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Introduction: Implementation of this Recovery Plan for the Sacramento River winter‐run Chinook
salmon Evolutionarily Significant Unit (ESU), Central Valley spring‐run Chinook salmon ESU, and
Central Valley steelhead Distinct Population Segment (DPS) is vital to the continued persistence and
recovery of these species. This Recovery Plan serves as a guideline for achieving recovery goals by
describing the steps that must be taken to achieve viable ESUs/DPS.
This Recovery Plan is organized into six chapters. The introductory chapter provides an overview of
many important facets of this Recovery Plan, and in particular describes the collaborative processes of the
plan. The second chapter provides background including the current regulatory status, a description of
the population trends and distribution of each species, and a description of the life history and habitat
requirements for each species. Next, the Recovery Strategy Chapter presents and justifies the
recommended recovery program for each species. This chapter also describes the key facts, concepts and
assumptions upon which the recovery program is based, the primary focus and objectives of the recovery
effort, and the overarching objectives and recovery actions of the plan and their relative priorities.
Following the Recovery Strategy Chapter is a chapter describing the recovery goals, objectives, and
criteria. The recovery actions necessary to achieve the goals and objectives of this Recovery Plan are then
presented. Lastly, the Implementation Schedule and Cost Estimates Chapter is presented.
Background: The rivers draining the Great Central Valley of California (“Central Valley”) and adjacent
Sierra Nevada and Cascade Range once were renowned for their production of large numbers of Pacific
salmon (Clark 1929; Skinner 1962 in Yoshiyama et al. 1998). The Central Valley system historically has
been the source of most of the Pacific salmon produced in California waters (CDFG 1950, 1955; Fry and
Hughes 1951; Skinner 1962; CDWR 1984 in Yoshiyama et al. 1998). Chinook salmon (Oncorhynchus
tshawytscha) historically were, and remain today, the only abundant salmon species in the Central Valley
system (Eigenmann 1890; Rutter 1908 in Yoshiyama et al. 1998), although small numbers of other salmon
species also have occurred occasionally in its rivers (Collins 1892; Rutter 1904a, 1908; Hallock and Fry
1967; Moyle et al. 1995 in Yoshiyama et al. 1998). Anadromous steelhead (O. mykiss) apparently were
common in Central Valley tributaries (USFC 1876; Clark 1973; Latta 1977; Reynolds et al. 1993 in
Yoshiyama et al. 1998), but records for them are few and fragmented, partly because they did not support
commercial fisheries (Yoshiyama et al. 1998).
Since European settlement of the Central Valley in the mid‐1800s, populations of native Chinook salmon
and steelhead have declined dramatically. Californiaʹs salmon resources began to decline in the late
1800s, and continued to decline in the early 1900s, as reflected in the decline of commercial harvest. The
total commercial catch of Chinook salmon in 1880 was 11 million pounds, by 1922 it had dropped to
seven million pounds, and reached a low of less than three million pounds in 1939 (Lufkin 1996).
In addition to commercial harvest, another major factor affecting Chinook salmon and steelhead during
this period was hydraulic gold mining, which began in the 1850s. By 1859, an estimated 5,000 miles of
mining flumes and canals diverted streams used by salmonids for spawning and nursery habitat. Habitat
alteration and destruction also resulted from the use of hydraulic cannons, which leveled hillsides and
sluiced an estimated 1.5 billion yd3 of debris into the streams and rivers of the Central Valley (Lufkin
1996).
Despite the prohibition of hydraulic mining in 1894, habitat degradation continued. Habitat quantity and
quality have declined due to construction of levees and barriers to migration, modification of natural
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hydrologic regimes by dams and water diversions, elevated water temperatures, and water pollution
(Lufkin 1996). Although the effects of habitat degradation on fish populations were evident by the 1930s,
rates of decline for most anadromous fish species increased following construction of major water project
facilities (USFWS 2001), which primarily occurred around the mid‐ 1900s. Many of these water
development projects completely blocked the upstream migration of Chinook salmon and steelhead to
spawning and rearing habitats, and altered flow and water temperature regimes downstream from
terminal dams. As urban and agricultural development of the Central Valley continued, numerous other
stressors to anadromous salmonids emerged and continue to affect the viability of these fish today. Three
of the more important stressors include continued commercial and recreational harvest, predation from
introduced species such as striped bass, and high demand for limited water supply resulting in reduced
instream flows and highly altered hydrology in the Sacramento‐San Joaquin Delta.
Recovery Strategy: A broadly focused strategic framework is necessary to serve as a strategic planning
guide to integrate the actions contributing to the overarching goal of recovery of the two Chinook salmon
ESUs and the steelhead DPS, which contain a mixture of hatchery and wild fish. Because of the
complexity associated with the multi‐faceted considerations for these recovery efforts within the Central
Valley Domain, this strategic planning framework incorporates the concepts of viability at both the
population and ESU/DPS levels, and the identification of recovery units and management units.
Recovery units are established based on the Central Valley Technical Recovery Team’s identification of
four Diversity Groups that Chinook salmon historically inhabited in the Central Valley. The Central
Valley TRT defined a “basalt and porous lava” Diversity Group that comprises the streams that
historically supported winter‐run Chinook salmon. The northwestern California Diversity Group
includes streams that enter the Sacramento River from the west. The southern portion of the Cascades
region (i.e., the drainages of Mill, Deer, and Butte creeks) is added to the Sierra Nevada region, but the
Sierra Nevada region is divided into northern and southern areas (split somewhat arbitrarily south of the
Mokelumne River). This split reflects the greater importance of snowmelt runoff in the southern area,
and distinguishes tributaries to the Sacramento and San Joaquin rivers. Historically, the Sacramento
River winter‐run Chinook salmon ESU was composed of four populations within the basalt and porous
lava diversity group and the Central Valley spring‐run Chinook salmon ESU was represented in all four
of the diversity groups, with as many as 18 or 19 total populations. The Central Valley steelhead DPS has
two additional historic Diversity Groups: the Suisun Bay region which consists of tributaries to or near
Suisun Bay and the Central Western California region, which contains west‐side San Joaquin Valley
tributaries.
For this Recovery Plan, individual extant populations within the Diversity Groups are delineated as
management units. Within the Central Valley Domain, therefore, a single recovery unit encompasses
multiple management units. Each recovery unit (i.e., Diversity Group) must be conserved to ensure the
long‐term viability of the species. Currently, the Sacramento River winter‐run Chinook salmon ESU is
composed of a single population and the Central Valley spring‐run Chinook salmon ESU is composed of
3 diversity groups with fish exhibiting spring‐run Chinook salmon life histories occurring in 12
watersheds. The current distribution of steelhead is less well understood, but the DPS is composed of at
least four diversity groups and at least 26 populations.
Recovery will be expensive and time‐consuming, and will require changes in the management and
monitoring of aquatic resources and habitats. Because of these challenges, the Recovery Plan requires an
achievable strategy to select and implement recovery actions.

Co-Manager Review Draft Recovery Plan

ES-2

May 2008

Executive Summary

This Recovery Plan establishes a “directional” strategic approach to recovery. Because recovery of the
two Chinook salmon ESUs and the steelhead DPS will require implementation over an extended period
of time, a stepwise strategy has been adopted, based on the threats assessment process and identification
of priority threats, which first addresses more urgent near‐term needs, upon which to build toward full
recovery. As this Recovery Plan is implemented over time, additional information will become available
to help determine whether the threats have been abated, to further develop understanding of the linkages
between threats and Chinook salmon and steelhead population responses, and to evaluate the viability of
Chinook salmon and steelhead in the Central Valley Domain. There will be a thorough review of the
recovery actions implemented, and population and habitat condition responses, at the 5‐ and 10‐year
status reviews of the Chinook salmon ESUs and the steelhead DPS.
The general near‐term strategic approach to recovery includes the following elements:
 Secure all extant populations. Both ESUs and the DPS are far short of being viable, and extant
populations, even if not presently viable, may be needed for recovery. The Central Valley TRT
recommends that every extant population be viewed as necessary for the recovery of the ESU and
DPS. Wherever possible, the status of extant populations should be improved.
 Begin collecting distribution and abundance data for O. mykiss in habitats accessible to anadromous fish.
This is fundamental to designing effective recovery actions and eventual delisting. Of equal
importance is assessing the relationship of resident and anadromous forms of O. mykiss,
including the role the resident fish play in population maintenance and persistence.
 Minimize straying from hatcheries to natural spawning areas. Even low levels of straying from
hatchery populations to wild ones works against the goal of maximizing diversity within ESUs
and populations. Current mark and recovery regimes do not generally allow reliable estimation
of contributions of hatchery fish to natural spawning, so the Central Valley TRT recommends that
all hatchery fish be marked in some way. A number of actions could reduce straying from
hatcheries to natural areas, including replacing off‐site releases with volitional releases from the
hatchery, allowing all fish that attempt to return to the hatchery to do so, and reducing the
amount of fish released (see CDFG and NMFS (2001), for a review of hatchery issues).
 Conduct critical research on fish passage, reintroductions, and climate change. To recover Central
Valley salmon ESUs and the steelhead DPS, some populations will need to be established in areas
now blocked by dams or insufficient flows. Assuming that most of these dams will remain in
place for the foreseeable future, it will be necessary to facilitate the movement of fish around the
dams in both directions.
 Listed salmonid ESUs are likely to be conservation‐reliant (Scott et al. 2005). It seems highly unlikely
that enough habitat can be restored in the foreseeable future such that Central Valley salmonid
ESUs (and DPS) could be expected to persist without continued conservation management.
Rather, it may be possible to restore enough habitat such that ESUs (and DPS) can persist with
appropriate management, which should focus on maintaining ecological processes at the
landscape level.
The long‐term strategic, directional approach to recovery includes the following elements:
 Every extant Diversity Group that should have a high probability of persistence.
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 Until all ESU viability criteria have been achieved, no population should be allowed to
deteriorate in its probability of persistence.
 High levels of recovery should be attempted in more populations than identified in the Diversity
Group viability criteria because not all attempts will be successful.
 Individual populations within a Diversity Group should have persistence probabilities consistent
with a high probability of Diversity Group persistence.
 Within a Diversity Group, the populations restored/maintained at viable status or above should
be selected to:

•

Allow for normative meta‐population processes, including the viability of “core”
populations, which are defined as the most productive populations.

•

Allow for normative evolutionary processes, including the retention of the genetic diversity
represented in relatively unmodified historic gene pools.

•

Minimize susceptibility to catastrophic events.

In addition to the general near‐ and long‐term strategies, applying the viable salmonid population
guidelines and recovery criteria presented in this recovery plan results in specific recovery needs for each
species. In summary, a program that ultimately results in re‐establishing viable populations in at least
two of the four historic winter‐run Chinook salmon populations (i.e., Little Sacramento, Pit River,
McCloud River, and Battle Creek) will be needed to recover the ESU. Passage past Shasta and Keswick
dams will be required to achieve this criterion, as well as criteria for spring‐run Chinook salmon and
steelhead. In general, recovery for all three species depends on achieving two or more viable populations
in each extant diversity group. Because the basalt and porous lava diversity group for spring‐run
Chinook salmon and for steelhead is currently limited to dependent populations in the Sacramento River
below Keswick Dam and in Battle Creek, successful passage programs above Keswick and Shasta dams
also will be needed for recovery of the Central Valley spring‐run Chinook salmon ESU and the Central
Valley steelhead DPS.
Additionally, to achieve spring‐run Chinook salmon recovery, currently viable populations (i.e., Deer,
Mill, and Butte creeks) in the northern Sierra diversity group will need to be maintained. It should be
noted that, based on the relative amount of historic habitat, the Deer, Mill, and Butte creek populations
were likely small compared to the Feather River system, and therefore, reestablishment of a viable
population in the Feather River system would substantial improve the status of the ESU. Viable
populations in the Northwestern California diversity group must be re‐established; Clear Creek and the
Cottonwood/Beegum Creek watershed appear to have the most potential for this. Although spring‐run
Chinook salmon were extirpated from the southern Sierra Nevada diversity group and this region is not
included in the listed ESU, re‐establishing wild populations in the San Joaquin River system would
certainly contribute to the viability of spring‐run Chinook salmon in the Central Valley.
For Central Valley steelhead, improved distribution and abundance data are needed to identify specific
recovery strategies for the DPS and its diversity groups. It is equally important to better understand the
role that resident O. mykiss play in population maintenance and persistence. Clearly, considering that
approximately 80 percent of the habitat that was historically available to anadromous steelhead is now
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behind impassable dams (Lindley et al., 2006), restoring access to historic habitat is needed to recover the
DPS.
Recovery Goals, Objectives, and Criteria: The overarching goal of this Recovery Plan is the removal of
the Sacramento River winter‐run Chinook salmon ESU, Central Valley spring‐run Chinook salmon ESU,
and Central Valley steelhead DPS in the Central Valley Domain from the Federal List of Endangered and
Threatened Wildlife (50 C.F.R. 17.11). The objectives and criteria to accomplish this goal builds upon the
technical input and guidance provided by the Central Valley TRT, and much of the following discussion
is taken directly from information developed by the TRT (Lindley et al. 2004; 2006; 2007).
The threatened and endangered species recovery planning guidance (NMFS 2006) describes the recovery
planning goal as recovery and long‐term sustainability of an endangered or threatened species and,
therefore, delisting of the species. Further, NMFS (2006) states that goals usually can be subdivided into
discrete component objectives which, collectively, describe the conditions (criteria) necessary for
achieving the goal. Simply stated, recovery objectives are the parameters of the goal, and criteria are the
values for those parameters. The objectives and related criteria, representing the components of the
recovery goal, identify mechanisms for pursuing the goal (including necessary recovery actions) and
allows confirmation when the goal has been reached.
In order for the Chinook salmon ESUs and the steelhead DPS to achieve recovery, each Diversity Group
must be represented, and population redundancy within the groups must be met to achieve Diversity
Group recovery. Therefore, Diversity Group objectives include: (1) a minimum of two viable populations
of winter‐run Chinook salmon within the winter‐run Chinook salmon Diversity Group; (2) a minimum of
two viable populations of spring‐run Chinook salmon within each of the four spring‐run Chinook salmon
Diversity Groups, with the exception of the Northwestern California Diversity Group which historically
did not contain independent spring‐run Chinook salmon populations. For the Northwestern California
Diversity Group, observed occupancy will suffice rather than viability, as defined; and (3) a minimum of
two viable steelhead populations within each of six the steelhead Diversity Groups.
In addition to population considerations, in order for the Chinook salmon ESUs and the steelhead DPS to
achieve recovery each Diversity Group must meet habitat objectives:
 The spatial distribution and productive capacity of freshwater, estuarine, and marine habitats
should be sufficient to maintain viable populations identified for recovery
 The diversity of habitats for recovered populations should resemble historic conditions given
expected natural disturbance regimes (wildfire, flood, volcanic eruptions, etc.). Historic
conditions represent a reasonable template for a viable population; the closer the habitat
resembles the historic diversity, the greater the confidence in its ability to support viable
populations
 At a large scale, habitats should be protected and restored, with a trend toward an appropriate
range of attributes for salmonid viability. Freshwater, estuarine, and marine habitat attributes
should be restored and maintained in a non‐deteriorating state
The ESA requires that recovery plans, to the maximum extent practicable, incorporate objective,
measurable criteria which, when met, would result in a determination in accordance with the provisions
of the ESA that the species be removed from the Federal List of Endangered and Threatened Wildlife and
Plants (50 CFR 17.11 and 17.12).
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While this plan establishes some objective, measurable criteria specific to both population demographics
and threat abatement, it is not practicable to provide measurable criteria for all demographic and threat‐
based factors at this time. Therefore, qualitative delisting criteria are provided in such instances.
In order to delist the winter‐run and spring‐run Chinook salmon ESUs and the steelhead DPS, the
demographics must be consistent with viable wild populations within their respective Diversity Groups:
 Diversity Group population demographics, including but not limited to total population size,
population structure, and geographic distribution, as informed by modeling results, indicating
that the ESU or DPS is viable
 Two or more populations within each of the Diversity Groups, as described above, for each ESU
and DPS are stable or increasing
Recovery criteria at the population level were established by the Central Valley Technical Recovery Team
and are included in this recovery plan as described in Lindley et al. (2007). The Technical Recovery Team
incorporated the four viable salmonid population parameters (McElhany et al. 2000) into assessments of
population viability, and two sets of population viability criteria were developed, expressed in terms of
extinction risk. The first set of criteria deal with direct estimates of extinction risk from population
viability models. If data are available and such analyses exist and are deemed reasonable for individual
populations, such assessments may be efficient for assessing extinction risk. In addition, the Central
Valley TRT also provided simpler criteria. The simpler criteria include population size (and effective
population size), population decline, catastrophic rate and effect, and hatchery influence. For a
population to be considered at low risk of extinction (i.e., < 5 percent chance of extinction within 100
years), the population viability assessment must demonstrate that risk level or all of the following criteria
must be met:
 The effective population size must be > 500 or the population size must be > 2,500
 The population growth rate must show that a decline is not apparent or probable
 There must be no apparent or minimal risk of a catastrophic disturbance occurring
 Hatchery influence must be low, as determined by levels corresponding to different amounts,
durations and sources of hatchery strays
Additionally, qualitative threat abatement criteria must be met demonstrating that specific threats have
been addressed and alleviated. These threat abatement criteria are established to address threats to, or
resulting from, spawning grounds, habitat quality and quantity, overutilization, disease or predation,
inadequate regulatory mechanisms, artificial propagation, climate change, water diversions, and non‐
indigenous aquatic nuisance species.
Recovery Actions: A number of ecosystem and/or anadromous fish enhancement plans for the Central
Valley, as well as input received from two recovery planning public workshops, held May 22nd and 24th,
2007 in Sacramento and Redding, respectively, have been used to identify recovery actions. These
documents include:
 Final Restoration Plan for the Anadromous Fish Restoration Program (USFWS 2001)
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 Restoration Plan for the Anadromous Fish Restoration Program (USFWS 1997)
 AFRP Planning Documents (AFRP Website 2005; AFRP Website 2006a; AFRP Website 2006b)
 Ecosystem Restoration Plan Planning Documents (CALFED 2006; CALFED 2007)
 Summary of Threats and Recovery Actions for Spring‐run Chinook salmon and Winter‐run
Chinook Salmon Recovery Actions. Sacramento Salmon and Steelhead Recovery Workshop
(NMFS 2007c)
 Summary of Threats and Recovery Actions for Steelhead. Sacramento Salmon and Steelhead
Recovery Workshop (NMFS 2007a)
 Steelhead Restoration and Management Plan for California (CDFG 1996)
 Ecosystem Restoration Program Plan (ERPP) (CALFED 1999a)
 CALFED Bay/Delta Program Multi‐Species Conservation Strategy. Final Programmatic EIS/EIR
Technical Appendix (CALFED 2000a)
 Central Valley Salmon – A perspective on Chinook and Steelhead in the Central Valley of
California (Williams 2006)
The recovery actions presented below are general to the Central Valley Domain and are listed in no
particular order.
 Remove striped bass from the CVPIA‐AFRP doubling goals and implement programs and
measures designed to control non‐native predatory fish, including eradication programs for
introduced species (e.g., striped bass, largemouth bass, and smallmouth bass).
 Promote State and local initiatives and programs to improve water conservation
 Decrease ocean harvest of winter‐run and spring‐run Chinook salmon
 Conduct Central Valley‐wide assessment of keystone dams and passage opportunities and
implement programs to restore access to properly functioning habitat that was historically
available
 Increase integration of the State and Federal water projects through shared storage and
conveyance agreements
 Replenish spawning gravel and restore riparian habitat below dams
 Assist the State in efforts to avoid losses of juvenile anadromous fish resulting from unscreened
or inadequately screened diversions
 Use pulse flows to increase migratory fish survival
 Eliminate fish losses due to flow fluctuations of the CVP
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 Maintain suitable water temperatures for anadromous fish survival by controlling or relocating
the discharge of irrigation return flows and sewage effluent, and by restoring riparian forests
 Evaluate passage at small dams or other man‐made obstructions and implement fish passage per
NMFS criteria
 Support programs to provide educational outreach and local involvement in restoration,
including programs like Salmonids in the Classroom, Aquatic Wild, and Adopt a Watershed and
school district environmental camps
 Develop programs to educate the public about anadromous fish issues, such as the effects of
poaching and environmental contaminants, especially contaminants in urban runoff
 Reduce toxic chemical and trace element contamination
 Provide additional funding for increased law enforcement to reduce illegal take of anadromous
fish, stream alteration, and water pollution and to ensure adequate protection for juvenile fish at
pumps and diversions
•

Evaluate the need to revise harvest regulations to increase spawning escapement of naturally
produced Chinook salmon

•

Evaluate the potential to modify hatchery procedures to benefit native stocks of salmonids

 Evaluate and avoid potential competitive displacement of naturally produced juvenile salmonids
with hatchery‐produced juveniles by implementing release strategies for hatchery‐produced fish
designed to minimize detrimental interactions
 Evaluate and implement specific hatchery spawning protocols and genetic evaluation programs
to maintain genetic diversity in hatchery and natural stocks
 Evaluate a program to tag and fin‐clip all or a significant portion of hatchery‐produced fish as a
means of collecting better information regarding harvest rates on hatchery and naturally
produced fish and effects of hatchery‐produced fish on naturally produced fish
 Evaluate the direct and indirect effects of contaminants on production of anadromous fish
 Evaluate the effects of exotic species on production of anadromous fish
 Encourage the restoration of small tributaries by evaluating the feasibility of screening or
relocating diversions, switching to alternative sources of water for upstream diversions, restoring
and maintaining a protected riparian zone, limit excessive erosion, enforcing dumping
ordinances, removing toxic materials or controlling their source, replacing bridge and ford
combinations with bridges or larger culverts and installing siphons to prevent truncation of small
streams at irrigation canals
 Identify and evaluate different procedures of physically separating spawning fall‐run and spring‐
run Chinook salmon to minimize introgression
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 Implement conjunctive use program where appropriate
 Modify/improve existing gravel supplies and condition
 Regulate point source discharges
 Transfer fish to new “opened” habitat, where it is unlikely that fish would spontaneously
recolonize it
 Reduce the E/I water quality control standard in the Delta from 65 percent to 35 percent in
January in order to promote higher survival during juvenile salmonid outmigration (per CVPIA
Delta Action 8 salmon survival studies)
 Establish a new flow standard at Vernalis using all San Joaquin tributaries to meet the standard
to protect Central Valley steelhead and a future spring‐run Chinook salmon population(s)
 Establish a new flow standard at Rio Vista to improve or maintain upstream and downstream
migration conditions
 Implement the Vernalis Adaptive Management Program beyond the 2011 sunset date to improve
juvenile outmigration for steelhead and future spring‐run Chinook salmon
 Reclaim/restore floodplain and riparian habitat throughout the Sacramento and San Joaquin
rivers, and the Delta
 Take climate change into account when prioritizing restoration actions
•

Prefer restoration activities that will benefit multiple species or ecosystems over those
that are specific to salmonid, especially along streams where water temperatures are less
likely to remain tolerable for salmon.

•

Take into consideration change in the amount and distribution of precipitation when
designing restoration projects to match historical hydrology

•

Resist temptation to allow uncertainty regarding precisely how climate will change to be
used to justify not taking future climate change into account in restoration planning.

To help establish a road map to recovery for each species, a detailed and comprehensive ESU/DPS‐
specific threats assessment was conducted to identify and prioritize life stage‐ and location‐specific
threats within each extant Diversity Group and population. The threats assessment and the resultant
Diversity Group‐specific prioritization of threats were used to develop priority recovery actions that will
most effectively improve the status of each species. Watershed‐ or site‐specific recovery actions have
been identified for each specific threat that was considered to be most important within a particular
diversity group (spring‐run Chinook salmon and steelhead) or population (winter‐run Chinook salmon)
(Appendix B).
Although providing a tremendous challenge, many complex and inter‐related biologic, economic, social,
and technological issues must be addressed in order to recover winter‐run Chinook salmon, spring‐run
Chinook salmon and steelhead in the Central Valley Domain. It should be noted that societal value shifts
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and associated policy changes will likely be necessary to implement many of the recovery actions
identified in this recovery plan. For example, without substantial strides in water conservation
throughout the Central Valley and in southern California, flow and water temperature conditions for
Central Valley anadromous salmonids will likely prohibit recovery. Similarly, recovery is unlikely
without programs to restore properly functioning historic habitat and access to that habitat. Other
actions with high societal costs needed to recover anadromous salmonids in the Central Valley include
reduced ocean harvest and a programmatic commitment to control striped bass populations.

Implementation and Cost Estimates: It is a challenging undertaking to facilitate a change in practice
and policy that reverses the path towards extinction of a species to one of recovery. This change can only
be accomplished with effective outreach and education, strong partnerships, focused recovery strategies
and solution‐oriented thinking that can shift agency and societal attitudes, practices and understanding.
Implementation of the recovery plan by NMFS will take many forms and is generally and specifically
described in the NMFS Protected Resources Division Strategic Plan 2006. The Recovery Planning
Guidance (NMFS 2006) also outlines how NMFS shall cooperate with other agencies regarding plan
implementation. These documents, in addition to the ESA, shall be used by NMFS to set the framework
and environment for plan implementation. The PRD Strategic Plan asserts that species conservation (in
implementing recovery plans) by NMFS will be more strategic and proactive, rather than reactive. To
maximize existing resources with workload issues and limited budgets, the PRD Strategic Plan
champions organizational changes and shifts in workload priorities to focus efforts towards “those
activities or areas that have biologically significant beneficial or adverse impacts on species and
ecosystem recovery” (NMFS 2006). The resultant shift will reduce NMFS engagement on those activities
or projects not significant to species and ecosystem recovery.
NMFS actions to promote and implement recovery planning shall include:
1.

Formalizing recovery planning goals on a program‐wide basis to prioritize work load allocation and
decision‐making (to include developing the mechanisms to make implementation (e.g., restoration)
possible).
2. Conduct an aggressive outreach and education program.
3. Facilitate a consistent framework for research, monitoring, and adaptive management that can
directly inform recovery objectives and goals.
4. Establish an implementation tracking system that is adaptive and pertinent to support the annual
reporting for the Government Performance and Results Act, Bi‐Annual Recovery Reports to Congress
and the 5‐Year Review.

NMFS’ efforts must be as far‐reaching (beyond those under the direct regulatory jurisdiction of NMFS) as
the issues adversely affecting the species. Thus, to achieve recovery, NMFS will need to promote the
recovery plan and provide needed technical information and assistance to other entities that implement
actions that may impact the species’ recovery. For example, NMFS will work with key partners on high
priorities such as facilitating passage assessment and working with Counties to ensure protective
measures consistent with recovery objectives are included in their General Plans.

An implementation schedule describing time frames and costs associated with individual recovery
actions is under development and will be included in the public draft recovery plan. Estimates of near‐
term (1‐5 years) total costs associated with recovery will be available once the implementation schedule is
complete. Total cost to recovery is much more challenging, if not impossible to estimate because the
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biological response of many of the recovery actions is uncertain, achieving recovery will be a long‐term
effort likely requiring at least a few decades, and new stressors may emerge over time.
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Introduction
“Salmon was now abundant in the Sacramento. Those which we obtained were generally
between three and four feet in length, and appeared to be of two distinct kinds. It is said
that as many as four different kinds ascend the river at different periods. The great
abundance in which this fish is found gives it an important place among the resources of
the country.”
- Captain John C. Frémont, memoirs for 30 March-5 April 1846 in Yoshiyama et al. 1998

The rivers draining the Great Central Valley of California (“Central Valley”) and adjacent Sierra Nevada
and Cascade Range once were renowned for their production of large numbers of Pacific salmon (Clark
1929; Skinner 1962 in Yoshiyama et al. 1998). The Central Valley system historically has been the source of
most of the Pacific salmon produced in California waters (CDFG 1950, 1955; Fry and Hughes 1951;
Skinner 1962; CDWR 1984 in Yoshiyama et al. 1998).
Chinook salmon (Oncorhynchus tshawytscha) historically were, and remain today, the only abundant
salmon species in the Central Valley system (Eigenmann 1890; Rutter 1908 in Yoshiyama et al. 1998),
although small numbers of other salmon species also have occurred occasionally in its rivers (Collins
1892; Rutter 1904a, 1908; Hallock and Fry 1967; Moyle et al. 1995 in Yoshiyama et al. 1998). Anadromous
steelhead (O. mykiss) apparently were common in Central Valley tributaries (USFC 1876; Clark 1973; Latta
1977; Reynolds et al. 1993 in Yoshiyama et al. 1998), but records for them are few and fragmented, partly
because they did not support commercial fisheries (Yoshiyama et al. 1998).
Anadromous salmonids, in particular Chinook salmon, have and continue to be an important resource,
both revered and harvested by humans. The Native American people depended upon these fishes for
subsistence, ceremonial, and trade purposes. Prior to Euro‐American settlement, Native Americans
within the Central Valley drainage harvested Chinook salmon at estimated levels that reached 8.5 million
pounds or more annually (Yoshiyama et al. 1998). With the advent of the California gold rush in the mid‐
1800s, a commercial Chinook salmon fishery developed in the San Francisco Bay and Sacramento‐San
Joaquin Delta (“Delta”) region. Annual catches by the early in‐river fisheries commonly reached 4‐10
million pounds. The first west coast salmon cannery opened on a scow moored near Sacramento in 1864.
Within 20 years, 19 canneries were operating in the Delta region, and processed a peak of 200,000 cases
(each case comprised of 48, 1‐pound cans) in 1882 (Lufkin 1996). The salmon fishery remained centered in
the Delta region until the early 1900s, when ocean salmon fishing began to expand and eventually came
to dominate the fishery.
Presently, Chinook salmon continue to be commercially harvested in the Pacific Ocean off the California
coast, and support recreational fisheries in the ocean and the Delta. Both Chinook salmon and steelhead
provide popular recreational fisheries in the rivers and streams of the Central Valley.
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THE GREAT CENTRAL VALLEY
OF CALIFORNIA
The northern half of the Central Valley is
comprised of the Sacramento River Basin
(covering approximately 24,000 square miles
[mi2]), with the southern half (covering
approximately 13,540 mi2) primarily composed of
the San Joaquin River Basin (Figure 1). The broad
expanse of the Central Valley region of California
once encompassed numerous salmon‐producing
streams that drained the Sierra Nevada and
Cascade mountains on the east and north and, to a
lesser degree, the lower‐elevation Coast Range on
the west. The large areal extent of the Sierra
Nevada and Cascades watersheds, coupled with
regular, heavy snowfalls in those regions,
provided year‐round streamflows for a number of
large rivers which supported substantial runs of
Chinook salmon (Yoshiyama et al. 1998).

In the Sacramento River Basin, most Coast Range
streams historically supported regular salmon
runs, although their runs were limited by the
volume and seasonal availability of streamflows
due to the lesser amount of snowfall west of the
valley (Yoshiyama et al. 1998). In the San Joaquin
River Basin, a number of major streams (e.g., the
Merced, Tuolumne, and upper San Joaquin rivers)
sustained very large salmon populations, while
other streams with less regular streamflows had
intermittent salmon runs in years when rainfall
provided sufficient flows. All of the westside San
Joaquin River Basin streams flowing from the
Coast Range were highly intermittent (Elliott 1882)
and none are known to have supported
anadromous salmonids (Yoshiyama et al. 1998).

SALMON & STEELHEAD AT RISK
Since settlement of the Central Valley in the mid‐
1800s, populations of native Chinook salmon and
steelhead have declined dramatically. Californiaʹs
salmon resources began to decline in the late
1800s, and continued to decline in the early 1900s,
as reflected in the decline of commercial harvest.
The total commercial catch of Chinook salmon in
1880 was 11 million pounds, by 1922 it had
dropped to 7 million pounds, and reached a low of
less than 3 million pounds in 1939 (Lufkin 1996).
In addition to commercial harvest, another major
factor affecting Chinook salmon and steelhead
during this period was hydraulic gold mining,
which began in the 1850s. By 1859, an estimated
5,000 miles of mining flumes and canals diverted
streams used by salmonids for spawning and
nursery habitat. Habitat alteration and destruction
also resulted from the use of hydraulic cannons,
which leveled hillsides and sluiced an estimated
1.5 billion yd3 of debris into the streams and rivers
of the Central Valley (Lufkin 1996).

Figure 1.

