles and improving spring flows below New
Meiones Dam in dry and normal water years,
summer through winter base flows, and spawning
and rearing habitat.
The vision for the Stanislaus River Ecological
Management Unit includes improving streamflow,
gravel recruitment,
stream channel and riparian
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and steelhead production in the Stanislaus River.
Improvements in the upper watershed health from
reduced forest fuel levels and less risk of catastrophic
wild fires, along with less erosion from improved road
construction
and maintenance, will help protect
water supply and water quality.

Joaquin tributaries and the lower San Joaquin River
to obtain the greatest benefits.
Also, important
will be restoring more natural
channel configurations; restoring gravel recruitment,
transport, and cleansing processes; and resroring a
balanced fine sediment
budget. This will be
accomplished by implementing improved land use
and livestock grazing practices, reducing non-native
fish populations and habitats that support them,
reducing young salmon losses at water diversions,
reducing the input of contaminants, and reducing the
illegal salmon harvest. Restoring a diverse, selfsustaining riparian and stream channel corridor
linked with upstream and downstream areas will be
an essential element in the ecosystem restoration
plan.

Stream channel and riparian habitat will be improved
by increasing streamflow,
protecting the natural
gravel sources, reducing erosional areas that degrade
spawning habitat, and promoting the conservation of
the lower river active floodplain. Islands will be
protected and restored where possible.‘Side channels
will be restored, and riparian vegetation and SRA
habitat and woody debris will be developed to
enhance juvenile salmon and steelhead habitat.
Planting vegetation or regrading the disturbed
channel and floodplain may be required in certain
areas to hasten and sustain recovery.

Restoring fall-run chinook salmon in the lower
Tuolumne River could have significant benefits.
Historically, spawning escapements in the river have
numbered up to 12% of the total fall-run salmon
escapement in the Central Valley. Implementing the
restoration program has the potential to restore the
population to recent historic levels, which will also
benefit sport and commercial fisheries along the coast
of California.

Stressors, including unscreened or poorly screened
diversions and illegal and legal harvest, will be
evaluated to determine whether actions are necessary
to protect salmon and steelhead populations.
Measures being considered to reduce harvest of
naturally spawning chinook salmon in sport and
commercial fisheries include establishing
harvest
restrictions and marking all hatchery-produced
fish,
which would allow a selective harvest of hatchery fish.
Enforcement would be increased to reduce poaching.

Streamflows should be enhanced below Don Pedro
Dam by providing base flows recommended by DFG.
In addition to the DFG recommendation,
a spring
flow event in late April or early May in dry, normal,
and wet years would be provided to support
downstream
emigration of juvenile salmon and
steelhead and to benefit stream channel and riparian
habitat. Also, adequate cold water releases from Don
Pedro Dam should be made to maintain suitable
water temperatures
in summer and early fall for
juvenile steelhead rearing.

TUOLUMNE
RIVER ECOLOGICAL
MANAGEMENT
UNIT
The vision for the Tuolumne River Ecological
Management. Unit includes maintaining
suitable
restoring
streamflow,
gravel
water temperatures,
recruitment, and stream channel and riparian habitat
to improve habitat for chinook salmon, steelhead,
native resident fish, native amphibians and reptiles,
and wildlife. The vision also includes restoring
important ecological processes that will improve
habitat for fall-run chinook salmon, late-fall-run
chinook salmon, steelhead, riparian vegetation, and
wildlife resources. Managing flow releases to maintain
suitable habitat and water temperatures for salmon
and steelhead will be essential for restoring the
ecosystem.
Flow improvements
in the revised
agreement and FERC license should be implemented
and monitored
for effectiveness.
Streamflow
management for the Tuolumne River will need to be
integrated with flow management on the other San

Existing gravel recruitment sources will be protected
and supplemented where and when necessary with
gravel introductions. A cooperative program among
the local counties, agencies, and the aggregate
resource industry will be developed to improve or
relocate gravel mining from the active stream
channel.
Stream channel and riparian habitat will be improved
by increasing streamflow,
protecting natural gravel
sources, reducing erosional areas that degrade
spawning habitat, and promoting the conservation of
the lower river active floodplain. Islands will be
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protected and restored where possible. Side channels
will be restored, and riparian vegetation and SIU
habitat and woody debris will be developed to
enhance juvenile salmon and steelhead habitat.
Vegetation planting or regrading of the disturbed
channel and floodplain may be required in certain
areas to hasten and sustain recovery.

Although the ecological integrity of the Tuolumne
River hasdeclined, considerableopportunities exist to
improve the river corridor through rehabilitating
important ecological processes. The following
descriptions of attributes of alluvial river ecosystem
integrity are cited directly from McBain and Trush
(1998). These not only form a basisfor the Tuolumne
River restoration vision but also provide a basisfor
selecting actions for
CALFED
Stage 1
Implementation.

Stressors will be addressed. A cooperative evaluation
of unscreened and inadequately screened diversions
will determine the feasibility of installing positivebarrier fish screens. Measures being considered to
reduce naturally spawning chinook salmon harvest in
sport and commercial fisheries include establishing
harvest restrictions
and marking
all hatcheryproduced fish, which would allow a selective-harvest
of hatchery fish. A selective fishery on hatcheryproduced fish will reduce harvest of naturally
produced Tuolumne chinook salmon. Enforcement
would be increased to reduce poaching.

SPATIALLY
MORPHOLOGY:

FLOWS
AND
PREDICTABLE

RIVER
PROJECT:

CHANNEL

WATER
VARIABLE:

QUALITY

ARE

Inter-annual and
seasonalflow regimes are broadly predictable, but
specific flow magnitudes, timing, durations and
frequencies are unpredictable due to runoff patterns
produced by storms and droughts. Seasonalwater
quality characteristics, especially water temperature,
turbidity, and suspendedsediment concentration are
similar to regional unregulated rivers and fluctuate
seasonally.
This
temporal
“predictable
unpredictability” is a foundation of river ecosystem
integrity.

If future baseline chinook salmon populations do not
respond favorably to improved flow and habitat
conditions in the Tuolumne River, San Joaquin River,
and the Delta; a comprehensive evaluation will be
made of the need for additional artificial propagation
of chinook salmon in the basin. This evaluation
would consider direct and indirect effects on the wild
population, the role of hatchery fish in maintaining
naturally spawning and hatchery derived salmon,
disease transmission between hatchery and natural
stocks, genetic structure and diversity of all stocks in
the basin, and the likelihood of maintaining existing
genetic diversity of the Tuolumne stock. Efforts
relating to artificial propagation of salmon and
steelhead.will be the-subject of monitoring, focused
research, and adaptive management.
TUOLUMNE
DEMONSTRATION

COMPLEX

No single segment of channel bed
provides habitat for all species, but the sum of
channel segments provides high-quality habitat for
native species.A wide range of structurally complex
physical environments supports diverse and
productive biological communities.

FREQUENTLY
MOBILIZED
CHANNELBED
SURFACE:
In gravel-bedded reaches, channelbed

framework particles of coarse alluvial surfaces are
mobilized by the bankfull discharge, which on
average occurs every I-2 years. In sand-bedded
reaches,,bed particles are in transport much of the
year, creating migrating channebed “dunes” and
shifting sand bars.

WATERSHED

The Tuolumne
River watershed has tentatively been selected as a
demonstration watershed for the CALFED Stage 1
(first sevenyears) Implementation Program. During
Stage I CALFED will support ongoing and enhanced
management and restoration efforts in the watershed.
Successin Stage 1 will set the stage for subsequent
implementation phases as the restoration and
management information gained from the effort in
the Tuolumne watershed will have broad application
in designing and implementing similar programs in
similar watersheds in the San Joaquin Basin and
elsewherein the Central Valley.

PERIODIC
AND FILL:

MOBILIZED

CHANNELBED

SCOUR

Alternate bars are scoured deeper than
their coarsesurfacelayers by floods exceeding 3-to-5
year annual maximum flood recurrences. This scour
is typically accompanied by redeposition, such that
net change in channelbed topography following a
scouring flood usually is minimal. In gravel-bedded
reaches,scour was most likely common in reaches
where high flows were confined by valley walls.
BALANCED
BUDGETS:

FINE

AND

COARSE

SEDIMENT

river reaches export fine and coarse
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and adjacent wetlands
are similar
unregulated river corridors.

sediment at rates approximately equal to sediment
inputs. The amount and mode of sediment storage
within a given river reach fluctuates, but sustains
channel morphology in dynamic quasi-equilibrium
when averaged over many years. A balanced coarse
sediment budget implies bedload continuity; most
particle sizes of the channelbed must be transported
through the river reach.

PERIODIC

CHANNEL

MIGRATION

In summary, the types of actions that should be
further examined to promote restoration of the
Tuolumne River corridor include:
Encourage
variability,

AND/OR

DIVERSE

Restore channel morphology,
with a bankfull
channel and floodway scaled to the expected
high flow regime.
Cumulatively, an investment in the Tuolumne River
watershed during Stage 1 will provide direct benefits
to the creek and dependent fish and wildlife resources
and provide the types of information required to
move the Ecosystem
Restoration
Program into
subsequent implementation
phases successfully. A
few of the lessons to be learned in the Tuolumne
River watershed include methods to improve overall
watershed and ecosystem health; how to integrate
local, siate, federal and private efforts in a large-scale
restoration program; how to design and implement
actions to benefit anadromous and resident fish
species, riparian systems and riparian-dependent
mammals and birds; and how to best implement
actions below dams in a highly altered hydrologic,
system to restore function sediment transport and
other important ecological processes.

PLANT

Based on species life history
strategies and inundation patterns, initiation and
mortality of natural woody riparian plants culminate
in early- and late-successional stand structures and
species
diversities
(canopy
and
understory)
characteristic of self-sustaining riparian communities
common to regional unregulated river corridors.

COMMUNITIES:

NATURALLY-FLUCTUATING

to balance

Reduce human encroachment onto floodplains to
allow limited channel migration, and

FLOODS:

RIPARIAN

flow

Reduce fine sediment input to the river,

Single large floods (e.g., exceeding IO-to-20 years
recurrences) cause channel avulsions, rejuvenate
mature riparian stands to early-successional stages,
form and maintain side channels, and create offchannel wetlands (e.g., oxbows). Resetting floods are
as critical for creating and maintaining channel
complexity as lesser magnitude floods, but occur less
frequently.
SELF-SUSTAINING

seasonal

Increase coarse sediment input
mainstem transport capacity,

FUNCTIONAL
FLOODPLAIN:
On average,
floodplains are inundated once annually by high flows
equaling or exceeding bankfull stage. Lower terraces
are inundated by less frequent floods, with their
expected inundation frequencies dependent on norms
exhibited by similar, but unregulated river channels.
These floods also deposit finer sediment onto the
floodplain and low terraces.
RESEWING

and

Increase the magnitude and frequency of peak
flows to initiate bed scour on alluvial deposits
along the low water margin to reduce riparian
encroachment,

A

CHANNEL

inter-annual

Increase the magnitude and frequency of short
duration peak flows to initiate bed mobility and
localized scour and deposition,

The channel migrates a variable rates
and establishes meander wavelengths consistent with
regional rivers with similar flow regimes, valley
slopes, confinement, sediment supply, and sediment
caliber. In gravel-bedded reaches, channel relocation
can also occur by avulsion, where the cannel-moves
from one location to another, leaving much of the
abandoned channel morphology
intact. In sandbedded reaches, meanders decrease their radius of
curvature over time, and are eventually bisected,
leaving oxbows.

AVULSION:

INFREQUENT

to regional

MEWED
RIVER
MANAGEMENT

ECOLOGICAL
UNIT

The vision for the Merced
River Ecological
Management
Unit includes maintaining suitable
restoring streamflow,
coarse
water temperatures,

GROUNDWATER

Inter-annual
and seasonal groundwater
fluctuation patterns in floodplains, terraces, sloughs,

TABLE:
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salmon and steelhead emigrating to the Delta, Bay,
and ocean. It would also support natural stream
channel and riparian habitat development. Also,
adequate cold water releases from Lake McClure
should be made to maintain
suitable water
temperatures in summer and early fall for juvenile
steelhead rearing.

sediment recruitment,
and stream channel and
riparian habitat to improve habitat for fall-run
chinook
salmon, late-fall-run
chinook
salmon,
steelhead, riparian vegetation, and wildlife resources.
The vision also includes restoring the important
ecological functions and processes that will improve
habitat for fall-run chinook salmon, late-fall-run
chinook salmon, steelhead, native amphibians and
reptiles, riparian vegetation, and wildlife resources.
Managing flow releases to provide suitable habitat
and water temperatures for these resources will be
essential to restoring the ecosystem. Streamflow
management for the Merced River will need to be
integrated with flow management on the other San
Joaquin tributaries and the lower San Joaquin River
to obtain the greatest possible benefits, because the
salmon and steelhead must also pass through the
lower San Joaquin River and Bay-Delta on their way
to and from the Pacific Ocean.
Also important

Existing gravel sources will be protected and the
natural gravel supply supplemented where and when
necessary. A cooperative effort among local counties,
agencies, and the aggregate resource industry will be
encouraged to evaluate relocating gravel mining to
areas outside of the active stream channel.
Stream channel and riparian habitat will be improved
by increasing streamflow,
protecting the natural
gravel sources, reducing erosional areas that degrade
spawning habitat, and promoting the conservation of
the lower river active floodplain. Islands will be
protected and restored where possible. Side channels
will be restored, and riparian vegetation and SR4
habitat and woody debris will be developed to
enhance juvenile salmon and steelhead habitat.
Vegetation planting or regrading of the disturbed
channel and floodplain may be required in certain
areas to hasten and sustain recovery. Large mined-out
gravel pits in the stream channel will be isolated or
restored to natural conditions.

will be:

restoring more natural channel configurations;
restoring gravel recruitment,
transport,
and
cleansing processes,
n
restoring a balanced fine sediment budget by
implementing improved land use and livestock
grazing practices,
4 reducing non-native fish habitat,
n
reducing the loss of young salmon at water
diversions,
n
reducing the input of contaminants,
n
reducing the number of adult fish straying into
areas with no suitable spawning habitat,
n
and reducing illegal salmon harvest.
1
Restoring a diverse, self-sustaining riparian corridor
linked with upstream and downstream areas will be
critical to restoring ecological health to the Merced
River watershed. MID plays an important role in
restoration efforts on the lower Merced River. The
district is working
in cooperation with resource
agencies on research and restoration projects for fallrun chinook salmon in the basin.

n

The effects of stressors,
including
artificial
propagation
of salmon and steelhead, water
diversions, and illegal and legal harvest, will be
assessed and reduced, if necessary. Stocking fall
chinook salmon reared in the MRH requires careful
consideration of the .effects to naturally spawning
stocks, not only in the 1Merced River, but in adjacent
Central Valley watersheds. Choice of genetic types of
adult salmon selected for the hatchery will be
carefully evaluated to minimize potentially damaging
effects on the genetic integrity of wild populations in
the Central Valley. A cooperative evaluation will be
made of the need and feasibility of installing positivebarrier fish screens on diversions. Measures being
considered to reduce wild chinook salmon harvest in
sport and commercial fisheries include establishing
harvest restrictions
and marking
all hatcheryproduced fish, which would allow a selective harvest
of hatchery fish. Enforcement would be increased to
reduce poaching.