Central Valley Region of California
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Since hydraulic mining was prohibited in 1894,
habitat degradation continued. Habitat quantity
and quality have declined due to construction of
levees and barriers to migration, modification of
natural hydrologic regimes by dams and water
diversions, elevated water temperatures, and
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water pollution (Lufkin 1996). Although the effects
of habitat degradation on fish populations were
evident by the 1930s, rates of decline for most
anadromous fish species increased following
completion of major water project facilities
(USFWS 2001) which primarily occurred around
the mid‐ 1900s.
Numerous water development projects blocked
the upstream migration of Chinook salmon and
steelhead, and altered flow and water temperature
regimes downstream from terminal dams. An
extensive network of reservoirs and aqueducts has
been developed throughout much of California to
provide water to major urban and agricultural
areas. The largest system of surface reservoirs and
aqueducts in California is in the Central Valley.
Surface reservoirs collecting runoff in the Central
Valley have a combined total capacity of about 29
million acre‐feet. The two largest water projects in
the Central Valley, the State Water Project (SWP)
and the Federal Central Valley Project (CVP),
provide a combined average total of about 10
million acre‐feet of water annually for urban and
agricultural uses (DWR 2006). More than 20
million Californians rely on the SWP and the CVP
for at least part of their water supply, and these
projects irrigate an average of nearly 3.6 million
acres of farmland each year (DWR 2005a).
It has been estimated that 1,126 miles of main
stream lengths presently remain of the more than
2,183 miles of Central Valley streams that were
originally available to Chinook salmon –
indicating an overall loss of at least 1,057 miles (48
percent) of the original total (Yoshiyama et al.
2001). The estimated habitat loss includes the
lengths of stream used by salmon mainly as
migration corridors, in addition to holding and
spawning habitat. This estimated loss of habitat
does not include the Delta, comprising about 700
miles of river channels and sloughs (USFWS 1995),
available to various degrees as migration corridors
or rearing areas for Chinook salmon and
steelhead.
It is likely that the lower reaches of the
Sacramento and San Joaquin rivers historically
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were used as rearing areas (at least during some
flow regimes) as the juveniles moved
downstream, but recently they have been less
suitable for rearing due to alterations in channel
morphology and other degraded environmental
conditions. In terms of only spawning and holding
habitat, the proportionate loss of historically
available habitat far exceeds 48 percent, much of
which was located in upper stream reaches that
have been rendered inaccessible by terminal dams
(Yoshiyama et al. 2001). Excluding the lower
stream reaches that were used as adult migration
corridors (and, to a lesser degree, for juvenile
rearing), it has been estimated that at least 72
percent of the original Chinook salmon spawning
and holding habitat in the Central Valley drainage
is no longer available (Yoshiyama et al. 2001).
The amount of steelhead habitat lost most likely is
much higher than that for Chinook salmon,
because steelhead were undoubtedly more
extensively distributed. Due to their superior
leaping and swimming ability, the timing of their
upstream migration (which coincided with the
winter rainy season), and their less restrictive
preferences for spawning gravels, steelhead could
have used at least hundreds of miles of smaller
tributaries not accessible to even the highest
migrating winter‐run and spring‐run Chinook
salmon (Yoshiyama et al. 2001).
In addition to commercial exploitation, large‐scale
habitat degradation, blockage of historically
available habitat and altered flow and water
temperature regimes, other factors that may have
adversely affected natural stocks of Chinook
salmon and steelhead include overharvest, illegal
harvest, hatchery production, entrainment, and
introduction of competitors, predators and
diseases. Fish populations also vary due to natural
events, such as droughts and poor ocean
conditions (e.g., El Niño). However, populations
in healthy habitats typically recover within a few
years after natural events. In the Central Valley,
the decline of fish populations has continued
through cycles of beneficial and adverse natural
conditions, indicating the need to improve habitat
(USFWS 2001).
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THE RECOVERY PLANNING PROCESS
The Federal Endangered Species Act of 1973
(ESA), as amended (16 U.S.C. 1531 et seq.)
mandates the National Oceanic and Atmospheric
Administration
(NOAA),
National
Marine
Fisheries Service (NMFS) to develop and
implement plans (i.e., recovery plans) for the
conservation and survival of NMFS listed species.
Winter‐run Chinook salmon are listed as
endangered under the Federal ESA (as well as the
California ESA [CESA]), and spring‐run Chinook
salmon and steelhead are listed as threatened.
Implementation of the Recovery Plan for the
Sacramento River winter‐run Chinook salmon
Evolutionarily Significant Unit (ESU), Central
Valley spring‐run Chinook salmon ESU, and
Central Valley steelhead Distinct Population
Segment (DPS) is vital to the continued persistence
and recovery of these populations. The Recovery
Plan serves as a guideline for achieving recovery
goals by describing the steps that must be taken to
improve the status of the species. Although
recovery plans provide guidance, they are not
regulatory documents. The success of this
Recovery Plan depends upon the cooperation of
all stakeholders and regulatory entities to ensure
appropriate implementation.
Pursuant to Section 4(f) of the ESA, a recovery
plan must be developed for species listed as
threatened or endangered, and this plan must be
implemented unless it is found not to promote the
conservation of the species. A recovery plan must
include the following:
 A description of site‐specific management
actions necessary for recovery;
 Objective, measurable criteria, which
when met, will allow delisting of the
species; and
 Estimates of the time and cost to carry out
the recommended recovery measures.
The purpose of this Recovery Plan is to guide
implementation of recovery of the species by
resolving the threats to the species and ensuring
self‐sustaining populations in the wild, and
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thereby ensuring viable Chinook salmon ESUs
and the steelhead DPS. This Recovery Plan is not a
regulatory document ‐ it may be used to inform
State and local agency and land use actions, but it
may not be deemed to place requirements on such
entities.
Past recovery plans generally have focused on the
abundance, productivity, habitat and other life
history characteristics of a species. While
knowledge of these characteristics is certainly
important for making sound conservation
management
decisions,
the
long‐term
sustainability of a species in need of recovery can
only be ensured by alleviating the threats that are
contributing to the status of the species as
threatened or endangered.
Therefore, the
identification of the threats to the species should
be a key component of any recovery plan and
program (NMFS 2006).
To be most useful for recovery planning, a threats
assessment should be used to determine the
relative importance of various threats to a species.
A threats assessment includes: (1) identifying
threats and their sources; (2) evaluating the effects
of threats; and (3) ranking each threat based on
relative effects. The Interim Endangered and
Threatened Species Recovery Planning Guidance
(NMFS 2006) recommends “…using a threats
assessment for species with multiple threats to help
identify the relative importance of each threat to the
species’ status, and, therefore, to prioritize recovery
actions in a manner most likely to be effective for the
species’ recovery.” This Recovery Plan uses this
recommended approach to identify and prioritize
threats to the Sacramento River winter‐run
Chinook salmon and Central Valley spring‐run
Chinook salmon ESUs, and the Central Valley
steelhead DPS. The prioritized threats are then
used to guide the identification of specific
recovery actions.
The methodology used in the threats assessment
for this Recovery Plan is generally described in the
next chapter (Background) and is fully described
in Appendix A.
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A Collaborative Effort
NMFS believes it is critically important to base
ESA recovery plans for Pacific salmon on the
many Federal, State, regional, local, and private
conservation efforts already underway throughout
the region. Local support of recovery plans by
those whose activities directly affect the listed
species, and whose actions will be most affected
by recovery requirements, is essential. NMFS
therefore supports and participates in locally‐led
collaborative efforts to develop recovery plans,
involving local communities, State and Federal
entities, and other stakeholders.

Central Valley Technical Recovery Team
As part of its recovery planning efforts, the NMFS
Southwest Region designated the Central Valley
as a “Recovery Domain.” The NMFS Southwest
Region established the Central Valley Technical
Recovery Team (TRT) to provide technical
assistance to the recovery planning process for the
Central Valley Domain. The NMFS’ intent in
establishing the Central Valley TRT was to seek
unique geographic and species expertise, and to
develop a solid scientific foundation for the
Recovery Plan. The Central Valley TRT identified
unique habitat and biological characteristics in the
Central Valley Domain, made technical findings
regarding limiting factors and stressors for each
ESU and DPS and its component populations,
recommended biological viability criteria for each
ESU and DPS and its component populations, and
provided scientific review of local and regional
recovery planning efforts.
The Central Valley TRT, a collaborative body of
biologists representing Federal and State agency,
stakeholder and academic entities, produced three
documents heavily relied upon in preparation of
the Recovery Plan: (1) Population Structure of
Threatened and Endangered Chinook Salmon ESUs in
California’s Central Valley Basin (Lindley et al. 2004);
(2) Historical Population Structure of Central Valley
Steelhead and its Alteration by Dams (Lindley et al.
2006); and (3) Framework for Assessing Viability of
Threatened and Endangered Chinook Salmon and
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Steelhead in the Sacramento‐San Joaquin Basin
(Lindley et al. 2007).

Public Participation
NMFS conducted a series of Recovery Planning
Workshops, designed as round‐table discussions,
to solicit information and promote dialogue as
part of the development of the Federal Recovery
Plan for winter‐run Chinook salmon, spring‐run
Chinook salmon and steelhead in the Central
Valley Domain. Public workshops were held in
Sacramento, California on July 20, 2006, in
Redding, California on August 15, 2006, and in
Stockton, California on August 17, 2006. At these
workshops, NMFS provided a general overview
of:
 The Federal Recovery Planning Process;
 Timeline for
Development;

NMFS

Recovery

Plan

 Current Understanding of Chinook
Salmon and Steelhead Populations and
their Habitats; and
 Threats Identified in Original Listing
Documents.
Following the overviews, workshop participants
were separated into smaller facilitated discussion
groups to generate more in‐depth dialogue and
identify threats to specific Chinook salmon and
steelhead populations and their habitats.
Information obtained at the initial series of
workshops also was used in additional workshops
to develop recovery actions that reduce or
eliminate identified threats. These additional
workshops were held in Sacramento, California on
May 22, 2007 and in Redding, California on
May 24, 2007.

Existing Efforts
In the Central Valley Domain, NMFS has worked
with State, local and other Federal stakeholders to
develop a planning forum appropriate to the
Domain, which builds to the extent possible on

5

May 2008

Introduction

ongoing, locally‐led efforts. The role of these
planning forums is to use the TRT reports and
other technical products to agree on recovery
goals and limiting factor (stressor) threat
assessments, then develop locally appropriate and
locally supported recovery actions needed to
achieve recovery goals.
Local water agencies and irrigation districts,
municipal and county governmental agencies,
watershed groups, and State and Federal agencies
have undertaken major habitat restoration efforts
in many parts of the Central Valley and Delta.
These actions include the addition of gravel below
dams, removal of small dams, riparian
revegetation, bank protection structural habitat
enhancement, restoration of floodplain and tidal
wetlands, development and implementation of
new flow and water temperature requirements
below dams, and operational constraints in the
Delta. Although each of the local watershed efforts
are vital to recovery, foremost among these efforts
in terms of Central Valley‐wide application are the
programs established under the Anadromous Fish
Restoration Program (AFRP) of the Central Valley
Project Improvement Act (CVPIA) and the
Ecosystem Restoration Program (ERP) of the
California Bay/Delta Authority (CBDA, also called
CALFED), and the Bay Delta Conservation Plan.
Shared purposes of the AFRP and the ERP are to
protect and restore diversity within and among
the various naturally‐producing populations of
Chinook salmon and steelhead in the Central
Valley, and to restore the habitats upon which the
populations depend. The purpose of the Bay
Delta Conservation Plan is to help recover
endangered and sensitive species and their
habitats in the Delta in a way that also will
provide for sufficient and reliable water supplies.
The AFRP promotes collaboration between the
Department of Interior (USFWS and the Bureau of
Reclamation [Reclamation]) with other agencies,
organizations and the public to increase natural
production of anadromous fish in the Central
Valley by augmenting and assisting restoration
efforts presently conducted by local watershed
workgroups, the California Department of Fish
and Game (CDFG), and others. Purposes of the
Co-Manager Review Draft Recovery Plan

CVPIA (Section 3402) relevant to the AFRP are: (1)
to protect, restore, and enhance fish, wildlife, and
associated habitats in the Central Valley; (2) to
address impacts of the CVP on fish, wildlife, and
associated habitats; (3) to improve the operational
flexibility of the CVP; (4) to contribute to the State
of California’s interim and long‐term efforts to
protect the San Francisco Bay and Sacramento‐San
Joaquin Delta Estuary; and (5) to achieve a
reasonable balance among competing demands for
the use of CVP water, including the requirements
of fish and wildlife, agricultural, municipal and
industrial, and power contractors (USFWS 2001).
CALFED’s objective for ecosystem restoration is to
improve and increase aquatic and terrestrial
habitats and improve ecological functions in the
Bay/Delta to support sustainable populations of
diverse and valuable plant and animal species. All
CALFED elements will contribute in varying
degrees, but the ERP is the principal program
element designed to restore the ecological health
of the Bay/Delta ecosystem. The ERP includes
actions throughout the Bay/Delta watershed and
focuses on the restoration of ecological processes
and important habitats. In addition, the ERP aims
to reduce the effects of stressors that inhibit
ecological processes, habitats and species
(CALFED 1999b).
This Recovery Plan is consistent with the shared
purposes of the AFRP, the ERP, and the Bay Delta
Conservation Plan, and recognizes the need to
address populations of winter‐run Chinook
salmon, spring‐run Chinook salmon and
steelhead, and the habitats upon which they
depend.

RECOVERY PLAN CONTENT
This introductory chapter provides an overview of
many important facets of this Recovery Plan, and
in particular describes the collaborative processes
of the plan. The remainder of this Recovery Plan
for the Sacramento River winter‐run Chinook
salmon ESU, the Central Valley spring‐run
Chinook salmon ESU and the Central Valley
steelhead DPS is presented in several chapters.
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The second chapter provides background
including the current regulatory status, a
description of the population trends and
distribution of each species, and a description of
the life history and habitat requirements for each
species. A brief description of the reasons for
listing and a current threats assessment is then
presented (a detailed threats assessment is
presented in Appendix A). Finally, current
conservation efforts and biological constraints are
discussed, including limiting factors that must be
considered for the species recovery.
Next, the Recovery Strategy Chapter presents and
justifies the recommended recovery program for
each species. This chapter also describes the key
facts, concepts and assumptions upon which the
recovery program is based, the primary focus and
objectives of the recovery effort, and the
overarching objectives and recovery actions of the
plan and their relative priorities.
Following the Recovery Strategy Chapter is a
chapter describing the recovery goals, objectives,
and criteria. The ultimate goal of the Recovery
Plan is delisting of the Chinook salmon ESUs and
the steelhead DPS. The recovery objectives
basically subdivide the goal into discrete
components which collectively describe the
conditions necessary for delisting. Recovery
criteria are the objective and measurable standards
upon which a decision to delist the ESUs and DPS
are based.
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The recovery actions necessary to achieve the
goals and objectives of this Recovery Plan are then
presented. Recovery actions are linked to the
identified threats (or stressors) individually for
specific populations of winter‐run Chinook
salmon, spring‐run Chinook salmon, and
steelhead within the Central Valley Domain, and
are prioritized according to the priority of threats
addressed.
Lastly, the Implementation Schedule and Cost
Estimates Chapter is presented. This chapter is
designed to satisfy the requirement under the ESA
(Section 4 (f)(1)(A)(iii)) that Recovery Plans must
contain “…estimates of the time required and the cost
to carry out those measures needed to achieve the plan’s
goal and to achieve intermediate steps toward that
goal.“
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“The requirement for determining that a species no longer requires the protection of the
ESA is that the species no longer be in danger of extinction or likely to become endangered
in the foreseeable future based on evaluation of the listing factors specified in ESA Section
4(a)(1). Any new factors identified since listing must also be addressed in this analysis to
ensure that the species no longer requires protection.”
- NMFS Supplement to the Lower Columbia Salmon Recovery and Fish and Wildlife Subbasin Plan 2005

The Central Valley Domain encompasses the Sacramento River winter‐run Chinook salmon ESU, Central
Valley spring‐run Chinook salmon ESU, and Central Valley steelhead DPS. Following are descriptions of
the current regulatory status, life histories, population trends and distribution, and the habitat
requirements for winter‐ and spring‐run Chinook salmon, and steelhead in the Central Valley. A brief
description of the reasons for listing and a current threats assessment is then presented (a detailed threats
assessment is presented in Appendix A). Finally, current conservation efforts and biological constraints
are discussed, including limiting factors that must be considered for recovery of winter‐run and spring‐
run Chinook salmon, and steelhead within the Central Valley Domain.

WINTER-RUN CHINOOK SALMON
Brief Overview/Status of the Species
The Sacramento River winter‐run Chinook salmon (Oncorhynchus tshawytscha) ESU was listed as a
threatened species under emergency provisions of the ESA in August 1989 (54 FR 32085 (August 4, 1989))
and formally listed as a threatened species in November 1990 (55 FR 46515 (November 5, 1990)). In June
1992, NMFS proposed that winter‐run Chinook salmon be reclassified as an “endangered” 1 species (57 FR
27416 (June 19, 1992)). NMFS finalized its proposed rule and re‐classified winter‐run Chinook salmon as
an endangered species on January 4, 1994 (59 FR 440 (January 4, 1994)). NMFS concluded that winter‐run
Chinook salmon in the Sacramento River warranted listing as an endangered species due to several
factors, including: (1) the continued decline and increased variability of run sizes since its first listing as a
threatened species in 1989; (2) the expectation of weak returns in years as the result of two small year
classes (1991 and 1993); and (3) continued threats to the “take” of winter‐run Chinook salmon (65 FR
42421 (July 10, 2000)). On June 14, 2004, NMFS issued a proposed rule to reclassify the listing status of
winter‐run Chinook salmon from endangered to threatened (69 FR 33102 (June 14, 2004)). To prevent
further decline of the ESU by preventing take of this species from activities that harm fish and fish
habitat, NMFS proposed to apply the ESA Section 9(a) take prohibitions as the Section 4(d) limits to

1

Under the ESA, an “endangered species” is “…any species which is in danger of extinction throughout all or a significant portion
of its range…” (16 USC § 1533(20)).
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winter‐run Chinook salmon (69 FR 33102 (June 14,
2004)). Following a series of extensions to the
public comment period on the proposed listing
determinations, the public comment period closed
during November 2004 (69 FR 61348 (October 18,
2004)). On June 28, 2005 NMFS issued a final
listing determination for the Sacramento River
winter‐run Chinook salmon ESU, which
concluded that the Sacramento River winter‐run
Chinook salmon ESU is “in danger of extinction”
due to risks to the ESU’s diversity and spatial
structure and, therefore, continues to warrant
listing as an endangered species under the ESA (70
FR 37160 (June 28, 2005)). Additionally, the
Sacramento River winter‐run Chinook salmon
ESU is listed as “endangered” under the CESA.
The Sacramento River winter‐run Chinook salmon
ESU includes winter‐run Chinook salmon
spawning naturally in the Sacramento River and
its tributaries, as well as winter‐run Chinook
salmon that are part of the artificial propagation
program at the Livingston Stone National Fish
Hatchery (LSNFH) (70 FR 37160, June 2005). The
Sacramento River winter‐run Chinook salmon
ESU is depicted in Figure 2.
The recovery priority number for a species is
based on the criteria in the Recovery Priority
Guidelines (NMFS 1990, 55 FR 24296) and
indicates the priority of the species for recovery
plan development and implementation. Recovery
priorities range from a high of 1 to a low of 11 and
are based on the magnitude of threat (high,
moderate, or low), recovery potential (high or
low), and conflict with development projects or
other economic activity.
The recovery priority number for the Sacramento
River winter‐run Chinook salmon ESU is 3 and
was set based on a high magnitude of threat due
to a single extant population vulnerable to loss of
genetic diversity, low abundance, unscreened
diversions, high water temperatures, and effects of
drought. The recovery potential is low to
moderate due to the lack of additional
populations, lack of available/suitable habitat
(cold water), unscreened diversions/passage
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problems, and inadequate instream flow. Conflict
was determined to be present due to anticipated
future development, habitat degradation issues,
and increasing demands for Central Valley water
supplies.

Species Description and Taxonomy
Chinook salmon, also largely referred to as king
salmon in California, are the largest of the Pacific
salmon. The following physical description of the
species is provided by Moyle (Moyle 2002).
Spawning adults are olive to dark maroon in
color, without conspicuous streaking or blotches
on the sides. Spawning males are darker than
females, and have a hooked jaw and slightly
humped back. There are numerous small black
spots in both sexes on the back, dorsal fins, and
both lobes of the tail. They can be distinguished
from other spawning salmon by the color pattern,
particularly the spotting on the back and tail, and
by the dark, solid black gums of the lower jaw.
Parr have 6 to 12 parr marks, each equal to or
wider than the spaces between them and most
centered on the lateral line. The adipose fin of parr
is pigmented on the upper edge, but clear at its
base. The dorsal fin occasionally has one or more
spots on it but the other fins are clear.

Life History
Chinook salmon is the most important commercial
species of anadromous fish in California. Chinook
salmon have evolved a broad array of life history
patterns that allow them to take advantage of
diverse riverine conditions throughout the year.
Four principal life history variants are recognized
and are named for the timing of their spawning
runs: fall‐run, late fall‐run, winter‐run, and spring‐
run. The Sacramento River supports all four runs
of Chinook salmon. The larger tributaries to the
Sacramento River (American, Yuba, and Feather
rivers) and rivers in the San Joaquin Basin also
provide habitat for one or more of these runs.
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Figure 2.

Sacramento River Winter‐run Chinook Salmon ESU
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Winter‐run Chinook salmon are unique because
they spawn during summer months when air
temperatures usually approach their yearly
maximum. As a result, winter‐run Chinook
salmon require stream reaches with cold water
sources that will protect embryos and juveniles
from the warm ambient conditions in summer.
Winter‐run Chinook salmon are primarily
restricted to the mainstem Sacramento River.
They do not occur in the Feather, American or San
Joaquin river basins. Adult winter‐run Chinook
salmon immigration and holding (upstream
spawning migration) through the Delta and into
the lower Sacramento River occurs from
December through July, with a peak during the
period extending from January through April
(USFWS 1995). Winter‐run Chinook salmon are
sexually immature when upstream migration
begins, and they must hold for several months in
suitable habitat prior to spawning. Winter‐run
Chinook salmon primarily spawn in the mainstem
Sacramento River between Keswick Dam (River
Mile [RM] 302) and RBDD (RM 243). Spawning
occurs between late‐April and mid‐August, with a
peak generally in June. Winter‐run Chinook
salmon embryo incubation in the Sacramento
River can extend into October (Vogel and Marine
1991).
Winter‐run Chinook salmon fry rearing in the
upper Sacramento River exhibit peak abundance
during September, with fry and juvenile
emigration past Red Bluff Diversion Dam (RBDD)
occurring from July through March (Reclamation
1992; Vogel and Marine 1991), although NMFS
(1993; NMFS 1997) report juvenile rearing and
outmigration extending from June through April.
Emigration (downstream migration) of winter‐run
Chinook salmon juveniles past Knights Landing,
located
approximately
155.5
river
miles
downstream of the RBDD, reportedly occurs
between November and March, peaking in
December, with some emigration continuing
through May in some years (Snider and Titus
2000a; Snider and Titus 2000c). The numbers of
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juvenile winter‐run Chinook salmon caught in
rotary screw traps (RST) at the Knights Landing
sampling location were reportedly dependent on
the magnitude of flows during the emigration
period (Snider and Titus 2000a; Snider and Titus
2000c).
Table 1 depicts the temporal occurrence of winter‐
run Chinook salmon life stages in the Sacramento
River.

Abundance Trends and Distribution
One of the main threats to the Sacramento River
winter‐run Chinook salmon ESU is that it consists
of only one population. Furthermore the one
population has a small population size (Good et al.
2005).
The population declined from an
escapement of near 100,000 in the late 1960s to less
than 200 in the early 1990s (Good et al. 2005). The
CDFG estimated that 191 winter‐run Chinook
salmon returned in 1991 and that 189 returned in
1994 (Arkush et al. 1997). Runs increased to 1,361
in 1995 and 1,296 in 1996 (Arkush et al. 1997).
Escapements increased to 8,120, 7,360 and 8,133 in
2001, 2002 and 2003 respectively (CDFG 2004).
More recent population estimates of 8,218 (2004),
15,730 (2005), and 17,153 (2006) show a three‐year
average of 13,700 returning winter‐run Chinook
salmon (CDFG Website 2007). Figure 3 depicts the
estimated run sizes of Sacramento River winter‐
run Chinook salmon for the years 1967 to 2006. A
significant portion of these fish are likely returns
from the winter‐run Chinook salmon propagation
program at the LSNFH.
The LSNFH on the upper Sacramento River has
been producing and releasing winter‐run Chinook
salmon since 1998. This program has apparently
resulted in a net increase in the numbers of
returning adult winter‐run Chinook salmon,
although hatchery fish make up a significant
portion of the population (Brown and Nichols
2003).
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Table 1. The Temporal Occurrence of Adult and Juvenile Sacramento River Winter‐run Chinook Salmon in the
Sacramento River

Location

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Adult
Sacramento River Basin1

Sacramento River2

Juvenile

Sacramento River at Red
Bluff3

Sacramento River at Red
2
Bluff

Sacramento River at
4
Knights Landing

Lower Sacramento River
(Seine)5

West Sacramento River
(Trawl)5
Sources:
2001

1

2

3

4

5

Yoshiyama et al. (1998); Moyle (2002); Myers et al. (1998); Martin et al. 2001; Snider and Titus (2000b); USFWS

Relative Abundance:

= High
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Estimated Sacramento Winter-run Chinook Salmon Run Size
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Figure 3.

Estimated Sacramento River Winter‐run Chinook Salmon Run Size (1967 – 2006)

Source: (CDFG 2004; CDFG Website 2007; NMFS 1997; Snider et al. 2001)

Table 2 shows the annual number of winter‐run
Chinook salmon released from the facility from
1999 through 2005. The fish are marked with
coded wire tags (CWT), adipose fin clipped and
released as smolts each winter in late January or
early February.
The table also provides
information based on data acquired during mark‐
recapture studies on the amount of time required
by the smolts to reach the Delta.
Winter‐run Chinook salmon originally spawned in
the upper Sacramento River system (Little
Sacramento, Pit, McCloud and Fall rivers) and in
Battle Creek. There is no evidence that the winter‐
run existed in any of the other drainages prior to
watershed development (Yoshiyama et al. 1996).
The unique life history timing pattern of winter‐
run Chinook salmon, requiring cold summer
flows, argues against this run occurring in other
than the upper Sacramento system and Battle
Creek.
Today, watershed development has
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eliminated all historical spawning habitat above
Keswick Dam (approximately 200 river miles) and
approximately 47 of the 53 miles of potential
habitat in Battle Creek (Yoshiyama et al. 1996).
Figure 4 depicts the current and historical
distribution of Sacramento River winter‐run
Chinook salmon.
Currently, winter‐run Chinook salmon spawning
habitat is likely limited to the reach of the
Sacramento River extending from Keswick Dam
downstream to the RBDD. Prior to construction of
Shasta and Keswick dams, warm water
temperatures likely precluded spawning in the
mainstem Sacramento River, and it was used only
as a migratory corridor. Winter‐run Chinook
salmon still have access to Battle Creek through
the Coleman National Fish Hatchery (CNFH) weir
from a fish ladder that is opened during the peak
of the winter‐run Chinook salmon migration
period (Ward and Kier 1999).
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Table 2.

Winter‐run Chinook Salmon Juvenile Releases from LSNFH (Broodyears 1998‐2004) and Delta Recaptures

Brood Year

Upper
Sacramento River
Release Date

Number of PreSmolts Released1

Initial Delta
Recapture Date2

1998

1/28/1999

153,908

3/15/1999

106,142

1999

1/28/2000

30,840

2/22/2000

5,459

2000

2/01/2001

166,495

3/05/2001

37,113

2001

1/30/2002

252,684

3/07/2002

158,285

2002

1/30/2003

233,613

2/14/2003

184,080

2003

2/05/2004

218,517

2/20/2004

171,584

2004

2/03/2005

168,261

2/22/2005

124,409

2005

2/02/2006

173,344

2006

2/08/2007

1

Number of Smolts in
Delta Recapture2

196,268
2

Source: ( USFWS Red Bluff 1998-2006; Kimmerer 2006)

Currently, if a winter‐run Chinook salmon
population exists in Battle Creek, its population
size is unknown and likely very small.
Additionally, a winter‐run Chinook salmon
migration to the upper Calaveras River occurred
between 1972 and 1984, but this population
appears to have been extirpated by drought,
irrigation diversions, and blocked access by the
New Hogan Dam (NMFS 1997; NMFS 1999; NMFS
2003).
The winter‐run Chinook salmon population is
dependant upon the provision of suitably cool
water temperatures during the spawning, embryo
incubation, and juvenile rearing period. Water
temperatures in the upper Sacramento River are
the result of interaction among: (1) ambient air
temperature; (2) volume of water; (3) water
temperature at release from Shasta and Trinity
dams; (4) total reservoir storage; (5) location of
reservoir thermocline; (6) ratio of Spring Creek
Power Plant release to Shasta Dam release; and (7)
tributary inflows (NMFS 1997). Water temperature
varies with location and distance downstream of
Keswick Dam, and depends upon the annual
hydrologic conditions and annual operation of the
Shasta‐Trinity Division of the CVP (NMFS 1997).
In general, water released from Keswick Dam
warms as it moves downstream during the sum‐
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mer and early fall months at a critical time for the
successful development and survival of juvenile
winter‐run Chinook salmon (NMFS 1997).
Suitable water temperatures for adult winter‐run
Chinook salmon migrating upstream to spawning
grounds range from 57°F to 67°F (NMFS 1997).
However, winter‐run Chinook salmon are
immature when upstream migration begins and
need to hold in suitable habitat for several months
prior to spawning. The maximum suitable water
temperature for holding is 59°F to 60°F (NMFS
1997). Similarly, successful spawning for Chinook
salmon occurs at water temperatures below 60°F
(NMFS 1997). Prior to 1997, during some years,
water temperatures below Keswick Dam began
exceeding 60°F in May and during July and
August, water temperatures were frequently
above 60°F (NMFS 1997). In 1997, a temperature
control device was installed at Shasta Dam
allowing
better
management
of
water
temperatures in the Sacramento River. CDFG
(2004) reports that the temperature control device
is working well and that very low egg loss
occurred due to adverse water temperatures in
2002 and 2003.
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Figure 4.

Current and Historical Sacramento River Winter‐run Chinook Salmon Distribution

Co-Manager Review Draft Recovery Plan

22

May 2008

Background

Sacramento River winter‐run Chinook salmon
may be responding favorably to a number of
factors, including wetter than normal winters,
changes in ocean harvest regulations since 1995
that have significantly reduced harvests, changes
in operations at RBDD, improved water
temperature
management
on
the
upper
Sacramento River (including installation of a cold‐
water release device on Shasta Dam in 1997),
water quality improvements due to remediation of
Iron Mountain Mine discharges, changes in the
State and Federal water projects, and a variety of
other habitat improvements.

migration (Thompson 1972).
Adult Chinook
salmon are less capable of negotiating fish ladders,
culverts, and waterfalls during upstream
migration than steelhead, due in part to slower
swimming speeds and inferior jumping ability
(Bell 1986; Reiser et al. 2006).
Chinook salmon generally hold in pools with
deep, cool, well‐oxygenated water. Holding pools
for adult Chinook salmon have reportedly been
characterized as having moderate water velocities
ranging from 0.5 to 1.3 ft/sec (DWR 2000).

Spawning

Habitat Characteristics/Ecosystem
A description of freshwater habitat requirements
for winter‐run Chinook salmon is presented in the
following sections.
Habitat requirements are
organized by life stage.

Adult Immigration and Holding
Suitable water temperatures for adult winter‐run
Chinook salmon migrating upstream to spawning
grounds range from 57°F to 67°F (NMFS 1997).
However, winter‐run Chinook salmon are
immature when upstream migration begins, and
need to hold in suitable habitat for several months
prior to spawning. The maximum suitable water
temperature reported for holding is 59°F to 60°F
(NMFS 1997). Because water temperatures in the
lower Sacramento River below the RBDD
generally begin exceeding 60°F in April, it is likely
that little, if any, suitable holding habitat exists in
the lower Sacramento River. It most likely is only
used by adults as a migratory corridor. Following
installation of the water temperature control
device on Shasta Dam in 1997, it is possible that
some deep water pool habitat may exist for a short
distance downstream of the RBDD with suitable
cold water temperatures for adult holding.
Adult Chinook salmon reportedly require water
deeper than 0.8 feet and water velocities less than
8 feet per second (ft/sec) for successful upstream
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Spawning occurs from mid‐April to mid‐August,
peaking in May and June, in the Sacramento River
reach between Keswick Dam and RBDD (Vogel
and Marine 1991). Chinook salmon spawn in
clean, loose gravel in swift, relatively shallow
riffles, or along the margins of deeper river
reaches where suitable water temperatures,
depths, and velocities favor redd construction and
oxygenation of incubating eggs.
Winter‐run
Chinook salmon were adapted for spawning and
rearing in the clear, spring‐fed rivers of the upper
Sacramento River Basin, where summer water
temperatures were typically 50°F to 59°F. Water
temperature conditions were created by glacial
and snowmelt water percolating through porous
volcanic formations that surround Mt. Shasta and
Mt. Lassen, which cover much of northeastern
California. Chinook salmon require clean loose
gravel from 0.75 to 4.0 inches in diameter for
successful
spawning
(NMFS
1997).
The
construction of dams in the upper Sacramento
River has eliminated the major source of suitable
gravel recruitment to reaches of the river below
Keswick Dam. Gravel sources from the banks of
the river and floodplain have also been
substantially reduced by levee and bank
protection measures. Levee and bank protection
measures restrict the meandering of the river,
which would normally release gravel into the
river through natural erosion and deposition
processes. Water velocity preferences for Chinook
salmon spawning reportedly range from 0.98
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ft/sec to 2.6 ft/sec (0.3 to 0.8 meters per second
(m/sec)) at a depth of a few centimeters (cm) to
several meters (m) (Moyle 2002).
Today, Shasta Dam denies access to historical
winter‐run Chinook salmon spawning habitats
and they persist mainly because water released
from Shasta Reservoir during the summer has
been, for the most part, cold. Spawning habitat for
Sacramento River winter‐run Chinook salmon is
restricted to the Sacramento River primarily
between RBDD and Keswick Dam.

Embryo Incubation
In the Sacramento River, winter‐run Chinook
salmon spawning occurs from late April through
mid August. Fry emergence occurs from mid‐June
through mid‐October (NMFS 1997). Because the
embryo incubation life stage begins with fertilized
egg deposition and ends with fry emergence from
the gravel, embryo incubation occurs from late
April through mid‐October.
Within the
appropriate water temperature range, eggs
normally hatch in 40 to 60 days. Newly hatched
fish (alevins) normally remain in the gravel for an
additional four to six weeks until the yolk sac has
been absorbed (NMFS 1997).
Physical habitat requirements for embryo
incubation are the same as the requirements
discussed above for spawning. However, it is also
important that flow regimes remain relatively
constant or at least not decrease significantly
during the embryo incubation life stage. For
example, if spawning adults construct redds
during a period of relatively high flows in shallow
water, subsequent decreases in flows could
dewater the redds, leading to egg desiccation or
stranding of alevins.

Juvenile Rearing and Outmigration
Upon emergence from the gravel, fry swim or are
displaced downstream (Healey 1991). Fry seek
streamside habitats containing beneficial aspects
such as riparian vegetation and associated
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substrates that provide aquatic and terrestrial
invertebrates, predator avoidance cover, and
slower water velocities for resting (NMFS 1996a).
These shallow water habitats have been described
as more productive juvenile salmon rearing
habitat than the deeper main river channels.
Higher juvenile salmon growth rates, partially due
to greater prey consumption rates, as well as
favorable environmental temperatures have been
associated with shallow water habitats (Sommer et
al. 2001b). Similar to adult salmon upstream
movement,
juvenile
salmon
downstream
movement is primarily crepuscular.
Once
downstream movement has commenced, salmon
fry might continue this movement until reaching
the estuary or they might reside in the stream for a
time period that varies from weeks to a year
(Healey 1991).
Juvenile Chinook salmon
migration rates vary considerably, presumably
depending on the physiological stage of the
juvenile and hydrologic conditions. Kjelson et al.
(Kjelson et al. 1981) found Chinook salmon fry
traveled as fast as 30 kilometers (km) per day in
the Sacramento River. Sommer et al. (Sommer et
al. 2001b) found travel rates ranging from
approximately 0.5 mile, up to more than 6 miles
per day in the Yolo Bypass.
As juvenile Chinook salmon grow they move into
deeper water with higher current velocities, but
still seek shelter and velocity refugia to minimize
energy expenditures (Healey 1991). Catches of
juvenile salmon in the Sacramento River near
West Sacramento by the USFWS (USFWS 1997)
exhibited larger juvenile captures in the main
channel and smaller‐sized fry along the margins.
Where the river channel is greater than nine to ten
feet in depth, juvenile salmon tend to inhabit the
surface waters (Healey 1979). Streamflow and/or
turbidity increases in the upper Sacramento River
basin are thought to stimulate emigration
(Brandes and McLain 2001; Kjelson et al. 1981).
Emigration of juvenile Sacramento River winter‐
run Chinook salmon past RBDD may begin as
early as mid‐July, typically peaks in September,
and can continue through March in dry years
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(NMFS 1997; Vogel and Marine 1991). From 1995
to 1999, all Sacramento River winter‐run Chinook
salmon outmigrating as fry passed RBDD by
October, and all outmigrating pre‐smolts and
smolts passed RBDD by March (Martin et al. 2001).
As Chinook salmon begin the smoltification stage,
they are found rearing further downstream where
ambient salinity reaches 1.5 to 2.5 parts per
thousand (Healey 1979).
Within the Delta,
juvenile Chinook salmon forage in shallow areas
with protective cover, such as tidally influenced
sandy beaches and vegetated zones (Healey 1979).
Cladocerans, copepods, amphipods, and larvae of
diptera, as well as small arachnids and ants are
common prey items (Kjelson et al. 1981;
MacFarlane and Norton 2002; Sommer et al.
2001a).
Juvenile Chinook salmon movements within the
estuarine habitat are dictated by the interaction
between tidally‐driven salt water intrusions
through the San Francisco Bay and fresh water
outflow from the Sacramento and San Joaquin
rivers. Juvenile Chinook salmon follow rising
tides into shallow water habitats from the deeper
main channels and return to the main channels
when the tides recede (Healey 1991). Kjelson et al.
(1981) reported that juvenile Chinook salmon
demonstrated a diel migration pattern, orienting
themselves to nearshore cover and structure
during the day, but moving into more open,
offshore waters at night. The fish also distributed
themselves vertically in relation to ambient light.
During the night, juveniles were distributed
randomly in the water column, but would school
up during the day into the upper three meters of
the water column. Juvenile Chinook salmon were
found to spend about 40 days migrating through
the Delta to the mouth of San Francisco Bay, and
grew little in length or weight until they reached
the Gulf of the Farallon Islands (MacFarlane and
Norton 2002).
Juvenile Sacramento River winter‐run Chinook
salmon occur in the Delta primarily from
November through early May, based on data
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collected from trawls in the Sacramento River at
West Sacramento (RM 57) (USFWS 2001). The
timing of migration varies somewhat due to
changes in river flows, dam operations, and water
year type. Winter‐run Chinook salmon juveniles
remain in the Delta until they reach a fork length
(FL) of approximately 118 millimeters (mm) and
are from five to 10 months of age. Emigration to
the ocean begins as early as November and
continues through May (Fisher 1994; Myers et al.
1998). The importance of the Delta in the life
history of Sacramento River winter‐run Chinook
salmon is not well understood.
Central Valley Chinook salmon begin their ocean
life in the Gulf of the Farallones, then they
distribute north and south along the continental
shelf primarily between Point Conception and
Washington State. Upon reaching the ocean,
juvenile Chinook salmon feed voraciously on
larval and juvenile fishes, plankton, and terrestrial
insects (Healey 1991; MacFarlane and Norton
2002). Chinook salmon grow rapidly in the ocean
environment, with growth rates dependent on
water temperatures and food availability (Healey
1991).

Critical Habitat
Critical habitat for listed salmonids is comprised
of physical and biological features essential to the
conservation of the species including: space for the
individual and population growth and for normal
behavior; cover; sites for breeding, reproduction
and rearing of offspring; and habitats protected
from disturbance or are representative of the
historical geographical and ecological distribution
of the species. The primary constituent elements
considered essential for the conservation of listed
Central Valley salmonids are: (1) freshwater
spawning sites; (2) freshwater rearing sites; (3)
freshwater migration corridors; (4) estuarine areas;
(5) nearshore marine areas; and (6) offshore
marine areas.
On August 14, 1992, NMFS published a proposed
critical habitat designation for winter‐run Chinook
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salmon (57 FR 36626 (August 13, 1992)). The
habitat proposed for designation included: (1) the
Sacramento River from Keswick Dam, Shasta
County (RM 302) to Chipps Island (RM 0) at the
westward margin of the Delta; (2) all waters from
Chipps Island westward to Carquinez Bridge,
including Honker Bay, Grizzly Bay, Suisun Bay,
and Carquinez Strait; (3) all waters of San Pablo
Bay westward of the Carquinez Bridge; and (4) all
waters of San Francisco Bay to the Golden Gate
Bridge (NMFS 1997).
On June 16, 1993, NMFS issued the final rule
designating critical habitat for winter‐run Chinook
salmon (58 FR 33212 (June 16, 1993)). The habitat
identified in the final designation is identical to
that in the proposed ruling except that critical
habitat in San Francisco Bay is limited to those
waters north of the San Francisco‐Oakland Bay
Bridge. Figure 5 depicts the designated critical
habitat for Sacramento River winter‐run Chinook
salmon.

Reasons for Listing/Threats
Assessment
Several factors have contributed to the decline of
winter‐run Chinook salmon through degradation
of spawning, rearing, and migration habitats. The
primary factors include blockage of historical
habitat by Shasta and Keswick dams, warm water
releases from Shasta Dam, juvenile and adult
passage constraints at RBDD, water exports in the
southern Delta, heavy metal contamination from
Iron Mountain Mine, high ocean harvest rates and
entrainment in a large number of unscreened or
poorly screened water diversions (NMFS 1997).
Other factors include smaller water manipulation
facilities and dams, loss of rearing habitat in the
lower Sacramento River and Delta from levee
construction, marshland reclamation, interaction
with and predation by introduced species, adverse
flow conditions, high summer water temperatures
and vulnerability to drought (NMFS 1997).
Presumably, there were several independent
populations of winter‐run Chinook salmon in the
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Pitt, McCloud, and Little Sacramento rivers and
various tributaries to these rivers, such as Hat
Creek and the Fall River. These populations
merged to form the present single population. If
populations ever existed in Battle Creek and the
Calaveras River, they have been extirpated (Good
et al. 2005).
The spatial distribution of spawners has not
expanded.
The primary reason is that the
naturally‐spawning population is artificially
maintained by cool water releases from
Shasta/Keswick dams, and the spatial distribution
of spawners is largely governed by water year
type and the ability of the CVP to manage water
temperatures in the upper Sacramento River. The
fact that this ESU is comprised of a single
population with very limited spawning and
rearing habitat increases its risk of extinction due
to local catastrophe or poor environmental
conditions.
There are no other natural
populations in the ESU to buffer it from natural
fluctuations. A single catastrophe with effects
persisting for four or more years could extirpate
the entire Sacramento River winter‐run Chinook
salmon ESU, which puts the population at a high
risk of extinction over the long run (Lindley et al.
2007).
Such potential catastrophes include
volcanic eruption of Mt. Lassen, prolonged
drought which depletes the cold water pool in
Lake Shasta or some related failure to manage
cold water storage, a spill of toxic materials with
effects that persist for four years, or a disease
outbreak. Another vulnerability to an ESU that is
represented by a single population is the
limitation in life history and genetic diversity that
would otherwise increase the ability of individuals
in the population to withstand environmental
variation.
A second naturally‐spawning
population is considered critical to the long‐term
viability of this ESU, and plans are underway to
eventually establish a second population in the
upper Battle Creek watershed. However, the
program has yet to be implemented because of the
need to complete habitat restoration efforts in that
watershed (Good et al. 2005).
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Figure 5.

Sacramento River Winter‐run Chinook Salmon Critical Habitat
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Chief among the threats facing winter‐run
Chinook salmon is small population size—
escapement fell below 200 fish in the 1990s. In
1989, the CDFG estimated that the winter‐run
Chinook salmon size was only 547 fish. This
unexpectedly small return represented nearly a 75
percent decline from the consistent, but low, run
size of 2,000 to 3,000 fish that had occurred since
1982. The final run size estimate made by the
CDFG for 1991 was 191 fish. Population size
declined monotonically from highs of near 100,000
fish in the late 1960s, indicating a sustained period
of poor survival (Good et al. 2005).
There are questions of genetic integrity due to
winter‐run Chinook salmon having passed
through several “bottlenecks” in the 20th century.
Construction of Shasta Dam merged at least four
independent winter‐run Chinook populations into
a single population, representing a substantial loss
of genetic diversity, life history variability, and
local adaptation.
Episodes of critically low
abundance, particularly in the early 1990s, for the
single
remaining
population
imposed
‘‘bottlenecks’’ that further reduced genetic
diversity (Good et al. 2005).
The use of a hatchery program to supplement
winter‐run Chinook salmon populations in the
Central Valley raises concerns about the genetic
integrity and fitness of the population. There is a
strong perception that hatchery fish may
negatively affect the genetic constitution of wild
fish (Allendorf et al. 1997; Hindar et al. 1991;
Waples 1991). One of the main factors contributing
to this perception is the observation of a reduction
in wild fish populations following the initiation of
a hatchery release program (Hilborn 1992;
Washington and Koziol 1993). An explanation
offered for this observation is that hatchery fish
are adapted to the hatchery environment;
therefore, natural spawning with wild fish reduces
the fitness of the natural population (Taylor 1991).
Researchers from the University of California at
Davis have documented that hatchery Chinook
salmon were more vulnerable to predation by
Sacramento pikeminnow as they pass RBDD than
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were wild Chinook salmon (Lufkin 1996).
Recently, NMFS (NMFS 2007b) reports that the
rising proportion of hatchery fish among
returning adults threatens to shift the population
from a low to moderate risk of extinction. Lindley
et al. (Lindley et al. 2007) recommend that in order
to maintain a low risk of genetic introgression
with hatchery fish, no more than five percent of
the naturally‐spawning population should be
composed of hatchery fish. Since 2001, hatchery
origin winter‐run Chinook salmon have made up
more than five percent of the run, and in 2005 the
contribution of hatchery fish exceeded 18 percent
(Lindley et al. 2007). Potential consequences to
wild fish stocks from hatchery production include
hybridization
and
genetic
introgression,
competition, predation, and increasing fishing
pressure (Waples 1991).
A detailed threats assessment was conducted for
the Sacramento River winter‐run Chinook salmon
ESU (Appendix A). The threats/stressors affecting
each winter‐run Chinook salmon life stage are
described in that appendix. A stressor matrix 2, in
the form of a single Microsoft Excel worksheet,
was developed to structure the winter‐run
Chinook salmon population, life stage, and
stressor information into hierarchically‐related
tiers so that stressors to the ESU could be
prioritized. The individual tiers within the matrix,
from highest to lowest, are: (1) population; (2) life
stage; (3) primary stressor category; and (4)
specific stressor. These individual tiers were
related hierarchically so that each variable within
a tier had several associated variables at the next
lower tier, except at the lowest (i.e. fourth) tier.
The general steps required to develop and utilize
the winter‐run stressor matrix are described as
follows:

2

For winter‐run Chinook salmon, a single stressor matrix was
developed corresponding to the mainstem upper Sacramento
River population, whereas for spring‐run Chinook salmon and
steelhead, multiple individual stressor matrices were
developed corresponding to each of the extant populations for
these species.
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 Each life stage within the population was
weighted so that all life stage weights in
the population summed to one

Sacramento
incubation

 The stressor matrix was sorted by the
normalized weight of the specific stressors
in descending order
Specific information explaining the individual
steps taken to generate this prioritized list is
provided in Appendix A.
The completed stressor matrix sorted by
normalized weight is a prioritized list of the life
stage‐specific stressors affecting the ESU. Each life
stage of winter‐run Chinook salmon is affected by
stressors of “Very High” importance. These
stressors include:
 The barriers of Keswick and Shasta dams,
which block access to historic staging and
spawning habitat
 Flow fluctuations, water pollution, water
temperature impacts in the upper
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embryo

 Predation during juvenile rearing and
outmigration

 Each specific stressor within a primary
stressor category was weighted so that all
specific stressor weights in a primary
stressor category summed to one

 A normalized weight for each specific
stressor was obtained by multiplying the
composite weight by the number of
specific stressors within a particular
primary stressor group

during

 Loss of juvenile rearing habitat in the form
of lost natural river morphology and
function, and lost riparian habitat and
instream cover

 Each primary stressor category within a
life stage was weighted so that all primary
stressor category weights in a life stage
summed to one

 A composite weight for each specific
stressor was obtained by multiplying the
product of the population weight, the life
stage weight, the primary stressor weight,
and the specific stressor weight by 100

River

 Ocean harvest
 Entrainment of juveniles at the C.W. Jones
and Harvey O. Banks pumping plants
The complete prioritized list of life stage‐specific
stressors to the Sacramento River winter‐run
Chinook salmon ESU is presented in Appendix A.

Conservation Measures
The CVP Section 7 consultations with Reclamation
likely contributed to habitat improvements
benefiting the Sacramento River winter‐run
Chinook salmon ESU. Implementation of the 1992
reasonable and prudent alternative has provided
substantial benefits to this ESU by improving
habitat and fish passage conditions in the
Sacramento River and the Delta.
Such
improvement likely has contributed to increases in
abundance and productivity over the past decade
through actions such as maintenance of minimum
water flows during fall and winter months,
establishment of temperature criteria to support
spawning and rearing upstream of RBDD
(coupled with water releases from Shasta Dam),
operation of the RBDD gates for improved adult
and juvenile fish passage, and constraints on Delta
water exports to reduce impacts on juvenile
outmigrants.
In addition, two large, ongoing comprehensive
conservation programs in the Central Valley
provide a wide range of ecosystem and species‐
specific protective efforts potentially benefiting
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Chinook salmon – the CALFED Bay/Delta
Program) and the CVPIA.
CALFED is a
cooperative effort of more than 20 State and
Federal agencies working with local communities
to improve water quality and reliability for
California’s water supplies, and has made efforts
to restore the Bay/Delta.
Though not fully
implemented, CALFED’s Ecosystem Restoration
Program has funded projects involving habitat
restoration, floodplain restoration and protection,
instream and riparian habitat restoration and
protection, fish screening and passage, research on
non‐native species and contaminants, research and
monitoring of fishery resources, and watershed
stewardship and outreach. CALFED established
the Environmental Water Account (EWA) to offset
losses of juvenile fish at the Delta pumps and to
provide higher instream flows in the Yuba,
Stanislaus, American, and Merced rivers to benefit
native fish, including salmon.
The CVPIA balances the priorities of fish and
wildlife protection, restoration, and mitigation
with irrigation, domestic water use, fish and
wildlife enhancement, and power augmentation.
Reclamation and USFWS have conducted studies
and implemented hundreds of actions, including
modifications of CVP operations, management
and acquisition of water for fish and wildlife
needs, flow management for fish migration and
passage, increased water flows, replenishment of
spawning gravels, restoration of riparian habitats,
and screening of water diversions. Actions in the
Sacramento River tributaries have focused on
riparian and shaded riverine aquatic habitat
restoration, improved access to available upstream
habitat, improved instream flows, and reduced
loss of juveniles at diversions. Habitat restoration
includes water acquisition for instream flows,
channel restoration and enhancement, removal of
dams and blockages to migration, gravel
replenishment, and construction or modifications
of devices to improve instream habitat and to
improve access or reduce fish mortalities during
migrations (such as fish ladders and screening
diversions).
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Harvest protective measures benefiting winter‐run
Chinook salmon include seasonal constraints on
sport and commercial fisheries south of Point
Arena. In addition, the State has listed winter‐run
Chinook under the CESA, and has thus
established specific in‐river fishing regulations
and no‐retention prohibitions designed to protect
this ESU (e.g., management measures for time and
area closures, gear restrictions, and zero bag limits
in the Sacramento River).

Biological Constraints and Needs
As winter‐run Chinook salmon historically were
dependent on access to spring‐fed tributaries to
the upper Sacramento River that remained cool
during summer and early fall, the most obvious
impact to this ESU was the construction of Shasta
Dam. The dam blocked access to the ESU’s entire
historic spawning habitat. With coldwater
releases from Shasta creating conditions suitable
for winter‐run Chinook salmon 100 feet below the
dam, this species was able to survive habitat
alteration, but experienced significant impacts.
Presumably, there were several independent
populations of winter‐run Chinook salmon in the
Pitt, McCloud, and Little Sacramento Rivers, and
in various tributaries to these rivers, such as Hat
Creek and the Fall River. These populations
merged to form the current single population.
Any populations that may have existed in Battle
Creek and the Calaveras River have since been
extirpated. This ESU continues to be threatened
by having only one extant population, low
population size (compared to historic levels),
vulnerability to drought, inadequately screened or
unscreened water diversions, predation at
artificial strictures and by non‐native species,
pollution (e.g., Iron Mountain Mine), adverse flow
conditions, high summer water temperatures,
unsustainable harvest rates, and passage problems
at various structures.
Another potential threat to the winter‐run
Chinook salmon population is the possible effects
of long‐term climate change. California’s Central
Valley is located at the extreme southern limit of
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Chinook salmon distribution. The southern limit
of Chinook salmon distribution is likely a function
of climate. In California, observations reveal
trends in the last 50 years toward warmer winter
and spring temperatures, a smaller fraction of
precipitation falling as snow, a decrease in the
amount of spring snow accumulation in lower and
middle elevation mountain zones and an advance
in snowmelt of 5 to 30 days earlier in the spring
(Knowles et al. 2006). Given this trend, it is likely
that most species, currently at the southern extent
of their range, including Chinook salmon will
experience
less
desirable
environmental
conditions in the future.
If air temperatures in California rise significantly,
it will become increasingly difficult to maintain
appropriate water temperatures in order to
manage coldwater fisheries, including winter‐run
Chinook salmon. A reduction in snowmelt and
increased evaporation could lead to decreases in
reservoir levels and, perhaps more importantly,
coldwater pool reserves (California Energy
Commission 2003).
As a result, water
temperatures in rivers supporting anadromous
salmonids, including winter‐run Chinook salmon,
could potentially rise and no longer be able to
support over‐summering life stages (i.e., winter‐
run Chinook salmon embryo incubation, fry
emergence and juvenile emigration).
The
California Department of Water Resources (DWR)
(DWR 2006) suggests that under a warmer climate
scenario, water temperature standards in the
upper Sacramento River likely could not be
maintained. The potential adverse effects of long‐
term climate change are more thoroughly
discussed in Appendix A.

SPRING-RUN CHINOOK SALMON
Brief Overview/Status of
the Species
Central Valley spring‐run Chinook salmon (O.
tshawytscha) were proposed as endangered by
NMFS on March 9, 1998. NMFS (NMFS 1998)
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concluded that the Central Valley spring‐run
Chinook salmon ESU was in danger of extinction
because native spring‐run Chinook salmon have
been extirpated from all tributaries in the San
Joaquin River Basin, which represented a large
portion of the historic range and abundance of the
ESU as a whole. Moreover, the only streams
considered to have wild spring‐run Chinook
salmon at that time were Mill and Deer creeks,
and possibly Butte Creek (tributaries to the
Sacramento River).
These populations were
considered relatively small with sharply declining
trends. Hence, demographic and genetic risks due
to small population sizes were considered to be
high. NMFS (NMFS 1998) also determined that
habitat problems were the most important source
of ongoing risk to this ESU.
On September 16, 1999, NMFS listed the Central
Valley ESU of spring‐run Chinook salmon as a
“threatened” species (64 FR 50394 (September 16,
1999)). Although in the original Chinook salmon
status review and proposed listing it was
concluded that the Central Valley spring‐run
Chinook salmon ESU was in danger of extinction
(Myers et al. 1998), in the status review update, the
BRT majority shifted to the view that this ESU was
not in danger of extinction, but was likely to
become endangered in the foreseeable future. A
major reason for this shift was data indicating that
a large run of spring‐run Chinook salmon on Butte
Creek in 1998 was naturally produced, rather than
strays from the FRFH (Good et al. 2005).
NMFS (64 FR 50394 (September 16, 1999))
determined that the Central Valley spring‐run
Chinook salmon ESU are at risk of becoming
endangered in the foreseeable future throughout
all or a significant portion of their range after
reviewing the best available information,
including public and peer review comments,
biological data on the species’ status, and an
assessment of protective efforts.
On March 11,
2002, pursuant to a January 9, 2002 rule issued by
NMFS under Section 4(d) of the ESA (15 USC §
1533(d)), the take restrictions that apply statutorily
to endangered species began to apply to the
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Central Valley ESU of spring‐run Chinook salmon
(67 FR 1116 (January 9, 2002)). On June 14, 2004,
following a five‐year species status review, NMFS
proposed that the Central Valley spring‐run
Chinook salmon remain a threatened species
based on the BRT strong majority opinion that the
Central Valley spring‐run Chinook ESU is ‘‘likely
to become endangered within the foreseeable
future.’’ The BRT based its conclusions on the
greatly reduced distribution of Central Valley
spring Chinook ESU and hatchery influences on
natural population. In addition, the BRT noted
moderately high risk for the abundance, spatial
structure, and diversity Viable Salmonid
Population (VSP) criteria, and a lower risk for the
productivity criterion reflecting positive trends.
On June 28, 2005, NMFS reaffirmed the threatened
status of the Central Valley spring‐run Chinook
salmon ESU (70 FR 37160 (June 28, 2005)). Figure 6
depicts the Central Valley spring‐run Chinook
salmon ESU.
As previously discussed for the Sacramento River
winter‐run Chinook salmon ESU, the Recovery
Priority Number for a species is based on the
criteria in the Recovery Priority Guidelines (NMFS
1990, 55 FR 24296) and indicates the priority of the
species for recovery plan development and
implementation.
The Recovery Priority Number for the Central
Valley spring‐run Chinook salmon ESU is 7 and
was based on a moderate magnitude of threat, due
to: only three remaining extant natural
populations with consistent spawning that are in
close geographic proximity; the lack of cool water
habitat below impassable dams; and the threat to
genetic integrity from the Feather River Fish
Hatchery (FRFH). The recovery potential is low to
moderate due to lack of suitable habitat (cold
water, high elevation) below impassable barriers,
and the low number (three) of extant natural
populations. Conflict was determined to exist due
to anticipated future development, habitat
degradation issues, and increasing demands for
Central Valley water supplies.
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Species Description and Taxonomy
The Chinook salmon, also largely referred to as
king salmon in California, are the largest of the
Pacific salmon.
The following physical
description of the species is provided by Moyle
(Moyle 2002). Spawning adults are olive to dark
maroon in color, without conspicuous streaking or
blotches on the sides. Spawning males are darker
than females, and have a hooked jaw and slightly
humped back. There are numerous small black
spots in both sexes on the back, dorsal fins, and
both lobes of the tail. They can be distinguished
from other spawning salmon by the color pattern,
particularly the spotting on the back and tail, and
by the dark, solid black gums of the lower jaw.
Parr have 6 to 12 parr marks, each equal to or
wider than the spaces between them and most
centered on the lateral line. The adipose fin of
parr is pigmented on the upper edge, but clear at
its base. The dorsal fin occasionally has one or
more spots on it but the other fins are clear. Life
History
Adult Central Valley spring‐run Chinook salmon
leave the ocean to begin their upstream migration
in late January and early February (CDFG 1998),
and enter the Sacramento River between March
and September, primarily in May and June (Moyle
2002; Yoshiyama et al. 1998). Spring‐run Chinook
salmon generally enter rivers as sexually
immature fish and must hold in freshwater for up
to several months before spawning (Moyle 2002).
While maturing, adults hold in deep pools with
cold water. Spawning normally occurs between
mid‐August and early October, peaking in
September (Moyle 2002).
The length of time required for embryo incubation
and emergence from the gravel is dependant on
water temperature.
For maximum embryo
survival, water temperatures reportedly must be
between 41°F and 55.4°F and oxygen saturation
levels must be close to maximum (Moyle 2002).
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Figure 6.

Central Valley Spring‐run Chinook Salmon ESU
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Under those conditions, embryos hatch in 40 to 60
days and remain in the gravel as alevins (the life
stage between hatching and egg sack absorption)
for another 4 to 6 weeks before emerging as fry
(Moyle 2002).
Spring‐run Chinook salmon fry emerge from the
gravel from November to March (Moyle 2002).
Juveniles may reside in freshwater for 12 to 16
months, but some migrate to the ocean as young‐
of‐the‐year in the winter or spring months within
eight months of hatching (CALFED 2000b). The
average size of fry migrants (approximately 40
mm between December and April in Mill, Butte,
and Deer creeks) reflects a prolonged emergence
of fry from the gravel (Lindley et al. 2004). By
contrast, studies in Butte Creek (Ward et al. 2003)
found the majority of spring‐run migrants to be
fry moving downstream primarily during
December, January, and February, and that these
movements appeared to be influenced by flow.
Small numbers of spring‐run juveniles remained
in Butte Creek to rear and migrate as yearlings
later in the spring. Juvenile emigration patterns in
Mill and Deer creeks are very similar to patterns
observed in Butte Creek, with the exception that
Mill and Deer creek juveniles typically exhibit a
later young‐of‐the‐year migration and an earlier
yearling migration (Lindley et al. 2004).
By
contrast, data collected on the Feather River
suggests that the bulk of juvenile emigration
occurs during November and December (DWR
and Reclamation 1999; Painter et al. 1977).
Seesholtz et al. (Seesholtz et al. 2003) speculate that
because juvenile rearing habitat in the Low Flow
Channel of the Feather River is limited, juveniles
may be forced to emigrate from the area early due
to competition for resources. Table 3 depicts the
temporal occurrence of spring‐run life stages in
the Sacramento River.

Abundance Trends and Distribution
The Central Valley drainage as a whole is
estimated to have supported spring‐run Chinook
salmon runs as large as 600,000 fish between the
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late 1880s and 1940s (CDFG 1998). More than
500,000 Central Valley spring‐run Chinook salmon
were caught in the Sacramento‐San Joaquin
commercial fishery in 1883 (Yoshiyama et al. 1998).
Before construction of Friant Dam, nearly 50,000
adults were counted in the San Joaquin River (Fry
1961). The San Joaquin populations essentially
were extirpated by the 1940s, with only small
remnants of the run persisting through the 1950s
in the Merced River (Yoshiyama et al. 1998). Since
1970, Central Valley spring‐run Chinook salmon
run size estimates have fluctuated significantly
from highs near 30,000 to lows near 3,000.
Figure 7 depicts the estimated spring‐run Chinook
salmon spawning run size from 1970 through
2006.
Although spring‐run Chinook salmon were
probably the most abundant salmonid in the
Central Valley under historic conditions, large
dams eliminated access to almost all historical
habitat and the spring‐run has suffered the most
severe declines of any of the four Chinook salmon
runs in the Sacramento River Basin (Fisher 1994).
Historically, spring‐run Chinook salmon occurred
in the headwaters of all major river systems in the
Central Valley where natural barriers to migration
were absent. Beginning in the 1880s, harvest,
water development, construction of dams that
prevented access to headwater areas and habitat
degradation significantly reduced the number and
range of spring‐run Chinook salmon.
Streams that currently support wild, persistent
populations of spring‐run Chinook salmon in the
Central Valley include Mill, Deer and Butte creeks
(CDFG 1998). Each of these three populations is
small and isolated.
Additionally, these
populations are genetically distinct from other
populations classified as spring‐run in the Central
Valley (e.g., Feather River) (DWR 2004). Banks et
al. (Banks et al. 2000) suggest the spring‐run
phenotype in the Central Valley is actually shown
by two genetically distinct subpopulations, Butte
Creek, and Deer and Mill creeks. Lindley et al.
(Lindley et al. 2007) report that the current
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distribution of viable populations makes the
Central Valley spring‐run Chinook salmon ESU
vulnerable to catastrophic disturbance. All three
extant independent populations are in basins

Table 3.

whose headwaters lie within the debris and
pyroclastic flow radii of Mt. Lassen, an active
volcano that USGS views as highly dangerous.

Temporal Occurrence of Adult and Juvenile Sacramento River Spring‐run Chinook Salmon in the Sacramento River

Location

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Adult
Sacramento River
Basin1,2
Sacramento River3
Mill Creek4
Deer Creek4
Butte Creek4
Juvenile
Sacramento River
Tributaries5
Upper Butte Creek6
Mill, Deer, Butte
Creeks4
Sacramento River at
RBDD3
Sacramento River at
7
KL
Chipps Island (Trawl)8*
1

2

3

4

5

6

Sources: Yoshiyama et al. 1998; Moyle 2002; Myers et al. 1998; Lindley et al. 2006a; CDFG 1998; McReynolds et al. 2005;
7
8
Ward et al. 2002, 2003; Snider and Titus 2000, USFWS 2001

Relative Abundance:

= High

= Medium

= Low

* Note: By the time yearly spring-run Chinook salmon reach Chipps Island they cannot be distinguished from fall-year Chinook
salmon yearlings.
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Central Valley Spring-run Chinook Salmon
Run Size Estimate (1970 - 2004)
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Figure 7.

Central Valley Spring‐run Chinook Salmon Run Size Estimates (1970–2006)

Source: (AFRP GRANDTAB 2007)

Additionally, a fire with a maximum diameter of
30 km, big enough to burn the headwaters of Mill,
Deer, and Butte creeks simultaneously, has
roughly a 10 percent chance of occurring
somewhere in the Central Valley each year.
Figure 8 depicts the combined annual run size
estimates for these three populations.
The FRFH was constructed in the mid 1960s by
DWR to mitigate for the loss of Chinook salmon
and steelhead spawning habitat by construction of
Oroville Dam. The FRFH was opened in 1967
(DWR 2002) and is operated by CDFG. The FRFH
is the only hatchery in the Central Valley
producing spring‐run Chinook salmon. The
current production target for spring‐run Chinook
salmon at the FRFH is 5 million smolts.
Prior to 2004, FRFH hatchery staff differentiated
spring‐run from fall‐run by opening the ladder to
the hatchery on September 1.
Those fish
ascending the ladder from September 1 through
September 15 were assumed to be spring‐run
Chinook salmon while those ascending the ladder
after September 15 were assumed to be fall‐run
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(Kastner 2003). This practice led to considerable
hybridization between spring‐ and fall‐run
Chinook salmon (DWR 2004). Since 2004, the fish
ladder remains open during the spring months
and those fish ascending the ladder are marked
with an external tag and returned to the river. This
practice allows FRFH staff to identify those
previously marked fish as spring‐run when they
re‐enter the ladder in September reducing the
potential for hybridization between the spring and
fall runs (DWR 2004).
The FRFH also releases a significant portion of its
spring‐run production into San Pablo Bay. This
practice increases the chances that these fish will
stray into other Central Valley streams when they
return as adults to spawn. This straying has the
potential to transfer genetic material from
hatchery fish to wild naturally‐spawning fish and
is generally viewed as an adverse hatchery impact.
Of particular concern would be the straying of
hatchery fish into Deer, Mill, or Butte creeks,
affecting the genetic integrity of the only
significantly distinct spring‐run Chinook salmon
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Critical Habitat

in the Central Valley (DWR 2004). Figure 9 shows
the total Central Valley spring‐run Chinook
salmon spawning run size estimates broken down
by constituent component for the years 1970
through 2004. The figure indicates that since
about 1992, the FRFH contribution to the total
spring run is almost 100 percent of the Central
Valley run excluding Mill, Deer, and Butte creeks.
The current and historical distribution of Central
Valley spring‐run Chinook salmon is presented in
Figure 10.

Critical habitat for listed salmonids is comprised
of physical and biological features essential to the
conservation of the species including: space for the
individual and population growth and for normal
behavior; cover; sites for breeding, reproduction
and rearing of offspring; and habitats protected
from disturbance or are representative of the
historical geographical and ecological distribution
of the species. The primary constituent elements
considered essential for the conservation of listed
Central Valley salmonids are: (1) freshwater
spawning sites; (2) freshwater rearing sites; (3)
freshwater migration corridors; (4) estuarine areas;
(5) nearshore marine areas; and (6) offshore
marine areas.