Streamflow should be enhanced below Lake McClure
by providing minimum flows recommended by DFG.
In addition to the DFG recommendation, a spring
flow event would be provided in dry, normal, and wet
years. The’pulse flow would emulate a natural pulse
flow that would normally occur if flows were
unimpaired. A spring flow event will support juvenile
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Restoring and maintaining the Merced River could be
facilitated by developing and implementing
a
comprehensive
watershed
management
plan to
protect the channel (e.g., maintain flood control
capacity and reduce bank erosion) and preserve and
restore the riparian corridor.

VISIONS

FOR ECOLOGICAL
PROCESSES

Important ecological processes and functions in the
East San Joaquin Basin Ecological Management Zone
include the annual streamflow
regime (pattern),
coarse sediment supply, stream meander, natural
stream
channel
configurations,
and
water
temperature regime. These processes are in-various
states of health in the zone. The greatest need is to
restore the functions
and processes linked to
streamflow.
CENTFWL

VALLEY

has sediment from the upper watersheds been
eliminated, but sediment from the lower rivers has
been interrupted by bank protection, levees, and
gravel mining. The vision is to supplement natural
gravel below major dams on the three rivers, where
neededfor salmon and steelhead spawning habitat,
riparian habitat, and natural stream channel and
meander development. In addition, where bank
protection, levees, and gravel mining have hindered
natural sediment supply to the river, wherever
possible, local sediment supplies will be made
available to the river.
MEANDER:
In their floodplains, Central
Valley rivers naturally meander through floodplain
sediments,progressively eroding the next bank while
adding to the previous bank. This stream meander
process occurred in the stream corridors of the
Stanislaus,Tuolumne, and Merced rivers. A limited
stream-meanderprocessin the lower floodplain of the
rivers would provide much needed habitat to support
healthy riparian systems,wildlife, and aquatic species.
Today, the natural meander processin each of the
streams is inhibited by dams, altered stream flows,
bank protection, bridge abutments, and flood control
levees.In some places, bank erosion occurs, but lack
of sediment stopsforming of the previous banks. The
vision is to restorea portion of the natural meander to
the rivers by setting back levees,where possible, and
removing structures that inhibit the processfrom the
meander corridor.
STREAM

STREAMFLOWS:

Streamflow shapes stream channels and riparian
vegetation; provides fish habitat; keeps water
temperature lower in rivers; attracts anadromousfish
to spawning streams; and transports young
anadromousfish to downstream nursery areasin the
San Joaquin River, Bay-Delta estuary, and ocean.
Streamflow in each of these rivers is impaired by
upstream storage reservoirs and diversions,
particularly in dry and normal rainfall years. A
healthy streamflow pattern in the rivers would
emulate the natural runoff pattern, with a spring flow
event and summer-fall-winter base flows that
maintain important ecological processes and
functions, habitats, and important species.The vision
for streamflows is to’provide a short-term (lo-day)
flow event in spring that typically occurred at least
once in dry and normal years before dams and
reservoirswere built. In addition, baseflows would be
provided during the remainder of the year to sustain
habitats and species.

NATUFUIL
PROCESSES:

AND

FLOODPLAIN

FLOOD

The SanJoaquin Valley formerly had
many natural overflow basins that retained
floodwaters, permitted sediment deposition, and
provided fish and waterfowl habitat. Partially
reactivating theseimportant ecological functions will
contribute to overall system health and provide for
prolonged periods of natural streamflow and
sediment input. Natural overflow basinswould also
supply important habitat for fish, including chinook
salmon and splittail, as well as foraging habitat for
many waterfowl. The vision is to restore natural
overflow basinswithin .the lower floodplains of the
three rivers. This would provide additional flood
control protection for other areas in this zone and
downstream, as well as valuable natural wetland,
riparian, and aquatic habitats for fish and wildlife.

SEDIMENT
SUPPLY:
Gravel
recruitment into the rivers is important in providing
a natural stream meander process, channel
configuration, and stream substrate (bottom
materials where plants and animals thrive), aswell as
essentialspawning gravels for salmon and steelhead.
A natural sediment supply is also important for
restoring riparian and wetland habitat. Sediment
transport and gravel recruitment have been greatly
reduced below major dams in zone rivers. Not only
COARSE

CENTFWL
ATURES:
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Salmon and steelhead depend on cool
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water for their survival. In the Stanislaus, Tuolumne,
and LMerced rivers, salmon and steelhead are confined
to the floodplains
of the rivers below large,
impassable dams. LMaintaining cool water below the
dams is essential to maintaining salmon and steelhead
in these rivers. Summer and early fall water
temperatures
in floodplains of these rivers are
naturally warm, but are kept cool, at least in the
upper reaches below the dams, by coldwater releases
from deeper bottom waters of the major reservoirs.
The extent of cool water habitat below the dams
depends on the amount of cold water released from
the dams, the extent of shade provided by riparian
(waterside) vegetation, the extent that dredger ponds
are connected to the rivers, the amount of water
diverted from the river channel, and the amount of
warm water discharge into the rivers from urban and
agricultural drainage. Improving water temperatures
in the three rivers below the major reservoirs in this
zone can contribute to the overall ecological health of
the system and promote
sustainable fisheries.
Steelhead particularly depend on cool summer water
temperatures,
because their young remain in the
rivers through summer before migrating to the ocean.
High fall water temperatures in the lower rivers
hinder upstream migrations of adult fall-run chinook
salmon and steelhead. The vision for water
temperatures in these rivers is to provide sufficient
summer and early-fall base flows in the river channels
and restore the riparian corridors and natural stream
channel characteristics that limit heating of the rivers.
Storing sufficient coolwater in the reservoirs during
drought will also help to maintain a minimum of
coolwater habitat in the rivers.

VISIONS
RI PARIAN
HABITATS:

needed.Included in this vision is the consideration of
other riparian communities such as Great Valley
valley oak, Great Valley mixed riparian, cottonwoodwillow-sycamore, and elderberry savanna.
FRESHWATER
FISH HABITAT:
Freshwater fish
habitat is an important component neededto ensure
the sustainability of resident native and anadromous
fish species.The Stanislaus,Tuolumne, and Merced
rivers are typical of fall chinook salmon spawning
streams (Moyle and Ellison 1991). The quality of
freshwater fish habitat in these rivers should be
maintained through actions directed at streamflows,
coarse sediment supply, stream, meander, natural
floodplain and flood processes,and maintaining and
restoring riparian and riverine aquatic habitats.
ESSENTIAL
FISH
HABITAT:
The Stanislaus,
Tuolumne, and Merced rivers have been identified as
EssentialFish Habitat (EFH) basedon the definition
of waters currently or historically accessibleto salmon
(National Marine Fisheries Service 1998). Key
features of EFH to maintain or restore in theserivers
include substrate composition; water quality; water
quantity, depth and velocity; channel gradient and
stability; food; cover and habitat complexity; space;
accessand passage; and flood plain and habitat
connectivity.

VISIONS
FOR REDUCING
OR
ELIMINATING
STRESSORS
DIVERSIONS:
Water diversionsalong the
rivers divert not only water, but small fish. Many
diversions are screened to reduce young fish loss.
Reducing lossesto screenedand unscreeneddiversions
will contribute to overall ecosystem health by
promoting sustainablefisheriesand higher population
levels. The vision is to screen those diversions that
have no screensor inadequate screenswhere there is
a potential to screen young fish in significant
numbers.

WATER

FOR HABITATS
AND

RIVERINE

AQUATIC

Riparian and shaded riverine aquatic
(SRA) habitats are important to the health of the
rivers. They provide shade,insectsand organic debris
that are important to the aquatic foodweb, and soil
and bank protection. The riparian corridors and
related SRA habitat are impaired by lack of a natural
functioning stream meander process,confinement of
the river channelsby bank protection and levees,and
lossof streamsidevegetation to animal grazing, levee
construction, removal of large woody debris from
stream channelsand banks, and agricultural clearing.
The vision is to improve and restoreriparian and SR4
habitat along the three rivers, where possibleand as

DAMS
AND OTHER
STRUCTURES:
Upstream
fall-run chinook salmon passageis often limited by
the presenceof seasonallyconstructed diversion dams.
The vision is to provide alternative diversion methods
and to coordinate the annual removal of these dams
to improve fish passage.Someadult chinook salmon
tend to stray from their natal streamsby remaining
in the mainstemSanJoaquin River and attempting to
migrate above the Merced River mouth into
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agricultural return water. The vision is that chinook
salmon spawning populations in the East San Joaquin
Basin Ecological Management Zone will be increased
by a seasonal weir that prevents fish from migrating
above the mouth of the Merced River.

and maintain oceancommercial and oceanand inland
recreational fisheries,and that usefully existing and
restored habitats. Fall-run chinook salmon will
benefit from improved flows. Enhanced spring flow
events will improve transport conditions for
downstream migrating fall-run chinook. Fall and
winter base-flowimprovements will benefit upstream
migrating fall-run chinook salmon and survival of
eggsand fry. Improvements in wetland, riparian, and
SR4 habitats; stream channel and meander; and
gravel recruitment will also improve spawning and
rearing habitat. Screening unscreened and poorly
screened diversions will improve young salmon
production. Limiting harvest will provide adequate
numbers of spawners and help sustain long-term
fishery harvest.

PREDATION
AND COMPETITION:
Predation on
juvenile chinook salmon by warmwater fish, such as
largemouth and smallmouth bass, in the lower
reaches of streams in the East San Joaquin Basin
Ecological Management Zone is a significant source
of mortality. The vision is that predation will be
reduced by a combination of actions to control
predator populations and isolate predator habitat.
These actions will contribute to improved survival of
native SanJoaquin Basin chinook salmon. _
OF FISH AND WILDLIFE:
The legal
and illegal anadromous fish harvest in the river,
estuary, and ocean limits recovery of wild fall-run
chinook salmon populations in the three rivers.
Reducing the harvest may be necessary to allow
recovery of wild populations. The vision is to
continue to reduce the harvest of wild anadromous
fish and focus legal harvest on hatchery stocks of
salmon and steelhead.
HARVEST

The vision for steelhead trout is to
recover this specieslisted as threatened under the
ESA and achieve naturally spawning populations of
sufficient size to support inland recreational fishing
and that use fully existing and restored habitat.
Steelhead will benefit from improved spring flow
events in dry and normal years. Spring flows will
provide attraction for upstream migrating adults and
support downstream migrating juveniles. Improved
summer, fall, and winter baseflows will maintain fall
and winter upstream migrants and over-summering
physical habitat and lower water temperatures.
Steelhead will also benefit from improved gravel
spawning habitat and stream rearing habitat,
especiallyif summer heating of the river is reduced in
the process. Screening unscreened and poorly
screened diversions will improve young steelhead
production.
STEELHEAD:

PROPAGATION
OF FISH: Stocking
hatchery-reared salmonin the Merced River supports
important sport and commercial fisheriesand helps to
compensate for the loss of salmon and steelhead
caused by the construction of large dams and
reservoirs. Hatchery fish also supplement the
numbersof naturally spawning salmon and steelhead
in the river. Hatchery supplementation helps sustain
fishablepopulations through periodsof poor wild fish
production (e.g., droughts). However, hatchery
salmon and steelhead may impede the recovery of
wild populations by competing with and preying on
young of wild fish and reducing the genetic integrity
of the wild populations by breeding with wild fish.
The vision is to improving hatchery adult fish
selection, spawning, rearing, and releasepractices to
minimize potential conflicts with the naturallyspawning salmon and steelheadpopulations.

ARTIFICIAL

SPECIES

GARTER
SNAKE:
The vision for the giant
garter snake is to contribute to the recovery of this
State and federally listed threatened speciesin order
to contribute to the overall species richness and
diversity. Achieving this vision will reduce the
conflict between protection for this speciesand other
beneficial usesof land and water in the Bay-Delta.
Protecting existing and restoring additional suitable
wetland and upland habitats will be critical to
achieving recovery of the giant garter snake. The
proposedrestoration of aquatic, wetland, and riparian
habitats in the East San Joaquin Ecological
Management Zone will help in the recovery of these
speciesby increasing habitat quality and area.
GIANT

I);/ISIONS

SALMON:
The vision for chinook
salmon is to recover all stocks presently listed or
proposed for listing under ESA or CESA, achieve
naturally spawning population levels that support
CHINOOK
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WESTERN
POND TURTLE:
The vision for the
western pond turtle is to maintain and restore their
abundance and distribution
by maintaining
or
expanding existing populations by improving stream
channel, floodplain riparian processes, and reducing
predator species.
SWAINSON’S
HAWK:
The vision for
hawk is to contribute to the recovery of
listed threatened species. Improvements
and agricultural
wildlife habitats will
recovery
of the Swainson’s
hawk.
abundance and possibly some nesting
expected as a result of improved habitat.

communities will help the recovery of this species by
increasing habitat area and providing refuge from
flooding.
SAN JOAQUIN
WOODRAT:
The vision for the
San Joaquin Valley woodrat is to contribute to the
recovery of this federally proposed endangered species
through improvement in its habitat.

Swainson’s
this Statein riparian
aid in the
Increased
would be

SHOREBIRDS
AND WADING
BIRDS: The vision
for shorebirds and wading birds is to maintain and
restore
healthy
populations
through
habitat
protection and restoration. Shorebirds and wading
birds will benefit from restoration
of wetland,
riparian, aquatic, and agricultural
habitats. The
extent of seasonal use of the East San Joaquin
Ecological Management Zone by these birds should
increase.

GREATER SANDHILL
CRANE: The vision for the
greater sandhill crane is to contribute to theXc0vet-y
of this California
species of special concern.
Improvements
in pasture lands and seasonally
flooded agricultural habitats, such as flooded corn
fields, should help toward recovery of the greater
sandhill crane population. The population should
remain stable or increase with improvements
in
habitat.