Habitat Characteristics/Ecosystem
Habitat characteristics for spring‐run Chinook
salmon are the same as those described above for
winter‐run Chinook salmon.
The primary
differences in the habitat characteristics between
the two runs are the duration and the time of year
that the different life stages of the species utilize
the habitat.

NMFS proposed new critical habitat for Central
Valley spring‐run Chinook salmon on December
10, 2004, (FR Vol. 69, No. 237) December 10, 2004))
and published a final rule designating critical
habitat for this species on September 2, 2005 (FR
Vol. 70, No. 170 (Friday, September 2, 2005)).

Central Valley Spring-run Chinook Salmon
Combined Mill, Deer and Butte Creek Run Size Estimates (1970 - 2004)
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Figure 8.
Mill, Deer, and Butte Creek Combined Spawning Run Size Estimates for Central Valley Spring‐run Chinook
Salmon (1970–2004)
Source: (AFRP GRANDTAB 2007)
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Central Valley Spring-run Chinook Salmon
Run Composition (1970 - 2004)
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Figure 9.

Central Valley Spring‐run Chinook Salmon Spawning Run Size Composition (1970–2004)

Source: (AFRP GRANDTAB 2007)

Designated critical habitat for Central Valley
spring‐run Chinook salmon includes the: (1)
Tehama Hydrologic Unit 5504 (Lower Stony Creek
Hydrologic Sub‐area 550410 and Red Bluff
Hydrologic Sub‐area 550420); (2) Whitmore
Hydrologic Unit 5507 (Inks Creek Hydrologic Sub‐
area 550711, Battle Creek Hydrologic Sub‐area
550712 and Inwood Hydrologic Sub‐area 55072);
(3) Redding Hydrologic Unit 5508 (Enterprise Flat
Hydrologic Sub‐area 550810 and Lower
Cottonwood Hydrologic Sub‐area 550820); (4)
Eastern Tehama Hydrologic Unit 5509 (Big Chico
Creek Hydrologic Sub‐area 550914, Deer Creek
Hydrologic Sub‐area 550920, Upper Mill Creek
Hydrologic Subarea 55094 and Antelope Creek
Hydrologic Subarea 550963); (5) Sacramento Delta
Hydrologic Unit 5510 (Sacramento Delta
Hydrologic Sub‐area 551000); (6) Valley‐Putah‐
Cache Hydrologic Unit 5511 (Lower Putah Creek
Hydrologic Sub‐area 551120);
(7) Marysville
Hydrologic Unit 5515 (Lower Yuba River

Co-Manager Review Draft Recovery Plan

Hydrologic Subarea 551510, Lower Yuba River
Hydrologic Subarea 551530, Lower Feather River
Hydrologic Sub‐area 551540); (8) Yuba River
Hydrologic Unit 5517 (Browns Valley Hydrologic
Sub‐Area 551712 and Englebright Hydrologic
Sub‐area 551714); (9) Valley‐American Hydrologic
Unit 5519 (Lower American Hydrologic Sub‐area
551921, Pleasant Grove Hydrologic Subarea
551922); (10) Colusa Basin Hydrologic Unit 5520
(Sycamore‐Sutter Hydrologic Sub‐area 552010,
Sutter Bypass Hydrologic Sub‐area 552030 and
Butte Basin Hydrologic Sub‐area 552040); (11)
Butte Creek Hydrologic Unit 5521 (Upper Little
Chico Hydrologic Sub‐area 552130); and (12)
Shasta Bally Hydrologic Unit 5524 (Platina
Hydrologic Sub‐area 552436, Spring Creek
Hydrologic Sub‐area 552440 and Kanaka Peak
Hydrologic Sub‐area 552462). Figure 11 depicts
the designated critical habitat for Central Valley
spring‐run Chinook salmon.
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Figure 10.

Central Valley Spring‐run Chinook Salmon Current and Historical Distribution
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Figure 11.

Central Valley Spring‐run Chinook Salmon Designated Critical Habitat

Reasons for Listing / Threats
Assessment
Threats to Central Valley spring‐run Chinook
salmon fall into three broad categories: (1) loss of
historical spawning habitat; (2) degradation of
remaining habitat; and (3) threats to the genetic
integrity of the wild spawning populations from
the FRFH spring‐run Chinook salmon production
program. The construction of dams in the Central
Valley has eliminated virtually all historic
spawning habitat of spring‐run Chinook salmon
in the basin. Native spring‐run Chinook salmon
have been extirpated from all tributaries in the San
Joaquin River Basin, which represents a large
portion of the historic range and abundance of the
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ESU. Naturally‐spawning populations of Central
Valley spring‐run Chinook salmon currently are
restricted to accessible reaches of the upper
Sacramento River, Antelope Creek, Battle Creek,
Beegum Creek, Big Chico Creek, Butte Creek,
Clear Creek, Deer Creek, Feather River, Mill
Creek, and Yuba River (CDFG 1998). These
populations are relatively small. The Feather
River population depends on FRFH production,
and is likely hybridized with fall‐run Chinook
salmon. Little is known about the status of the
spring‐run Chinook salmon population in the
lower Yuba River, although the relatively recent
installation of a VAKI Riverwatcher system at
Daguerre Point Dam is beginning to provide more
accurate estimates of population size. The upper
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Sacramento River may support a small spring‐run
Chinook salmon population, but population status
is poorly documented, and the degree of
hybridization with fall‐run Chinook salmon is
unknown.
The construction of Shasta and Keswick dams on
the Sacramento River and Oroville Dam on the
Feather River and subsequent blocking of
upstream migration has eliminated the spatial
separation between spawning fall‐run and spring‐
run Chinook salmon. Reportedly, spring‐run
Chinook salmon migrated to the upper Feather
River and its tributaries from mid‐March through
the end of July (CDFG 1998). Fall‐run Chinook
salmon reportedly migrated later and spawned in
lower reaches of the Feather River than spring‐run
Chinook salmon (Yoshiyama et al. 2001). The same
pattern likely also existed on the Sacramento
River. Restricted access to historic spawning
grounds currently causes spring‐run Chinook
salmon to spawn in the same lowland reaches that
fall‐run Chinook salmon use as spawning habitat.
The overlap in spawning site locations, combined
with an overlap in spawning timing (Moyle 2002)
with temporally adjacent runs, may be responsible
for inbreeding between spring‐run and fall‐run
Chinook salmon in the lower Feather River
(Hedgecock et al. 2001) and in the Sacramento
River below Keswick Dam.
In the upper Sacramento River, Feather River, and
lower Yuba River, spring‐run Chinook salmon
spawning may occur a few weeks earlier than fall‐
run spawning, but currently there is no clear
distinction between the two because of the
disruption of spatial segregation by Shasta and
Keswick dams on the Sacramento River, Oroville
Dam on the Feather River, and Englebright Dam
on the Yuba River. Thus, spawning of spring‐run
Chinook salmon occurs during the same months
as fall‐run. This presents difficulties from a
management perspective in determining the
proportional contribution of total spawning
escapement by the spring‐ and fall‐runs. Because
of unnaturally high densities of spawning,
particularly in the in the Low Flow Channel of the
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Feather River, spawning habitat is likely a limiting
factor. Intuitively, it could be inferred that the
slightly earlier spawning Chinook salmon
displaying spring‐run behavior would have better
access to the limited spawning habitat, although
early spawning likely leads to a higher rate of
redd superimposition.
Redd superimposition
occurs when spawning Chinook salmon dig redds
on top of existing redds dug by other Chinook
salmon. The rate of superimposition is a function
of spawning densities and typically occurs in
systems where spawning habitat is limited
(Fukushima et al. 1998). Redd superimposition
may disproportionately affect early spawners and,
therefore, potentially affect Chinook salmon
exhibiting spring‐run life history characteristics.
In general, spring‐run Chinook salmon habitat has
been
degraded
through
elevated
water
temperatures,
agricultural
and
municipal
diversions and returns, restricted flows,
entrainment
of
migrating
juveniles
into
unscreened or poorly screened diversions,
predation by non‐native species and the poor
quality and quantity of remaining habitat. Habitat
problems remain one of the most important
sources of ongoing risk to the Central Valley
spring‐run Chinook salmon (NMFS 1998). Like
most spring‐run Chinook salmon, Central Valley
spring‐run Chinook salmon require cool
freshwater while they mature over the summer.
In the Central Valley, summer water temperatures
are reportedly suitable for Chinook salmon only
above 150 to 500‐m elevations, and most such
habitat is now upstream of impassable dams
(NMFS 2005). Current spawning is restricted to
the mainstem and a few river tributaries in the
Sacramento River, where the habitat is severely
degraded (NMFS 1998).
General degradation of rearing and migrating
habitat includes elevated water temperatures,
agricultural and municipal diversions and returns,
restricted and regulated flows, entrainment of
migrating fish into unscreened or poorly screened
diversions, predation by nonnative species, and
the poor quality and quantity of remaining habitat
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(NMFS 1998). Hydropower dams and water
diversions in some years have greatly reduced or
eliminated in‐stream flows during spring‐run
migration periods (NMFS 1998b).
In addition, hatchery programs in the Central
Valley may pose threats to spring‐run Chinook
salmon stock genetic integrity (NMFS 1998). Most
of the Central Valley spring‐run Chinook salmon
production is of hatchery origin, and naturally‐
spawning populations may be interbreeding with
both fall/late fall‐ and spring‐run Chinook salmon
hatchery fish. This problem has been exacerbated
by the increasing production of spring‐run
Chinook salmon from the Feather River and Butte
Creek hatcheries, especially in light of reports
suggesting a high degree of mixing between
spring‐ and fall/late fall‐run broodstock in the
hatcheries.
In the 1940s, trapping of adult
Chinook salmon that originated from areas above
Keswick and Shasta dams may have resulted in
stock mixing, and further mixing with fall‐run
Chinook salmon apparently occurred with fish
transferred to the CNFH. Deer Creek, one of the
locations generally believed most likely to retain
essentially native spring‐run Chinook salmon, was
a target of adult outplants from the 1940s trapping
operation, but the success of those transplants is
uncertain (NMFS 2005).
Hatchery strays are considered to be an increasing
problem due to the management practice of
releasing a larger proportion of fish off station
(NMFS 1998). Since 1967, artificial production has
focused on the program at the FRFH. The FRFH
spring‐run Chinook salmon program releases its
production far downstream of the hatchery,
causing high rates of straying (CDFG 2001a).
Cramer (1996) reported that half of the hatchery‐
reared spring‐run Chinook salmon returning to
the Feather River did not return to the hatchery,
but spawned naturally in the river. Given the
large number of juveniles released off station, the
potential contribution of straying adults to rivers
throughout the Central Valley is considerable
(NMFS 2005). The termination of CWT marking
programs for hatchery‐derived spring‐run fish
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and the absence of spring‐run carcass surveys for
most river systems prevented the accurate
estimation of the contribution of naturally‐
spawning hatchery strays (NMFS 2005). Cramer
(1996) reported that up to 20 percent of the Feather
River spring‐run Chinook salmon are recovered in
the American River sport fishery. Furthermore,
the use of a fixed date to distinguish returning
spring‐ and fall‐run fish at the FRFH may have
resulted in considerable hybridization between the
two runs (Campbell and Moyle 1990 in NMFS
2005).
Additionally, hatchery production of spring‐run
Chinook salmon may threaten the genetic integrity
of naturally‐spawning populations. Cramer and
Demko (Cramer and Demko 1997) reported that
half of the hatchery reared spring‐run Chinook
salmon returning to the Feather River did not
return to the hatchery, but spawned naturally in
the river. Hatchery straying is considered to be an
increasing problem due to current practices of
offsite releases. The FRFH spring‐run Chinook
salmon program currently releases its production
in San Pablo Bay, causing high straying rates
(CDFG and NMFS 2001). Given the large numbers
of juveniles released offsite, the potential for
straying to rivers throughout the Central Valley is
high.
A detailed threats assessment was conducted for
the Central Valley spring‐run Chinook salmon
ESU, and followed the same general procedure
previously described for winter‐run Chinook
salmon. The threats/stressors affecting each
spring‐run Chinook salmon diversity group and
population are described in Appendix A.
The completed stressor matrix sorted by
normalized weight is a prioritized list of the life
stage‐specific stressors affecting the ESU. For
spring‐run Chinook salmon, threats were
prioritized within each diversity group, as well as
within each population.
Specific information
explaining the individual steps taken to generate
these prioritized lists is provided in Appendix A.
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 Keswick and Shasta dams blocking access
to habitat historically used by spring‐run
Chinook salmon in the upper Sacramento
River watershed;

Some major stressors to the entire Central Valley
spring‐run Chinook salmon ESU include passage
impediments/barriers, ocean harvest, warm water
temperatures for holding and rearing, limited
quantity and quality of rearing habitat, predation,
and entrainment. The complete prioritized list of
life stage‐specific stressors to this ESU is presented
in Appendix A.

 Passage impediments on the North and
South Forks of Battle Creek;
 Loss of rearing habitat in the Sacramento
River and Delta;

Some of the most important specific stressors to
each diversity groups within the ESU are
described below.

 Ocean harvest on all populations; and

Northern Sierra Nevada Diversity Group
 Agricultural diversion dams and/or weirs
on Deer, Mill, Antelope, and Butte creeks
impeding or blocking access to upstream
spawning habitat;

 Predation
on
juveniles
from
all
populations rearing and migrating
through the Sacramento River and Delta.
Northwestern California Diversity Group
 Warm water temperatures in all three
watersheds during the adult immigration
and holding life stage;

 Warm water temperatures in Deer, Mill,
Antelope, Butte, and Big Chico creeks
during the adult immigration and holding
life stage;

 Limited spawning habitat availability in
all three watersheds;

 Englebright Dam blocking access to
habitat historically used by Yuba River
spring‐run Chinook salmon;

 Loss of rearing habitat in the lower and
middle sections of the Sacramento River
and in the Delta;

 Oroville Dam blocking access to habitat
historically used by Feather River spring‐
run Chinook salmon;

 Whiskeytown Dam blocking access to
habitat potentially historically used by
Clear River spring‐run Chinook salmon;

 Entrainment in Antelope Creek resulting
from terminal diversions and loss of
channel connectivity;

 Ocean harvest on all populations; and
 Predation
on
juveniles
from
all
populations rearing and migrating
through the Sacramento River and Delta.

 Loss of rearing habitat in the lower and
middle sections of the Sacramento River
and in the Delta;
 Ocean harvest on all populations; and
 Predation
on
juveniles
from
all
populations rearing and migrating
through the Sacramento River and Delta.

Basalt and Porous Lava Diversity Group
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Conservation Measures
During 2004 through 2006, progress was made in
addressing some of the limiting factors and threats
to this ESU, largely through ESA Section 7
consultations and other ESA‐related conservation
efforts in the Central Valley. The CVP Section 7
consultation with Reclamation has likely
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contributed to habitat improvements benefiting
the Central Valley spring‐run Chinook salmon
ESU,
such
as
flow
and
temperature
improvements.
In addition, CALFED and CVPIA actions in the
Sacramento River tributaries have focused on
riparian and shaded riverine aquatic habitat
restoration, improved access to available upstream
habitat, improved instream flows, and reduced
loss of juveniles at diversions, particularly for
spring‐run Chinook salmon and steelhead. For a
description of CALFED, CVPIA and other actions,
refer to the previous discussion of Conservation
Measures for winter‐run Chinook salmon.
The Delta Pumping Plant Fish Protection
Agreement was intended to mitigate for SWP and
pumping plant impacts through screening of
unscreened water diversions, enhanced law
enforcement efforts to reduce illegal fish harvest,
installation of seasonal barriers to guide fish away
from undesirable spawning habitat or migration
corridors, salmon habitat restoration, and removal
of four dams to improve fish passage on Butte
Creek for Chinook and steelhead. Approximately
one‐third of the approved funding for salmon
projects specifically targeted spring‐run Chinook
salmon and steelhead in the upper Sacramento
River tributaries.
Harvest protective measures benefiting spring‐run
Chinook salmon include seasonal constraints on
sport and commercial fisheries south of Point
Arena. In addition, the State has listed spring‐run
Chinook under the CESA, and has thus
established specific in‐river fishing regulations
and no‐retention prohibitions designed to protect
this ESU (e.g., fishing method restrictions, gear
restrictions, bait limitations, seasonal closures, and
zero bag limits), particularly in primary tributaries
such as Deer, Big Chico, Mill, and Butte creeks,
which support spring‐run Chinook salmon. The
CDFG has implemented enhanced enforcement
efforts in spring‐run tributaries and adult holding
areas, which have significantly reduced illegal
harvest.
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Biological Constraints and Needs
The Central Valley spring‐run Chinook salmon
ESU is currently faced with three primary limiting
factors and threats: (1) loss of most historic
spawning habitat; (2) degradation of the
remaining habitat; and (3) genetic threats from the
FRFH spring‐run Chinook salmon program.
Spring‐run Chinook require cool freshwater in
summer, most of which is upstream of impassable
dams.
The ESU is currently limited to
independent populations in Mill, Deer, and Butte
creeks, persistent and presumably dependent
populations in the Feather and Yuba rivers and in
Big Chico, Antelope, and Battle creeks, and a few
ephemeral or dependent populations in the
Northwestern California region (e.g., Beegum,
Clear, and Thomes creeks). This ESU continues to
be threatened by habitat loss, degradation and
modification, small hydropower dams and water
diversions that reduce or eliminate instream flows
during migration, unscreened or inadequately
screened water diversions, excessively high water
temperatures, and predation by non‐native
species.
The potential effects of long‐term climate change
also may adversely affect spring‐run Chinook
salmon and their recovery. These effects are
summarized above for winter‐run Chinook
salmon, and more thoroughly discussed in
Appendix A.

STEELHEAD
Brief Overview/Status of the
Species
NMFS proposed to list the Central Valley
steelhead (Oncorhychus mykiss) as endangered on
August 9, 1996. NMFS (61 FR 41541 (August
1996)) concluded that the Central Valley steelhead
ESU was in danger of extinction because of habitat
degradation and destruction, blockage of
freshwater habitats, water allocation problems, the
pervasive opportunity for genetic introgression
resulting from widespread production of hatchery

44

May 2008

Background

steelhead and the potential ecological interaction
between introduced stocks and native stocks.
Moreover, NMFS (71 FR 834 (January 5, 2006))
proposed to list steelhead as endangered because
steelhead had been extirpated from most of their
historical range.
On March 19, 1998, NMFS listed the Central
Valley steelhead as a threatened species (63 FR
13347 (March 19, 1998)). NMFS (63 FR 13347
(March 19, 1998)) concluded that the risks to
Central Valley steelhead had diminished since the
completion of the 1996 status review based on a
review of existing and recently implemented State
conservation efforts and Federal management
programs (e.g., CVPIA AFRP, CALFED) that
address key factors for the decline of this species.
In addition, NMFS (63 FR 13347 (March 19, 1998))
asserted that additional actions benefiting Central
Valley steelhead included efforts to enhance
fisheries monitoring and conservation actions to
address artificial propagation.
On September 8, 2000, pursuant to a July 10, 2000,
rule issued by NMFS under Section 4(d) of the
ESA (16 USC § 1533(d)), the take restrictions that
apply statutorily to endangered species began to
apply to Central Valley steelhead (65 FR 42421
(July 10, 2000)). On January 5, 2006, NMFS
reaffirmed the threatened status of the Central
Valley Steelhead DPS (71 FR 834 (January 5,
2006)). NMFS (1998) based its conclusion on
conservation and protective efforts that, “mitigate
the immediacy of extinction risk facing the Central
Valley steelhead DPS.” Figure 12 depicts the
Central Valley steelhead DPS.
As previously discussed for the Chinook salmon
ESUs, the Recovery Priority Number for a species
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is based on the criteria in the Recovery Priority
Guidelines (NMFS 1990, 55 FR 24296) and
indicates the priority of the species for recovery
plan development and implementation. The
Recovery Priority Number for the Central Valley
steelhead ESU is 7.
The Recovery Priority
Number for the Central Valley steelhead DPS was
derived from a moderate magnitude of threat,
because more than 95 percent of historic spawning
habitat is inaccessible (due to impassable dams)
and because Central Valley steelhead require
cooler water at higher elevations (again, found
largely above impassable dams). The recovery
potential was determined to be low to moderate
due to a lack of suitable habitat (requiring cold
water and high elevation) below impassable
barriers, inadequate status and trends data to
assess DPS viability, and the widespread stocking
of hatchery fish (which could negatively impact
wild steelhead populations). Conflict was
determined to exist because of anticipated future
development and habitat degradation issues, as
well as increasing demands for Central Valley
water supplies.

Species Description and Taxonomy
Steelhead and rainbow trout are the same species.
In general, steelhead refers to the anadromous
form of the species. Normally, adult steelhead
reach a larger size than resident rainbow trout.
Sacramento River Basin steelhead immigrants
range in size from 12 to 18 inches (30.5 to 45.7 cm)
FL for adults returning after 1 year in the ocean, to
18 to 23 inches (45.7 to 58.4 cm) FL for adults
returning after 2 years in the ocean (S.P. Cramer &
Associates 1995).
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CENTRAL VALLEY, CALIFORNIA
STEELHEAD DPS1

Figure 12.

Central Valley Steelhead Distinct Population Segment1 (Formerly Evolutionarily Significant Unit)
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Steelhead can be identified by the numerous black
spots on the caudal fin, adipose fin, dorsal fin and
back (Moyle 2002). When in freshwater, steelhead
often display the pinkish to red lateral band and
cheeks typical of resident rainbow trout. The back
is normally an iridescent blue to brown, the sides
and belly are silver, white or yellowish (Moyle
2002). The resident forms are usually darker than
the sea‐run. Juvenile coloration is similar to adults
except that juveniles often have 8 to 13 widely
spaced parr marks centered on the lateral line, 5 to
10 dark marks on the back between the head and
dorsal fin, white to orange tips on the dorsal and
anal fins, and few, if any, dark spots on the tail
(Moyle 2002).

Life History
Steelhead may exhibit anadromy or freshwater
residency. Resident forms are usually referred to
as ‘‘rainbow’’ or ‘‘redband’’ trout, while
anadromous life forms are termed ‘‘steelhead.’’
Steelhead typically migrate to marine waters after
spending two years in fresh water. They reside in
marine waters for typically two or three years
prior to returning to their natal stream to spawn as
four‐ or five‐year‐olds. Unlike Pacific salmon,
steelhead are capable of spawning more than once
before they die. However, it is rare for steelhead
to spawn more than twice before dying, and most
that do so are females (Moyle 2002).
Currently, Central Valley steelhead are considered
“ocean‐maturing” (also known as winter)
steelhead, although summer steelhead may have
been present prior to construction of large dams
(Moyle 2002). Ocean maturing steelhead enter
fresh water with well‐developed gonads and
spawn shortly after river entry. Central Valley
steelhead enter fresh water from August through
April. They hold until flows are high enough in
tributaries to enter for spawning (Moyle 2002).
Steelhead adults typically spawn from December
through April, with peaks from January though
March in small streams and tributaries where cool,
well oxygenated water is available year‐round
(Hallock et al. 1961; McEwan 2001). Depending on
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water temperature, steelhead eggs may incubate
in redds for 1.5 to 4 months before hatching as
alevins. Following yolk sac absorption, alevins
emerge from the gravel as young juveniles or fry
and begin actively feeding (Moyle 2002).
In the Sacramento River, juvenile steelhead
generally migrate to the ocean in spring and early
summer at 1 to 3 years of age and 10 to 25 cm FL,
with peak migration through the Delta in March
and April (Reynolds et al. 1993). Hallock et al.
(1961) found that juvenile steelhead in the
Sacramento River Basin migrate downstream
during most months of the year, but the peak
emigration period occurred in the spring, with a
much smaller peak in the fall.
Steelhead may remain in the ocean from one to
four years, growing rapidly as they feed in the
highly productive currents along the continental
shelf (Barnhart 1986). Oceanic and climate
conditions such as sea surface temperatures, air
temperatures, strength of upwelling, El Niño
events, salinity, ocean currents, wind speed, and
primary and secondary productivity affect all
facets of the physical, biological and chemical
processes in the marine environment. Some of the
conditions associated with El Niño events include
warmer water temperatures, weak upwelling, low
primary productivity (which leads to decreased
zooplankton biomass), decreased southward
transport of subarctic water, and increased sea
levels (Pearcy 1997).
For juvenile steelhead,
warmer water and weakened upwellings are
possibly the most important of the ocean
conditions associated with El Niño. Because of the
weakened upwelling during an El Niño year,
juvenile California steelhead would need to more
actively migrate offshore through possibly
stressful warm waters with numerous inshore
predators. Strong upwelling is probably beneficial
because of the greater transport of smolts offshore,
beyond major concentrations of inshore predators
(Pearcy 1997). Table 4 depicts the temporal
occurrence of steelhead life stages in the
Sacramento River.

47

May 2008

Background

Table 4.

The Temporal Occurrence of Adult and Juvenile Sacramento River Steelhead in the Sacramento River

Location

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Adult
Sacramento River1,3
Sacramento River at
Red Bluff2,3
Mill, Deer Creeks4
Sacramento River at
6
Fremont Weir
Sacramento River at
6
Fremont Weir
San Joaquin River7
Juvenile
Sacramento River1,2
Sacramento River at
2,8
Knights Landing
Sacramento River at KL9
Chipps Island (Wild)10
Mossdale8
Woodbridge Dam11
Stanislaus River at
Caswell12
Sacramento River at
13
Hood
1

2

3

4

5

6

Sources: Hallock et al. 1961; McEwan 2001; USFWS unpublished data; CDFG 1995; (Hallock et al. 1957); Bailey 1954;
7
8
9
10
11
CDFG Steelhead Report Card Data; CDFG unpublished data; Snider and Titus 2000; Nobriga and Cadrett 2003; Jones &
12
13
Stokes Associates, Inc., 2002; S.P. Cramer and Associates, Inc. 2000 and 2001; Schaffter 1980

Relative Abundance:

= High
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Abundance Trends and Distribution
Prior to dam construction, water development and
watershed perturbations, Central Valley steelhead
were distributed throughout the Sacramento and
San Joaquin rivers (Busby et al. 1996; NMFS
1996b). Steelhead were found from the upper
Sacramento and Pit rivers (now inaccessible due to
Shasta and Keswick dams) south to the Kings and
possibly the Kern River systems, and in both east‐
and west‐side Sacramento River tributaries
(Yoshiyama et al. 1996). Lindley et al. (Lindley et
al. 2006) estimated that historically there were at
least 81 independent Central Valley steelhead
populations distributed primarily throughout the
eastern tributaries of the Sacramento and San
Joaquin rivers. Presently, impassable dams block
access to 80 percent of historically available
habitat, and block access to all historical spawning
habitat for about 38 percent of historical
populations (Lindley et al. 2006). Existing wild
steelhead stocks in the Central Valley are mostly
confined to the upper Sacramento River and its
tributaries, including Antelope, Deer, and Mill
creeks and the Yuba River. Populations may exist
in Big Chico and Butte creeks, and a few wild
steelhead are produced in the American and
Feather rivers (McEwan 2001).
Historic Central Valley steelhead run sizes are
difficult to estimate because of the lack of data, but
may have approached one to two million adults
annually (McEwan 2001). By the early 1960s the
steelhead run size had declined to about 40,000
(CDFG 1996). Over the last 30 years the steelhead
populations in the upper Sacramento River have
declined substantially. In 1996, NMFS estimated
the Central Valley total run size based on dam
counts, hatchery returns, and past spawning
surveys was probably less than 10,000 fish. Both
natural and hatchery runs have declined since the
1960s. Counts at RBDD averaged 1,400 fish from
1991 to 1996, compared to counts in excess of
10,000 fish in the late 1960s (CDFG 1996). Run size
estimates for the hatchery‐produced American
River stock averaged less than 1,000 fish,
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compared to 12,000 to 19,000 in the early 1970s
(McEwan 2001).
In analyzing flow‐habitat relationships for
anadromous salmonids in the upper Sacramento
River upstream of the Battle Creek confluence and
downstream of Keswick Dam, USFWS (2003)
reported that very few steelhead redds had been
observed in CDFG aerial redd surveys, and of
those redds observed, it was not possible to
differentiate between steelhead and resident
rainbow trout. Recent population estimates
suggest two thirds (approximately 2,000 adults) of
wild Central Valley steelhead spawn upstream of
the RBDD and the majority of these spawners
probably return to Battle Creek due to the
presence of the CNFH. Specific information
regarding steelhead spawning within the
mainstem Sacramento River is limited due to lack
of monitoring (NMFS 2004).
Currently, the
number of steelhead spawning in the Sacramento
River is unknown because redds cannot be
distinguished from a large resident rainbow trout
population that has developed as a result of
managing the upper Sacramento River for
coldwater species.
Naturally spawning populations of steelhead also
occur in the Feather, Yuba, American, and
Mokelumne rivers, but these populations have
had substantial hatchery influence and their
ancestry is not clear (Busby et al. 1996). Steelhead
runs in the Feather and American rivers are
sustained largely by the FRFH and Nimbus
Hatchery (CDFG 1996). The current and historical
distribution of Central Valley steelhead is
presented in Figure 13.

Habitat Characteristics/Ecosystem
A description of freshwater habitat requirements
for steelhead is presented in the following
sections. Habitat requirements are organized by
the species life stage.

49

May 2008

Background

Figure 13.

Current and Historical Distribution of Central Valley Steelhead
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Adult Immigration and Holding
Adult steelhead immigration into Central Valley
streams typically begins in August and continues
into March (McEwan 2001; NMFS 2004). Steelhead
immigration generally peaks during January and
February (Moyle 2002). Optimal immigration and
holding temperatures have been reported to range
from 46°F to 52°F (CDFG 1991b).
Central Valley steelhead are known to use the
Sacramento River as a migratory corridor to
spawning areas in upstream tributaries.
Historically, steelhead likely did not utilize the
mainstem Sacramento River downstream from the
Shasta Dam site except as a migratory corridor to
and from headwater streams. The number of
steelhead that spawn in the Sacramento River is
unknown, but it is probably low (DWR 2003).
Likewise, the Feather River below the current site
of Oroville Dam was likely used only as a
migratory corridor to upstream reaches.

Adult Spawning
Central Valley steelhead spawn downstream of
dams on every major tributary within the
Sacramento and San Joaquin River systems. The
female steelhead selects a site with good
intergravel flow, digs a redd with her tail, usually
in the coarse gravel of the tail of a pool or in a
riffle, and deposits eggs while an attendant male
fertilizes them. Water velocities over redds are
typically 20 to 155 cm/sec, and depths are 10 to 150
cm (Moyle 2002).
The preferred water
temperature range for steelhead spawning is
reported to be 30°F to 52°F (CDFG 2000).

Embryo Incubation
Following deposition of fertilized eggs in the redd,
they are covered with loose gravel. Central Valley
steelhead eggs can reportedly survive at water
temperature ranges of 35.6°F to 59°F (Myrick and
Cech 2001). However, steelhead eggs reportedly
have the highest survival rates at water
temperature ranges of 44.6°F to 50.0°F (Myrick
and Cech 2001). The eggs hatch in three to four
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weeks at 50°F to 59°F, and fry emerge from the
gravel four to six weeks later (Shapovalov and
Taft 1954).

Juvenile Rearing and Outmigration
Regardless of life history strategy, for the first year
or two of life rainbow trout and steelhead are
found in cool, clear, fast‐flowing permanent
streams and rivers where riffles predominate over
pools, there is ample cover from riparian
vegetation or undercut banks, and invertebrate life
is diverse and abundant (Moyle 2002). The
smallest fish are most often found in riffles,
intermediate size fish in runs, and larger fish in
pools. Steelhead can be found where daytime
water temperatures range from nearly 32°F to 81°F
in the summer, although mortality may result at
extremely low (i.e., <39°F) or extremely high (i.e., >
~73°F) water temperatures if the fish have not
been gradually acclimated (Moyle 2002). Juvenile
steelhead in northern California rivers reportedly
exhibited increased physiological stress, increased
agonistic activity, and a decrease in forage activity
after ambient stream temperatures exceeded
71.6°F (Nielsen et al. 1994).
When water temperatures become stressful in
streams, juvenile steelhead are faced with the
increased energetic costs of living at high water
temperatures.
Hence, juvenile steelhead will
move into fast flowing riffles to feed because of
the increased abundance of food, even though
there are costs associated with maintaining
position in fast water.
At higher water
temperatures, steelhead are more vulnerable to
stress which can be fatal (Moyle 2002). Predators
also have a strong effect on microhabitats selected
by steelhead. Small steelhead select places to live
based largely on proximity to cover in order to
hide from predators.
Optimal water temperatures for growth of
steelhead have been reported to be 59°F to 64.4°F
(Moyle 2002). Many factors affect choice of water
temperatures by steelhead, including the
availability of food. As steelhead grow, they
establish individual feeding territories. Some
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juvenile steelhead utilize tidal marsh areas, non‐
tidal freshwater marshes, and other shallow water
areas in the Delta as rearing areas for short periods
prior to their final emigration to the ocean.

Critical Habitat
Critical habitat for listed salmonids is comprised
of physical and biological features essential to the
conservation of the species including: space for the
individual and population growth and for normal
behavior; cover; sites for breeding, reproduction
and rearing of offspring; and habitats protected
from disturbance or are representative of the
historical geographical and ecological distribution
of the species. The primary constituent elements
considered essential for the conservation of listed
Central Valley salmonids are: (1) freshwater
spawning sites; (2) freshwater rearing sites; (3)
freshwater migration corridors; (4) estuarine areas;
(5) nearshore marine areas; and (6) offshore
marine areas.
NMFS proposed critical habitat for Central Valley
steelhead on February 5, 1999 (FR Vol. 64, No. 24
(Friday, February 5, 1999)), in compliance with
Section 4(a)(3)(A) of the ESA, which requires that,
to the maximum extent prudent and determinable,
NMFS designates critical habitat concurrently
with a determination that a species is endangered
or threatened (NMFS 1999). On February 16, 2000
(FR Vol. 65, No. 32 (Wednesday, February 16,
2000)), NMFS published a final rule designating
critical habitat for Central Valley steelhead.
Critical habitat was designated to include all river
reaches accessible to listed steelhead in the
Sacramento and San Joaquin rivers and their
tributaries in California. Also included were river
reaches and estuarine areas of the Delta, all waters
from Chipps Island westward to Carquinez
Bridge, including Honker Bay, Grizzly Bay, Suisun
Bay, and Carquinez Strait, all waters of San Pablo
Bay westward of the Carquinez Bridge, and all
waters of San Francisco Bay (north of the San
Francisco/Oakland Bay Bridge) from San Pablo
Bay to the Golden Gate Bridge.
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In response to litigation brought by the National
Association of Homebuilders (NAHB) on the
grounds that the agency did not adequately
consider economic impacts of the critical habitat
designations (NAHB v. Evans, 2002 WL 1205743
No. 00–CV–2799 (D.D.C.)), NMFS sought judicial
approval of a consent decree withdrawing critical
habitat designations for 19 Pacific salmon and O.
mykiss ESUs. The District Court in Washington
DC approved the consent decree and vacated the
critical habitat designations by Court order on
April 30, 2002 (NAHB v. Evans, 2002 WL 1205743
(D.D.C. 2002)).
NMFS proposed new critical habitat for Central
Valley steelhead on December 10, 2004 (FR Vol. 69,
No. 237 (Friday, December 10, 2004)) and
published a final rule designating critical habitat
for this species on September 2, 2005. Critical
habitat for the Central Valley steelhead includes
the: (1) Tehama Hydrologic Unit 5504; (2)
Whitmore Hydrologic Unit 5507; (3) Redding
Hydrologic Unit 5508; (4) Eastern Tehama
Hydrologic Unit 5509; (5) Sacramento Delta
Hydrologic Unit 5510; (6) Valley‐Putah‐Cache
Hydrologic Unit 5511; (7) American River
Hydrologic Unit 5514; (8) Marysville Hydrologic
Unit 5515; (9) Yuba River Hydrologic Unit 5517;
(10) Valley American Hydrologic Unit 5519; (11)
Colusa Basin Hydrologic Unit 5520; (12) Butte
Creek Hydrologic Unit 5521; (13) Ball Mountain
Hydrologic Unit 5523; (14) Shasta Bally
Hydrologic Unit 5524; (15) North Valley Floor
Hydrologic Unit 5531; (16) Upper Calaveras
Hydrologic Unit 5533; (17) Stanislaus River
Hydrologic Unit 5534; (18) San Joaquin Valley
Floor Hydrologic Unit 5535; (19) Delta‐Mendota
Canal Hydrologic Unit 5541; (20) North Diablo
Range Hydrologic Unit 5543; and (21) San Joaquin
Delta Hydrologic Unit 5544 (FR Vol 70, No. 170
(Friday, September 2, 2005)). Figure 14 depicts the
designated critical habitat for Central Valley
steelhead.

52

May 2008

Background

Figure 14.

Central Valley Steelhead Designated Critical Habitat
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Reasons for Listing / Threats
Assessment
For the Chinook salmon ESUs, only a few extant
populations are now at low or moderate risk of
extinction, and the extensive extirpation of
historical populations has placed these ESUs in
jeopardy of extinction. The proximate problem
afflicting these ESUs and the Central Valley
steelhead DPS is that their historical spawning and
rearing areas are largely inaccessible. For Central
Valley steelhead, there are insufficient data to
assess the risk of any but a few populations and,
therefore, the Central Valley TRT could not assess
the viability of this DPS using the quantitative
approach. However, qualitative information does
suggest that the Central Valley steelhead DPS is at
a moderate or high risk of extinction. Most of the
historical habitat once available to steelhead is
largely inaccessible, and the anadromous forms of
O. mykiss are becoming less abundant or rare in
areas where they were probably once abundant.
Threats to Central Valley steelhead are similar to
those for Chinook salmon and fall into three broad
categories: loss of historical spawning habitat;
degradation of remaining habitat; and threats to
the genetic integrity of the wild spawning
populations from hatchery steelhead production
programs in the Central Valley.
Historically,
steelhead
occurred
naturally
throughout the Sacramento and San Joaquin River
basins; however, stocks have been extirpated from
large areas in both basins.
The California
Advisory Committee on Salmon and Steelhead
(1988) reported a reduction in Central Valley
steelhead habitat from 6,000 miles historically to
300 miles at present. Reynolds et al. (1993)
reported that 95 percent of salmonid habitat in

Table 5.

California’s Central Valley has been lost, largely
due to mining and water development activities.
They also noted that declines in Central Valley
steelhead stocks are “due mostly to water
development, inadequate instream flows, rapid flow
fluctuations, high summer water temperatures in
streams immediately below reservoirs, diversion dams
which block access, and entrainment of juveniles into
unscreened or poorly screened diversions.” Other
problems related to land use practices (agriculture
and forestry) and urbanization also have certainly
contributed to stock declines.
The major threat to genetic integrity for Central
Valley steelhead comes from past and present
hatchery practices. Sufficient overlap of spawning
hatchery and natural fish within this ESU
probably exists for some genetic introgression to
occur. Also, a substantial problem with straying of
hatchery fish exists within this ESU (Hallock
1989). Currently, four hatcheries in the Central
Valley produce steelhead to supplement the
Central Valley wild steelhead population. The
hatcheries and their current production targets are
listed in Table 5. Habitat fragmentation and
population declines resulting in small, isolated
populations also pose genetic risk from
inbreeding, loss of rare alleles, and genetic drift.
Potential adverse effects to wild steelhead
populations associated with hatchery production
are similar to those described above for winter‐run
Chinook salmon. However, recent research has
indicated that approximately 63 to 92 percent of
steelhead smolt production is of hatchery origin
(NMFS 2003), which is a higher percentage than
winter‐run Chinook salmon estimates. More
importantly, these data suggest that the relative
proportion of wild to hatchery smolt production is
decreasing (NMFS 2003).

Hatcheries Producing Steelhead in the Central Valley

Hatchery
Coleman National Fish Hatchery
Feather River Fish Hatchery
Nimbus Hatchery
Mokelumne Fish Hatchery
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Production Target
500,000
500,000
430,000
100,000
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There is still significant local genetic structure to
Central Valley steelhead populations, although
fish from the San Joaquin and Sacramento basins
cannot be distinguished genetically. Hatchery
effects appear to be localized – for example,
Feather River and the FRFH steelhead are closely
related, as are American River and Nimbus
Hatchery fish (DWR 2002). Leary et al. (1995)
report that hatchery straying has increased gene
flow among steelhead populations in the Central
Valley, and that a smaller amount of genetic
divergence is observed among Central Valley
populations compared to wild British Columbia
populations largely uninfluenced by hatcheries.
Currently, natural annual production of steelhead
smolts in the Central Valley is estimated at 181,000
and hatchery production is 1,340,000, for a ratio of
0.148 (Good et al. 2005).
A significant transfer of genetic material has
occurred among hatcheries within the Central
Valley, as well as some transfer from systems
outside the Central Valley. For example, eyed
eggs from the Nimbus Hatchery were transferred
to the FRFH several time in the late 1960s and
early 1970s (DWR 2002). Additionally, an Eel
River strain of steelhead was used as the founding
broodstock for the Nimbus Hatchery (DWR 2002).
There have also been transfers of steelhead from
the FRFH to the Mokelumne Hatchery. In the late
1970s, a strain of steelhead was brought in from
Washington State for the FRFH (DWR 2002).
In 1998, NMFS continued to identify long‐term
declines in abundance, small population sizes in
the Sacramento River, and the high risk of
interbreeding between hatchery and naturally
spawned steelhead as major concerns for Central
Valley steelhead. The significant loss of historic
habitat, degradation of remaining habitat from
water diversions, reduction in water quality and
other factors, harvest impacts, and the lack of
monitoring data on abundance also were
identified as other important risk factors for this
ESU. Nevertheless, NMFS concluded that the
risks to Central Valley steelhead had diminished
based on a review of existing and recently
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implemented State conservation efforts and
Federal management programs that address key
factors for the decline of this species. NMFS stated
that Central Valley steelhead were benefiting from
two major conservation initiatives, being
simultaneously implemented: (1) the CVPIA,
which was passed by Congress in 1992; and (2) the
CALFED Program, a joint State/Federal effort
implemented in 1995.
In 2005 and 2006, NMFS affirmed that risk factors
for Central Valley steelhead include extirpation
from most of the historical range, a monotonic
decline in the single available time series of
abundance, declining proportion of wild fish in
spawning runs, substantial opportunity for
deleterious interactions with hatchery fish
(including out‐of‐basin‐origin stocks), various
habitat problems, and lack of ongoing population
assessments. In addition, harvest impacts have
been identified. According to CDFG creel census
surveys, the majority (93 percent) of steelhead
catches occur on the American and Feather rivers,
sites of steelhead hatcheries (CDFG 2001d). Creel
census surveys conducted during 2000 indicated
that 1,800 steelhead were retained, and 14,300
were caught and released. The total number of
steelhead contacted might be a significant fraction
of basin‐wide escapement, so even low catch‐and‐
release mortality may pose a problem for wild
populations. Additionally, NMFS (2005) asserted
that steelhead fisheries on some tributaries and the
mainstem Sacramento River may affect some
steelhead juveniles.
A detailed threats assessment was conducted for
the Central Valley steelhead DPS. The
threats/stressors affecting each steelhead diversity
group and population are described in Appendix
A.
Some major stressors to the entire Central Valley
steelhead DPS include passage impediments and
barriers, warm water temperatures for rearing,
hatchery effects, limited quantity and quality of
rearing habitat, predation, and entrainment. The
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complete prioritized list of life stage‐specific
stressors to the DPS is presented in Appendix A.

Many of the most important stressors specific to
the steelhead diversity groups correspond to the
diversity group-specific stressors described for the
spring-run Chinook salmon ESU on page 43. The
only diversity group (i.e., area) unique to the
steelhead DPS, relative to the diversity groups in
the spring-run Chinook salmon ESU is the
southern Sierra Nevada diversity group. Some of
the most important stressors to steelhead in the
southern Sierra Nevada diversity group include:
 Friant Dam blocking access to habitat
historically used by San Joaquin River
steelhead;
 Passage impediments on Calaveras River
including Bellota Weir and flash board
dams;
 Limited habitat availability in each
watershed and in the mainstem San
Joaquin River for spawning and juvenile
rearing;
 La Grange and Don Pedro dams blocking
access to habitat historically used by
Tuolumne River steelhead;
 Goodwin and New Melones dams
blocking access to habitat historically used
by Stanislaus River steelhead;
 McSwain and Crocker Huffman dams
blocking access to habitat historically used
by Merced River steelhead;
 Camanche and Pardee dams blocking
access to habitat historically used by
Mokelumne River steelhead; and
 Entrainment at the Jones and Banks
Pumping Plants and associated losses
from predation

Conservation Measures
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During 2004–2006, progress was made toward
addressing some of the limiting factors and threats
to this DPS, largely through ESA Section 7
consultations and other ESA‐related conservation
efforts in the Central Valley. The CVP Section 7
consultation with the Bureau of Reclamation likely
contributed to habitat improvements benefiting
the Central Valley steelhead DPS, such as flow
and temperature improvements.
In
addition,
two
large,
comprehensive
conservation programs in the Central Valley
provide a wide range of ecosystem and species‐
specific protective efforts that potentially benefit
steelhead–the CALFED Program and the CVPIA.
For a description of CALFED, CVPIA, and other
actions, refer to the previous discussion of
Conservation Measures for Winter‐run and
Spring‐run Chinook Salmon.
Other ongoing measures to protect steelhead in
the State of California include 100 percent marking
of all hatchery steelhead, although they are not
coded‐wire tagged and, therefore, determination
of hatchery of origin, as well as straying rates,
remain problematic for stock identification. Zero
bag limits for unmarked steelhead, gear
restrictions, closures, and size limits designed to
protect smolts are additional inland harvest
measures designed to protect steelhead. The State
also works closely with NMFS to review and
improve inland fishing regulations.

Biological Constraints and Needs
The primary limiting factor to the Central Valley
steelhead DPS is the inaccessibility of more than
95 percent of its historic spawning and rearing
habitat due to impassable dams. Where steelhead
are still extant, natural populations are subject to
habitat degradation and various impacts from
water development activities and land use
activities. This DPS requires cool water found at
higher elevations, now largely above impassable
dams. The lack of adequate status and trend
monitoring and research limits our understanding
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of the viability of this DPS and our ability to
determine how steelhead populations may have
interacted before the dams were built. The
geographically wide stocking of hatchery fish may
have deleterious effects on native wild trout
populations, but this cannot be assessed. It is
likely many of the threats affecting Chinook
salmon are also negatively impacting steelhead,
such as inadequately screened water diversions,
excessively high water temperatures, and
predation by non‐native species.
The potential effects of long‐term climate change
also may adversely affect steelhead and their
recovery. These effects are summarized above for
winter‐run Chinook salmon, and are more
thoroughly discussed in Appendix A.
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“The wide-ranging migration patterns and unique life histories of anadromous salmonids
take them across ecosystem and management boundaries in an increasingly fragmented
world, which creates the need for analyses and strategies at similarly large scales.”
- Good et al. 2007. Recovery Planning for Endangered Species Act-listed Pacific Salmon:
Using Science to Inform Goals and Strategies

STRATEGIC FRAMEWORK
A broad strategic framework is necessary to serve as a strategic planning guide to integrate the actions
contributing to the overarching goal of recovery of the two Chinook salmon ESUs and the steelhead DPS,
which contain a mixture of hatchery and wild fish, and resident and anadromous fish. Because of the
complexity associated with the multi‐faceted considerations for these recovery efforts within the Central
Valley Domain, this strategic planning framework incorporates the concepts of viability at both the
population and ESU levels, and the identification of recovery units and management units.

Population Viability
Recovery planning seeks to ensure the viability of protected species. Viability of populations (and ESUs)
depends on the demographic properties of the population or ESU, such as population size, growth rate,
the variation in growth rate, and carrying capacity (e.g., Tuljapurkar and Orzack 1980). In the short term,
the demographic properties of a population depend largely on the quality and quantity of habitat. In the
longer term, genetic diversity, and the diversity of habitats that support genetic diversity, become
increasingly important (McElhany et al. 2000; Kendall and Fox 2002; Williams and Reeves 2003).
NMFS has developed guidelines to use in applying the four VSP parameters of abundance, productivity,
spatial structure and diversity to salmonid populations for determining whether a population is viable
(McElhany et al. 2000). These four parameters and their associated attributes are presented in Figure 15.
As presented in Good et al. (2005), criteria for VSP are based upon measures of population characteristics
that reasonably predict extinction risk and reflect processes important to populations (McElhany et al.
2000). Abundance is critical, because small populations are generally at greater risk of extinction than
large populations. Stage‐specific or lifetime productivity (i.e., population growth rate) provides
information on important demographic processes. Abundance and productivity data are used to asses the
status of populations of threatened and endangered ESUs (Good et al. 2005). Genotypic and phenotypic
diversity are important in that they allow species to use a wide array of environments, respond to short‐
term changes in the environment, and survive long‐term environmental change. Spatial structure reflects
how abundance is distributed among available or potentially available habitats and how
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ABUNDANCE
A population should be large
enough to survive, and be
resilient to, environmental
variations and catastrophes
such as fluctuations in ocean
conditions, local contaminant
spills or landslides
Population size must be
sufficient to maintain
genetic diversity

PRODUCTIVITY
Natural productivity should
be sufficient to reproduce
the population at a level
of abundance that is viable
Productivity should be
sufficient throughout
freshwater, estuarine and
nearshore life stages to
maintain viable abundance
levels, even during poor
ocean conditions

DIVERSITY
Human-caused factors such
as habitat changes, harvest
pressures, artificial
propagation and exotic
species introduction should
not substantially alter
variation in traits such as
run timing, age structure,
size, fecundity (birth rate),
morphology, behavior, and
genetic characteristics
The rate of gene flow among
populations should not be
altered by human-caused
factors

A viable salmon population
that includes naturally
spawning hatchery-origin
fish should exhibit sufficient
productivity from spawners of
natural origin to maintain the
populations without hatchery
subsidy
A viable salmon population
should not exhibit sustained
declines that span multiple
generations

SPATIAL STRUCTURE
Habitat patches should not
be destroyed faster than
they are naturally created
Human actions should not
increase or decrease natural
rates of straying among
salmon sub-populations.
Habitat patches should
be close enough to allow
the appropriate exchange
of spawners and the
expansion of a population
into underused patches

Some habitat patches may
operate as highly productive
sources for population
production and should
be maintained
Due to the time lag between
the appearance of empty
habitat and its colonization
by fish, some habitat patches
should be maintained that
appear to be suitable or
marginally suitable, even if
they currently contain no fish

Natural processes that cause
ecological variation should
be maintained

Figure 15.

Viable Salmonid Population (VSP) Parameters and Their Attributes
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it can affect overall extinction risk and
evolutionary processes that may alter a
population’s ability to respond to environmental
change.

ESU Viability
Good et al. (2007) report that viability criteria for
Pacific salmon ESUs rely on determining how
many and which populations need to be at a
particular status for the ESU as a whole to have an
acceptably low extinction risk. In general, an
assessment of an ESU as being viable will be more
likely if it contains multiple populations
(metapopulations), some of which meet viability
criteria. Viability of the ESU is also more likely if:
(1) populations are geographically widespread but
some are close enough together to facilitate
connectivity; (2) populations do not all share
common catastrophic risks; and (3) populations
display diverse life‐histories and phenotypes
(McElhany et al. 2000).
Considerations regarding the viability of an ESU
are discussed in ISAB (2005), and are generally
adopted herein for application to the two Chinook
salmon ESUs and the steelhead DPS in the Central
Valley Domain. To be viable, an ESU needs more
than simple persistence over time; it needs to be in
an ecologically and evolutionarily functional state.
Evaluation of ESU viability should not only
depend upon the numbers of component
populations or on the abundance and productivity
of those individual populations, but also should
be based on the integration of population
dynamics within the ecosystem as a whole. This
concept of ESU viability does not accommodate
the loss of populations or the anadromous or
resident life history form from any given ESU,
because that loss would represent a loss in
diversity for the ESU that would put its long‐term
viability at risk. An ESU needs to contain viable
populations inhabiting a variety of different
habitats, interconnected as a metapopulation, if
that ESU is to fulfill the entire complement of
ecological and evolutionary interactions and
functions (ISAB 2005).
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A viable ESU consists of a group of populations
existing together as a metapopulation that as an
entity is self‐sustaining for the foreseeable future.
Populations within a viable ESU need to exhibit
the abundance, productivity, diversity, and spatial
distribution of natural spawners sufficient to
accomplish the following: avoid the loss of genetic
and/or life history diversity during short‐term
losses in abundance that are expected parts of
environmental cycles; fulfill key ecological
functions that are attributable to the species, such
as nutrient cycling and food web roles; and
provide for long‐term evolutionary adaptability to
changing environmental conditions. However,
given the high uncertainty in prediction of future
environmental conditions, as well as the
uncertainty in interpretation of how genetic or
other diversity metrics will be expressed in future
environments, this Recovery Plan endeavors to
avoid loss of currently small, peripheral, or in any
way seemingly less valuable populations.
In addition to the considerations alliterated by
ISAB (2005), the Central Valley TRT further
addressed ESU viability for the Central Valley
Domain using two different approaches. The goal
of both approaches is to spread risk and maximize
future potential for adaptation.
In the first approach, the Central Valley TRT
assessed ESU viability by examining the number
and distribution of viable populations across the
landscape, and their proximity to sources of
catastrophic disturbance.
Risk‐spreading is
assessed by examining how viable populations are
spread among geographically‐defined regions
within the ESU. As stated in Lindley et al. (2007),
the Puget Sound, Williamette/Lower Columbia
and Interior Columbia TRTs have used variations
of the idea of dividing ESUs into subunits (Myers
et al. 2003; Ruckelshaus et al. 2002; Interior
Columbia Basin Technical Recovery Team 2003),
and requiring representation of all subunits and
redundancy within the subunits (which the
Central Valley TRT referred to as the
“representation and redundancy” rule). The ESU
subunits are intended to capture important
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components of habitat, life history or genetic
diversity that contribute to the viability of
salmonid ESUs (Hilborn et al. 2003; Bottom et al.
2005).
If extinction risks are not strongly
correlated between populations, two populations,
each with low risk of extinction, would be
extremely unlikely to go extinct simultaneously
(McElhany et al. 2003). Should one go extinct, the
other could serve as a source of colonists to
reestablish the extirpated population. In the
second approach, the TRT attempted to account
explicitly for the spatial structure of the ESU and
the spatial structure of various catastrophic risks,
including volcanoes, wildfires, and droughts.

Diversity Groups
As discussed in Lindley et al. (2004), drainages in
the Central Valley Basin are characterized by a
wide variety of climatological, hydrological, and
geological conditions. The Central Valley TRT
used the Jepson floristic ecoregions defined by
Hickman (1993) as a starting point for salmon
ecoregions, but modified them to account for the
effect of springs, which are influential on
salmonids, but less influential to upland plants.
These salmonid ecoregions are referred to herein
as “Diversity Groups”. The Central Valley TRT
defined a “basalt and porous lava” Diversity
Group that comprises the streams that historically
supported winter‐run Chinook salmon. All of
these streams receive large inflows of cold water
from springs through the summer, upon which
winter‐run Chinook salmon depended.
This
region excludes streams south of Battle Creek, but
would include the part of the Upper Sacramento
drainage used by winter‐run, and part of the
Modoc Plateau region. The southern part of the
Cascades region (i.e., the drainages of Mill, Deer,
and Butte creeks) is added to the Sierra Nevada
region, but the Sierra Nevada region is divided
into northern and southern parts (split somewhat
arbitrarily south of the Mokelumne River). This
split reflects the greater importance of snowmelt
runoff in the southern part, and distinguishes
tributaries to the Sacramento and San Joaquin
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rivers. The Central Valley steelhead DPS has two
additional salmonid ecoregions: the Suisun Bay
region which consists of tributaries to or near
Suisun Bay, where summer temperatures are
moderated by the marine influence of nearby San
Francisco Bay and the Pacific Ocean; and the
Central Western California ecoregion, which
contains west‐side San Joaquin Valley tributaries.
A more detailed discussion of diversity group
establishment and differentiation is presented in
Lindley et al. (2004, 2007). The historic diversity
group structure is presented in Figure 16 for the
Chinook salmon ESUs, and in Figure 17 for the
steelhead DPS in the Central Valley Domain.

Recovery and Management Units
In accordance with the foregoing considerations of
population viability, ESU viability and Diversity
Groups, the recovery strategy identifies and
employs recovery units and management units.
Within the context of the Central Valley Domain,
the Diversity Groups represent recovery units,
and
individual
populations
represent
management units.
As stated in NMFS (2006), a recovery unit is a
special unit of the listed entity that is
geographically or otherwise identifiable and is
essential to the recovery of the entire listed entity
(i.e., recovery units are individually necessary to
conserve
genetic
robustness,
demographic
robustness, important life history stages, and other
features necessary for long‐term sustainability of
the entire listed entity (i.e., the Sacramento River
winter‐run Chinook salmon ESU, the Central
Valley spring‐run Chinook salmon ESU, and the
Central Valley steelhead DPS).
As such, the Diversity Groups contain multiple
population sources in a dynamic ecosystem
subject to unpredictable stochastic events, such as
pyroclastic events or wild fires.
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Figure 16. Diversity Groups for the Sacramento River Winter‐run Chinook Salmon and Central Valley Spring‐run
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Historically Occurred in the Basalt and Porous Lava Diversity Group, while Spring‐run Chinook Salmon Occurred in all
of the Diversity Groups Shown.
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Figure 17. Historic Diversity Group Structure for the Central Valley Steelhead DPS in the Central Valley
Domain. The Numbers Identifying Steelhead Populations Correspond to Table 1 in Lindley et al. (2006)
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Every recovery unit is necessary for the long‐term
health and stability of the overall listed entities
and every recovery unit must be recovered before
the species can be delisted.
The Diversity Groups, delineated as recovery
units, collectively cover the entire range of the
species in the Central Valley Domain.
The
rationale for delineating Diversity Groups as
recovery units includes the following:
 Re‐establishing historical or maintaining
current genetic flow
 Encompassing current and historical
population and habitat distributions
 Ensuring conservation of the breadth of a
species’ genetic variability
 Facilitating meta‐population dynamics
For this Recovery Plan, individual populations are
delineated as management units. As such, these
management units require different management
(perhaps because of different threats in different
geographic areas) that might be managed by
different entities. However, each management
unit is not necessarily essential to the conservation
of the species, as is the case for each recovery unit.

Central Valley Domain. Recovery will be
expensive and time‐consuming, and will require
changes in the management and monitoring of
aquatic resources and habitats. Because of these
challenges, the Recovery Plan requires an
achievable strategy to select and implement
recovery actions.
This Recovery Plan establishes a “directional”
strategic approach to recovery. Because recovery
of the two Chinook salmon ESUs and the
steelhead DPS will require implementation over
an extended period of time, this Recovery Plan
adopts a stepwise strategy which first addresses
more urgent near‐term needs, upon which to build
toward full recovery. As this Recovery Plan is
implemented over time, additional information
will become available to help determine whether
the threats have been abated, to further develop
understanding of the linkages between threats and
Chinook salmon and steelhead population
responses, and to evaluate the viability of Chinook
salmon and steelhead in the Central Valley
Domain. There will be a thorough review of the
recovery actions implemented, and population
and habitat condition responses, at the 5‐ and 10‐
year status reviews of the Chinook salmon ESUs
and the steelhead DPS.

Within the Central Valley Domain, therefore, a
single recovery unit encompasses multiple
management units.
Each recovery unit (i.e.,
Diversity Group) must be conserved to ensure the
long‐term viability of the species. Each of the
recovery units consists of several populations
(excluding winter‐run Chinook salmon).
To
achieve recovery within each recovery unit, only a
subset of the populations might have to reach
certain abundance estimates and threats‐based
criteria to be considered for de‐listing.

The Central Valley Domain recovery strategy is
based on two major components: foundational
principles and an implementation approach.
Foundational principles are the tenets guiding
selection and prioritization of actions. The
implementation approach describes key aspects of
the manner in which restoration actions will be
implemented.

Strategy for Success

Foundational principles, as used in this Recovery
Plan, are generally analogous to conceptual
models or conceptual foundations reported
elsewhere (e.g., ISG 2000; CALFED 1999), and are
fundamental to the guidance of recovery actions
for anadromous salmonids in the Central Valley
Domain. The following foundational principles

Although providing a tremendous challenge, the
complex and inter‐related biologic, economic,
social, and technological issues must be addressed
in order to recover winter‐run Chinook salmon,
spring‐run Chinook salmon and steelhead in the
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are those presented in Williams (2006) as modified
critical elements of the conceptual foundation
described for the Columbia River Basin (ISG 2000):
 Restoration of Central Valley anadromous
salmonids must address the entire natural
and
cultural
ecosystem,
which
encompasses
the
continuum
of
freshwater, estuarine, and ocean habitats
where salmonid fishes complete their life
histories. This consideration includes
human developments, as well as natural
habitats.
 Sustained salmonid productivity requires
a network of complex and interconnected
habitats, which are created, altered, and
maintained by natural physical processes
in freshwater, the estuary, and the ocean.
These diverse and high‐quality habitats,
which have been extensively degraded by
human activities, are crucial for salmonid
spawning,
rearing,
migration,
maintenance of food webs, and predator
avoidance. Ocean conditions, which are
variable, are important in determining the
overall patterns of productivity of salmon
populations.
 Life history diversity, genetic diversity,
and metapopulation organization are
ways that salmonids adapt to their
complex and connected habitats. These
factors are the basis of salmonid
productivity and contribute to the ability
of salmonids to cope with environmental
variation that is typical of freshwater and
marine environments.

Implementation Approach
The approach of this Recovery Plan for winter‐run
Chinook salmon, spring‐run Chinook salmon and
steelhead in the Central Valley Domain includes
stakeholder cooperation, local initiatives, public
support, and adaptive management and
monitoring components.
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Stakeholder Cooperation
Individual entities alone cannot achieve recovery
of winter‐run Chinook salmon, spring‐run
Chinook salmon and steelhead in the Central
Valley Domain. Partnerships and collaborations to
achieve mutual goals and objectives will accelerate
accomplishments, increase available resources,
reduce duplication of efforts, encourage
innovative solutions, improve communication,
and increase public involvement and support
through shared authority and ownership of
habitat restoration actions (USFWS 2001). Both the
Department of the Interior AFRP and the CALFED
ERP plans contain processes for the building of
partnerships to pursue restoration actions. Both
the AFRP and the ERP continue to build
partnerships and provide funds to local agencies
and watershed groups, as well as other Federal
and State agencies, to implement specific
restoration actions throughout the Central Valley
Domain. NMFS is actively engaged in both of
these efforts, as well as with local agency and
stakeholder
efforts,
and
recognizes
and
encourages the need for the furtherance of
partnerships to achieve the goals of the Recovery
Plan. Achievement of these goals requires
partnerships and depends upon the cooperation of
all stakeholders and regulatory entities.

Local Initiatives
NMFS encourages local agencies and stakeholder
groups to share or take the lead in implementing
recovery and habitat restoration actions.
Influences on individual fish populations are
related to specific watersheds and locally
controlled water management and land use. Local
development and implementation of recovery
actions is essential to the success of the Recovery
Plan. NMFS supports, and therefore will
participate in, locally‐led collaborative efforts to
develop and implement recovery actions within
the Central Valley Domain.

65

May 2008

Recovery Strategy

Public Support
In addition to local, State and other Federal
agencies, public support is necessary for the
acceptance and successful implementation of the
Recovery Plan for the Central Valley Domain. As
stated by USFWS (2001), public sentiment is an
indicator of perceived economic and social effects
of restoration actions, and public support for an
action will facilitate implementation and attract
partners for future actions. NMFS will continue to
provide and seek additional opportunities for the
public to assist in identifying, planning and
implementing recovery and habitat restoration
actions.

Adaptive Management and Monitoring
NMFS’ implementation of the Recovery Plan
includes an adaptive management and monitoring
component to increase the effectiveness of, and to
address the scientific uncertainty associated with,
specific restoration actions. The adaptive
management component allows NMFS, as well as
local water agencies and irrigation districts,
municipal and county governmental agencies,
watershed groups, and State and other Federal
agencies, to learn from past experiences through
experimentation or by altering actions based on
their measured effectiveness. There will be a
thorough review of the recovery actions
implemented and their effectiveness reflected by
population and habitat condition responses at the
5‐ and 10‐year status reviews of the Chinook
salmon ESUs and the steelhead DPS.
Within the framework of the Recovery Plan,
NMFS has the flexibility to work with partners to
develop and implement recovery actions to
address specific problems as they arise, intensify,
or as additional information becomes available
regarding threats abatement, the linkages between
threats and population responses, and the viability
of Chinook salmon and steelhead in the Central
Valley Domain. This flexibility will facilitate the
coordination of recovery action implementation to
achieve maximal benefits to population viability
and habitat restoration. The adaptive management

Co-Manager Review Draft Recovery Plan

and monitoring component of this Recovery Plan
is necessary to provide this flexibility, and to
provide a framework to obtain the appropriate
types and amounts of data to evaluate the
effectiveness of recovery actions and the progress
toward recovery. Therefore, the adaptive
management and monitoring program needs to
address system‐wide, watershed, population and
action‐specific scales.
System-wide, Watershed and Population
Monitoring

Several monitoring programs and studies have
been developed and implemented on the system‐
wide, watershed and population scales by a
variety of agencies and organizations. CDFG has
conducted numerous monitoring programs and
activities dating back to the 1940s and 1950s. These
programs and activities have included spawning
stock escapement (from carcass counts), creel
census and inland harvest surveys, ocean harvest
records, juvenile emigration (RST) surveys,
snorkel surveys and redd counts, among others.
The Interagency Ecological Program (IEP)
continues to conduct long‐term and real time
monitoring programs, coordinates monitoring and
manages data with particular emphasis on the
Bay/Delta system. Pursuant to the CVPIA, the
Comprehensive Assessment and Monitoring
Program (CAMP) was prepared using a
watershed‐specific approach to evaluate long‐term
trends in anadromous fish. The AFRP has funded
and implemented several watershed‐specific and
population‐specific
monitoring
programs,
including spawning stock escapement programs
(e.g., VAKI Riverwatcher infrared and photo
documentation monitoring) and instream flow
evaluations, as well as site‐specific habitat
restoration actions. CALFED developed the
Comprehensive Monitoring Assessment and
Research Program (CMARP) to describe general
monitoring, assessment and research needs for all
of the CALFED programs.
Although each of these programs and monitoring
activities provide important information to the
overall status of the specific resources and their
habitats of the Bay/Delta and its watersheds, they
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can be generally characterized as being
implemented on a project‐by‐project basis, and the
need persists for more coordinated and
comprehensive system‐wide watershed and
population monitoring. Moreover, several streams
and associated populations within the Chinook
salmon ESUs and the steelhead DPS within the
Central Valley Domain have no existing
monitoring surveys or programs.
Existing adult Chinook salmon escapement
monitoring programs in the Central Valley are
currently inadequate to estimate population status
and evaluate population trends in a statistically
valid manner for the following management
purposes: (1) providing a sound basis for
assessing recovery of listed stocks; (2) monitoring
the success of restoration programs; (3) evaluating
the contribution of hatchery fish to Central Valley
populations; and (4) managing sustainable ocean
and inland harvest (Allen 2005).
The need is even greater for the development and
implementation of a comprehensive monitoring
plan for steelhead populations throughout the
Central Valley Domain. The Central Valley
Domain TRT was unable to assess the status of the
Central Valley steelhead DPS because nearly all of
its approximately 80 populations are classified as
data deficient, with a few exceptions that are
closely associated with a hatchery (Lindley et al.
2007).
Until recently, hatchery marking programs for
Central Valley anadromous salmonids have been
inadequate to evaluate hatchery contributions to
Central Valley populations. CDFG has initiated
efforts to implement a constant fractional marking
and tagging program for hatchery‐produced
anadromous salmonids within the Central Valley.
The efficacy of this program depends, in part, on
the tag recovery rates in the adult escapement
surveys in order to determine hatchery
contribution or straying rates among populations.
In addition to population status and trend
evaluation, accurate estimation of adult Chinook
salmon and steelhead spawner escapement is a
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necessary component of harvest management.
Age and run‐specific escapement data in the
Central Valley are necessary to utilize more
accurate models associated with ocean harvest
management.
CALFED recently funded, as an ERP directed
action, the development of a comprehensive
Central Valley adult Chinook salmon escapement
monitoring plan. The objective of this plan is to
develop a long‐term monitoring program to
estimate the population status and trends in
abundance of Central Valley Chinook salmon at
the watershed level, in a statistically valid manner.
The plan will include statistical review of current
monitoring methods, recommendations for the
improvement of existing programs, and will
develop
comprehensive
databases
linking
escapement, hatchery production, and coded‐wire
tag data. The framework for the plan was
developed by the Interagency Ecological
Program’s Central Valley Salmonid Escapement
Project Work Team (CVSEPWT). Agencies
involved in the development of the framework for
the plan include CDFG, DWR, NMFS, USFWS,
Reclamation, Pacific States Marine Fisheries
Commission, Yuba County Water Agency, and
East
Bay
Municipal
Utility
District.
Implementation of this monitoring plan is
essential to provide the data necessary to evaluate
system‐wide, watershed, and population viability
of Chinook salmon in the Central Valley Domain.
Although providing essential contributions to
meeting the needs of this Recovery Plan, the
CVSEPWT monitoring plan most likely will need
to be expanded or augmented in order to address
the broad expanse of populations, watersheds and
Diversity Groups associated with the Chinook
salmon ESUs and the steelhead DPS throughout
the Central Valley Domain. Moreover, a similar
plan needs to be developed to provide the data
necessary to evaluate threats abatement, the
linkages between threats and population
responses, and the viability of steelhead
populations in the Central Valley Domain.