WATERFOWL:
The vision for waterfowl
is to
maintain and restore healthy populations at levels
that can support consumptive (e.g., hunting) and
nonconsumptive
(e.g., birdwatching)
uses. Many
species of resident and migratory waterfowl
will
benefit from improved aquatic, wetland, riparian, and
agricultural habitats. Increase use of the East San
Joaquin Ecological Management Zone and possibly
increases in some populations would be expected.

WESTERN
YELLOW-BILLED
CUCKOO:
The
vision for the western yellow-billed
cuckoo is to
contribute
to the recovery ‘of this State-listed
endangered species. The yellow-billed cuckoo along
the San Joaquin River and its tributaries is not a
species for which specific restoration projects are
proposed. Potential habitat ,for the cuckoo will be
expanded by improvements in riparian habitat areas.
These improvements
will result from efforts to
protect, maintain, and restore riparian and riverine
aquatic habitats throughout the San Joaquin River
and East San Joaquin Ecological Management Zones,
thus sustaining the river meander belt, and increasing
the natural sediment supply to support meander and
riparian regeneration.

NEOTROPICAL
MIGRATORY
BIRDS: The vision
for the neotropical migratory bird guild is to restore
and maintain healthy populations of neotropical
migratory birds through restoring, habitats on which
they depend. Protecting
existing and restoring
additional suitable wetland, riparian, and grassland
habitats will be critical to maintaining healthy
neotropical migrant bird populations in the BayDelta.
,
NATIVE RESIDENT FISHES: The vision for native
resident fish species is to maintain and restore the
distribution and abundance.

RIPARIAN
BRUSH
RABBIT: The vision for the
riparian brush rabbit is to assist in the recovery of this
State-listed endangered species in the Bay-Delta
in riparian habitat and
through
improvements
reintroduction
to its former habitat. Restoring
suitable mature riparian forest, protecting
and
expanding the existing population, and establishing
new populations will be critical to the recovery of the
riparian brush rabbit. Restoration of riparian habitats
in the East San Joaquin
Basin Ecological
Management
Zone and adjacent upland plant

IAMPRRI:
The vision for anadromous lampreys is
to maintain and restore population distribution and
abundance to higher levels that at present. The vision
is also to understand life history better and identify
factors which influence abundance. Better knowledge
of these species and restoration would ensure their
long-term population sustainability.
PUNT
SPECIES AND COMMUNITIES:
The
vision for plan species and communities is to protect
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during 1967 to 1991. CVPIA authorized the
dedication and management of 800,000 af of CVP
yield annually to implement fish, wildlife, and habitat
restoration purposes and measures. Because the
Scanislaus River is a CVP-controlled stream, a portion
of this allocation has been released to rhe lower river
to improve salmon rearing and emigration (the needs
of steelhead were not included in this allocation).
CVPIA also directed the Secretary of the Interior to
evaluate and determine the existing and anticipated
future basin needs in the Stanislaus River basin while
preparing the Stanislaus River Basin and Calaveras
River Water Use Program Environmental Impact
Statement.

and restore these resources in conjunction with efforts
to protect and restore wetland and riparian and
riverine aquatic habitats.

INTEGRATION
RESTORATION

WITH OTHER
PROGRAMS

Maintaining
and restoring
the health of the
Ecological Management
Units in the East San
Joaquin Basin Ecological Management Zone will
depend on the efforts of local and State water
management agencies. Efforts in the basin will be
linked to activities of the California Waterfowl
Association, Ducks Unlimited,
and The Nature
Conservancy.
Overall, these efforts will require
cooperation from resource agencies such as DFG,
DWR, USFWS, and the National Marine Fisheries
Service (NMFS), as well as participation and support
from Reclamation,
the U.S. Natural
Resources
Conservation Service, and other private organizations,
water districts, and landowners. These groups will
work together to maintain and restore streamflows
and fish and wildlife habitat, reduce impacts of
diversions, minimize poaching, and minimize habitat
and water quality degradation in basin streams. In
support of this effort, funding may be provided to
enhance streamflows, reduce fish-passage problems,
screen diversions, restore habitats, and increase
enforcement of the California Fish and Game Code to
protect recovering
populations
of salmon and
steelhead. Oakdale and South San Joaquin Irrigation
Districts also are active participants in ecosystem
restoration efforts on rhe lower Stanislaus River. The
Modesto and Turlock
Irrigation
Districts
play
important roles in restoration efforts on the lower
Tuolumne River. The districts are working
in
cooperation with resource agencies on research and
restoration projects for fall-run chinook salmon in the
basin.

CENTRAL VALLEY
IMPROVEMENT

SALMON,
STEELHEAD TROUT AND
ANADROMOUS
FISHERIES
PROGRAM ACT
The vision will also help the DFG reach its goal of
doubling the number of anadromous fish that were
produced in 1988.

AGREEMENT
ON SAN JOAQUIN
RIVER PROTECTION
In an effort to resolve issues brought forth in the
State Water Resources Control Board’s 1995 Water
Quality Control Plan for the Bay/Delta, the San
Joaquin River Tributaries Association, San Joaquin
River Exchange Contractors Water Authority, Friant
Water Users Authority, and the San Francisco Public
Utilities Commission collaborated to identify feasible,
voluntary actions to protect the San Joaquin River’s
fish resources. In spring 1996, these parties agreed on
a “Letter of Intent to Resolve San Joaquin River
Issues.” This agreement, when finalized, has the
potential of providing the following:

PROJECT

ACT

Restoring and maintaining ecological processes and
functions in the East San Joaquin Basin Ecological
Management Zone will augment other important
ongoing and future restoration efforts for the zone.
This program
will complement
efforts of the
USFWS’s AFRP (USFWS 1995). The goal of the
program is to double the natural anadromous fish
production in the system over the average production

n

higher minimum

base flows,

n

significantly

n

installation and operation of a new fish barrier on
the mainstem San Joaquin River,

n

set up a new biological monitoring

n

set aside federal restoration funds to cover costs
associated with these measures.

increased pulse flows,

program, and

One of the important components of the Agreement
is the development
of the Vernalis Adaptive
Management
Program
(VAMP)
to improve
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FERC

environmental conditions on the San Joaquin River.
Elements of this potential adaptive management
program include a range of flow and non-flow habitat
improvement actions throughout the watershed, and
an experimental program designed to collect data
needed to develop scientifically
sound fishery
management options for the future.

Extensive scientific studies of the chinook salmon
fishery and habitats on the Tuolumne, Merced,
and Stanislaus Rivers;
Districts have assisted in the bypassing of high
river flows around spawning areas as requested
by State and federal agencies to provide more
stable flows during the fall spawning period;

CALFED

Improved instream flows in order to increase
naturally occurring chinook salmon populations;

Chinook salmon habitat restoration
Spawning

BAY-DELTA

PROGRAM

CALFED
has funded 13 ecosystem restoration
projects in the East San Joaquin Ecological
Management Zone. Many of the projects restore
portions of the Tuolumne and Merced rivers that
have been damaged by gravel extraction operations.
Another project places gravel in the Tuolumne River
to replace gravel captured by upstream reservoirs.

to the
of the

work;

gravel rehabilitation;

LINKAGE
ECOLOGICAL

Inventory and development of habitat restoration
project proposals;
Feasibility studies of establishment
hatchery and resting facilities.

PROGRAM

Minimum flow requirements below each of the dams
on the rivers are required by FERC hydropower
licenses. Existing minimum flows in the lower
Merced River are designated in FERC License No.
2 179 for the New Exchequer Project, issued in April
1964, and the Davis-Grunsky
Contract
No.
D-GGR17
(DWR Contract No. 160282) between
DWR and MID, executed in October 1967. The
Davis-Grunsky
contract requires MID to maintain a
continuous flow of between 180 cfs and 220 cfs in the
lower Merced River from November 1 through April
1 throughout the reach from Cracker-Huffman
Dam
to Shaffer Bridge. An agreement was executed in
1995 for the Tuolumne River between 10 stakeholder
and resource agencies. It amended the license for the
New Don Pedro Project to increase instream flow
releases from New Don Pedro Dam. Flows in this
agreement were incorporated into a FERC Order
Amending License for the New Don Pedro Project.

The future of the Agreement is unknown at this time.
However, several actions by the San Joaquin River
Stakeholders Policy Group and orher parties have
been or are presently being implemented throughout
the watershed. These actions include:

Water transfers to the USBR pursuant
CVPIA to help implement a portion
Anadromous Fish Restoration Program;

LICENCE

of a salmon

TO OTHER
MANAGEMENT
ZONES

Many of the resource elements in the East San.
Joaquin Basin Ecological Management Zone depend
extensively on conditions or elements in other zones.
Anadromous fish, for example, are highly migratory
and depend on conditions in the mainstem San
Joaquin River, the Delta, San Francisco Bay, and the
nearshore Pacific Ocean. Because these fish are
affected by stressors throughout their range, such as
unscreened diversions, toxic contaminants,
water
quality, and harvest, restoring populations in the East
San Joaquin Basin Ecological Management Zone will
require corresponding efforts in other zones.

SAN JOAQUIN
RIVER
MANAGEMENT
PROGRAM
(SJRMP)
This program will complement the SJRMP, which
was established through State legislation (Chapter
1068/90) to develop comprehensive and compatible
solutions to water supply, water quality, flood
control, fisheries, wildlife habitat, and recreational
needs in the San Joaquin River basin. The program
resulted in a final report with recommendations
to
the California Legislature in February 1995 and has
now entered the implementation phase.

The ecosystem health of the East San Joaquin Basin
Ecological Management Zone is highly dependent on
conditions in the San Joaquin River and Sacramento-
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San Joaquin Delta Ecological Management Zones.
Stressors there (water diversions and water quality)
have a significant effect on resources in this zone.
Conditions in San Francisco Bay and the Pacific
Ocean can also have a significant effect on resources
in this zone.

identified Ecological LManagement Zones. For
example, ocean recreational and commercial fisheries
have a significant
effect on the numbers
of
anadromous fish returning to spawn and rear in the
San Joaquin River basin. New harvest management
strategies for the ocean fisheries may be needed to
ensure restoration of San Joaquin tributary salmon

Scressors in the mainstem San Joaquin River have
significant effects on resources in its tributary
streams. In particular, reduced streamflow and the
high input of contaminants into the mainstem San
Joaquin River reduces survival of anadromous fish
migrating up and down the river, to and from
spawning and rearing areas in the tributary streams.

runs.

RESTORATION
TARGETS AND
PROGRAMMATIC
ACTIONS
ECOLOGICAL
CENTRAL

Water, sediment, nutrient supply, and input of
contaminants from the tributary streams in this zone
all influence habitat conditions in the mainstem San
Joaquin River. Changes in these factors from
historical conditions have contributed
to habitat
degradation on the mainstem river. Maintaining a
healthy riparian zone and balanced sediment budget
in the mainstem San Joaquin River will depend on
appropriate nutrient, water, and sediment input from
the major tributaries.
Water
supply from the
tributaries is critical to maintaining aquatic habitat in
the mainstem river between the Merced River
confluence and Vernalis, because Friant Dam diverts
nearly all of the flow from the upper San Joaquin
River watershed.

VALLEY

PROCESSES
STREAMFLOWS

TARGET 1: Maintain the following base flows in
the Stanislaus River below Goodwin Dam (++):
n

in critical,
dry, and below-normal
years,
minimum flows should be 200 to 300 cfs, except
for a flow event of 1,500 cfs for 30 days in April
and May,

n

in above-normal years, minimum flows should be
300 to 350 cfs, except for 800 cfs in June and
1,500 cfs in April and May, and

n

in wet years, minimum flows should be 300 to
400 cfs, except for 1,500 cfs from April through
June.

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative approach to coordinate flow releases to
attain target levels.

The Sacramento-San
Joaquin Delta Ecological
Management
Zone provides essential habitat for
upstream migration of adult anadromous fish and
downstream
migration
and rearing of juvenile
anadromous fish from the San Joaquin River basin.
Conditions
in the Bay-Delta
significantly
affect
anadromous fish production in the San Joaquin River
basin, because, in most years, much of the inflow
from the basin is diverted in the Delta, and the loss of
juvenile salmon and steelhead in Delta water
diversions is high. In turn, the magnitude of inflow
and the input of nutrients,
contaminants,
and
sediments from the San Joaquin River and its
tributaries significantly affect the health of the Bay
and Delta ecosystem. Restoring and maintaining a
healthy ecosystem in this zone will be critical to
restoring the ecosystem in the Bay and Delta.

TARGET 2: Provide the following lo-day spring
flow events on the Stanislaus River: 2,500 to
3,000 cfs in late April or early May in normal years
and 3,000 to 4,000 cfs in wet years. Such flows
would be provided only when inflows to New
Melones Reservoir are at these levels (++).
PROGRAMMATIC
ACTION
2~:
Develop a
cooperative approach to coordinate flow releases to
attain target levels.
TARGET 3: Maintain the following base flows in
the Tuolumne River below Don Pedro Dam (+*):
4

Additionally,
stressors affecting fish and wildlife
species using the San Joaquin River basin during at
least part of their life cycle occur outside- the
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in critical and below years, flow release should be
50 cfs from June through September, 100 cfs
from October l-15, 150 cfs from October 16
May 3 1, plus an 11,091 acre-foot outmigration
pulse flow,
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instream flows
in normal years, minimum
at Shaffer Bridge should be 25 cfs from June
through October 15, 75 cfs from October 16
through October 3 1 and January through May,
and 100 cfs in November and December.

n

in median critical dry years, flow release should
be 50 cfs from June through September, 100 cfs
from October l-15, 150 cfs from October 16
May 3 1, plus a 20,09 1 acre-foot outmigration
pulse flow,

n

n

in intermediate critical dry years, flow release
should be 50 cfs from June through September,
150 cfs from October 1-15, 150 cfs from
October 16- May 31, plus a 32,619 acre-foot
outmigration pulse flow,

PROGRAMMATIC
ACTION
4~: Develop a
cooperative approach to coordinate flow releasesto
attain target levels.

n

TARGET 5: Provide the following LO-day spring
flow events on the Merced River: 1,000 to 1,500 cfs
in late April or early May in dry years, 2,000 to
2,500 cfs in normal years, and 3,000 to 4,000 cfs in
wet years. Such flows would be provided only when
inflows to Lake McClure are at these levels (++).

in median dry years, flow releaseshould be 75 cfs
from June through September, 150 cfs from
October 1-15, 150 cfs from October 16- May
31, plus a 37,060 acre-foot outmigration pulse
flow,

n

PROGFWMMATIC
ACTION
5~: Develop a
cooperative approach to coordinate flow releasesto
attain target levels.

in intermediate dry-below normal years, flow
release should be 75 cfs from June through
September, 180 cfs from October 1-15, 180 cfs
from October I.6- May 31, plus a 35,920 acrefoot outmigration pulse flow and a 1,676 acrefoot attraction pulse flow,

n

in median below normal years, flow release
should be 75 cfs from June through September,
200 cfs from October L-15, 175 cfs from
October 16- May 31, plus a 60,027 acre-foot
outmigration pulse flow and a 1,736 acre-foot
attraction pulse flow,

n

in all other year types (intermediate below
normal/above normal, median above normal,
intermediate above normal-wet, and median
wet/maximum years), flow releaseshould be 250
cfs from June through September, 300 cfs from
October l-15, 300 cfs from October 1.6- May
3 1, plus a 89,882 acre-foot outmigration pulse
flow and a 5,950 acre-foot attraction pulse flow.

RATIONALE:
The proposed
supplemental flows
were selected
as a representative value for impact
analysis in the Programmatic EWEIR. Throughout
the ERP, the need to determine optimal streamflow
for ecological
processes, habitats,
and species is
repeated.
The issues of supplemental
flows are .
complex in term of ecosystem improvements. The
frequency, magnitude,
duration,
timing and rate of
change ofstreamffows
that form channels,create and
maintain riparian habitat (including all species of
vegetation), and promote all life stages of the various

aquatic speciesdependent on a particular stream will
never occur within a single year. An optimal flow
regime will have to vary, perhaps significantly, from
supplemental
flow
year
to
year.
The
recommendations will be an intensive exercise in
adaptive management and must be basedon credible
scientific underpinnings.
Flows in the Stanislaus, Tuolumne, and Merced
Rivers are controlled by releasesf?om foothill storage
reservoirs (New Melones, New Don Pedro, and New
Exchequer Reservoirs, respectively). Improving base
flows would increasehabitat for spawning, rearing,
and migration ofsalmon and steelhead. Pulse flows in
spring would help to restore natural stream channel
processes;
gravel recruitment, cleansing,
and
transport;
and riparian vegetation development
and
survival. These flows also would help to support
juvenile salmon and steelhead emigration
to the

PROGFWMMATIC
ACTION -3~: Develop a
cooperative approach to coordinate flow releasesto
attain target levels.
TARGET 4: Maintain the following baseflows in
the Merced River below Lake McClure (++):
n

in dry years, minimum instream flows at Shaffer
Bridge should be 15 cfs from June through
October 15, 60 cfs from October 16 through
October 3 1 and January through May, and 7 5
cfs in November and December, and

Delta.
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In all cases,flows will continually subject to the
developing aspectsof adaptive management in which
decisions are based on the development and
evaluation
of
testable
hypotheses. Flow
recommendations are linked to water quantity and
quality and in the long-term should be designed to
contribute to species maintenance and restoration,
improving natural or semi-natural ecological
functions, and assist in promoting
the sustainability
of specific types ofhabitat
and plant communities.

important

salmon and steelhead, both of which may be yearround residents. In some cases, base flows may be
higher
than unimpaired flow. Such flows are
necessary, because spawning and rearing habitats for
juvenile salmon and steelhead, traditionally
located
upstream of the dams, now are located downsrream.
Flow events are recommendedduring spring to more
closely emulate the natural spring peak-flow pattern.
Such flows stimulate and support downstream
juvenile salmon and steelheadmigration. The spring
flow will alsomobilize, clean, and transport spawning
gravels; create point bars and other instream habitat
types; and contribute to a natural channel
meanderingpattern and riparian scrub and woodland
habitat development and maintenance.

to fish, wildlife

Given the wide variety of past and recent flow
recommendations,
it is apparent that much additional
information
is required to use existing water supplies
to meet all the beneficial uses better, with paLticular
focus on the ecosystem requirements.
The basis for
ERP flow recommendations
eventually
will differ
significantly
from flow recommendations
based on
the needs of chinook salmon migration,
spawning,
and rearing. Salmon flows will likely continue to form

DFG (1993) believesexisting flow requirements are
inadequate for fall-run chinook salmon migration,
spawning, egg incubation, juvenile rearing, and smelt
emigration
on the Merced River. Adequate
releases
for upstream attraction ofadults and spawning begin
on November
1, but migration
typically begins in
October.
The current spawning and rearing f7ow
requirements are not the result of scientific studies
and may be too low to meet spawning and rearing
needs. Flows in the spawning reach during
the

the core of flow needs, but from the ecosystem
perspective, flows will need to meet the need of
sediment transport and other channel maintenance
processes as well as contribute to sustaining a
diversity

of aquatic,

floodplain

and

other

closely

linked habitats such as seasonalwetlands and riparian
forests. Still, the present recommendations
for
“ecosystem”

flows

suffer

from

insufficient

spawning and early rearing period are further
depleted by water diversions. Spring flows for smelt

data

emigration

regarding better estimatesofsediment transport and
channel maintenance flows. These are very important
aspects of integrating

flow prescriptions

with

inadequate.

Flow targets recommended
by DFG (1993) for the
lower Merced River were derived from instream flow

actual

ecosystem restoration requirements and will require
the development of testable hypotheses and the
monitoring
and research programs necessary to
collect and evaluate data to support or refute the
hypotheses.

study and smolt survival data from similar drainages.
Recommended

flows

during

the spring

emigration

period are consistent with proposed spring outflow
objectivesfor the basinat Vernalis on the SanJoaquin
River. Adthough the proposed flows are a significant
improvement over the current flow releases,they are
not the most favorable for salmonspawning, rearing,
or emigration,
particularly
in drier years (California
Department of Fish and Game 1993).

The recommended flow event on the StanisfausRiver
may be constrained in the short-term by flood control
concerns below Goodwin Dam. Full implementation
of the proposed flows may depend on land use
changes in the floodplain
that could be inundated by
the flow events. The flow event is closely related to
recommendations in this section regarding stream

Flow targets recommendedby USFWS (1995) for the
Merced River were developed by the AFRP San
Joaquin Basin Technical Team. Recommended
flows
were derived from historical flows and results of

meander corridor and natural floodplains and flood
processes.

biological
studies.
The
team
believes
that
implementing
the flow schedule, along with other
recommended
actions, would double natural fall-run

flows are necessary in the salmon and
steelhead spawning and rearing areas of each of the

Minimum
three
water

are particularly

chinook salmon production in the Merced River.

rivers to sustain adequate physical
habitat,
temperatures,
and food supply for juvenile
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For the lower Tuolumne River, an agreement was
executed in 199.5 between 10 stakeholder
and
resource agencies. It amended the licensefor the New
Don Pedro Project to increaseinstream flow releases
from New Don Pedro Dam. Flows in this agreement
were incorporated into a FERC Order Amending
Licensefor the New Don Pedro Project (J’uly 1996).
This new flow agreement is based on ten different
water year types. These new flows should be viewed
as rhe experimental baseline for restoring chinook
salmon and for their contribution in promoting a
healthy alluvial river system.

and at Ripon on the Stanislaus River to adult
escapementsinto the basin 2ti years later. Results of
smolt survival studies completed on the Stanislaus
River thus far indicate a positive relationship between
smelt survival and spring flow releases.April through
May flow events are prescribed for these reasons.
Flow targets recommended by DFG (1993) for the
lower Stanislaus River were formulared from results
of an instream f7ow study (U.S. Fish and Wildlife
Service 1993) and smolt survival studies. Flows for
October
through
March
were determined
from
results of the instream
flow study for salmon
spawning,
egg incubation,
and rearing. Flows during
April and May determined from results of the smolt
survival studies. The flows are consistent with spring
outflow
objectives proposed for the basin at Vernalis
on the San Joaquin River. Summer flows addressed
needs of oversummering yearling salmon
and

Flow targets were recommended by DFG (1993) for
the lower Tuolumne River following results of an
instream flow study (U.S. Fish and WildlifeService
1993) and smolt survival studies. Flow needs
recommended by DFG are met in many year-types
by flows specified in the setrlement agreement.
However, DFG (1993) stated that, although its flow
recommendations were a significant improvement
over the recent historical flow releases,they are not
the most favorable for salmon spawning, rearing, or
emigratibn, particularly
in drier years. The
recommended flow pulses in April and May are
prescribed to meet these needs in drier years better
and to support stream channel and riparian habitat
processes.

steelhead. Although these flow targets are a
significant improvement over the current
flow
releases, they are not the best possible for salmon
spawning, rearing, or emigration, particularly in drier
years

(California

Department

of Fish

and

Game

1993). Again, this is the reason for recommending
additional

April

through

May flow pulses.

Flow targets recommendedby USFWS (1995) for the
Stanislaus River were developed by the San Joaquin
Basin Technical Team. Recommended flows were
derived from historic flows and results of biological
studies. The team believes that implementing the
flow schedule, in concert with other recommended
actions,
would
double natural fall-run chinook
salmon firoduction in the StanislausRiver.

Exisring minimum fishery flows in the lower
Stanislaus River are designated in a 1987 study
agreement between Reclamation and DFG. This
agreement, enacted under a DFG protest of
Reclamation ‘s water right applications to redivert
water from New Melones Dam, specifies interim
annual flow allocatiohs for fisheries between 98,300
af and 302,100 ad depending primarily on carryover
storage at New Melones and inflow. Instream flow
schedulesareset annually by DFG in the total annual
flow allocation specified in the agreement. In recent
years, coordinating fishery and water quality flow
releasesand releas’es
for water salesand transfershave
resulted in additional
f7ow releases that significantly
benefit anadromous fish.

It is important ro note that all of the agreed upon or
proposed flows (AFRP, Tuolumne River Settlement,
Agreement, FERC, VAMP, Davis-Grunsky, and
DFG recommended flows) in the Stanislaus,
Tuolumne, and Merced rivers were designed to
facilitate chinook salmon recovery, and little or no
consideration wasgiven to steelhead recovery in the
design
of
temperatures

strategies.
Flow
and
of steelhead will need ro
be evaluated and integrated into the proposed flow
regimes.

DFG (19.93)
stated that the existing flow
requirements are inadequate for fall-run chinook
salmonmigration, spawning, egg incubation, juvenile
rearing, and smolt emigration on the StanislausRiver.
Spring flows for smolt emigration are particularly
inadequate. There is a positive relationship between
spring outflow
at Vernalis on the SanJoaquin River

these
tlow
requirements

COARSE

SEDIMENT

SUPPLY

TARGET 1: Reduce existing levels of erosion and
maintain gravel recruitment in tributaries that
sustain an adequate level of gravel recruitment, or
Volume II: Ecosystem Restoration Program Plan
East San Joaquin Basin Ecological Management Zone Vision
July 2000

399

restore desirable levels by directly manipulating and
augmenting gravel supplies where the natural flow
process has been interrupted
by dams or other
features that retain or remove the gravel supply
(44).

knowledge of trained experts. It may be that gravel
deposits in streams of the East San Joaquin Basin
Ecological Management Zone are essential ro
maintain spawning and rearing habitats of fall-run
chinook salmon, sreelhead, and other native fish.
Opporruniries to maintain and restore gravel
recruitment include manipulating natural processes
and controlling or managing
environmental stressors
that adversely affect recruitment.

PROGFKAMMATIC
ACTION
IA: Evaluate the
feasibility and need for establishing long-term coarse
sediment augmentation and fine sediment control
programs for streams below major impoundments in
the East San Joaquin Ecological Management Zone.

STREAM

PROGRAMMATIC
ACTION
1 B:
Evaluate
spawning gravel quality in areas used by chinook
salmon in the Stanislaus River. If indicated, renovate
or supplement gravel supplies to enhance substrate
quality by importing additional gravel as coxditions
require.

MEANDER

TARGET 1: Preserve and expand the streammeander belts in the Stanislaus, Tuolumne, and
Merced Rivers by adding a cumulative total of 1,000
acresof riparian lands in the meander zones(++4).
PROGRAMMATIC
ACTION 1 A: Acquire riparian
and meander-zone lands by purchasing them directly
or acquiring easements from willing sellers, or
provide incentives for voluntary efforts to preserve
and manage riparian areason private land.

PROGRAMMATIC
ACTION
1 c:
Evaluate
spawning gravel quality in areas used by chinook
salmon in the Tuolumne River. If indicated, renovate
or supplement gravel supplies to enhance substrate
quality.

PROGFWMMATIC
ACTION
1 B: Build local
support for maintaining active meander zones by
establishing a mechanism through which property
owners would be reimbursed for lands lost to natural
meander processes.

PROGFWMMATIC
ACTION
1 D:
Evaluate
spawning gravel quality in areas used by chinook
salmon in the Mcrced River. If indicated, renovate or
supplement gravel supplies to enhance substrate
quality.

PROGRAMMATIC
ACTION
Ic:
Develop a
cooperative program to improve opportunities for
natural meander by removing riprap and relocating
other structures that impair stream meander.

RATIONALE:
Gravel
transport
is the process
whereby flows carry away finer sediments that fill
gravel interstices (spacesbetween cobbles). Gravel
cleansing is the process whereby flows transport,
grade, and scour gravel. Gravel
transport and
cleansing, by flushing most fines and moving
bedload, are important processesto maintain the
amount and distribution of spawning habitat in the
Sacramento-San Joaquin River basin. Human
activities have greatly reduced or altered these
processes. Opportunities to maintain and restore
these processes indude changing water flow,
sediment supplies, and basin geomorphology (earth
forming process); removing stressors;or manipulating
channel features and stream vegetation directly.

TARGET 2: On the Merced River between the
towns of Cressey and Snelling, isolate gravel pits,
reconfigure (rearrange) dredge tailings, and restore a
more natural channel configuration to 5 to 7 milesof
disturbed stream channel. On the Tuolumne River,
between river miles (F&Is) 25 and 51, isolate 15 to 30
gravel pits, reconfigure dredge tailings, and restore a
more natural stream channel to 6 to 9 miles of
disturbed stream channel. On the Stanislaus River,
restore a more natural stream channel to 2.5 to 5
miles of disturbed stream channel (+++).
PROGRAMMATIC
ACTION
2~: Develop a
cooperative program, consistent with
flood
management, to restore more natural channel
configurations to reduce salmonid predator habitat
and improve migration corridors.