67

May 2008

Recovery Strategy

Watershed‐level monitoring is necessary to
evaluate the overall effects of multiple restoration
actions within a single watershed. Monitoring at
the watershed level should address population
and/or lifestage‐specific attributes of target
populations and of selected habitat variables.
Watershed‐specific monitoring evaluations will
contribute to the assessment of threats abatement
and population responses.
In addition to monitoring necessary to evaluate
population status, trends and progress toward
recovery, the long‐term effects of habitat
restoration actions need to be assessed throughout
the Central Valley Domain. Components that
require monitoring include long‐term changes in
the characteristics of aquatic habitat, riverine
channel configuration, riparian vegetation,
floodplain structure and function, and other
targeted recovery/restoration components (see
Background and Appendix A).

Action-Specific Monitoring

Monitoring at each of the previously mentioned
scales serves as the basis for evaluation of
restoration action success, and progress toward
recovery. Although inherently germane to
monitoring at all scales, the following discussion
(from SWRI 2000) is most explicitly applicable to
specific recovery/habitat restoration actions.
A properly designed restoration monitoring
program should: (1) indicate whether restoration
actions were designed and implemented properly;
(2) determine whether restoration objectives for
each action were met; (3) identify target species’
response to the actions (i.e., habitat changes); and
(4) provide insight into ecosystem structure and
function (Kershner 1997). The latter two points are
especially important because this knowledge will
be used to direct future actions and update this
Recovery Plan through the use of adaptive
management.
Three types of monitoring for restoration projects
have been recommended (Kershner 1997):
(1) implementation monitoring; (2) effectiveness
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monitoring; and (3) validation monitoring.
Implementation monitoring is used to continuously
evaluate the project design in the field to
determine its appropriateness for achieving the
desired result, and is a necessary component of
most restoration projects. Effectiveness monitoring is
used to determine how well the project achieved
its desired results, and whether the restoration
objectives were met. Validation monitoring is
primarily focused on research and is used to verify
the basic assumptions supporting effectiveness
monitoring.
Effectiveness
monitoring
and
validation monitoring are necessary components
of an adaptive management process.
The success of any restoration monitoring
program is dependent on clear definition of its
goals and objectives. An effective restoration goal
should: (1) be achievable; (2) establish the purpose
of the restoration action; and (3) indicate a desired
future condition. The project objectives are
specific, measurable, and quantifiable steps that
are to be taken to accomplish the project goal(s).
Each objective should establish the spatial and
temporal scale in which relevant data will be
collected, and should be developed in such a
manner as to provide an indication of site‐specific
change from some baseline or reference condition.
Because the monitoring program’s sampling
design, parameters of interest, and data analyses
are dictated by its goals and objectives, the
importance of clearly articulated restoration goals
and objectives cannot be overstated.
By definition, habitat restoration projects include
alteration, modification, or enhancement of some
physical ecosystem component. Often, the
parameters most directly influenced by these
actions are physical in nature. Physical parameters
affected by restoration actions may include
hydraulic parameters (e.g., water depth and
velocity), geomorphic (e.g., substrate), riparian
(e.g., streamside vegetation), and chemical (e.g.,
water quality) attributes of the system. The scope
of factors affected by restoration actions may
encompass only instream parameters, only
riparian parameters, or both. The physical
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parameters selected also may include changes
exhibited in habitat conditions or ecological
processes/functions (e.g., sediment transport).

be stated, and hypotheses should be presented to
allow statistical verification of answers. Ten
essential principles for conducting environmental
field studies (Green 1979) include:

A restoration‐monitoring program should identify
the physical parameters that are expected to
exhibit an observable and quantifiable response to
the implemented action, and the expected
direction and/or magnitude of anticipated change.
A causal relationship should be established
between the restoration action implemented and
the physical parameters being monitored.

 State concisely to someone else the
research question(s). Your results will be
as coherent and as comprehensible as
your initial conception of the problem
 Take replicate (multiple) samples within
each combination of time, location, and
any other controlled variable. Differences
“among” can only be demonstrated by
comparison to differences “within”

While some restoration actions are designed to
induce a direct biological response, changes in
biological parameters are often measured as
secondary responses resulting from improved
habitat
conditions
created
by
physical
modifications
or
enhancements.
Biological
responses may be manifested by changes at one
(or more) of several trophic levels, including:

 Take an equal number of randomly
allocated replicate samples for each
combination of controlled variables
(putting samples in “representative” or
“typical” places is not random sampling)
 To test whether a condition has an effect,
collect samples both where the condition
is present and where the condition is
absent, but all else is the same. An effect
can only be demonstrated by comparison
with a control or “reference site”

 Individual (e.g., behavioral responses of a
particular life stage)
 Ecological niche
 Population (e.g., size trends)
 Community (e.g., changes in dominant
species populations)

 Conduct preliminary sampling to provide
a basis for evaluation of sampling design
and statistical analysis options. Those who
skip this step because they do not have
enough time usually end up losing time

In addition to physical parameters, a restoration‐
monitoring program should identify the biological
parameters that are expected to exhibit an
observable and quantifiable response to an action
and the expected direction and/or magnitude of
change. A causal relationship should be
established between the restoration action
implemented and the biological parameters being
monitored.

 Verify that the sampling device or method
is sampling the population it is supposed
to be sampling, and with equal and
adequate efficiency over the entire range
of sampling conditions to be encountered.
Variation in efficiency of sampling from
area
to
area
biases
among‐area
comparisons

The primary purpose of a habitat restoration
monitoring program is to detect some level of
change resulting from the restoration action. This
point must be clearly articulated in the stated
goals and objectives and accomplished through
the: (1) experimental approach to monitoring; (2)
specific data to be collected; and (3) data analyses
to be performed. The research question(s) should
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 If the area to be sampled has large‐scale
environmental diversity, break the area
into relatively homogenous sub‐areas and
allocate samples to each in proportion to
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the size of the sub‐area (e.g., employ
stratified random sampling designs). If
estimating abundance over the entire area,
make the area allocation proportional to
the number of organisms in the sub‐area.
If it is an estimate of total abundance over
the entire area that is desired, make the
allocation proportional to the number of
organisms in the subarea
 Verify that the sample unit size is
appropriate to the size, density, and
spatial distribution of each organism
being sampled. Then, estimate how many
replicate samples are required to obtain
the desired precision
 Test the data to determine whether the
error variation is homogenous, normally
distributed, and independent of the mean.
If it is not, as will be the case for most field
data, then (a) appropriately transform the
data, (b) use a distribution‐free (non‐
parametric) procedure, (c) use an
appropriate sequential sampling design,
or (d) test against simulated Ho data
 Having chosen the best statistical method
to test the hypothesis, stick with the result.
An unexpected or undesired result is not a
valid reason for rejecting an appropriate
analytical method and hunting for a
“better” one
A well‐documented, highly specific field protocol
is important to ensure consistent data collection
among technicians, seasons, years, etc. A standard
operations procedure (SOP) should be developed
to ensure that monitoring personnel are collecting
data in a consisted manner from year‐to‐year and
among personnel. To maximize consistency,
monitoring personnel should have a good
working knowledge of the project’s goals and
objectives and undergo sufficient training in the
data collection procedures prior to conducting
monitoring. In addition to learning the data
collection protocols, field technicians should
undergo safety training, especially when the

Co-Manager Review Draft Recovery Plan

project requires data collection in/near deep
and/or fast‐flowing river sections. Checklists and
data sheets consistent with the SOP should be
developed and standardized to help ensure that
protocols are followed properly in the field.
Quality control checks at regular intervals should
be implemented throughout the data collection
period.
In general, the type of data analyses utilized in
restoration monitoring fall into one of two general
categories: (1) qualitative; and (2) quantitative.
The type of analytical approach chosen may
depend on such factors as the type of data
collected and the target audience, and should be
selected in consultation with a statistician.
Qualitative approaches are relatively basic and
typically involve visual assessments of data.
Commonly used qualitative approaches include
trend analyses of time‐series photographs, and
graphical (e.g., bar, pie, line) display of data.
Qualitative analyses and reporting often are
appropriate for a non‐technical audience (e.g.,
public, policy/decision makers).
Quantitative assessments are more robust
approaches to data analyses that provide a
statistical interpretation of the results. Statistical
interpretations depend largely on properly
designed sampling plans. When properly
implemented, statistical analyses may allow for an
“absolute” measure of whether null hypotheses
can be rejected. Because the range of available
statistical applications is dependent on the type
and amount of data collected, the statistical
assumptions involved in the project, and the
hypotheses being tested, the analytical approach
should be developed in consultation with a
statistician prior to data collection. In many cases,
the success of a restoration action may be
determined by the ability to reject, or fail to reject
a null hypothesis; however, it is important to note
that not all measures of restoration success can be
determined using a statistical approach. In
addition, it is important to understand and
recognize the difference between “biological
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significance” and “statistical significance” (Krebs
1989). Statistical significance, which determines
whether a given result is attributable to chance,
does not necessarily mean that the result is
biologically/ecologically important or relevant.
Conversely, a statistical approach may not always
detect something that is biologically important.
Restoration success often depends on the analysis
and reporting of results. This is especially true in
the context of a large‐scale, multi‐dimensional
approach, such as that intended by this Recovery
Plan. Knowing whether the project was a failure, a
success, or was marginally successful is key to a
successful adaptive management approach.
Lessons learned from failed restoration projects
often provide information as useful as that gained
from successful restoration projects. Information
contained in the report should include
documentation of approaches that worked as well
as those that did not. To the extent possible, a
restoration monitoring plan should be designed to
collect information that will indicate the
conditions under which it was most effective, as
well as the conditions under which it was least
effective. The monitoring findings can be, in turn,
used in an adaptive management context to
implement supplemental restoration actions, make
recommendations regarding future monitoring,
and/or guide the development of new projects.
Of primary interest to the post‐implementation
monitoring effort is addressing the hypotheses
addressed by the action. For example, if the action
reduces fall water temperatures in a reach of river,
which is hypothesized to encourage earlier
spawning in that particular reach, then subsequent
to the appropriate data analyses, this hypothesis
must be addressed. The data and their
qualitative/quantitative analyses either fail to
reject the null hypothesis (e.g., fail to show that the
physical change in water temperature has any real
effect on date of initial spawning) or support
rejection of the null hypothesis in favor of the
alternative hypotheses (e.g., that the reduction in
fall water temperatures observed resulted in
earlier
initiation
of
spawning).
After
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implementation of the action, post‐action
monitoring and data analyses need to fully
address the original hypotheses associated with
the restoration action.
Oftentimes, implementation of restoration actions
and their post‐implementation monitoring
produce inconclusive results and, thus, associated
hypotheses cannot be effectively addressed.
Nevertheless, these initial efforts invariably fill
previous data gaps and contribute to reducing
uncertainties in key areas. It is important to
document the filling of previous data gaps and
reduction in uncertainties so that the design and
scope of future restoration actions reflect this new
knowledge.
This adaptive management and monitoring
component of this Recovery Plan provides the
flexibility to address specific problems as they
arise, intensify, or as additional information
becomes available regarding threats abatement,
the linkages between threats and population
responses, and the viability of Chinook salmon
and steelhead in the Central Valley Domain. It also
provides the framework to obtain the appropriate
types and amounts of data to evaluate the
effectiveness of recovery actions and the progress
toward recovery. NMFS will continue to provide
input and collaborate with the CVSEPWT to
develop and implement the comprehensive
Central Valley adult Chinook salmon escapement
monitoring plan to provide the data necessary to
evaluate system‐wide, watershed, and population
viability of Chinook salmon in the Central Valley
Domain. Further, NMFS will provide input to this
multi‐agency effort regarding the need to expand
or augment this program in order to address the
broad expanse of populations, watersheds and
Diversity Groups associated with the Chinook
salmon ESUs, and to develop a plan to provide the
data necessary to evaluate threats abatement, the
linkages between threats and population
responses, and the viability of steelhead
populations in the Central Valley Domain.
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In addition to the multi‐agency led comprehensive
escapement monitoring plans, NMFS will be
actively engaged with local agencies and
stakeholder
groups
in
developing
and
implementing watershed‐specific, population‐
specific, and habitat restoration action‐specific
monitoring plans. NMFS believes that it is
critically important to participate in locally‐led
collaborative efforts of local communities, State
and Federal entities, and other stakeholder groups
in order to provide input to the development and
implementation of monitoring plans to help
ensure that they are conducted within the
adaptive management and monitoring framework
of this Recovery Plan.

APPLIED STRATEGIC FRAMEWORK
For the Central Valley Domain, the TRT applied
the strategic framework components of population
and ESU viability to winter‐run Chinook salmon,
spring‐run Chinook salmon and steelhead. The
following is taken directly from the TRT report
(Lindley et al. 2007).

Sacramento River Winter-run
Chinook Salmon
All four historical populations of Sacramento
River winter‐run Chinook salmon are “extinct” in
their historical spawning range.
The upper
Sacramento, McCloud and Pit River populations
had spawning and rearing habitat far upstream of
impassable Keswick and Shasta dams, although
these populations were apparently in poor
condition even before the construction of Shasta
dam in the 1940s (Moffett 1949). Winter‐run
Chinook salmon no longer inhabit Battle Creek as
a self‐sustaining population.
The population of Sacramento River winter‐run
Chinook salmon that now spawns below Keswick
Dam is at moderate extinction risk according to
the Population Viability Analyses (PVA), and at
low risk according to the other criteria. Since
roughly the mid‐1990s, this population has been
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growing.
At present, the population easily
satisfies the low‐risk criteria for population size,
population decline, and catastrophe, but hatchery
influence is a concern.
The Sacramento River winter‐run Chinook salmon
ESU does not currently satisfy the representation
and redundancy rule because it has only one
population, and that population spawns outside of
the ecoregion where it evolved. For the
Sacramento River winter‐run Chinook salmon
ESU to satisfy the representation and redundancy
rule, at least two populations would need to be re‐
established in the basalt‐and‐porous‐lava region.
Obviously, an ESU represented by a single
population at moderate risk of extinction is at high
risk of extinction over the long run. A single
catastrophe could extirpate the entire Sacramento
River winter‐run Chinook salmon ESU, if its
effects persisted for four or more years.

Central Valley Spring-run
Chinook Salmon
Perhaps 15 of the 18 or 19 historical populations of
Central Valley spring‐run Chinook salmon are
extinct, with their entire historical spawning
habitats behind various impassable dams (Lindley
et al. 2007). Butte Creek and Deer Creek spring‐
run Chinook salmon are at low risk of extinction,
satisfying both the PVA and other viability
criteria. Mill Creek is at moderate extinction risk
according to the PVA, but appears to satisfy the
other viability criteria for low‐risk status. Lindley
et al. (2004) were uncertain whether Mill and Deer
creek populations were each independent, or two
parts of a single larger population. If viewed as a
single population, Mill and Deer Creek spring‐run
Chinook salmon are at low extinction risk. Early‐
returning Chinook salmon persist within the
FRFH population and spawn in the Father River
below Oroville Dam and the Yuba River below
Englebright Dam. The current status of these fish
is not assessable due to insufficient data.
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With demonstrably viable populations in only one
of at least three Diversity Groups that historically
contained them, Central Valley spring‐run
Chinook salmon fail the representation and
redundancy rule for ESU viability. Historically,
the Central Valley spring‐run Chinook salmon
ESU spanned four ecoregions: the region used by
winter‐run Chinook salmon plus the northern and
southern Sierra Nevada and the northwestern
California region. There are two or three viable
populations in the northern Sierra Nevada (Mill,
Deer and Butte creeks). A few ephemeral or
dependent populations are found in the
Northwestern California region (e.g., Beegum and
perhaps Clear creeks). Spring‐run Chinook salmon
have been entirely extirpated from both the basalt
and porous lava region and the southern Sierra
Nevada region. The current distribution of viable
populations makes the Central Valley spring‐run
Chinook salmon ESU vulnerable to catastrophic
disturbance.
All three extant independent
populations are in basins whose headwaters lie
within the debris and pyroclastic flow radii of Mt.
Lassen. The current ESU structure is vulnerable to
drought and even wildfires, which pose a
significant threat to the ESU in its current
configuration.

Central Valley Steelhead
There are few data with which to assess the status
of any of the 81 Central Valley steelhead
populations described by Lindley et al. (2006).
With few exceptions, therefore, Central Valley
steelhead populations are classified as data
deficient (Lindley et al. 2007). The exceptions are
restricted to streams with long‐running hatchery
programs such as Battle Creek and the Feather,
American and Mokelumne rivers. In all cases,
hatchery‐origin fish likely comprise the majority
of the natural spawning run, placing the natural
populations at high risk of extinction.
Data are lacking to suggest that the Central Valley
steelhead DPS is at low risk of extinction, or that
there are viable populations of steelhead
anywhere in the DPS.
Conversely, there is
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evidence to suggest that the Central Valley
steelhead DPS is at moderate or high risk of
extinction (McEwan 2001; Good et al. 2005).
Clearly, most of the historical habitat once
available to steelhead has been lost (Yoshiyama et
al. 1996; McEwan 2001; Lindley et al. 2006).
Furthermore, the observation that anadromous O.
mykiss are becoming rare in areas where they were
probably once abundant McEwan (2001) indicates
that an important component of life history
diversity is being suppressed or lost. It should be
noted, however, that habitat fragmentation,
degradation, and loss are likely having a strong
negative impact on many resident as well as
anadromous O. mykiss populations (Hopelain
2003).

RECOVERY PLAN STRATEGY
Specific identification of how many actions of
what type and magnitude, applied to which
management units (i.e., populations) within the
various Diversity Groups necessary to achieve
recovery is ongoing, and will be updated at the 5
and 10‐year status reviews for the two Chinook
salmon ESUs and the steelhead DPS within the
Central Valley Domain. Therefore, this Plan
establishes a “directional” strategic approach to
recovery. This directional approach is similar to,
and incorporates components of the strategic
approaches adopted by NMFS for the three ESUs
of salmon and steelhead within the Washington
Lower Columbia Management Unit (NMFS
2005a), and for six ESUs of salmon and steelhead
in the Willamette and Lower Columbia river
basins (NMFS 2005b). This approach identifies
actions that addresses threats, and establishes an
adaptive management framework to adjust actions
and goals as understanding of the efficacy of
certain actions and ESU (and DPS) status
improves over time.
Recovery of the two Chinook salmon ESUs and
the steelhead DPS within the Central Valley
Domain will require implementation of the plan
over an extended period of time. Recovery of
individual Diversity Groups, on even individual
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to do so, and reducing the amount of fish
released (see CDFG and NMFS (2001), for
a review of hatchery issues).

populations is likely to be a challenging and slow
process (Lindley et al. 2007). Therefore, in order to
achieve the overarching goal of recovery within
the Central Valley Domain, this Recovery Plan
adopts a stepwise strategy which first addresses
more urgent near‐term needs, upon which to build
toward full recovery.

 Conduct critical research on fish passage,
reintroductions, and climate change.
To
recover Central Valley salmon and ESUs
and the steelhead DPS, some populations
will need to be established in areas now
blocked by dams or insufficient flows.
Assuming that most of these dams will
remain in place for the foreseeable future,
it will be necessary to move fish around
the dams.

Near-term Strategic Approach
 Secure all extant populations. Both ESUs
and the DPS are far short of being viable,
and extant populations, even if not
presently viable, may be needed for
recovery.
The Central Valley TRT
recommends that every extant population
be viewed as necessary for the recovery of
the ESU and DPS. Wherever possible, the
status of extant populations should be
improved.
 Begin collecting distribution and abundance
data for O. mykiss in habitats accessible to
anadromous fish. This is fundamental to
designing effective recovery actions and
eventual delisting. Of equal importance is
assessing the relationship of resident and
anadromous forms of O. mykiss, including
the role the resident fish play in
population maintenance and persistence.
 Minimize straying from hatcheries to natural
spawning areas.
Even low levels of
straying from hatchery populations to
wild ones works against the goal of
maximizing diversity within ESUs and
populations. Current mark and recovery
regimes do not generally allow reliable
estimation of contributions of hatchery
fish to natural spawning, so the Central
Valley TRT recommends that all hatchery
fish be marked in some way. A number of
actions could reduce straying from
hatcheries to natural areas, including
replacing off‐site releases with volitional
releases from the hatchery, allowing all
fish that attempt to return to the hatchery
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 Listed salmonid ESUs are likely to be
conservation‐reliant (Scott et al. 2005). It
seems highly unlikely that enough habitat
can be restored in the foreseeable future
such that Central Valley salmonid ESUs
(and DPS) could be expected to persist
without
continued
conservation
management. Rather, it may be possible
to restore enough habitat such that ESUs
(and DPS) can persist with appropriate
management, which should focus on
maintaining ecological processes at the
landscape level.

Long-term Strategic,
Directional Approach
Strategies for Achieving Recovery
at the ESU/DPS Level
 Every Diversity Group that historically
existed should have a high probability of
persistence.
 As a strategy for achieving recovery, until
all ESU viability criteria have been
achieved, no population should be
allowed to deteriorate in its probability of
persistence.
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 As a strategy for achieving recovery, high
levels of recovery should be attempted in
more populations than identified in the
Diversity Group viability criteria because
not all attempts will be successful.

•

Allow for normative meta‐population
processes, including the viability of
“core” populations, which are defined
as the most productive populations.

•

Allow for normative evolutionary
processes, including the retention of
the genetic diversity represented in
relatively unmodified historic gene
pools.

•

Minimize susceptibility
trophic events.

Strategies for Achieving Recovery
at the Diversity Group Level
 Individual populations within a Diversity
Group
should
have
persistence
probabilities consistent with a high
probability
of
Diversity
Group
persistence.

to

catas‐

 Within a Diversity Group, the populations
restored/maintained at viable status or
above should be selected to:
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“Merely increasing a species’ numbers, range and abundance does not ensure its longterm health and sustainability; only by alleviating threats can lasting recovery be
achieved.”
- Interim Endangered and Threatened Species Recovery Planning Guidance (NMFS 2006)

RECOVERY GOALS
The overarching goal of this Recovery Plan is the removal of the Sacramento River winter‐run Chinook
salmon ESU, Central Valley spring‐run Chinook salmon ESU, and Central Valley steelhead DPS in the
Central Valley Domain from the Federal List of Endangered and Threatened Wildlife (50 C.F.R. 17.11).
The objectives and criteria to accomplish this goal builds upon the technical input and guidance provided
by the Central Valley TRT, and much of the following discussion is taken directly from information
developed by the TRT (Lindley et al. 2004; 2006; 2007).
Threatened and endangered species recovery plan guidance (NMFS 2006) describes the recovery
planning goal as recovery and long‐term sustainability of an endangered or threatened species and,
therefore, delisting of the species. Further, NMFS (2006) states that goals usually can be subdivided into
discrete component objectives which, collectively, describe the conditions (criteria) necessary for
achieving the goal. Simply stated, recovery objectives are the parameters of the goal, and criteria are the
values for those parameters. The objectives and related criteria, representing the components of the
recovery goal, identify mechanisms for pursuing the goal (including necessary recovery actions) and
allows confirmation when the goal has been reached.
According to NMFS (2006), recovery and long‐term sustainability of an endangered or threatened species
require:

 Adequate reproduction for replacement of
losses due to natural mortality factors
(including disease and stochastic events)

 Sufficient habitat (type, amount, and
quality) for long‐term population
maintenance

 Sufficient genetic robustness to avoid
inbreeding depression and allow
adaptation

 Elimination or control of threats (this may
also include having adequate regulatory
mechanisms in place)
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ESU (AND DPS) DIVERSITY GROUP
AND POPULATION OBJECTIVES
Implementation of the Recovery Plan is designed
to ultimately achieve objectives for the ESUs (and
DPS) at the Diversity Group level, and at the
population level for the four VSP criteria of
abundance, productivity, diversity, and spatial
structure.
Objectives
addressing
these
requirements include demographic parameters,
reduction or elimination of threats to the species
(the listing factors), and any other particular
vulnerability or biological needs inherent to the
species. The Central Valley TRT described these
objectives in a general sense, and NMFS expects
that more detailed objectives and accompanying
criteria will be developed over the next several
years as part of recovery plan implementation.

salmon within the winter‐run Chinook salmon
Diversity Group; (2) a minimum of two viable
populations of spring‐run Chinook salmon within
each of the four spring‐run Chinook salmon
Diversity Groups, with the exception of the
Northwestern California Diversity Group which
historically did not contain independent spring‐
run Chinook salmon populations. For the
Northwestern
California
Diversity
Group,
observed occupancy will suffice rather than
viability, as defined; and (3) a minimum of two
viable steelhead populations within each of six the
steelhead Diversity Groups.
In addition to population considerations, in order
for the Chinook salmon ESUs and the steelhead
DPS to achieve recovery each Diversity Group
must meet habitat objectives:
 The spatial distribution and productive
capacity of freshwater, estuarine, and
marine habitats should be sufficient to
maintain viable populations identified for
recovery

ESU/DPS and Diversity Group
Objectives
ESU/DPS viability depends on the number of
populations within the ESU/DPS, their individual
status, their spatial arrangement with respect to
each other and sources of catastrophic
disturbance, and diversity of the populations and
their habitats. In the most general terms, ESU/DPS
viability increases with the number of
populations, the viability of these populations, the
diversity of the populations, and the diversity of
habitats that they occupy. Each of the Diversity
Groups must achieve recovery in order for the
ESUs and DPS to be considered to achieve
recovery. Thus, an overall objective is to achieve
recovery in each of the Diversity Groups.

 The diversity of habitats for recovered
populations should resemble historic
conditions
given
expected
natural
disturbance regimes (wildfire, flood,
volcanic
eruptions,
etc.).
Historic
conditions
represent
a
reasonable
template for a viable population; the
closer the habitat resembles the historic
diversity, the greater the confidence in its
ability to support viable populations
 At a large scale, habitats should be
protected and restored, with a trend
toward an appropriate range of attributes
for salmonid viability. Freshwater,
estuarine, and marine habitat attributes
should be maintained in a non‐
deteriorating state

In order for the Chinook salmon ESUs and the
steelhead DPS to achieve recovery, each Diversity
Group must be represented, and population
redundancy within the groups must be met to
achieve Diversity Group recovery, therefore,
Diversity Group objectives include: (1) a minimum
of two viable populations of winter‐run Chinook
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Population Objectives

 Quality: Underlying habitat spatial
structure should be within specified
habitat quality limits for life‐history
activities such as spawning, rearing,
migration, or a combination, taking place
within the patches

Consistent with the directional strategic approach
to achieve recovery, this Recovery Plan establishes
objectives for the viability of individual
populations, similar to NMFS (2005b) as follows.

 Connectivity: Spatial structure should
have permanent or appropriate seasonal
connectivity to allow adequate migration
between spawning, rearing, and migration
patches

Productivity and Abundance
 In general, viable populations should
demonstrate a combination of population
growth rate, productivity, and abundance
that produces an acceptable probability of
population
persistence.
Various
approaches for evaluating population
productivity and abundance combinations
may be acceptable, but must meet
reasonable standards of statistical rigor
 A population with non‐negative growth
rate
and
an
average
abundance
approximately equivalent to estimated
historic average abundance should be
considered to be in the highest persistence
category. The estimate of historic
abundance should be credible, the
estimate of current abundance should be
averaged over several generations, and
the growth rate should be estimated with
adequate statistical confidence

Within-Population Spatial Structure
The spatial structure of a population must support
the population at the desired productivity,
abundance, and diversity levels through short‐
term environmental perturbations, longer‐term
environmental oscillations, and natural patterns of
disturbance regimes. The metrics and benchmarks
for evaluating the adequacy of a population’s
spatial structure specifically address:

 Dynamics: The spatial structure should
not deteriorate in its ability to support the
population. The processes creating spatial
structure are dynamic, so structure will be
created and destroyed, but the rate of flux
should not exceed the rate of creation over
time
 Catastrophic Risk: the spatial structure
should be geographically distributed in
such a way as to minimize the probability
of a significant portion of the structure
being lost because of a single catastrophic
event, either anthropogenic or natural

Within-Population Diversity
Sufficient life‐history diversity must exist to
sustain a population through short‐term
environmental perturbations and to provide for
long‐term evolutionary processes. The metrics and
benchmarks for evaluating the diversity of a
population should be evaluated over multiple
generations and include:
 Substantial proportion of the diversity of a
life‐history trait(s) that existed historically
 Gene flow and genetic diversity should be
similar to historic (natural) levels and
origins

 Quantity: Spatial structure should be large
enough
to
support
growth
and
abundance, and diversity criteria
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 Successful utilization of habitats through‐
out the habitat
 Resilience and adaptation to environ‐
mental fluctuations

RECOVERY CRITERIA
The ESA requires that recovery plans, to the
maximum
extent
practicable,
incorporate
objective, measurable criteria which, when met,
would result in a determination in accordance
with the provisions of the ESA that the species be
removed from the Federal List of Endangered and
Threatened Wildlife and Plants (50 CFR 17.11 and
17.12).
The recovery criteria constitute the
standards upon which the decision to reclassify or
delist a species will be based.
While this plan establishes some objective,
measurable criteria specific to both population
demographics and threat abatement, it is not
practicable to provide measurable criteria for all
demographic and threat‐based factors at this time.
Therefore, qualitative delisting criteria are
provided in such instances.
Evaluating a species for potential delisting
requires an explicit analysis of population or
demographic parameters (the biological recovery
criteria) and also of threats under the five ESA
listing factors in ESA section 4(a)(1) (threats
criteria). Together, these make up the “objective,
measurable criteria” required under section
4(f)(1)(B).

be assessed through the adaptive management
program for this Recovery Plan, and there will be
a thorough review of the criteria at the 5 and 10‐
year status reviews of the Chinook salmon ESUs
and the steelhead DPS. NMFS will apply the
Recovery Plan’s criteria when it makes a decision
whether to delist the ESUs and DPS.