A feasibility study that emphasizesthe hydrologic
and fluvial
geomorphologic aspects of the three
watershed need to be conducted early in the program
to provide guidance of the development and
implementation of potential sediment augmentation
programs. This will require the expertise and

PROGRAMMATIC
ACTION 2~: Work with
permitting agenciesto appropriately structure future
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gravel extraction permits. Coordinate the design and
implementation
of gravel pit isolation and stream
channel configuration with the Corps, local water
management agencies, and local governments.

NATURAL

FLOODPUUN
AND
PROCESSES

FLOOD

TARGET 1: Restore and improve opportunities for
rivers to inundate (flood) their floodplain on a
seasonalbasis(+).

PROGFIAMMATIC
ACTION
2c:
Develop a
cooperative
program
with
the counties, local
agencies, and aggregate (sand and gravel) resource
industry
to develop and implement
gravel
management programs for each of the three rivers.

PROGRAMMATIC
ACTION
IA:
Conduct a
feasibility study to construct setback levees in the
Stanislaus,Tuolumne, and Merced River floodplains.

PROGRAMMATIC
ACTION
2~:
Develop a
cooperative program
to implement a salmonid
spawning and rearing habitat restoration program,
including reconstructing channels at selected sites by
isolating or filling in inchannel gravel extraction
areas.

PROGRAMMATIC
ACTION
1~: Restore, as
needed, stream channel and overflow basin
configurations within the floodplain.

RATIONALE:
Scream meander, natural sediment
supply, and ff oodplain and flood processes are closely
linked and some of the programmatic actions under
stream corridor would also be appropriate for natural
sediment supply or floodplain processes.Between
1942 and 1993, approximately 6.8 to 13.6 million
tons of bed material were mined from the active
Merced River channel. The pits chat resulted from
this excavation occupy approximately 4 miles of the
existing river channel between the towns of Cressey
and Snelling (Kondolf et al. 1996). Restoration
planning for the lower Tuolumne River hasidentified
the need for channel reconstruction in approximately
8.5 total miles, or 42%, of the spawning reach (from
RM 45.3 to RM 2.5.l), isolation of backwater areasat
approximately 20 siteslocated from RM 50.3 co RM
30.1, and isolation of gravel pits from the active
channel at approximately 10 locations from RM 50.0
to RM 30.5. Gravel mining waslessextensive on the
lower Stanislaus River, but channel improvements
there are also needed.

PROGFWMMATIC
ACTION
ID: Develop a
floodplain management plan for the StanislausRiver.

PROGRAMMATIC
ACTION 1 c: Minimize effects
of permanent structures, such as bridges and
diversion dams, on floodplain processes.

PROGFWMMATIC
ACTION
1~: Develop a
floodplain management plan for the Tuolumne River.
PROGRAMMATIC
ACTION
IF: Develop a
floodplain management plan for the Merced River.
RATIONALE:
Setback levees will provide greater
floodplain inundation, room for stream meander, and
greater amounts of riparian forest and seasonal
wetland habitats along the lower rivers. Channel
configuration adjustments may be necessary to
accelerate restoration of natural floodplain habitats
and to restore and maintain configurations chat may
not occur naturally due to remaining constraints from
new setback levees. Permanent structures, such as
bridgesand diversions dams can interrupt
and impair
natural floodplain processes and habitat development
of the
and succession, thus requiring removal
structures,
rebuilding,
or
some
contin uing
maintenance
effects.

Stream channel restoration to isolate or reduce gravel
extraction pits has been identified as an ‘important
component of a comprehensivespawning and rearing
habitat improvement program in the basin(California
Department of Fish and Game 1993, U.S. Fish and
Wildlife Service 1995).

or mitigative

efforts to minimize

their

The present channel capacity of the Tuolumne
river
is about 9,000 cfs which is not large enough to meet
the needs of maintaining
ecosys rem. The January

a healthy
alluvial river
1997 flood on the lower
Tuolumne River peaked at 60,000 cfi and provided
a glimpse of the resiliency of the Tuofumne
River.

Additional researchor technical advice is required to
understand better and develop specific projects
designed to improve scream channel meander,
improve sediment supplies, and to increase the
benefits of the interaction of streams with their
floodplains.

While the high flows damaged development in the
floodplain, it also created alternate bars in the
channel, recruited gravel from the banks as the river
meandered, and placed large woody debris in the
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channel. As a result
of the 1997 floods, the
Governor’s Flood Emergency Action Team Final
Report (May 10, 1997) recommended that the U.S.
Army Corps of Engineers conduct a study to increase
the channel capacity in the Tuolumne river to convey
flows up to 20,000 cfs. This would more than double
the present 9,000 cfs capacity, mimic the seasonal
peak to a greater
degree, and provide additional
ecological benefits while providing greater flexibility
to manage floods. An expanded floodway on the
Tuolumne
river
would
also
address the
objectives
implemen ration
related to natural
sediment supply, stream meander, and stream
temperatures.

levels for fall-run chinook salmon.High temperatures
typically
occur in drought
periods,
when storage
levels in reservoirs have dropped sticiently to allow

stream

Other benefits of improving
floodplains include:
I
I
w

the

quan&ty

warm surfacewaters to be included in storagereleases
to the lower river. Retaining water over the summer
that may otherwise be released for downstream
irrigation or other purpose may allow the cold water
in the reservoirsto be retained through the early fall
critical temperature period. Elevated temperatures
are thought to delay migration and spawning
(California Department of Fish and Game 1992),
reduce egg survival, and increasemortality of rearing
and outmigrating juveniles (California Department of
Fish and Game 1993). The target temperature levels
would maintain suitable habitat for chinook salmon
for spawning, rearing, and outmigration throughout
the lower rivers. These levels are identified in DFG
(1993) and in USFWS (199.5). Temperature models
need to be developed and calibrated to determine the
feasibility of providing the flows necessary to
maintain 60” F in the designated salmon spawning
areasfrom June 1 through September 30 to provide
the necessaryconditions for steelheadrearing.

of

increasedshading and food web support,
re-establishment of stream meander, and
potential conversion of agricultural land to
floodplain and the reduced need for diversion.
CENTRAL VALLEY STREAM
TEMPERATURES

High water temperature below dams in summer is a
critical

TARGET 1: Maintain maximum surface water
temperatures on the lower Merced, Tuolumne, and
Stanislaus rivers to the downstream boundary of the
salmon spawning area(as defined by Fish and Game
Code section 1505) during summer, fall and winter
and to the mouth of the river during the spring as
follows (+++):
n
n

stressor for steelhead

throughout

the Central

Valley drainages (IEP Steelhead Project Workteam
1999). Because juvenile steelhead must rear for at
least one year in fresh water, adequate temperatures
must be maintained year-round. Providing the
necessary cool temperatures in the reaches that
contain rearing habitat will be necessaryto achieve
steelheadrecovery in these streams.

October 15 through February 15, 56”F, and
April 1 through May
31,65”F.
.

HABITAT
GENERAL

PROGRAMMATIC
ACTION 1 A: Cooperatively
evaluate the use of temperature
control
devices/reservoir management options to reduce
water temperatures during critical periods,

HABITAT

RATIONALE

The primary focus of habitat restoration in the East
SanJoaquin
Ecological Management
Zone is directed
at restoring riparian and riverine aquatic habitats.
Many other habitats are important
in providing
for
the diversity of fish, wildlife and plant speciesin this

PROGRAMMATIC
ACTION 1~: Evaluate the
impact of irrigation returns on stream temperature.

zone including seasonal wetlands, fresh emergent
wetlands, and agricultural lands. Important areas
that will provide these types of habitats
include
Merced National Wildlife Refuge and San Joaquin
River National Wildlife Refuge which overlaps the
East SanJoaquin and San Joaquin River Ecological
Management
Zones. In addition,
the Central Valley
implementing
Habitat
Joint
Venture
is
recommendations to improve seasonal wetlands and

PROGRAMMATIC
ACTION 1 c: Cooperatively
develop temperature models for all three tributaries
to determine flows necessaryto maintain 60°F in the
designated salmon spawning areas from June 1
through September 30 to provide the necessary
conditions for steelheadrearing.
RATIONALE:
Water temperatures
in the lower
rivers in fall and spring often exceed stressful or lethal
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agricultural lands through out the Sanloaquin River
and East Sanloaquin Ecological Management Zones.

improve salmonid habitat and instteam cover along
the Stanislaus River.

Expansion of the San Joaquin River WR
will be an
important component in providing the habitats
required by waterfowl, shorebirds, and other
neotropical migrant species.Congress has approved
the 10,300 acre SanJoaquin River NWR. Presently,
the San Joaquin NWR encompasses
about 800 acres
of land along the east side of the San Joaquin River
near the confluence of the Tuolumne River, and is
working to acquire an additional 6,200 acresof fish
and wildlife habitat on land adjacent to the existing
refuge. Part of this expansion has recently been
funded through the CALFED Category III habitat
restow &ion program. This project will Aenefit
Aleutian Canada geese, greater sandhill crane,
western yellow-billed cuckoo, Swainson’s hawk,
riparian brush rabbit, riparian wood rat, valley
elderberry longhorn beetle, splittail, waterfowl,
shorebirds, herons, and neotropical migratory birds.

PROGFUIMMATIC
ACTION
16: Evaluate the
benefits of restoring aquatic and riparian habitats on
the StanislausRiver, including creating sidechannels
to setve as spawning and rearing habitats for
salmonids.
PROGRAMMATIC
ACTION
1 c:
Purchase
streambank conservation easements from willing
sellers,or establish voluntary incentive programs to
improve salmonid habitat and instream cover along
the Tuolumne River.
PROGRAMMATIC
ACTION
1 D: Purchase
streambank conservation easements from willing
sellers,or establish voluntary incentive programs to
improve salmonid habitat and instream cover along
the Merced River.
RATIONALE:
Many wildlife species, including
several specieslisted as threatened or endangered
under the State and federal Endangered Species Acts
(ESA) and several special-status
plant species in the
Central Valley, depend on or are closely associated

The Central Valley Habitat Joint Ventures goals for
the San Joaquin Valley, including the East San
Joaquin Ecological Management Zone, are to:
w

with

Protect 52,500 acres of existing wetland in
perpetuity
through
fee acquisition or
conservation easements,

9

Restoreand protect in perpetuity 20,000 acresof
former wetlands,

8

Enhance 120,300 acres of existing wetlands, and

H

Enhance 15,290 acres of private agricultural
lands to support nesting and wintering
waterfowl.

Improving

AND RIVERINE
HABITAT

habitats.

Riparian

habitats

support

a

low- to moderate-quality

SRA habitat

will

benefit juvenile chinook salmon and steelhead by
improving shade, cover, and food. Other wildlife in
this Ecological Management Zone will also benefit
from improved habitat. Protecting and improving
SRA habitat may involve land use changes that will

Some of these habitat improvement and restoration
projects will occur in the East San Joaquin Ecological
Management Zone.
RIPARIAN

riparian

greater diversity of wildlife species than all other
habitat types in California. Degradation
and lossof
riparian habitat
have substantially
reduced
the
habitat area available for associated wildlife species.
Loss of this habitat
has reduced
water storage,
nutrient cyding, and foodweb support functions.

require

the consensus

of local landowners

and local,

State, and federal agencies. Limitations on land
suitable or available for restoration
will require
establishing priorities, with efforts directed at
acquiring high-priority, low-cost sites first.

AQUATIC

TARGET
1: Provide conditions for riparian
vegetation growth along sectionsof rivers in the East
San Joaquin Basin Ecological Management Zone
c++>.

Riparian habitat along the lower portions of the three
rivers has been significantly
reduced. Before the loss
of habitats,
riparian
forests were an important
component of the mosaic (mixture) of habitats in the
San Joaquin Valley, providing habitat for many

PROGRAMMATIC
ACTION
1 A: Purchase
streambank conservation easements from willing
sellers, or establish voluntary incentive programs to

native wildlife species. The riparian community
provides nutrient and woody debris input to the
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aquatic system, as well asshade and increasedbank
stability. To restore the riparian community along
the lower rivers, further riparian vegetation removal
should be restricted, improved land management and
livestock grazing practices should be implemented,
and a riparian restoration program
should be
developed and implemented. Restoration actions will
need to be consisten c with
flood
control
requirements. The importance of riparian restoration
was identified by DFG (1993) and USFWS (1995).
FRESHWATER
FISH HABITAT
ESSENTIAL
FISH HABITAT

small pump agricultural diversions along the three
streams.
PROGRAMMATIC
ACTION lc: Provide alternative water sourcesto diverters who legally divert
water from spawning and rearing areas.of the three
streams.
PROGRAMMATIC
ACTION 1 D: Purchasewater
tights from willing sellers whose diversions entrain
significant numbers of juvenile salmon or steelhead.

AND

RATIONALE:

Five medium-sized
gravity riparian
are located in the designated
salmon
spawning reach of the lower Merced River between
Cracker-Huffman Dam and the State Route 59
bridge. Water-powered screensand nominal bypass
systems were instded on two larger diversions in the
mid-1980s.
Gabion-type
screens without
bypass
systems remain on the ocher three diversions.
In
addition,
DFG surveys have identified
numerous
small pump diversions throughout
the basin, none of
which are adequately
screened to prevent juvenile
salmon entrainment.
Entrainment
losses at these
diversions

TARGET
1: Maintain and improve existing
freshwater fish habitat and essential fish habitat
through the integration of actions described for
ecological processes,habitats, and stressorreduction
or elimination (++).
PROGRAMMATIC
ACTIONS:
No additional
programmatic actions are recommended.
Freshwater fish habitat and essential

RATIONALE:

fish habitat are evaluated in terms of their quality and
quantity. Actions described for East San Joaquin
Ecological Management Zone ecological processes,
stressorreduction, and riparian and riverine aquatic
habitat should suffice to maintain
and restore

pump diversionsare unknown. Screening 50% of the
diverted water volume at diversions with greatest risk
to juvenile salmon and steelhead, as determined by,
monitoring, will help co define further screening
needs.

freshwater and essentialfish habitats. For example,
maintaining freshwater and essentialfish habitats is
governed

DAMS

by actions to maintain

streamflow, improve
coarsesediment supplies,maintain stream meander,
maintain or restore connectivity of the rivers in this
ecological management
tone and their floodplains,

PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to eliminate blockage of
upstream-migrating fall-run chinook salmon and
steelhead at temporary irrigation diversion dams
erected during the irrigation season.

habitats.