Biological Recovery Criteria
The delisting criteria presented below include
components that address population viability and
trends, as well as components addressing threats
to the species, including those identified under the
factor analyses conducted when the species were
listed under the ESA. It is possible to determine if
one has met these criteria or not by examining the
population trends, the success of threat abatement
and/or the extent of implementation of mitigation
measures. When the demographic recovery
criteria (e.g. total population size, population
structure and geographic distribution) are
modified at the 5 and 10‐year status review of the
two Chinook salmon ESUs and the steelhead DPS,
they will reflect the population demographics and
the control of threats (as indicated below), before
delisting and removing the protections of the ESA.
In order to delist the winter‐run and spring‐run
Chinook salmon ESUs and the steelhead DPS, the
demographics must be consistent with viable wild
populations within their respective Diversity
Groups.
 Diversity Group population demo‐
graphics, including but not limited to total
population size, population structure, and
geographic distribution, as informed by
modeling results, indicating that the ESU
or DPS is viable

These criteria represent the best scientific analysis
incorporating the most current understanding of
the ESU and DPS and their populations. As this
Recovery Plan is implemented, additional
information will become available that can
increase certainty about whether the threats have
been
abated,
whether
improvements
in
populations and ESU and DPS status have
occurred, and whether linkages between threats
and changes in Chinook salmon and steelhead
status are understood. These recovery criteria will
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 Two or more populations within each of
the Diversity Groups, as described above,
for each ESU and DPS are stable or
increasing
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In addition to consideration of the conceptual
framework provided by McElhany et al. (2000), the
Central Valley TRT further assessed population
viability with quantitative extinction models
(PVA) or criteria relating to population size,
population growth rate, the occurrence of
catastrophic declines, and the degree of hatchery
influence. Then, populations were classified into
one of six categories, including “extinct”, “extinct
in the wild”, “high”, “moderate”, and “low”
extinction risk, or “data deficient” following the
general approach of the IUCN (1994) as modified
for Pacific salmonids by Allendorf et al. (1997).
The goal of recovery activities should be to
achieve at least a low risk of extinction for focal
populations. The Central Valley TRT assumed
that a 5 percent risk of extinction in 100 years is an
acceptably low extinction risk for populations. The
following population viability criteria discussion
is taken directly from the Central Valley TRT
report (Lindley et al. 2007).
The Central Valley TRT
incorporated the four VSP
parameters into assessments
of population viability, and
two sets of population
viability
criteria
were
developed, expressed in
terms of extinction risk. The
first set of criteria deal with
direct estimates of extinction
risk
from
population
viability models. If data are
available and such analyses
exist and are deemed
reasonable for individual
populations,
such
assessments may be efficient
for assessing extinction risk.
The Central Valley TRT used
a
population
viability
assessment based on the
random‐walk‐with‐drift
model extended to account
for
observation
error
(Lindley et al. 2007). In

addition, the Central Valley TRT also provided
simpler criteria, both of which are presented in
Table 6.
The simpler criteria include population size (and
effective population size), population decline,
catastrophic rate and effect, and hatchery
influence. The effective population size criteria in
the second row of Table 6 relate to loss of genetic
diversity. Very small populations, for example
with Ne < 50, suffer severe inbreeding depression
(Franklin 1980; Soulé 1980 in Lindley et al. 2007),
and normally outbred populations with such low
Ne have a high risk of extinction from this
inbreeding. Somewhat larger, but still small,
populations can be expected to lose variation in
quantitative traits through genetic drift faster than
it can be replaced by mutation. With future
research, it may be possible to define population
size targets that conserve genetic variation and

Table 6. Criteria for assessing the Level of Risk of Extinction for Populations of Pacific
Salmonids, Applied to the Chinook Salmon ESUs and the Steelhead DPS in the Central
Valley Domain (from Lindley et al. 2007)
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account for migration and genetic structuring
within ESUs.
The population decline criteria are intended to
capture demographic risks. The rationale behind
the population decline criteria are fairly
straightforward–severe and prolonged declines to
small run sizes are strong evidence that a
population is at risk of extinction.

the average generation time. Population growth
(or decline) rate is estimated from the slope of the
natural logarithm of spawners versus time for the
most recent 10 years of spawner count data. The
fraction of naturally‐spawning fish of hatchery
origin is the mean fraction over one to four
generations.

The overall goal of the catastrophe criteria is to
capture a sudden shift from a low risk state to a
higher risk state. Catastrophes are defined as
instantaneous declines in population size due to
events that occur randomly in time, by contrast to
regular environmental variation. A high risk
catastrophic event is created by a 90 percent
decline in population size over one generation. A
moderate risk catastrophic event is one that is
smaller but biologically significant, such as a year‐
class failure.
The spawning of hatchery fish in the wild is a
potentially serious threat to the viability of natural
populations. Population genetics theory predicts
that fish hatcheries can negatively impact wild
populations when hatchery fish spawn in the
wild. In assessing the genetic impact of
immigration on a population, considerations
include the source of the immigrants, duration of
the impact, the number of immigrants relative to
the size of the recipient population, and how
divergent the immigrants are from the recipient
population. Definitions of the manner in which
different scenarios relate to extinction risk for
natural populations are summarized in Figure 18.
Application of these definitions can result in a
low‐risk classification even with moderate
amounts of straying from best‐practices
hatcheries, as long as other risk measures are
acceptable (Lindley et al. 2007).
Estimators for the various viability criteria are
presented in Table 7 (from Lindley et al. 2007). The
average run size is computed as the mean of up to
the three most recent generations, if that much
data are available. Mean population size is
estimated as the product of the mean run size and
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Figure 18.
Extinction Risk Levels Corresponding to
Different Amount, Duration and Source of Hatchery Strays.
Green bars indicate the range of low risk, yellow bars moderate
risk, and red areas indicate high risk. Which chart to use
depends on the relationship between the source and recipient
populations. (A) hatchery strays are from a different ESU than
the wild population. (B) Hatchery strays are from the same
ESU but from a different diversity group within the ESU. (C)
Hatchery strays are from the same ESU and diversity group,
but the hatchery does not employ “best management
practices.” (D) Hatchery strays are from the same ESU and
diversity group, and the hatchery employs “best management
practices.” (from Lindley et al. 2007)
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Table 7. Estimation Methods and Data Requirements for Population Metrics
St denotes the number of spawners in year t; g is mean generation time, assumed as
three years for California salmon (from Lindley et al. 2007)

Threat Abatement Criteria
It is imperative that threats to the species be
controlled prior to delisting. This includes all
threats identified at the time of listing, as well as
any new factors identified since listing. Since
listing, numerous additional threats have been
identified and prioritized for each of the Diversity
Groups and individual populations of the winter‐
run and spring‐run Chinook salmon ESUs, and the
steelhead DPS within the Central Valley Domain
(Introduction, Appendix A).
NMFS proposes that, to determine that the
affected ESU is recovered to the point that it no
longer requires the protections of the ESA, the
listing factors should be addressed according to
specific criteria identified for each of them so that
delisting is not likely to result in re‐emergence of
the threat. It is possible that current perceived
threats will become insignificant in the future
because of changes in the natural environment,
changes in the way threats affect the entire life
cycle of salmon, or the success of actions intended
to ameliorate the threat. Consequently, NMFS
expects that the significance of threats will change
over time. It is also possible that new threats may
be identified. During the status reviews, NMFS
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will evaluate and review the
listing factor criteria under
conditions at that time.

NMFS is providing the specific
criteria listed below for each of the
relevant listing/delisting factors to
help to ensure that underlying
causes of decline have been
addressed and mitigated prior to
considering a species for delisting.
The explicit listing factor (threats)
criteria
described
below
correspond to the listing factors
identified for winter‐ and spring‐
run
Chinook
salmon
and
steelhead in this Recovery Plan,
and to the stressors described in
Appendix A. For example, this Recovery Plan
describes the impacts on salmon that have
resulted from habitat destruction by dam
construction, hydropower operation and harvest
management. Accordingly, NMFS expects that if
this Recovery Plan’s proposed actions to address
the threats and limiting factors are implemented,
they will make substantial progress toward
meeting the listing factor (threats) criteria
specified herein.

Listing Factors and Threats
Sacramento River Winter-run Chinook Salmon
Several factors have contributed to the decline of
winter‐run Chinook salmon through degradation
of spawning, rearing, and migration habitats. The
primary factors included in the listing of winter‐
run Chinook salmon were blockage of historical
habitat by Shasta and Keswick dams, warm water
releases from Shasta Dam, juvenile and adult
passage constraints at RBDD, water exports in the
southern Delta, heavy metal contamination from
Iron Mountain Mine, high ocean harvest rates and
entrainment in a large number of unscreened or
poorly screened water diversions (NMFS 1997).
Other factors include smaller water manipulation
facilities and dams, loss of rearing habitat in the
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lower Sacramento River and Delta from levee
construction, marshland reclamation, interaction
with and predation by introduced species, adverse
flow conditions, high summer water temperatures
and vulnerability to drought (NMFS 1997). Since
listing, some of these threats have been addressed,
although numerous additional threats have been
identified and prioritized (Appendix A). Each of
the threats criteria described below is related to
one or more of the major factors limiting recovery
described and listed in the NMFS 2006 Report to
Congress on the Pacific Coastal Salmon Recovery
Fund (PCSRF).

Criterion WR-1.2: Address Threats to Water Quality

 Deleterious effects of stormwater runoff
are eliminated or controlled so as not to
impair water quality and quantity in
salmonid streams or the riparian habitats
supporting them
 Agricultural practices are implemented
and programs are in place to protect and
restore riparian areas, floodplains and
stream channels, and to protect water
quality
from
sediment,
pesticide,
herbicide and fertilizer runoff
 Urban and rural development, including
land use conversion from agriculture and
forest land to developed areas, does not
impair water quality or result in
dysfunctional stream conditions

Below each specific threat abatement criterion,
actions and/or general goals related to eliminating
or minimizing the threat are described.

Factor WR-1: Destruction, Modification, or
Curtailment of Habitat or Range

 The effects of toxic contaminants on
salmonid fitness and survival in the Delta,
lower mainstem rivers, and nearshore
ocean are sufficiently limited and
programs are in place to ensure continued
limiting so as not to affect recovery

Dams in the Central Valley have: (1) blocked
access to the entire historical spawning grounds;
(2) modified natural flow regimes and altered
water temperatures; and (3) reduced habitat
quality and complexity.
To determine that the winter‐run Chinook salmon
ESU is recovered, threats to habitat and the risks
posed to the abundance, productivity, and
especially to the spatial structure and diversity of
the ESU should be addressed as outlined below:

 Programs are in place to ensure continued
protection and restoration of water quality

Criterion WR-1.3: Address Threats to Habitat Quality and
Complexity

 Instream flow conditions and programs
that support salmon rearing, spawning
and migration needs and meet the winter‐
run Chinook salmon population targets
are achieved

Criterion WR-1.1: Address Threats to Spawning Grounds

 As appropriate or necessary to support
region‐wide recovery goals, passage
obstructions (e.g. dams) should be
removed or modified to restore fish access
or improve passage to historically
accessible habitat

 Channel function, including vegetated
riparian
areas,
instream
wood,
streambank stability, off‐channel and side‐
channel habitats, natural substrate and
sediment
processes,
and
channel
complexity is restored to provide rearing,
migration, and spawning habitat to meet
the Recovery Plan’s recovery goals

 Instream flow conditions and programs
that support salmon rearing, spawning
and migration needs and meet the winter‐
run Chinook salmon population targets
are achieved
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 Floodplain function and the availability of
floodplain habitats for salmon is restored
to a degree sufficient to support a viable
ESU, including tidal swamp and marsh
habitat in estuaries and the tidal
freshwater portion of the lower rivers.
This
restoration
should
include
connectivity between river and floodplain,
and the restoration of impaired sediment
delivery
processes
and
conditions
affecting both estuaries and lower
mainstem rivers

Criterion WR-2.1: Address Threats to Overutilization

 Fishery management plans for salmon
ESUs are in place that (a) accurately
account for total fishery mortality (i.e.,
both landed catch and non‐landed
mortalities) and constrain mortality rates
for individual populations to levels that
are consistent with achieving ESU
viability (i.e., provide for adequate
spawning escapement given intrinsic
productivity
for
populations
representative of the life history and major
regional divisions in the ESU); and (b) are
implemented so that any effects on the
abundance, productivity, diversity, and
spatial structure of populations are
consistent with the recovery of the ESU

 Nearshore processes are protected and
restored so that ecological inputs (of
sediment, insects, leaves and wood) to
drift cells and mudflats function properly
to support winter‐run Chinook salmon
and the species they prey upon

 Technical tools accurately assess the
potential impacts of fishery management
actions

 Activities that dredge or fill in nearshore
and river beds or harden streambanks are
sufficiently mitigated
 Forest management practices that protect
and restore watershed and stream
functions are implemented on Federal,
State, Tribal, and private lands and
programs are in place to ensure continued
mitigation
 Technical tools accurately assess the
impacts of habitat management actions

Factor WR-2: Overutilization for Commercial,
Recreational, Scientific, or Educational Purposes

Although
overutilization
for
commercial,
recreational, scientific or educational purposes no
longer appears to have a significant impact on
winter‐run
Chinook
salmon
populations,
continued assessment is warranted.

 Rules and regulations for fishery manage‐
ment actions are effectively enforced

Factor WR-3: Disease or Predation

Both
naturally
spawned
and
artificially
propagated winter‐run Chinook salmon are
susceptible to threats from: (1) disease outbreaks
caused by naturally occurring pathogens; and (2)
predation.
To determine that the winter‐run Chinook salmon
ESU is recovered, any disease or predation that
threatens its continued existence should be
addressed as outlined below:

Criterion WR-3.1: Address Threats from Disease Outbreaks

 Hatchery operations apply measures that
reduce the risk that natural winter‐run
Chinook
salmon
populations
are
adversely affected by fish diseases and
parasites

To determine that the winter‐run Chinook salmon
ESU is recovered, any utilization for commercial,
recreational, scientific, or educational purposes
should be addressed as outlined below:

Co-Manager Review Draft Recovery Plan
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Criterion WR-3.2: Address Threats from Predation

 Fishery Management Plans are effectively
enforced

 Suitable methods and levels of marine
mammal control are identified and
implemented
to
mitigate
negative
interactions with salmon where predation
poses significant risks to recovery

 Habitat conditions, watershed functions
and nearshore processes are protected and
restored through land‐use planning that
guides human population growth and
development

 Populations of introduced game fish are
managed such that competition with or
predation on winter‐run Chinook salmon
does not impede salmon population
recovery

 Habitat
conditions
and
watershed
function are protected and restored
through regulations that govern resource
extraction such as timber harvest and
gravel mining

Factor WR-4: Inadequacy of Existing Regulatory
Mechanisms

 Habitat conditions, watershed functions
and nearshore processes are protected and
restored
through
land
protection
agreements as appropriate, where existing
policy or regulations do not provide
adequate protection

Despite Federal and non‐Federal efforts and
partnerships that have been implemented to help
increase the abundance and productivity of
winter‐run Chinook salmon over the past 10 to 15
years, the winter‐run Chinook salmon ESU
remains at risk of extinction because the existing
regulatory mechanisms do not provide sufficient
certainty that efforts to reduce threats to the ESU
will be fully funded or implemented.

 Adequate resources, priorities, regulatory
frameworks, and coordination mecha‐
nisms are established and/or maintained
for effective enforcement of land and
water use regulations that protect and
restore habitats and marine and
freshwater water bodies and for the
effective management of fisheries

To determine that the winter‐run Chinook salmon
ESU is recovered, any inadequacy of existing
regulatory mechanisms that threatens its
continued existence should be addressed as
outlined below:

 Regulatory, control, and education
measures to prevent additional exotic
species invasions are in place

Criterion WR-4.1. Address Threats Resulting from
Inadequacy of Existing Regulatory Mechanisms

 Regulatory mechanisms are in place to
ensure that any effects on the abundance,
productivity, diversity, and spatial
structure of populations are consistent
with the recovery of the ESU
 Technical tools accurately assess the
potential impacts of regulatory actions
 Rules and regulations for habitat
protection and restoration are effectively
enforced

Co-Manager Review Draft Recovery Plan

Factor WR-5: Other Natural and Manmade Factors
Affecting its Continued Existence

Winter‐run Chinook salmon are susceptible to
natural and man‐made threats caused by the
effects of: (1) artificial propagation on the
productivity and spatial structure of the ESU (i.e.,
fitness and productivity); (2) climate changes on El
Niño ocean conditions and prolonged drought
conditions; and (3) entrainment at unscreened
water diversions.
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To determine that the winter‐run Chinook salmon
ESU is recovered, other natural and man‐made
threats to its continued existence should be
addressed as outlined below:

Criterion WR-5.2. Address Threats Resulting from Climate
Change

 Mechanisms are in place to reduce the
incidence of, and impacts from,
introduced, invasive, or exotic species

Criterion WR-5.1. Address Threats Resulting from Artificial
Propagation

 Nutrient enrichment programs must be
evaluated to determine where additional
nutrient inputs can provide significant
benefits

 Hatchery management plans are in place
to ensure that any effects on the
abundance, productivity, diversity, and
spatial structure of populations are
consistent with the recovery of the ESU

 Ecological functions of salmon, including
their benefits in cycling ocean‐derived
nutrients into freshwater areas, are
considered in fishery, hatchery, and
habitat management

 Technical tools accurately assess the
potential impacts of hatchery manage‐
ment actions

 Funded, active research that aids in
predicting the effects of climate change on
salmon recovery is in place and there are
Federal and State commitments to
respond to findings from the research

 Rules and regulations for hatchery
management and protection are effective‐
ly enforced
 Hatchery programs are operated in a
manner that is consistent with individual
watershed and region‐wide recovery
approaches; appropriate criteria are used
for the integration of hatchery Chinook
salmon populations and extant natural
populations inhabiting watersheds where
the hatchery fish return
 Hatcheries operate using appropriate
ecological, genetic, and demographic risk
containment measures for: (1) hatchery‐
origin adults returning to natural
spawning areas; (2) release of hatchery
juveniles; (3) handling of natural‐origin
adults
at
hatchery
facilities;
(4)
withdrawal of water for hatchery use; (5)
discharge of hatchery effluent; and (6)
maintenance of fish health during their
propagation in the hatchery
 Hatcheries mark or tag Chinook salmon
so that they can be differentiated from
natural Chinook salmon in fisheries,
migratory areas, and as adults returning
to hatcheries and natural spawning areas
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Criterion WR-5.3. Address Threats Resulting from Water
Diversions

 Install and maintain fish screens meeting
NMFS fish screen criteria at the Jones and
Banks pumping facilities in an effort to
minimize entrainment.
Conduct fish
screen inspections and develop and
implement a collection and release
program, designed to provide for the
survival of fish salvaged at the facility.
 Evaluate alternatives to conveyance of
SWP and CVP water south of the Delta
that minimize/eliminate entrainment at
existing facilities and implement the
preferred alternative.
Criterion WR – 5.4. Address Threats Resulting from Nonindigenous Aquatic Nuisance Species

 Implement the management actions for
addressing aquatic invasive species
described in the California Aquatic
Invasive Species Management Plan.
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Central Valley Spring-run Chinook Salmon
Listing factors and threats to Central Valley
spring‐run Chinook salmon fall into three broad
categories: loss of historical spawning habitat;
degradation of remaining habitat; and threats to
the genetic integrity of the wild spawning
populations from the FRFH spring‐run Chinook
salmon production program and from spawning
with naturally‐ and hatchery produced fall‐run
Chinook salmon. Since listing, a comprehensive
list of additional threats has been developed.

 Instream flow conditions and programs
that support salmon rearing, spawning
and migration needs and meet the spring‐
run Chinook salmon population targets
are achieved

Criterion SR-1.2: Address Threats to Water Quality

 Deleterious effects of stormwater runoff
are eliminated or controlled so as not to
impair water quality and quantity in
salmonid streams or the riparian habitats
supporting them

Some major stressors to the Central Valley spring‐
run Chinook salmon ESU include passage
impediments/barriers, warm water temperatures
for holding and rearing, limited quantity and
quality of rearing habitat, predation, and
entrainment. The complete prioritized list of life
stage‐specific stressors to this ESU is presented in
Appendix A. Each of the threats criteria described
below is related to one or more of the major
factors limiting recovery described and listed in
the NMFS 2006 Report to Congress on the PCSRF.

Factor
SR-1:
Destruction,
Modification,
Curtailment of Habitat or Range

 Agricultural practices are implemented
and programs are in place to protect and
restore riparian areas, floodplains and
stream channels, and to protect water
quality
from
sediment,
pesticide,
herbicide and fertilizer runoff
 Urban and rural development, including
land use conversion from agriculture and
forest land to developed areas, does not
impair water quality or result in
dysfunctional stream conditions

or

 The effects of toxic contaminants on
salmonid fitness and survival in the Delta,
lower mainstem rivers, and nearshore
ocean are sufficiently limited and
programs are in place to ensure continued
limiting so as not to affect recovery

Dams in the Central Valley have: (1) blocked
access to the entire historical spawning grounds;
(2) modified natural flow regimes and altered
water temperatures; and (3) reduced habitat
quality and complexity.
To determine that the spring‐run Chinook salmon
ESU is recovered, threats to habitat and the risks
posed to the abundance, productivity, and
especially to the spatial structure and diversity of
the ESU should be addressed as outlined below:

 Programs are in place to ensure continued
protection and restoration of water quality

Criterion SR-1.3: Address Threats to Habitat Quality and
Complexity

 Channel function, including vegetated
riparian
areas,
instream
wood,
streambank stability, off‐channel and side‐
channel habitats, natural substrate and
sediment
processes,
and
channel
complexity is restored to provide rearing,
migration, and spawning habitat to meet
the Recovery Plan’s recovery goals

Criterion SR-1.1: Address Threats to Spawning Grounds

 As appropriate or necessary to support
region‐wide recovery goals, passage
obstructions (e.g. dams) are removed or
modified to restore fish access or improve
passage to historically accessible habitat

Co-Manager Review Draft Recovery Plan

87

May 2008

Recovery Goals, Objectives and Criteria

 Floodplain function and the availability of
floodplain habitats for salmon is restored
to a degree sufficient to support a viable
ESU, including tidal swamp and marsh
habitat in estuaries and the tidal
freshwater portion of the lower rivers.
This
restoration
should
include
connectivity between river and floodplain,
and the restoration of impaired sediment
delivery
processes
and
conditions
affecting both estuaries and lower
mainstem rivers

Criterion SR-2.1: Address Threats to Overutilization

 Fishery management plans for salmon
ESUs are in place that (a) accurately
account for total fishery mortality (i.e.,
both landed catch and non‐landed
mortalities) and constrain mortality rates
for individual populations to levels that
are consistent with achieving ESU
viability (i.e., provide for adequate
spawning escapement given intrinsic
productivity
for
populations
representative of the life history and major
regional divisions in the ESU); and (b) are
implemented so that any effects on the
abundance, productivity, diversity, and
spatial structure of populations are
consistent with the recovery of the ESU

 Nearshore processes are protected and
restored so that ecological inputs (of
sediment, insects, leaves and wood) to
drift cells and mudflats function properly
to support Chinook salmon and the
species they prey upon
 Activities that dredge or fill in nearshore
and river beds or harden streambanks are
sufficiently mitigated
 Forest management practices that protect
and restore watershed and stream
functions are implemented on Federal,
State, Tribal, and private lands and
programs are in place to ensure continued
mitigation
 Technical tools accurately assess the
impacts of habitat management actions
Factor SR-2: Overutilization for Commercial,
Recreational, Scientific, or Educational Purposes

Although
overutilization
for
commercial,
recreational, scientific or educational purposes no
longer appears to have a significant impact on
spring‐run
Chinook
salmon
populations,
continued assessment is warranted.

 Technical tools accurately assess the
potential impacts of fishery management
actions
 Rules and
management
enforced

Factor SR-3: Disease or Predation

Both naturally spawned and hatchery‐reared
spring‐run Chinook salmon are susceptible to
threats from: (1) disease outbreaks caused by
naturally occurring pathogens; and (2) predation.
To determine that the spring‐run Chinook salmon
ESU is recovered, any disease or predation that
threatens its continued existence should be
addressed as outlined below:

Criterion SR-3.1: Address Threats from Disease Outbreaks

To determine that the spring‐run Chinook salmon
ESU is recovered, any utilization for commercial,
recreational, scientific, or educational purposes
should be addressed as outlined below:

Co-Manager Review Draft Recovery Plan

regulations for fishery
actions are effectively

 Hatchery operations apply measures that
reduce the risk that natural spring‐run
Chinook
salmon
populations
are
adversely affected by fish diseases and
parasites
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Criterion SR-3.2: Address Threats from Predation

 Rules and regulations for habitat
protection and restoration are effectively
enforced

 Suitable methods and levels of marine
mammal control are identified and
implemented
to
mitigate
negative
interactions with salmon where predation
poses significant risks to recovery

 Fishery Management Plans are effectively
enforced
 Habitat conditions, watershed functions
and nearshore processes are protected and
restored through land‐use planning that
guides human population growth and
development

 Populations of introduced game fish are
managed such that competition with or
predation on spring‐run Chinook salmon
does not impede salmon population
recovery

 Habitat
conditions
and
watershed
function are protected and restored
through regulations that govern resource
extraction such as timber harvest and
gravel mining

Factor SR-4: Inadequacy of Existing Regulatory
Mechanism

Despite Federal and non‐Federal efforts that have
been implemented to help increase the abundance
of spring‐run Chinook salmon over the past few
years, the existing protective efforts are
inadequate to ensure the spring‐run Chinook
salmon ESU is no longer at risk of becoming
endangered. The existing regulatory mechanisms
do not provide sufficient certainty that efforts to
reduce threats will be fully funded or
implemented, nor do these actions currently occur
at a scale that is adequate to protect and conserve
the entire ESU.

 Habitat conditions, watershed functions
and nearshore processes are protected and
restored through land protection agree‐
ments as appropriate, where existing
policy or regulations do not provide
adequate protection
 Adequate resources, priorities, regulatory
frameworks, and coordination mecha‐
nisms are established and/or maintained
for effective enforcement of land and
water use regulations that protect and
restore habitats and marine and
freshwater water bodies and for the
effective management of fisheries

To determine that the spring‐run Chinook salmon
ESU is recovered, any inadequacy of existing
regulatory mechanisms that threatens its
continued existence should be addressed as
outlined below:

 Regulatory, control, and education
measures to prevent additional exotic
species invasions are in place

Criterion SR-4.1. Address Threats Resulting from
Inadequacy of Existing Regulatory Mechanisms

 Regulatory mechanisms are in place to
ensure that any effects on the abundance,
productivity, diversity, and spatial
structure of populations are consistent
with the recovery of the ESU
 Technical tools accurately assess the
potential impacts of regulatory actions

Co-Manager Review Draft Recovery Plan

Factor SR-5: Other Natural and Manmade Factors
Affecting its Continued Existence

Spring‐run Chinook salmon are susceptible to
natural and man‐made threats caused by the
effects of: (1) artificial propagation on the genetic
integrity of the ESU; (2) climate changes on El
Niño ocean conditions and prolonged drought
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 Hatcheries mark or tag Chinook salmon
so that they can be differentiated from
natural Chinook salmon in fisheries,
migratory areas, and as adults returning
to hatcheries and natural spawning areas

conditions; and (3) entrainment at unscreened
water diversions.
To determine that the spring‐run Chinook salmon
ESU is recovered, other natural and man‐made
threats to its continued existence should be
addressed as outlined below:

Criterion SR-5.1. Address Threats Resulting from Artificial
Propagation

Criterion SR-5.2. Address Threats Resulting from Climate
Change

 Mechanisms are in place to reduce the
incidence of, and impacts from,
introduced, invasive, or exotic species

 Hatchery management plans are in place
to ensure that any effects on the
abundance, productivity, diversity, and
spatial structure of populations are
consistent with the recovery of the ESU

 Nutrient enrichment programs must be
evaluated to determine where additional
nutrient inputs can provide significant
benefits

 Technical tools accurately assess the
potential impacts of hatchery manage‐
ment actions

 Ecological functions of salmon, including
their benefits in cycling ocean‐derived
nutrients into freshwater areas, are
considered in fishery, hatchery, and
habitat management

 Rules and regulations for hatchery
management and protection are effective‐
ly enforced
 Hatchery programs are operated in a
manner that is consistent with individual
watershed and region‐wide recovery
approaches; appropriate criteria are used
for the integration of hatchery Chinook
salmon populations and extant natural
populations inhabiting watersheds where
the hatchery fish return

 Funded, active research that aids in
predicting the effects of climate change on
salmon recovery is in place and there are
Federal and State commitments to
respond to findings from the research
Criterion SR-5.3. Address Threats Resulting from
Unscreened Water Diversions

 Install and maintain fish screens meeting
NMFS fish screen criteria at the Jones and
Banks pumping facilities in an effort to
minimize entrainment.
Conduct fish
screen inspections and develop and
implement a collection and release
program, designed to provide for the
survival of fish salvaged at the facility.

 Hatcheries operate using appropriate
ecological, genetic, and demographic risk
containment measures for: (1) hatchery‐
origin adults returning to natural
spawning areas; (2) release of hatchery
juveniles; (3) handling of natural‐origin
adults
at
hatchery
facilities;
(4)
withdrawal of water for hatchery use; (5)
discharge of hatchery effluent; and (6)
maintenance of fish health during their
propagation in the hatchery

Co-Manager Review Draft Recovery Plan

 Evaluate alternatives to conveyance of
SWP and CVP water south of the Delta
that minimize/eliminate entrainment at
existing facilities and implement the
preferred alternative.
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Criterion SR – 5.4. Address Threats Resulting from Nonindigenous Aquatic Nuisance Species

obstructions (e.g. dams) are removed or
modified to restore fish access or improve
passage to historically accessible habitat

 Implement the management actions for
addressing aquatic invasive species
described in the California Aquatic
Invasive Species Management Plan.

 Instream flow conditions and programs
that support salmon rearing, spawning
and migration needs and meet the
steelhead population targets are achieved

Central Valley Steelhead
Threats to Central Valley steelhead are similar to
those for Central Valley Spring‐run Chinook
salmon and fall into three broad categories: loss of
historical spawning habitat, degradation of
remaining habitat, and threats to the genetic
integrity of the wild spawning populations from
hatchery steelhead production programs in the
Central Valley. Some major stressors to the Central
Valley
steelhead
DPS
include
passage
impediments/barriers, warm water temperatures
for rearing, hatchery effects, limited quantity and
quality of rearing habitat, predation, and
entrainment. The complete prioritized list of life
stage‐specific stressors to the DPS is presented in
Appendix A. Each of the threats criteria described
below is related to one or more of the major
factors limiting recovery described and listed in
the NMFS 2006 Report to Congress on the PCSRF.

Criterion ST-1.2: Address Threats to Water Quality

 Deleterious effects of stormwater runoff
are eliminated or controlled so as not to
impair water quality and quantity in
salmonid streams or the riparian habitats
supporting them
 Agricultural practices are implemented
and programs are in place to protect and
restore riparian areas, floodplains and
stream channels, and to protect water
quality
from
sediment,
pesticide,
herbicide and fertilizer runoff
 Urban and rural development, including
land use conversion from agriculture and
forest land to developed areas, does not
impair water quality or result in
dysfunctional stream conditions
 The effects of toxic contaminants on
salmonid fitness and survival in the Delta,
lower mainstem rivers, and nearshore
ocean are sufficiently limited and
programs are in place to ensure continued
limiting so as not to affect recovery

Factor ST-1: Destruction, Modification, or
Curtailment of Habitat or Range

Dams in the Central Valley have: (1) blocked
access to the vast majority of historical spawning
grounds; (2) modified natural flow regimes and
altered water temperatures; and (3) reduced
habitat quality and complexity.
To determine that the steelhead DPS is recovered,
threats to habitat and the risks posed to the
abundance, productivity, and especially to the
spatial structure and diversity of the DPS should
be addressed as outlined below:

 Programs are in place to ensure continued
protection and restoration of water quality

Criterion ST-1.3: Address Threats to Habitat Quality and
Complexity

 Channel function, including vegetated
riparian
areas,
instream
wood,
streambank stability, off‐channel and side‐
channel habitats, natural substrate and
sediment
processes,
and
channel

Criterion ST-1.1: Address Threats to Spawning Grounds

 As appropriate or necessary to support
region‐wide recovery goals, passage

Co-Manager Review Draft Recovery Plan
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complexity is restored to provide rearing,
migration, and spawning habitat to meet
the Recovery Plan’s recovery goals
 Floodplain function and the availability of
floodplain habitats for salmon is restored
to a degree sufficient to support a viable
DPS, including tidal swamp and marsh
habitat in estuaries and the tidal
freshwater portion of the lower rivers.
This
restoration
should
include
connectivity between river and floodplain,
and the restoration of impaired sediment
delivery
processes
and
conditions
affecting both estuaries and lower
mainstem rivers

To determine that the steelhead DPS is recovered,
any utilization for commercial, recreational,
scientific, or educational purposes should be
addressed as outlined below:

Criterion ST-2.1: Address Threats to Overutilization

 Fishery management plans that address
the steelhead DPS are in place that (a)
accurately account for total fishery
mortality (i.e., both landed catch and non‐
landed
mortalities)
and
constrain
mortality rates for individual populations
to levels that are consistent with achieving
DPS viability (i.e., provide for adequate
spawning escapement given intrinsic
productivity for populations repre‐
sentative of the life history and major
regional divisions in the DPS); and (b) are
implemented so that any effects on the
abundance, productivity, diversity, and
spatial structure of populations are
consistent with the recovery of the DPS

 Nearshore processes are protected and
restored so that ecological inputs (of
sediment, insects, leaves and wood) to
drift cells and mudflats function properly
to support steelhead and the species they
prey upon
 Activities that dredge or fill in nearshore
and river beds or harden streambanks are
sufficiently mitigated
 Forest management practices that protect
and restore watershed and stream
functions are implemented on Federal,
State, Tribal, and private lands and
programs are in place to ensure continued
mitigation
 Technical tools accurately assess the
impacts of habitat management actions

Factor ST-2: Overutilization for Commercial,
Recreational, Scientific, or Educational Purposes

Although there are no commercial fisheries for
steelhead in the ocean, inland steelhead fisheries
continue to be important tribal and recreational
fisheries and, thus, continue to warrant
assessment.