STRESSORS
WATER

STRUCTURES

TARGET 1: Eliminate the loss of adult fall-run
chinook salmon that stray into the SanJoaquin River
upstream of the Merced River confluence (+++).

and in maintaining and restoring riparian and riverine
aquatic

AND OTHER

DIVERSIONS

PROGRAMMATIC ACTION 1 B: Continue annual
installation of a temporary weir on the San Joaquin
River immediately upstream of the confluence with
the Merced River to block adult salmon migration.

TARGET 1: Reduce entrainment. of fish and other
aquatic organismsinto diversions to a level that will
not impair salmon and steelhead restoration by
screening 50% of the water volume diverted in the
basin (+++).

PROGFIAMMATIC
ACTION lc: Evaluate the
need to remove temporary diversion dams that block
upstream salmon and steelhead passage into
spawning grounds of three streams.

PROGRAMMATIC ACTION 1 A: Improve existing
diversion screenson the lower Merced River.
PROGRAMMATIC
ACTION 1~: Evaluate the
feasibility of installmg state-of-the-art screens on
*

TARGET 2: Evaluate the feasibility of restoring
steelheadaccessto historical habitats (+>.
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PROGRAMMATIC
ACTION 2~: Investigate the
feasibility of providing access to historical steelhead
spawning and rearing habitat above the dams on at
least one of the three tributaries.

emigrating from the river. Large pit areas creared by
inchannel gravel mining are excellent ‘habitat for
warmwater fish. Implementing a predator control
program hasbeen identified asa salmonid restoration
action by USFWS (1995). Habitat improvement
acrions described above should help ro reduce
predator populations of largemouth and smallmourh
bass.Orher speciesofpossible concern include striped
bass, American shad, and resident rainbow and
brown trout. All potentially occur in the three rivers,
and all are known to feed on juvenile salmon and
possibly steelhead. If any of these speciesbecome a
problem, steps will be taken to reduce their effects.

RATIONALE:
In recent years, drainagepractices in
Merced County have increasedagricultural
return flows from Salr and Mud Sloughs into the
mainstem San Joaquin River. These flows attract
significant numbers of adult salmon into the sloughs
and, subsequently, into irrigation canals, where no
suitable spawning habitat is available (California
Department of Fish and Game 1993). In fall 1991,
an esrimated 31% of the San Joaquin basin run
strayed into westsidecanals. In the late 198Os, DFG
established an adult trapping station at Los-Banos
Wildlife Refuge, where eggswere taken and reared at
MRH. In fall 1992, DFG installed a temporary
electrical barrier across the mainstem San Joaquin
River immediately upstream from the confluence
with the Merced River, which washighly effective in
blocking fish passage into the westside irrigation
canals. Since that time, a temporary weir has been
installed at the site annually, which has also been
effective in blocking passage.

western

HARVEST

TARGET
1: Develop harvest management
strategiesthat allow the spawning population of wild,
naturally produced fish to attain levels that fully use
existing and restored habitat; focus harvest on
hatchery-produced fish (+++).
PROGRAMMATIC
ACTION 1 A: Control illegal
harvest through increasedenforcement.
PROGMMMATIC
ACTION 1 B: Develop harvest
managementplans with commercial and recreational
fishery organizations, resourcemanagement agencies,
and other stakeholdersto meet target.

Temporary diversion damsare sometimesconstructed
in the river channel during the irrigarion season.Such
structures may hinder upstream salmonmigration in

PROGMMMATIC
ACTION
lc:
Reduce the
harvest of wild, naturally produced steelhead
populations by continuing to mark all hatcheryreared fish and continuing to institute a selective
fishery.

the fall and early winter.
Becauseof the magnitude of spawning and rearing
habitat loss for steelhead, providing access to
historical habitat thar is currently inaccessibledue to
dams will be a key element in their recovery. The
feasibility of providing a means to transport adults
and juveniles around the large dams needs to be
investigated in the SanJoaquin River system.
PREDATION

OF FISH AND WILDLIFE

PROGRAMMATIC
ACTION
ID: Evaluate a
marking and selective fishery program for chinook
salmon.,
RATIONALE: Restoring and maintaining chinook
salmon and steelheadpopulations, as well asstriped
bassand white and green sturgeon, to levels that
fully rake advantage of available habitat may require
restrictions on harvest during and even after the
recovery period. Stakeholder involvement shouldhelp
to balance available harvest allocation fairly. Target
population levels may preclude existing harvest levels
of wild, naturally produced fish. For populations
supplemented with hatchery fish, selecrive fisheries

AND COMPETITION

TARGET 1: Reduce adverse effects of non-native
fish speciesthat have a significant effect on juvenile
salmon production in the rivers (+).
PROGRAMMATIC
ACTION 1 A: Eliminate gravel
pits within or connected to the rivers.
RATIONALE: Introduced warmwater fish, such as
fargemouth and smallmouth bass, prey on juvenile
salmonids rearing in the lower Merced River.
Predation has been identified as a major factor
contributing to the poor survival of salmon smelts

may be necessary to limit the wild fish harvest while
hatchery fish are harvested to reduce their potential
to disrupt the genetic integrity of wild populations.
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The Fish and Game Commission recently adopted
DFG recommendationsto establisha selectivefishery

srocks may genetically undermine that srock and
chrearen rhe genetic integrity of orher stocks.

for hatchery sceelhead and to reduce incidental
hooking of wild steelhead in the San Joaquin and
other Central Valley streams.

ARTIFICIAL

PROPAGATION

Ad& srraying into non-natal streamsmight resulr in
interbreeding with a wild population specifically
adapted to that watershedand thus lead to the lossof
genetic integrity in the wild population. Releasing
hatchery-reared fish inro rhe SanJoaquin River and
its tributaries, other than the Merced River, could
compromisethe genetic integrity of wild salmon and
steelheadpopulations.

OF FISH

TARGET 1: Minimize rhe likelihood that hatcheryrearedsalmon and steelheadcould stray into adjacent
non-natal rivers and streams to protect naturally
produced salmon and steelhead(++e).

REFERENCES

PROGRAMMATIC
ACTION 1 A: Cooperatively
evaluate the benefits of limiting stocking of MRHreared salmon and steelhead to the Merced River.
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PROGRAMMATIC
ACTION 2~: Rear hatchery
salmon and steelhead in hatcheries on natal streams
to limit straying.
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PROGRAMMATIC
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compromise the genetic integrity of naturally
producing populations.
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RATIONALE:
1n watersheds like the San Joaquin
basin, where dams and habitat degradation have
spawning,
some hatchery
limited
natural
supplementation may be necessaryto sustain fishery
harvest at former levels and to maintain a wild or
natural spawning popularion during adverse
conditions, such as droughts. However, hatchery
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+ WEST

SAN

JOAQUIN

BASIN ECOLOGICAL
MANAGEMENT
ZONE
necessary for the perpetuation of this community
are intermittent
flooding over broad floodplains
and stable subterranean water table during dry
summer months (California Department of Fish
and Game 1997).
Although the overall vision for this Ecological
Management Zone is directed by its ability to
contribute
to the ecological health of the
Sacramento-San Joaquin Delta, there exist many
opportunities to build upon the CALFED vision to
provide many additional landscape ecological
benefits in the region. For example, CALFED
actions could contribute, in part, to a long-term
goal of providing a continuous band of connective
habitats (riparian, wetland, vernal pool, grassland,
and other upland habitats) joining the Sierra
(Yosemite National Park) with grassland and
vernal pool complexes on the east side of the valley.

The West San Joaquin Basin Ecological Management
Zone includes the eastern slope of the Coast Range
and portions of the southwestern Central Valley. The
zone is bounded on the north by the southern and
western boundaries of the Sacramento-San Joaquin
Delta Ecological Management Zone, on the east by
the west bank of the San Joaquin River from the
Stanislaus River to Mendota Pool, on the south by
Panache Creek, and on the west by the west slope of
the Interior Coast Range. The West San Joaquin
Basin Ecological Management Zone can indirectly
contribute
to the health of the Bay-Delta
by
providing much needed habitat for California redlegged frog, neotcopical
migrant
birds,
and
waterfowl.
Included in this Ecological Management
Zone is the area between Orestimba Creek and Los
Banos, a region which supports a number of federal
and state-listed species, including the San Joaquin kit
fox and blunt-nosed leopard lizard. About 33% of the
remaining wetland acres in the Central Valley are
clustered between Merced and Los Banos along the
San Joaquin River. Th is is the largest contiguous
block of remaining wetland habitat and associated
upland communities.

DESCRIPTION
MANAGEMENT

OF THE
ZONE

The West
San Joaquin
Valley Ecological
Management
Zone
has
two
distinct
geomorphological (landform) areas: the hilly westside arid watersheds and the valley floodplain on
the eastern side adjacent to the San Joaquin River.
The Delta-Mendota
Canal of the Central Valley
Project (CVP) and the California Aqueduct of the
State Water Project (SWP) are dominant features
of the zone from north to south, separating the hills
from the valley. All watersheds in this zone flow
east toward the San Joaquin River. Restoration
efforts associated with the San Joaquin River
corridor are addressed in the section on the San
Joaquin River.
The zone has a Mediterranean
climate. The
northwestern portion of the zone is adjacent to the
Delta, where the rain shadow effect and fog still
have some influence. Within the,rest of the zone,
summers are hotter and longer winters are colder,

The West San Joaquin Ecological Management Zone
also contains several stands of Central California
sycamore alluvial woodlands. The largest of these
stands is located on Los Banos Creek, in Merced
County. The principal environmental
conditions
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Location

Map

of the West
Management

The Orestimba Creek and Los Banos Creek drainages
are excellent examples of relatively undisturbed,
natural, coast range watersheds. While the grasses
have become predominately
annuals (before
European
influence,
these grasslands
were
dominated by perennial grass species), they still
flourish and lead into wooded areas at the higher
elevations and riparian woodlands along the creeks.
There are two very significant stands of Sycamore
Alluvial Woodlands that compose more than onethird of all remaining acreage of this habitat type
within the Central Valley. Most of the landscape is
rolling hills of the coastal range, with grasslands in
the lower elevations and woodlands higher up. The
geomorphology of these watersheds has remained
relatively unchanged.

\
San Joaquin
Zone.

Ecological

and rainfall averages are lower. The southern and
eastern portion of the zone is best described as an
agricultural
belt with large blocks of seasonally
managed wetlands on both public and privately
managed lands in the Grasslands Subarea. While
some other habitats exist in the Grasslands Subarea,
they are extremely narrow, fragmented, and widely
scattered. Habitats that do remain include grasslands,
seasonal wetlands,
and riparian woodlands.
The
grasslands have been reduced to narrow strips within
the rights-of-way
along the California Aqueduct and
Delta-Mendota
Canal; other grasslands persist in
scattered cattle ranches. Low quality seasonal
wetlands can be found as small clumps of vegetation
that persist in drainages and sumps associated with
the Aqueduct and Canal. In addition, remnant
riparian areas can be found along some drainages and
tributaries associated with the Aqueduct and Canal.

Orestimba

Creek

showing

a sycamore

alluvial

woodland.

Biological resources in this area include the San
Joaquin kit fox, San Joaquin antelope squirrel,
kangaroo rats, neotropical migrant birds, California
frog,
red-legged
frog, foothill yellow-legged
waterfowl,
upland game, western pond turtles,
sycamore alluvial woodlands, vernal pools, as well
as many other native plants and wildlife found in
the several habitat types. Some unique animal and
plant communities
are found in some equally
unique habitats, such as the vernal pool-hog
wallow grassland found on the Flying M Ranch in
Merced County.

The northern and western portions of the zone are
best characterized as rolling hills of the coastal
mountain range. The upper third is still within the
influence of weather patterns associated with the
Carquinez Strait. Fog and moisture from the rain
shadow effect separates this area from the southern
two-thirds
of the unit, where the climate is more
Mediterranean.
While the northern area receives
greater rainfall and moisture, the habitats found in
the north and south are relatively similar. The
dominant
type is grassland, managed as cattle
pastures. Savannas (grasslands with few trees) are
common on the hills as the slopes stretch out of the
Valley, while woodlands
are prevalent along the
creeks and their watersheds.
Patches of seasonal
wetlands can also be found along some creeks.

Important
ecological
processes
essential to
maintaining and restoring a healthy West San
Joaquin Basin Ecological Management Zone are
and watershed
processes,
floodplain, stream,
including streamflow, overbank flooding (which is
particularly important for maintaining the remnant
Central California sycamore alluvial woodlands),
floodplain inundation, sedimentation and erosion,
and fire. Fire is important for maintaining, or
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altering grassland and shrubland health through fuel
reduction and plant succession and reproduction.

gold of summer as the annual and perennial
grasses go dormant during the dry season,

Streamflow
in this arid zone, despite being
intermittent
and prone to flash flooding, is an
essential determinant of habitat, as well as species
distribution and abundance. Floodplain and stream
channel processes are essential for dissipating the
forces of flood flows and distributing
sediments
carried by them.

RIPARIAN

FOREST:
a continuum of plant
communities following the topographic line
from the stream channel through the low and
high terrace deposits of the floodplain;
transition to non-riparian
is usually abrupt,
especially near agriculture;
WETLANDS:
areas within the
grasslands and along the tributaries
and
drainages that remain inundated with water
for varying periods after the rains and high
flows have subsided; and

SEASONAL

Though many of the streams along the west side of
the San Joaquin Valley are naturally intermittent,
maintaining natural winter and spring flows in the
screams is important
for maintaining
floodplain
processes, such as meander belts, and stream channel
configurations,
as well as riparian and %etland
habitats. Streamflows have been modified by water
diversions, subsidence (lowering)
in groundwater
tables, and watershed activities, such as grazing, road
building, forest management, and agriculture.

SYCAMORE

In addition to changes in streamflow,
floodplain
processes
have been altered
by floodplain
development, including flood control levees, gravel
mining, and other land uses.

the hills and lowlands
valley that support crops,

WETLANDS:

permanently

of the

the lowlands of the valley that are
or seasonally watered,

COASTAL

SCRUB:
a low growing
cover on the coas’tal hills,

shrubby

dense shrubs found
above the coastal scrub community,

growing

CHAPARRAL:

The oak woodland and savanna habitats are home
to as many as 29 species of amphibians
(salamanders) and reptiles, 79 bird species, and
22 mammal species. Seasonal wetlands provide
habitat for many species, such as waterfowl, pond
turtles, salamanders, as well as endemic (adapted to
a particular locality) plants. Grassland habitat, as
well as some of the special habitat features, such as
cliffs, caves, and ponds found within grasslands, are
used by many species, including tiger salamanders.
Some of the more arid grassland species are listed
as threatened or endangered. The riparian habitats
provide food; water; migration
and dispersal

WOODLAND:
almost park-like sites with
trees and shrubs in fairly open stands with a rich
.carpet of grass and other herbaceous growth,
OAK

OAK

SAVANNA:

between the
grasslands of
are fewer in
than those of

WOODLANDS:

These habitats are used by a wide variety of fish,
wildlife, and plants, including many listed species
(i.e., species identified by resource agencies as
threatened or endangered). Coastal scrub and
chaparral provide habitat for a variety of wildlife.
Numerous
rodents inhabit chaparral; deer and
other herbivores often make extensive use of this
habitat type, which provides critical summer range
foraging areas, escape cover, and fawning habitat.
Many birds, such as quail, fulfill a variety of their
habitat needs in the chaparral, such as foraging
needs (seeds, fruits, insects), protection
from
predators and climate, as well as singing, roosting,
and nesting sites.

The West San Joaquin Basin Ecological Management
Zone has many habitat types including:
AGRICULTURE:

ALLUVIAL

sycamore woodlands found along Los Banos
and Orestimba creeks that require high soil
moisture during the initial growth annual
cycle followed by a significant reduction in the
water table during the later part of the
growing season.

the transitional community
woodlands of the hills and the
the broad valleys, where the trees
number and more widely spaced
the woodlands,

areas that stand below the
hillside wooded areas, and are green and littered
with wildflowers
in the spring followed by the

GRASSLAND:
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corridors; and escape, nesting, and thermal cover for
wildlife. As many as 147 bird species, nesters, or
winter visitants, as well as 5 5 species of mammals, are
known to use this habitat type within this Ecological
LManagement Zone.

agriculture (e.g., pasture, grain, vineyards, and
orchards)
and
development
(e.g.,
home
construction,
golf courses). Grasslands provide
habitat for many plant and animal species.
Riparian habitat, both forest and shrub, is found on
the water and land side of levees and along stream
channels of the zone. This habitat ranges in value
from disturbed (i.e., sparse, low value) to relatively
undisturbed (i.e., dense, diverse, high value). The
highest value riparian habitat has a dense and
diverse canopy structure with abundant leaf and
invertebrate biomass. The canopy and large woody
debris in adjacent aquatic habitat provide shaded
riverine aquatic (SRA) habitat on which many
important fish and wildlife species depend during
some portion of their life cycles. The lower value
riparian habitat is frequently mowed, disced, or
sprayed with herbicides, resulting in a sparse
habitat structure
with low diversity. Riparian
habitat along intermittent
streams is lost to
excessive erosion and livestock grazing. Riparian
habitat is used by more wildlife than any other.
habitat type. From about 1850 to the turn of the
century, most of the riparian forests in the Central
Valley were decimated for fuelwood as a result of
the gold rush, river navigation, and agricultural
clearing. Remnant patches are found on levees,
along stream channels, and along the margins of
marshes. Riparian habitats and their adjacent SRA
habitat benefit fish and wildlife species.

Sloughs and ponds within and adjacent to wetlands
in the San Joaquin Valley are important habitat for
waterfowl, as well as many plant and wildlife species.
They include many rare or declining species that have
special status, such as being listed under the State or
federal Endangered Species Acts (ESA).
Marshes, once the most widespread habitat in the San
Joaquin Valley floodplain, are now restricted to
remnant patches. There have been extensive fresh
emergent wetland habitat losses to agrrEltura1
development. Most of the remaining wetlands lack
adjacent upland transition
habitat
and other
attributes of fully functioning wetlands because of
agricultural
practices. Emergent wetland habitat
provides important habitat for many species of plants,
waterfowl,
and wildlife.
In addition, wetlands
contribute important plant detritus and nutrient
recycling to the aquatic foodweb of the San Joaquin
River and Bay-Delta estuary, as well as important
habitat to some species of fish and aquatic
invertebrates.
Seasonal wetlands include portions of the floodplain
that seasonally flood, usually in winter and spring,
especially in high flow years. Most of this habitat is
located in the valley floor adjacent to the San Joaquin
River and nearby perennial wetlands. Such habitats
were once very abundant during the winter rainy
season or after seasonal flooding. With reclamation
(draining wetlands for other uses), flooding occurs
primarily from accumulation of rainwater behind
levees, directed overflow of flood waters to bypasses,
or flooding leveed lands (e.g., managed wetlands).
Seasonal wetlands are important habitat to many
species of fish, waterfowl,
shorebirds,
and other
wildlife.

Agricultural habitats also support populations of
small animals, such as rodents, reptiles, and
amphibians, and provide opportunities for foraging
raptors (soaring birds of prey). Nonflooded fields
and pastures are also habitat for pheasants, quail,
and dobes. The marshes along the Valley floor
support a variety of wintering
and breeding
raptors. Preferred habitat consists of tall trees for
nesting and perching near open agricultural fields,
which support small rodents and insects for prey.
Both pasture land and alfalfa fields support
abundant rodent populations.
The Swainson’s
hawk, a raptor species listed by the State as
threatened, breeds and occasionally winters in the
Central Valley.

Upland habitats are found on the outer edges of
valley wetlands and consist primarily of grasslands
and remnant oak woodland and oak savanna. Of
these, perennial
grasslands
are an important
transition habitat for many wildlife species. They act
as buffers to protect wetland and riparian habitats.
Much of the grassland habitat associated with
wetland
and riparian habitat has been lost to

Stressors to ecological processes, habitats, and
species within this zone include land uses, such as
development;
water
urban
and industrial
diversions; land reclamation; water conveyance
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structures;
livestock grazing; exotic (non-native)
species; gravel mining; contaminants; wildfire, levees;
bank protection; stream channelization; irrigation
canals; and agricultural practices. These stressors have
contributed to a change in native plant communities,
fragmentation of riparian habitats, and interrupted
migration corridors for species, such as the State and
federally listed San Joaquin kit fox. Streamflows
patterns and natural stream meandering have been
altered by many of these stressors.

The San Joaquin Valley, with
its wetland
complexes, is an important waterfowl area. Large
numbers of ducks, geese, and swans winter in the
Valley, depending on the high-quality
foraging
habitat of the wetlands
and adjacent riparian,
upland, and agricultural habitats to replenish their
energy reserves.

LIST OF SPECIES
TO BENEFIT
FROM
RESTORATION
ACTIONS
IN THE
WEST SAN JOAQUIN
BASIN
ECOLOGICAL
MANAGEMENT
ZONE

There are increased amounts and concentrations of
contaminants in the San Joaquin River. Agricultural
drainage and associated contaminants that originate
in the West
San Joaquin
Basin Ecological
Management
Zone, or are transported 20 this
Ecological Management Zone from agricultural lands
to the south in the Westlands
Subarea, are a
significant source of contaminants reaching the BayDelta.

n
n
n

n
n

H

Other stressors include dams, reservoirs, and other
structures. They have further contributed to habitat
fragmentation and are barriers to wildlife movement
and dispersal.

n

native resident fishes
neotropical migrant birds
California red-legged frogs and othe:
native anuran amphibians,
native resident fishes,
upland game,
plant community groups, and
waterfowl.

VISION
ECOLOGICAL

Water diversions from streams and adjacent marshes
divert streamflow
that is important to habitat and
species of the zone. Diverted water is used primarily
locally.

FOR THE
MANAGEMENT
ZONE

The vision for the West San Joaquin Basin
Ecological Management Zone includes improved
water quantity and quality from the basin to
wetlands and the San Joaquin River. The vision
also includes a range of sustainable aquatic,
wetland, riparian, and upland habitats that support
abundant natural production of resident fish and
wildlife, as well as waterfowl
and other migrant
birds that use the Pacific Flyway each winter. The
vision includes enlarging remaining native habitats
and connecting those areas.,

Toxins continue to enter the streams and adjacent
marshes in large amounts from municipal, industrial,
and agricultural discharges. The toxins have had a
demonstrated
effect on the health, survival, and
reproduction of waterfowl, fish, and wildlife.
.
The riparian tones of west San Joaquin Valley
streams are typical habitat of the California redlegged frog. Loss of riparian and adjacent upland
habitats have led to declining frog populations in this
zone and elsewhere in the Central Valley. Non-native
predatory fish, such as largemouth bass in Central
Valley ponds have also contributed to the decline of
the frog.

The vision focuses on improving watershed, stream
channel, and floodplain processes. The result would
be increased seasonal flows of quality water to the
San Joaquin River and area wetlands and reduced
input of agricultural waste runoff and associated
contaminants into zone watersheds and wetlands
and ,the San Joaquin River. Improved quality and
quantity of water for publicly and privately
managed wetlands
will
reduce stresses on
waterfowl populations. Improved water quality and
quantity in the San Joaquin River will directly

Neotropical migratory birds depend on the riparian
corridors of the creeks and wetlands of the San
Joaquin Valley. Conversions of vegetative cover by
agricultural practices and loss of riparian habitats,
along with competition and predation by non-native
species, have reduced populations of these migrants.
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benefit fish and wildlife of the San Joaquin River and
the Bay-Delta.

species in balance, while reducing contaminants
entering the system. Vegetation control practices
should also be modified to support the recovery of
native plants, such as perennial grasses and wetland
species in the local watersheds.

The ERP will focus on habitat restoration and water
quality improvements
in the southern and eastern
portions of this zone. A particular focus is agricultural
drainage that contains extremely high selenium
concentrations.
Selenium is present in such high
concentrations in some areas that there are potential
human and wildlife
health problems.
Seasonal
wetlands for migratory species, such as waterfowl and
shore birds, should be expanded and improved.
Present restoration
efforts can be expanded by
providing adequate high quality water to the seasonal
wetlands.
Water supplies can be improved
by
reducing or eliminating diversions in strea_ms and
sloughs that flow into agricultural lands. Restoring
natural watershed, stream, and floodplain processes
on west side tributaries to the San Joaquin River,
including Mud and Salt sloughs, Orestimbe Creek,
and Los Banos Creek, will promote natural habitat
restoration.
Emphasis should also be placed on
connecting habitats and providing unbroken habitat
corridors necessary for species such as the San Joaquin
kit fox, kangaroo rats, waterfowl,
and neotropical
birds.

Extensive wetland areas in the eastern portions of
the zone adjacent to the San Joaquin River should
be protected and expanded. Stream flow into the
wetland-slough
complexes should be improved.
Water quality should also be improved. Natural
floodplain processes should be enhanced through
setback levees, stream meanders, and seasonal flood
overflow basins, which should reduce peak flood
flows to the San Joaquin River.

VISIONS

FOR ECOLOGICAL
PROCESSES

CENTFUIL
VALLEY
STREAMFLOW:
Where
possible, natural streamflows
will be protected,
enhanced, and restored to support riparian habitat
and important species.
NATUWL
FLOODPLJMN
AND
FLOOD
PROCESSES:
Where possible, natural floodplain
processes will be preserved by allowing winterspring flows to overflow into riparian and wetland
habitats.
Natural
stream
meanders will be
encouraged
by removing,
where
possible,
constraints on meander belts, such as levees and
bank protection. Natural floodplain overflow will
help to collect floodwaters
and sediment and
dissipate the erosive forces of flood waters.

Throughout much of the northern portion of the zone
are numerous intermittent
creeks and streams.
Restored, they would provide higher quality water
and improved habitats. Excluding cattle along the
streams and creeks, removing gravel mining, and
reducing diversions would improve stream channels
and riparian corridors. Reforestation of sycamores has
not been possible, because cattle range through the
creek bottoms and ‘landowners
are continuously
moving the rock beds around to pool water for the
cattle during the summer months, when surface flows
are minimal.

VISIONS

FOR HABITATS

RIPARIAN
AND
RIVERINE
AQUATIC
HABITATS:
Riparian habitat, both forest and
shrub, will be protected and expanded along zone
streams and wetlands. Remnant patches of highquality
riparian
habitat
will
be protected.
Disturbed habitat will be restored, where possible.
Agricultural and grazing practices will be modified
in riparian zones to encourage riparian and SIU
habitat recovery along streams. Improvements
in
stream flows will also benefit riparian zones.

The narrow strips of grasslands along the California
Aqueduct and Delta-Mendota
Canal are managed
intensively to suppress wildfires and erosion. The
adjacent tributaries or drainages are also managed for
vegetation control to increase the runoff into the
conveyance systems. Practices should be modified to
benefit species such as the San Joaquin kit fox,
kangaroo rats, California red-legged frog, and native
plants, such as perennial grasses. Alternatives
to
pesticides should be developed,
or pesticides
eliminated. This would encourage natural recovery of
predator species like the kit fox, which help keep pest

NONTIDAL
PERENNIAL
AQUATIC
HABITAT:
Existing sloughs and ponds within and
adjacent to wetlands in the San Joaquin Valley will
be protected and new aquatic habitat created.
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EMERGENT
WETLAND
HABITAT:
Remnant
patches of marshlands
will be expanded and
connected, where possible. New wetlands will be
created.

VISIONS

RESIDENT
NATIVE
FISH SPECIES:
Many
native fish species will benefit from improved
aquatic habitats and stream channel/floodplain
processes. Population abundance indices should
remain stable or increase and population sizes
should be large enough fully to recover from
natural
and human-induced
disasters.
The
distribution of native resident fishes should increase
with widespread habitat restoration.

SEASONAL
WETLAND
HABITAT:
Existing
seasonal flooding areas will be protected and sources
of water maintained or expanded to promote higher
quality wetlands, especially in drier years. Areas
where seasonal flooding develops, seasonal wetlands
will be expanded.
PERENNIAL
GR~SSUNDS:
Upland habitats
around the outer edges of wetlands will be protected
and expanded. Grasslands
and remnant
oak
woodland and oak savanna will ‘be restored, where
possible.

NEOTROPICAL
MIGRANT
BIRDS: Protection,
restoration, and enhancement of large, contiguous
areas of riparian and wetland habitats that contain
a great diversity in composition, density, and
make-up
will benefit the recovery of listed
neotropical migrants such as yellow-billed cuckoo
as well as aid in the prevention of future listing of
additional bird species.

FRESHWATER
FISH HABITAT:
Freshwater fish
habitat is an important component needed to ensure
the sustainability of resident native fish species. The
streams in the West San Joaquin Basin Ecological
Management
Zone are typical California roach
streams that are small, mid-elevation stream that
typically contain deep pools in canyons and are often
intermittent
in flow by late summer (Moyle and
Ellison 199 1).

FROG:
CALIFORNIA
RED-LEGGED
Protection, restoration, and enhancement of the
zone streams and associated riparian and upland
habitats will benefit the recovery of the red-legged
frog. Efforts to manage invasive species such as the
bullfrog will also be carried out, where necessary,
to benefit the recovery as well.

AGRICULTURAL
LANDS:
Agricultural
practices
that provide valuable wildlife
habitat will be
encouraged. Riparian and upland habitats will be
protected and expansion encouraged.

WESTERN
POND TURTLE: The vision for the
western pond turtle is to maintain the abundance
and distribution of this California species of special
concern in order to contribute to the overall species
richness and diversity. Protecting existing and
restoring additional suitable wetland and upland
habitats will be critical to achieving recovery of the
western pond turtle.

VISIONS
FOR REDUCING
OR
ELIMINATING
STRESSORS
WATER
DIVERSUNS:
Water diversions along
valley streams and adjacent marshes will be reduced,
where possible and needed, to protect and enhance
riparian and wetland habitats. Greater streamflows,
especially in drier years, will provide for expanded
riparian habitat.

NATIVE ANUR~N
AMPHIBIANS:
The vision
for the native anuran species is to stop habitat loss
and the introduction of other species that prey on
the different life stages of these amphibians.
Ongoing surveys to monitor known populations
and find additional populations is essential to
gauge the health of the species in this group. TO
stabilize and increase anuran populations, nonnative predator species should be eliminated from
historic habitat ranges. Increasing suitable habitat
and maintaining clean water supplies that meet the
needs of the various species in this group is
essential.

CONTAMINANTS:
Reduced input of toxins to
valley streams and wetlands will improve health,
survival, and reproduction
of many important
waterfowl and other wildlife. Reduced toxins also will
reduce contaminant effects on fish and wildlife in the
San Joaquin River and the Bay-Delta. Levels of toxins
in the fish tissues should be reduced.
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Much of the vision can be accomplished through
established restoration programs on federal and
State lands, as well as on private lands. The
Southern San Joaquin Valley Ecosystems
Protection Program was initiated in 1986 to
provide a foundation for planning now to protect
future ecosystems and sensitive species in the
Southern San Joaquin Valley. This program
identifies opportunities to protect and to restore
the connectivity of the remaining natural habitat.
The San Joaquin Drainage Implementation
Program is similar.

WATERFOWL:

Protection,
restoration,
and
enhancement of wetland complexes and beneficial
agricultural habitats with adjacent upland habitats
will improve waterfowl use.
PLANT
SPECIES
AND COMMUNITIES:
The
vision for plan speciesand communities is to protect
and restore theseresourcesin conjunction with efforts
to protect and restore wetland and riparian and
riverine aquatic habitats.

VALLEY

ELDERBERRY

LONGHORN

BEETLE:

The vision fr the valley elderberry longhorn beetle is
to recover this federally listed threatened speciesby
increasing its populations and abundance through
restoration of riparian systems.

INTEGRATION
RESTORATION

NONGAME
HABITAT

MIGRATORY
CONSERVATION

BIRD
PLAN

The U.S. Bureau of Land Management administers
a habitat conservation plan for nongame migratory
birds. Recommendationsare provided; however, no
funding is presently available.

WITH OTHER
PROGRAMS

Much of the vision for the West SanJoaquin Valley
can be accomplished through cooperative efforts of
landowners, agencies, and other stakeholders.
Watershed conservancy organizations should be
established to sttucture such cooperative efforts.
Funding and technical support should be provided to
these conservanciesto oversee and conduct much of
the restoration work.

CENTRAL
VALLEY
HABITAT
JOINT
VENTURE
The Central Valley Habitat Joint Venture is a
component of the North American Waterfowl
Management Plan of the USFWS with funding and
cooperative projects of federal, State, and private
agencies. New sources of funding including
CALFED restoration funds are being sought to
implement the joint venture. The joint venture has
adopted an implementation plan that includes the
west side of the San Joaquin Valley. Objectives
include protection of wetlands through acquisition
of in-fee title or conservation easements, and
enhancement of waterfowl habitat in wetlands and
agricultural lands. The objectives and targets of the
joint venture have been adopted by the ERP.

Some lands marginal for agriculture becauseof poor
drainage can be purchased from willing sellers for
conversion to wildlife habitat. Incentive plans should
be developed to allow land owners to maintain their
lands and habitats consistent with the vision.
Agricultural management plans that are more
friendly to wildlife, becausestudies have shown that
soil productivity can be increasedby leaving land out
of production for extended periods. Such practices,
programs, and efforts can restoring blocks of wildlife
habitat for relatively long periods of time while
enhancing crop production and lesseningthe need for
fertilizers and chemicals. Incentives should be
developed to encouragelandowners maintain at least
10% of their land as fallow or non-agriculture.
Additional incentives should be offered to land
owners to convert portions of their lands to natural
habitats permanently. This would effectively reduce
the stress of land use practices and the use of
contaminants and improve wildlife habitat. An
additional incentive program might entail livestock
exclosures to protect stream banks and allow
sycamoresand opportunity to regenerate.

MANAGEMENT
PLAN
FOR
AGRICULTURAL
SUBSURFACE
DRAINAGE
AND
RELATED
PROBLEMS
ON THE WESTSIDE
SAN JOAQUIN
VALLEY
This plan is a framework for reducing impacts of
contamination by agricultural drainage water. The
plan was prepared by the California Resources
Agency, DWR, Reclamation, USFWS, and USGS.
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SAN JOAQUIN RIVER
MANAGEMENT
PLAN

limit diversions of natural flows from streams to
improve streamflows.

State Assembly Bill 3606 authorizes the San Joaquin
River Management Plan to identify factors adversely
affecting the San Joaquin River and its tributaries.
Problems being considered are flood protection, water
supply, water quality, recreation, and fish and
wildlife. Emphasis is on a plan to restore and manage
riparian corridors, floodways, non-native vegetation
removal, wetland
restoration,
and basin water
quality. The plan was developed by DWR and is
administered by the San Joaquin River Parkway and
Conservation Trust.

PROGRAMMATIC
ACTION
1 c: Make seasonal
releases from the California Aqueduct or DeltaLMendota Canal into streams and wetlands.

LINKAGE
ECOLOGICAL

TO OTHER

PROGRAMMATIC
ACTION
1 D: Limit capture
of natural stream flows from westside tributaries
into irrigation canals and ditches and State and
federal aqueducts.

The proposed supplemental flows
were selected as a represenrarive vafue for impact
analysisin rhe Programmatic EIS/EIR Throughout
the ERP, the need to determine optimal
streamflow for ecological processes,habitats, and
speciesis repeated. The issues of supplemental
flows are complex in term of ecosystem
improvements.
The frequency, magnitude,
duration, timing and rate of change of streamflows
that form channels, create and maintain riparian
habitat (including all speciesof vegetation), and
promote all life stagesof the various aquatic species
dependent on a particular stream will never occur
within a single year. An optimal flow regime will
have to vary, perhaps significantly, from year to
year. The supplemental flow recommendationswill
be an intensive exercise in adaptive management
and must be based on credible scientific
underpinnings.
RATIONALE:

-

MANAGEMENT
ZONES

Many of the habitats, processes,and stressorsfound
within this Ecological Management Zone are similar
to those found in the Fresno SloughlMendota Basin
Subregion, and East San Joaquin Ecological
Management Zone. Efforts within one Ecological
Management Zone should be similar to those in
adjacent zones providing connectivity where needed
and cumulative benefits to the system.

RESTORATION
TARGETS
AND
PROGRAMMATIC
ACTIONS
ECOLOGICAL
CENTRAL

VALLEY

Natural streamflow patterns are important in
maintaining geomorphology of watersheds,aswell
asriparian and floodplain vegetation along stream
banks. Streamflow is also essential for the well
being of valley wetlands and contributes to the
flow of the SanJoaquin River and to Delta inflow.

PROCESSES
STREAMFLOWS

1.: Provide’ flows of suitable quality water
that more closely emulate (imitate) natural annual
and seasonal streamflow patterns in West San
Joaquin tributary watersheds. Provide a total
watershed flow of 250 to 500 cfs to the SanJoaquin
River in dry and normal years for a lo-day period in
late April to early May (approximately 5,000 to
10,000 af) (+).
TARGET

NATURAL

FLOODPLAIN

AND

FLOOD

PROCESSES

1: Restore 10 to 25 miles of stream
channel, stream meander belts, and floodplain
processesalong westside tributaries of the San
Joaquin River (+a).
TARGET

ACTION
1~:
Enter into
agreements with water districts and wetland
managers to provide return flows of high quality
water from irrigated agriculture and seasonal
wetlands to the SanJoaquin River.

PROGRAMMATIC

ACTION
IA:
Enter into
agreementswith willing landowners and irrigation
districts to set back levees and allow floodplain
processessuch as stream meander belts.
PROGRAMMATIC

ACTION
1 B: Enter into
agreements with landowners and water districts to
PROGRAMMATIC

w-4
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strategy for this Ecological Management Zone.
and
restoring
Eliminating
fragmentation
connectivity will enhance habitat conditions for
special-statusspecies.

PROGRAMMATIC
ACTION
1 B: Expand existing
floodplain overflow basins by obtaining easements of
titles from willing sellers of floodplain lands.
PROGRAMMATIC
ACTION
lc:
Reduce or
eliminate gravel mining and stream bed altering from
active stream channels.

SEASONAL

PROGRAMMATIC
ACTION 1 A: Acquire lands
adjacent to existing seasonalwetlands from willing
sellersor conservation easements.

HABITATS
PERENNIAL
HABITAT

HABITAT

TARGET 1: Evaluate the feasibility of creating or
improving seasonalwetland habitats (+).

RATIONALE:
Restoring narural stream channel and
floodplain processes will help restore natural habitat
and vegetation.

NONTIDAL

WETLAND

TARGET 2: Provide 150,000 af of water to
existing wetlands to improve waterfowl ,habitat
(4).

AQUATIC

TARGET 1: Evaluate the feasibility of Ztoring
1,000 acresof perennial aquatic habitat within and
adjacent to existing wetlands (++).

PROGRAMMATIC
ACTION 2~: Provide water
to wetlands on a seasonalbasisfrom the California
Aqueduct, Delta-Mendota Canal, or other source.

PROGRAMMATIC ACTION 1 A: Manage existing
wetlands so that they maintain 40 percent open
water and 60 percent vegetation.

RATIONALE:
will provide

Improved seasonalwetland habitat
additional seasonal habitar for

waterfowl.

RATIONALE:
Aquatic habitats provide valuable
foraging and resting habitats for warerfotil.
FRESH EMERGENT

WETLAND

RIPARIAN

TARGET 1: Restore 5 miles of riparian habitat
totaling 500 to 1,000 acres(++).
PROGRAMMATIC
ACTION
1 A: Restore
riparian forest habitat on lands purchased from
willing sellers or obtained via conservation
easements.

PROGMMMATIC
ACTION
1~: Develop a
cooperative program to acquire, in-fee title or
through a conservation easement,the land neededfor
tidal restoration, and complete the needed steps to
restore the wetlands.
.
RATIONALE:
Aquatic habitats provide valuable
foraging and resting habitat for waterfowl and
habitat for a variety of special status species.
GRASSLAND

AQUATIC

HABITAT

TARGET 1: Evaluate the feasibility of restoring or
creating fresh emergent wetland habitat (+).

PERENNIAL

AND RIVERINE
HABITATS

RATIONALE: Additional riparian foresr habitat
would improve habitat for many special status
plant and animal species.
FRESHWATER

FISH HABITAT

TARGET 1: Maintain and improve existing
freshwater fish habitat through the integration of
actions describedfor ecological processes,habitats,
and stressorreduction or elimination (++).

HABITAT

TARGET 1: Evaluate the feasibility of preserving
and restoring perennial grasslandhabitats (4).
PROGRAMMATIC
ACTION
IA:
Develop a
cooperative program to restore perennial grasslands
by acquiring conservation easementsor purchasing
land from willing sellers.

PROGRAMMATIC
ACTIONS: NO additional
programmatic actions are recommended.
F~TIONALE: Freshwater fish habitat is evaluated
in terms of its quality and quantity. Actions
described for West San Joaquin Basin Ecological
Management Zone ecological processes,stressor
reduction, and riparian and riverine aquatic habitat

RATIONALE:
Restoring wetland, riparian, and
adjacent upland habitats in association with aquatic
habitats is an essential element of the restoration
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should sufice

to maintain and restore freshwater

water quaky

fish

habitats. For example, maintaining freshwater fish
habitats is governed by actions to maintain
streamflow, improve coarse sediment supplies,
mainrain stream meander, mainrain or restore
connectivity of the rivers
in this ecological
management zone and their floodplains, and in
maintaining and restoring riparian and riverine
aquatic habitars.
AGRICULTURAL

the Sanjoaquin

in streamsand wetlands, aswell asin
River and Bay-Delta.

REFERENCES
California Department of Fish and Game. 1997.
The definition and location of Central
California Sycamore Alluvial Woodland.
Prepared by Natural Heritage Division, BayDelta and Special Water Projects Division.
May 1997. 111 pp + appendices.

LANDS

Moyle, P.B., and J.P. Ellison. 1991. A conservation
oriented classification system for the inland
waters of California. California Fish and Game
77(4): 161-180.

TARGET 1: Restore and maintain migration
corridors of native plants of more than one mile in
width (+).
PROG,FUWMATIC ACTION 1 A: Purchase-landor
conservation easementson which to restore wildlife
habitat to connect existing grassland or agricultural
wildlife habitat.
RATIONALE:
Corridors
of habirar are necessary
between larger habicar areas to ensure porential
recovery of kit fox populations in rhe San ]oaquin
Valley.

STRESSORS
CONTAMINANTS
TARGET 1: Evaluate the feasibility of reducing the
application of herbicides, pesticides, fumigants, and
other agentstoxic to fish and wildlife on 20,000 acres
of agricultural lands that have the greatest risk to fish
and wildlife populations (+>.
PROGRAMMATIC
ACTION IA: Acquire land
from willing sellers in areas with demonstrated
subsurface agricultu’ral drainage problems and
elevated levels of selenium and return those lands to
native alkaline scrub habitat.
PROGFIAMMATIC
ACTION
1~: Enter into
conservation easementswith willing landowners to
modify agricultural practices in ways to reduce loads
and concentrations of contaminants.
PROGFWMMATIC
ACTION
1 c:
Provide
incentives to landowners to modify agricultural or
other land usepractices that contribute to the input
of contaminants into waterways.
Reducing the inputs of contaminants
into waterways from rhe lands with the greatest
inputs would provide significant improvement in
F~ATIONALE:
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