Co-Manager Review Draft Recovery Plan

 Technical tools accurately assess the
potential impacts of fishery management
actions
 Rules and regulations for fishery manage‐
ment actions are effectively enforced
Factor ST-3: Disease or Predation

Both naturally spawned and hatchery‐reared
steelhead are susceptible to threats from: (1)
disease outbreaks caused by naturally occurring
pathogens; and (2) predation.
To determine that the steelhead DPS is recovered,
any disease or predation that threatens its
continued existence should be addressed as
outlined below:
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Criterion ST-3.1: Address Threats from Disease Outbreaks

 Technical tools accurately assess the
potential impacts of regulatory actions

 Hatchery operations apply measures that
reduce the risk that natural steelhead
populations are adversely affected by fish
diseases and parasites

 Rules and regulations for habitat
protection and restoration are effectively
enforced

Criterion ST-3.2: Address Threats from Predation

 Fishery Management Plans are effectively
enforced

 Suitable methods and levels of marine
mammal control are identified and
implemented
to
mitigate
negative
interactions
with
steelhead
where
predation poses significant risks to
recovery

 Habitat conditions, watershed functions
and nearshore processes are protected and
restored through land‐use planning that
guides human population growth and
development

 Populations of introduced game fish are
managed such that competition with or
predation on steelhead does not impede
population recovery

 Habitat
conditions
and
watershed
function are protected and restored
through regulations that govern resource
extraction such as timber harvest and
gravel mining

Factor ST-4: Inadequacy of Existing Regulatory
Mechanisms

 Habitat conditions, watershed functions
and nearshore processes are protected and
restored through land protection agree‐
ments as appropriate, where existing
policy or regulations do not provide
adequate protection

Despite Federal and non‐Federal efforts that have
been implemented to protect steelhead, the
steelhead ESU remains at risk of extinction
because the existing regulatory mechanisms do
not provide sufficient certainty that efforts to
reduce threats to the DPS will be fully funded or
implemented.
Existing conservation efforts,
research and monitoring activities also do not
occur at a scale that is adequate to protect the
entire DPS.

 Adequate resources, priorities, regulatory
frameworks, and coordination mecha‐
nisms are established and/or maintained
for effective enforcement of land and
water use regulations that protect and
restore habitats and marine and
freshwater water bodies and for the
effective management of fisheries

To determine that the steelhead DPS is recovered,
any inadequacy of existing regulatory mechanisms
that threatens its continued existence should be
addressed as outlined below:

 Regulatory, control, and education
measures to prevent additional exotic
species invasions are in place

Criterion ST-4.1. Address Threats Resulting from
Inadequacy of Existing Regulatory Mechanisms

 Regulatory mechanisms are in place to
ensure that any effects on the abundance,
productivity, diversity, and spatial
structure of populations are consistent
with the recovery of the DPS

Co-Manager Review Draft Recovery Plan

Factor ST-5: Other Natural and Manmade Factors
Affecting its Continued Existence

Steelhead are susceptible to natural and man‐
made threats caused by the effects of: (1) artificial
propagation on the productivity, spatial structure
and diversity of the DPS; (2) climate changes on El
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 Hatcheries mark or tag steelhead so that
they can be differentiated from natural
steelhead in fisheries, migratory areas,
and as adults returning to hatcheries and
natural spawning areas

Niño ocean conditions and prolonged drought
conditions; and (3) entrainment at unscreened
water diversions.
To determine that the steelhead DPS is recovered,
other natural and man‐made threats to its
continued existence should be addressed as
outlined below:

Criterion ST-5.2. Address Threats Resulting from Climate
Change

 Mechanisms are in place to reduce the
incidence of, and impacts from,
introduced, invasive, or exotic species

Criterion ST-5.1. Address Threats Resulting from Artificial
Propagation

 Hatchery management plans are in place
to ensure that any effects on the
abundance, productivity, diversity, and
spatial structure of populations are
consistent with the recovery of the DPS

 Nutrient enrichment programs must be
evaluated to determine where additional
nutrient inputs can provide significant
benefits
 Ecological
functions
of
steelhead,
including their benefits in cycling ocean‐
derived nutrients into freshwater areas,
are considered in fishery, hatchery, and
habitat management

 Technical tools accurately assess the
potential impacts of hatchery manage‐
ment actions
 Rules and regulations for hatchery
management and protection are effective‐
ly enforced
 Hatchery programs are operated in a
manner that is consistent with individual
watershed and region‐wide recovery
approaches; appropriate criteria are used
for the integration of hatchery steelhead
populations
and
extant
natural
populations inhabiting watersheds where
the hatchery fish return

 Funded, active research that aids in
predicting the effects of climate change on
steelhead recovery is in place and there
are Federal and State commitments to
respond to findings from the research

Criterion ST-5.3. Address Threats Resulting from
Unscreened Water Diversions

 Install and maintain fish screens meeting
NMFS fish screen criteria at the Jones and
Banks pumping facilities in an effort to
minimize entrainment.
Conduct fish
screen inspections and develop and
implement a collection and release
program, designed to provide for the
survival of fish salvaged at the facility.

 Hatcheries operate using appropriate
ecological, genetic, and demographic risk
containment measures for: (1) hatchery‐
origin adults returning to natural
spawning areas; (2) release of hatchery
juveniles; (3) handling of natural‐origin
adults
at
hatchery
facilities;
(4) withdrawal of water for hatchery use;
(5) discharge of hatchery effluent; and
(6) maintenance of fish health during their
propagation in the hatchery

Co-Manager Review Draft Recovery Plan

 Evaluate alternatives to conveyance of
SWP and CVP water south of the Delta
that minimize/eliminate entrainment at
existing facilities and implement the
preferred alternative.
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Criterion ST – 5.4. Address Threats Resulting from Nonindigenous Aquatic Nuisance Species

 Implement the management actions for
addressing aquatic invasive species
described in the California Aquatic
Invasive Species Management Plan.

Co-Manager Review Draft Recovery Plan
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“Once there is a firm commitment and a strategy alternative has been decided upon, the
third and final pillar of an effective salmon recovery effort is that a number of specific
actions will be required to achieve effective implementation.”
-

Jeffrey J. Dose. Commitment, Strategy, Action: The Three Pillars of Wild Salmon Recovery in Salmon 2100:
the future of wild Pacific salmon

This Recovery Plan establishes a “directional” strategic approach to recovery, which identifies general
recovery actions for the Central Valley, as well as watershed‐ and site‐specific recovery actions.
Watershed‐specific recovery actions address threats occurring in each of the rivers or creeks that
currently support spawning populations included in the Sacramento River winter‐run Chinook salmon
ESU, the Central Valley spring‐run Chinook salmon ESU, or the Central Valley steelhead DPS. Site‐
specific recovery actions address threats to these species occurring within a migratory corridor (e.g., San
Francisco Bay or the Delta).
This Recovery Plan maintains a consistent strategic framework for the establishment of recovery goals
and criteria, the identification and prioritization of threats, and the identification of recovery actions. As
described in the Recovery Strategy chapter, the framework for ESU or DPS recovery includes goals and
criteria directed at the diversity group (recovery units) and population (management units) levels.
Similarly, the threats assessment framework for each ESU or DPS also was organized by diversity groups
and populations. For winter‐run Chinook salmon, threats were prioritized within the Sacramento River
population, whereas for spring‐run Chinook salmon and steelhead, threats were prioritized within each
diversity group as well as within each population.
Results from the threats assessment and prioritization process (described in Appendix A) were used to
guide the identification of watershed‐ and site‐specific recovery actions for each diversity group and
population. In that process, threat/stressor matrices were used to structure diversity group, population,
life stage, and stressor information into hierarchically‐related tiers so that stressors to each ESU or DPS
could be prioritized. Prioritizing stressors was accomplished by weighting each tier beneath the diversity
group tier, calculating a composite and normalized weight for each specific stressor, and then sorting the
normalized weights 3. A completed stressor matrix sorted by normalized weight resulted in a prioritized
list of the life stage‐specific stressors affecting each ESU or DPS throughout its life cycle 4.

3

The stressor weighting and prioritization process is fully described in Appendix A.

4 Threats to the species that were included in the matrices were limited to those which could potentially be minimized or eliminated
with some directed action. For example, although ocean conditions, such as upwelling, are believed to be a major factor affecting
the growth and survival of Chinook salmon, this factor was not included in the stressor matrices, because there is no way to control
the frequency and magnitude of upwelling events. Conversely, ocean harvest and poaching is a managed threat included in the
stressor matrices.
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Although the matrix provides a semi‐quantitative
means of comparatively ranking individual
stressors within a diversity group or population, it
is important to avoid attributing unwarranted
specificity to the prioritized stressor list. As such,
the prioritized stressor list was distributed into
four separate quartiles which represent four tiers
of stressor importance. The stressors in the
quartile with the highest normalized weights were
identified as having “Very High” importance. The
stressors in the other three quartiles were
identified as having either a “High”, “Medium”,
or “Low” importance depending on the
magnitude and distribution of the normalized
weights. For example, a population with 100
individual stressors with distinct (i.e., unequal)
normalized weights would have 25 stressors that
were considered of “Very High” importance, 25
with “High” importance, 25 with “Medium”
importance, and 25 with “Low” importance.
However, if the normalized weights of some of the
stressors were equal, then the distribution could
be altered such that not all tiers received the same
number of stressors. For example, if the 25th and
26th ranked stressors in the sorted list of 100
stressors were equal, then the “Very High”
importance stressor category would contain 26
stressors. The “High” and “Medium” importance
categories would contain 25 or more stressors
depending on whether the normalized weights for
the stressors at the quartile cutoffs were equal or
not. The “Low” importance category would
contain the remaining lowest weighted stressors.
Watershed‐ or site‐specific recovery actions have
been identified for each specific threat that was
considered to be of “Very High” or “High”
importance within a particular diversity group
(spring‐run Chinook salmon and steelhead) or
population
(winter‐run
Chinook
salmon)
(Appendix B). Specific stressors that are common
to multiple populations were listed only once in
each species‐ and diversity group‐specific table.
For example, within the Northern Sierra Nevada
spring‐run Chinook salmon diversity group,
although loss of floodplain habitat in the lower
Sacramento River ranked as a stressor of “Very
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High” importance affecting juvenile Chinook
salmon produced in each population, this
particular stressor (and associated recovery
actions) was only listed once. Similarly, within a
diversity group, specific stressors that are
common to multiple life stages within a
population were only listed once in each table.
By linking specific recovery actions to the highest
ranked threats, those recovery actions also become
prioritized in importance to the diversity group or
population. These recovery actions represent the
first step at eliminating or alleviating the factors
believed to be most detrimental to the viability of
a particular diversity group or population.
In an effort to focus and direct energy at the most
significant threats (i.e., threats in the “Very High”
or “High” category) to the Sacramento River
winter‐run Chinook salmon ESU, the Central
Valley spring‐run Chinook salmon ESU, and the
Central Valley steelhead DPS, watershed‐ or site‐
specific recovery actions for the threats ranked in
the “Medium” or “Low” quartiles have not been
described in this recovery plan. Although such
actions would certainly contribute to ESU or DPS
recovery, considering the number of specific
threats that ranked in the “Very High” or “High”
quartiles for each diversity group 5, we believe an
efficient recovery strategy should address the
most important threats first. This strategy would
also likely alleviate some stressors in the
“Medium” or “Low” quartiles as stressors in
migratory and rearing habitats utilized by
multiple populations rank in the top 50 percent of
stressors for some populations and in the bottom
50 percent for others.
The status of the recovery actions identified
corresponding to the threats of “Very High” or
“High” importance will be assessed through the
adaptive management program of the recovery
plan at the 5‐ and 10‐year status reviews of the

Nearly 250 specific threats were identified in the “Very High”
quartile for the Northern Sierra Nevada steelhead diversity
group alone.

5
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 Lower
Yuba
River
Revised
Implementation Plan and Appendices
(CALFED and YCWA 2005)

ESU and DPS. During these status reviews, the
threats identification and prioritization process
could be re‐initiated to account for threats that
have been alleviated and for changes in
environmental and biotic conditions, which may
have altered the distribution of stressors in terms
of importance. Such alterations would result in a
re‐prioritization of recovery actions.

 Ecosystem Restoration
(ERPP) (CALFED 1999a)

 Lower Yuba River Fisheries Management
Plan (CDFG 1991a)
 Initial Fisheries and In‐Stream Habitat
Management and Restoration Plan for the
Lower American River (Water Forum
2001)

 Final
Restoration
Plan
for
the
Anadromous Fish Restoration Program
(USFWS 2001)

 CALFED Bay/Delta Program Multi‐
Species Conservation Strategy.
Final
Programmatic
EIS/EIR
Technical
Appendix (CALFED 2000a)

 Restoration Plan for the Anadromous Fish
Restoration Program (USFWS 1997)

 Potential for Re‐establishing a Spring‐Run
Chinook Salmon Population in the Lower
Feather River (MWD 2005)

 AFRP Planning Documents (AFRP
Website 2005; AFRP Website 2006a; AFRP
Website 2006b)

 Central Valley Salmon – A perspective on
Chinook and Steelhead in the Central
Valley of California (Williams 2006)

 Ecosystem Restoration Plan Planning
Documents (CALFED 2006; CALFED
2007)

GENERAL RECOVERY ACTIONS FOR
THE CENTRAL VALLEY
The recovery actions presented below are general
to the Central Valley Domain and are listed in no
particular order.

 Summary of Threats and Recovery
Actions for Steelhead.
Sacramento
Salmon
and
Steelhead
Recovery
Workshop (NMFS 2007a)

 Remove striped bass from the CVPIA‐
AFRP doubling goals and implement
programs and measures designed to
control
non‐native
predatory
fish,
including eradication programs for non‐
native predators (e.g., striped bass,
largemouth bass, and smallmouth bass).

 Steelhead Restoration and Management
Plan for California (CDFG 1996)
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Plan

 Restoring Central Valley Streams: A Plan
for Action (CDFG 1993)

A number of ecosystem and/or anadromous fish
enhancement plans for the Central Valley, as well
as input received from two recovery planning
public workshops, held May 22nd and 24th, 2007 in
Sacramento and Redding, respectively, have been
used to identify recovery actions.
These
documents include:

 Summary of Threats and Recovery
Actions for Spring‐run Chinook salmon
and
Winter‐run
Chinook
Salmon
Recovery Actions. Sacramento Salmon
and Steelhead Recovery Workshop
(NMFS 2007c)

Program
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 Develop programs to educate the public
about anadromous fish issues, such as the
effects of poaching and environmental
contaminants, especially contaminants in
urban runoff

 Promote State and local initiatives and
programs to improve water conservation
 Decrease ocean harvest of winter‐run and
spring‐run Chinook salmon
 Conduct Central Valley‐wide assessment
of
keystone
dams
and
passage
opportunities and implement programs to
restore access to properly functioning
habitat that was historically available

 Reduce toxic chemical and trace element
contamination
 Provide additional funding for increased
law enforcement to reduce illegal take of
anadromous fish, stream alteration, and
water pollution and to ensure adequate
protection for juvenile fish at pumps and
diversions

 Increase integration of the State and
Federal water projects through shared
storage and conveyance agreements
 Replenish spawning gravel and restore
riparian habitat below Shasta Dam
 Assist the State in efforts to avoid losses of
juvenile anadromous fish resulting from
unscreened or inadequately screened
diversions
 Use pulse flows to increase migratory fish
survival
 Eliminate fish losses
fluctuations of the CVP

due

to

Evaluate the need to revise harvest
regulations to increase spawning
escapement of naturally produced
Chinook salmon

•

Evaluate the potential to modify
hatchery procedures to benefit native
stocks of salmonids

 Evaluate and avoid potential competitive
displacement of naturally produced
juvenile
salmonids
with
hatchery‐
produced juveniles by implementing
release strategies for hatchery‐produced
fish designed to minimize detrimental
interactions

flow

 Maintain suitable water temperatures for
anadromous fish survival by controlling
or relocating the discharge of irrigation
return flows and sewage effluent, and by
restoring riparian forests

 Evaluate and implement specific hatchery
spawning
protocols
and
genetic
evaluation programs to maintain genetic
diversity in hatchery and natural stocks

 Evaluate passage at small dams or other
man‐made obstructions and implement
fish passage per NMFS criteria

 Evaluate a program to tag and fin‐clip all
or a significant portion of hatchery‐
produced fish as a means of collecting
better information regarding harvest rates
on hatchery and naturally produced fish
and effects of hatchery‐produced fish on
naturally produced fish

 Support programs to provide educational
outreach and local involvement in
restoration, including programs like
Salmonids in the Classroom, Aquatic
Wild, and Adopt a Watershed and school
district environmental camps

Co-Manager Review Draft Recovery Plan
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 Establish a new flow standard at Vernalis
using all San Joaquin tributaries to meet
the standard to protect Central Valley
steelhead and a future spring‐run
Chinook salmon population(s)

 Evaluate the direct and indirect effects of
contaminants
on
production
of
anadromous fish
 Evaluate the effects of exotic species on
production of anadromous fish

 Establish a new flow standard at Rio Vista
to improve or maintain upstream and
downstream migration conditions

 Encourage the restoration of small
tributaries by evaluating the feasibility of
screening or relocating diversions,
switching to alternative sources of water
for upstream diversions, restoring and
maintaining a protected riparian strip,
limit
excessive
erosion,
enforcing
dumping ordinances, removing toxic
materials or controlling their source,
replacing bridge and ford combinations
with bridges or larger culverts and
installing siphons to prevent truncation of
small streams at irrigation canals

 Implement
the
Vernalis
Adaptive
Management Program beyond the 2011
sunset date to improve juvenile
outmigration for steelhead and future
spring‐run Chinook salmon
 Reclaim/restore
floodplain
throughout the Delta

 Take climate change into account when
prioritizing restoration actions

 Identify and evaluate different procedures
of physically separating spawning fall‐run
and spring‐run Chinook salmon to
minimize introgression
 Implement conjunctive
where appropriate

use

habitat

•

Prefer restoration activities that
will benefit multiple species or
ecosystems over those that are
specific to salmonid, especially
along streams where water
temperatures are less likely to
remain tolerable for salmon.

•

Take into consideration change in
the amount and distribution of
precipitation when designing
restoration projects to match
historical hydrology

•

Resist temptation to allow
uncertainty regarding precisely
how climate will change to be
used to justify not taking future
climate change into account in
restoration planning.

program

 Modify/improve existing gravel supply
and condition
 Conduct Central Valley‐wide assessment
of dams and passage opportunities
 Regulate point source discharges
 Transfer fish to new “opened” habitat,
where it is unlikely that fish would
spontaneously recolonize it
 Reduce the E/I water quality control
standard in the Delta from 65 percent to
35 percent in January in order to promote
higher survival during juvenile salmonid
outmigration (per CVPIA Delta Action 8
salmon survival studies)
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“Although recovery actions can, and should, start immediately upon listing a species as
endangered or threatened under the ESA, prompt development and implementation of a
recovery plan will ensure that recovery efforts target limited resources effectively and
efficiently into the future.”
NMFS 2006. Interim Endangered and Threatened Species Guidance

INTEGRATING RECOVERY INTO NMFS ACTIONS
It is a challenging undertaking to facilitate a
change in practice and policy that reverses the
path towards extinction of a species to one of
recovery. This change can only be accomplished
with effective outreach and education, strong
partnerships, focused recovery strategies and
solution‐oriented thinking that can shift agency
and
societal
attitudes,
practices
and
understanding.
Implementation of the recovery plan by NMFS
will take many forms and is generally and
specifically described in the NMFS Protected
Resources Division Strategic Plan 2006. The
Recovery Planning Guidance (NMFS 2006) also
outlines how NMFS shall cooperate with other
agencies regarding plan implementation. These
documents, in addition to the ESA, shall be used
by NMFS to set the framework and environment
for plan implementation. The PRD Strategic
Plan asserts that species conservation (in
implementing recovery plans) by NMFS will be
more strategic and proactive, rather than
reactive. To maximize existing resources with
workload issues and limited budgets, the PRD
Strategic
Plan
champions
organizational
changes and shifts in workload priorities to
focus efforts towards “those activities or areas
that have biologically significant beneficial or
adverse impacts on species and ecosystem
recovery” (NMFS 2006). The resultant shift will
reduce NMFS engagement on those activities or
Co-Manager Review Draft Recovery Plan

projects not significant to species and ecosystem
recovery.
NMFS actions to promote and implement
recovery planning shall include:
5.

Formalizing recovery planning goals on a
program‐wide basis to prioritize work load
allocation and decision‐making (to include
developing the mechanisms to make
implementation (e.g., restoration) possible).
6. Conduct an aggressive outreach and
education program.
7. Facilitate a consistent framework for
research, monitoring, and adaptive
management that can directly inform
recovery objectives and goals.
8. Establish an implementation tracking
system that is adaptive and pertinent to
support the annual reporting for the
Government Performance and Results Act,
Bi‐Annual Recovery Reports to Congress
and the 5‐Year Review.
NMFS’ efforts must be as far‐reaching (beyond
those under the direct regulatory jurisdiction of
NMFS) as the issues adversely affecting the
species. Thus, to achieve recovery, NMFS will
need to promote the recovery plan and provide
needed technical information and assistance to
other entities that implement actions that may
impact the species’ recovery. For example,
NMFS will work with key partners on high
101

May 2008

Implementation and Cost Estimates

priorities such as facilitating passage assessment
and working with Counties to ensure protective
measures consistent with recovery objectives are
included in their General Plans.
While recovery plans are guidance documents
not regulatory documents, the intent is that they
are used to prioritize and target necessary
actions for the survival and recovery of the
species.
The Recovery Planning Guidance
(NMFS 2006) specifically outlines NMFS’
obligations:
“...the ESA clearly envisions recovery
plans as the central organizing tool
for guiding each species’ recovery
process. They should also guide
Federal agencies in fulfilling their
obligations under section 7(a)(1) of
the ESA… and provide context and
a framework for implementing
other provisions of the ESA such as
section 7(a)(2), development of
Habitat Conservation Plans or Safe
Harbor agreements under section
10, special rules for threatened
species under section 4(d)”.
Furthermore, recovery plans should guide
enhancement provisions of sections 4 and 5, take
prohibitions through sections 4(d) and 9,
cooperation with state(s) under section 6,
needed research under section 10, fishery
management actions taken and Essential Fish
Habitat (EFH) consultations conducted under
the provisions of the Magnuson‐Stevens Fishery
Conservation and Management Act (MSFCMA).
The approaches NMFS intends to use when
implementing various sections of the ESA and
MSFCMA are discussed in detail and are
summarized in Table 8. These approaches are
intended to formalize the recovery plans in the
daily efforts and decision‐making at NMFS in
the Southwest Region. Of necessity, some of
these methods address the urgent issues of
staffing and workload that NMFS faces. As a
result, our commitment to implementing
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recovery plans extends to the ways in which we
prioritize the many requests for consultations
and permits we receive. The discussion below
outlines the specific action recommendations
found the highest priorities in the recovery
planning process for the Domain.

Section 4
Section 4 provides the mechanisms to list new
species as threatened or endangered, designate
critical habitat, develop protective regulations
for threatened species, and develop recovery
plans. Critical habitat designations may be
revised as needed to reflect recovery strategies.
Tailored 4(d) rules to address high priority or
low priority activities have been developed for
the Central Valley salmonid species listed as
threatened in the Domain; however, because
4(d) applies only to threatened species, this
mechanism is not available for Sacramento River
winter‐run Chinook salmon due to their listing
status as endangered. To authorize take of
Sacramento River winter‐run Chinook salmon,
section 7(a)(2) or 10 (a)(1)(B) processes are the
legal mechanism available under the ESA.

Section 5
Section 5 is a program that applies to land
acquisition with respect to the National Forest
System. Multiple National Forests lands are
present within the Central Valley domain.

Section 6
Section 6 describes protocols for consultation
and agreements between NMFS and the states
for the purpose of conserving threatened or
endangered species.
Congress established the Pacific Coast
SalmonRecovery Fund (PCSRF) to contribute to
the restoration and conservation of Pacific
salmon and steelhead populations and their
habitats. The states of Washington, Oregon,
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Table 8. Summary of approaches NMFS intends to use when implementing various sections of the ESA and MSFCMA.

Authority

Description

Implementation Actions

ESA

Section 7(a)(1)
Interagency Cooperation

Use threats assessments and recovery actions to guide Federal partners to
further the conservation of listed Central Valley salmon and steelhead.

Section 7

(Use of authorities)
ESA
Section 7

Section 7(a)(2)
Interagency Cooperation
(Consultation)

Use recovery criteria and objectives as a reference point to determine effects
of proposed actions on the likelihood of species’ recovery.

Note: Permits issued
under section 10(a)(1) of
the ESA also undergo
section 7 consultation prior
to issuance.

Use threats assessments and recovery strategy as a guide to prioritizing
consultations when making workload decisions.

Place high priority on consultations for actions that implement recovery
strategy or specific actions.
Streamline consultations for those actions with little or no effect on recovery
areas or priorities.
ESA

Section 9 Enforcement

Prioritize those actions and areas deemed of greatest threat or importance
for focused efforts to halt illegal take of listed species.

Section 10(a)(1)(B)
Incidental Take Permits

Prioritize permit applications that address identified research and
monitoring needs in the recovery plan.

Section 9
ESA
Section 10

Prioritize cooperation and assistance to landowners proposing activities or
programs designed to achieve recovery objectives.
Standardize monitoring methods in HCPs to the TRT research needs and
the recovery plan template.
Magnuson‐
Stevens Fishery
Management

Fishery Management

Implement fishery regulations to maintain salmon harvest levels at or below
those necessary to allow for the recovery of listed salmon and steelhead.

Implement fishery regulations to reduce bycatch of salmon in federally‐
managed fisheries.
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California, Idaho, and Alaska, and the Pacific
Coastal and Columbia River tribes receive
Congressional PCSRF appropriations from
NMFS each year. The fund supplements existing
state, tribal, and local programs to foster
development
of
federal‐state‐tribal‐local
partnerships in salmon and steelhead recovery
and conservation. NOAA Fisheries Service has
established memoranda of understanding
(MOU) with the states of Washington, Oregon,
California, Idaho, and Alaska, and with three
tribal commissions on behalf of 28 Indian tribes.
The MOUs establish criteria and processes for
funding priority PCSRF projects. This existing
MOU disqualifies California for an additional
section 6 agreement for salmonids.
It is
important to note that the Central Valley is
excluded from receiving PCSRF funds because
of funding allocations available through the
California Bay‐Delta Authority (CALFED). The
State would qualify if a new agreement focused
on other NOAA species that do not receive
PCSRF or other federal funds (e.g. green
sturgeon or abalone).

 Encourage development of a SWR
Sacramento
Office
or
Regional
Memorandum of Understanding (MOU)
similar to a 1994 MOU [Daily Env’t Rep.
(BNA) No. 188, at E‐1] between Agencies
(which expired in 1999), establishing a
framework
for
cooperation
and
participation to further the purposes of the
ESA that specifically outlines a process for
coordinating and implementing appropriate
recovery actions identified in recovery
plans.
 Prepare, and send after recovery plan
approval, a letter to all other appropriate
Federal agencies outlining section 7(a)(1)
obligations and meet with these agencies to
discuss listed salmonid conservation and
recovery priorities.


Section 7
Section 7(a)(1) provides that all Federal agencies
shall “…in consultation with and with the
assistance of the Secretary, utilize their
authorities in furtherance of the purposes of this
Act by carrying out programs for the
conservation of endangered species….” Section
7(a)(1) allows a Federal agency the discretion to
give the conservation of endangered species
priority over its more central and traditional
missions. “Conservation” is defined in the ESA
as those measures necessary delist a species. In
other words, the theme is recovery. To date,
other Federal agencies have not complied with
the section 7(a)(1) requirement to develop
conservation programs for listed Central Valley
salmon and steelhead. To prompt Federal
agencies to develop conservation programs,
NMFS shall:
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Encourage
development
of
Conservation Bank Agreements for creating
an array of individual conservation bank
sites that will provide credits as
compensation for actions that may affect
anadromous salmonids within the Central
Valley
recovery
domain.
Focus
conservation bank sites in key listed Central
Valley salmon and steelhead watersheds.

 Encourage
meaningful
and
focused
mitigation, in alignment with recovery goals
for restoration and threat abatement, for all
actions that incidentally take listed Central
Valley salmon and steelhead or affect their
habitat.
 Encourage Federal partners to include
recovery actions in project proposals.
 Conduct outreach to Federal partners, and
provide an outline of 7(a)(1) obligations.
The purpose of section 7(a)(2) is to “insure that
any action authorized, funded, or carried out by
[a Federal agency] is not likely to jeopardize the
continued existence of any [listed species] or
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result in the destruction or adverse modification
of [a listed species’ critical habitat].” This
provision bars only those agency actions that
would take the species’ overall health below its
status quo. The theme is not one of recovery but
of “no jeopardy” or “adverse modification.”
Federal
agencies
request
interagency
consultation with NMFS (and/or FWS) when
they determine an action may affect a listed
species or its critical habitat.
NMFS then
conducts an analysis of potential effects of the
action. In the process of consultation, NMFS
currently expends considerable effort to assist
agencies in avoiding and minimizing the
potential effects of proposed actions, and to
ensure agency actions do not jeopardize a
species or destroy or degrade habitat.
As a
result, the majority of these actions have done a
good job at preventing and minimizing direct
take but have done little to contribute to
recovery of listed Central Valley salmon and
steelhead.
To improve the section 7(a)(2) consultation
process, NMFS will utilize it authorities to:
 Use recovery criteria and objectives as a
reference point to determine effects of
proposed actions on the likelihood of
species’ recovery.
 Place high priority on consultations for
actions that implement recovery strategy or
specific actions.
 Develop and maintain databases to track the
amount of incidental take authorized and
effectiveness of conservation and mitigation
measures.
 Provide recommended actions in recovery
plan as section 7(a)(1) conservation
recommendations.
 Prioritize staff time to address and minimize
short‐ and long‐term effects of all actions
occurring in listed Central Valley salmon
and steelhead habitats.
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 Adopt an emergency no‐incidental take
policy for Sacramento River winter‐run
Chinook salmon for all projects not
associated with recovery.
 Focus staff priorities away from section 7
compliance in watersheds not designated as
a priority for recovery and direct efforts to
recovery implementation.
 Streamline consultations for those actions
with little or no effect on recovery areas or
priorities.
 Prioritize staff efforts to carefully and
consistently consider short‐term and long‐
term impacts to watershed processes when
conducting jeopardy analysis for Federal
actions in key listed Central Valley salmon
and steelhead watersheds.
 Apply the VSP framework and recovery
priorities to evaluate population and area
importance in jeopardy and adverse
modification analysis.
 Develop a mitigation policy and include
concepts of mitigation banking in areas
identified as essential for recovery for all
section 7s
Within this framework NMFS will utilize its
authorities to encourage:
 Amendments to the Corps section 404 Clean
Water Act exemptions for farming, logging,
and ranching activities. Terminating section
404(f) exemptions for discharges of dredged
or fill material into waters of the United
States associated with certain normal
agricultural activities (defined as logging,
ranching, and farming) will allow
interagency consultations in key Dependent
and Independent watersheds and provide
incidental
take
coverage
for
individuals/corporations/agencies engaged
in those activities.
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 The Federal Emergency Management
Agency (FEMA) to fund upgrades for flood‐
damaged facilities to meet the requirements
of the ESA and facilitate recovery.
 The Environmental Protection Agency
(EPA) to prioritize action on pesticides
known to be toxic to fish and/or are likely to
be found in fish habitat; and to take
protective actions, such as restrictions on
pesticide use near water.
 The FHWA and Caltrans develop pile
driving guidelines, approved by NMFS, for
all bridge construction projects in Key
Dependent,
Independent,
and
other
watersheds with extant listed Central Valley
salmon and/or steelhead populations.
 Development of section 7 Conservation
Recommendations to help prioritize Federal
funding towards recovery actions (NFMS,
USFWS, NRCS, EPA, etc) during formal
consultations.
 All Federal agencies who designate a non‐
Federal representative to conduct informal
consultation or prepare a biological
assessment
ensure
the
associated
documentation comports to 50 CFR 402.14(c)
prior to initiating consultations with NMFS.
 All consulting agencies to provide biological
assessments that comport to 50 CFR
402.14(c) for all projects in all watersheds
where listed Central Valley salmon and/or
steelhead are present and/or with
designated critical habitat.
 All Federal agencies, or their designated
representatives, to field review projects and
actions upon project completion to
determine whether or not the projects were
implemented as planned and approved.
Encourage all Federal agencies, or their
designated representatives to report the
initial findings of field review to NMFS.
 Encourage Federal agencies to coordinate
and develop programmatic incidental take
authorization for activities that contribute to
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the recovery of listed Central Valley salmon
and steelhead, to streamline their permitting
processes.
 Encourage all consulting agencies to
provide biological assessments that comport
to 50 CFR 402.14(c) for all projects in all
watersheds where listed Central Valley
salmon and/or steelhead are present and/or
with designated critical habitat.

Section 9
Section 9 prohibits any person from harming
members of listed species including direct forms
of harm such as killing an individual, or indirect
forms such as destruction of habitat where
individual rear or spawn. The recovery plan
will assist NMFS’ Enforcement personnel by
targeting key watersheds essential for species
recovery. Core recovery areas identified in this
plan should be considered the highest priority
areas. NMFS PRD staff will work closely with
NMFS Enforcement regarding the identification
of threats and other activities believed to place
coho salmon at high risk of take and/or
extirpation. Actions will include the following:
 NMFS will conduct outreach and provide
enforcement a summary of the recovery
priorities and threats.
 NMFS will prioritize those actions and areas
deemed of greatest threat or importance for
focused efforts to halt illegal take of listed
species.
 NMFS will develop a plan to outline
responsibilities and priorities between PRD
and enforcement to ensure activities by
NMFS staff, when supporting enforcement,
are focused on the highest recovery
priorities.
 When a take threat has occurred in a high
priority area, NMFS PRD will work with
NMFS enforcement, to the extent feasible,
with the development of a take statement.
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 NMFS enforcement will work with the
California Department of Fish and Game, in
conjunction with the Joint Enforcement
Agreement to increase patrols and
landowner outreach in critical watersheds,
particularly during droughts, when listed
Central Valley salmon and steelhead salmon
are potentially at greater threat of
unauthorized taking.
 Regular meetings between recovery staff
and Enforcement will occur.
NMFS
Enforcement will place a high priority on
identification and curtailment of threats in
key populations identified for recovery.

Section 10
Section 10 provides permits for the
authorization of take for scientific research, or to
enhance the propagation or survival of listed
species.
Typically NMFS has authorized
conservation hatcheries, research activities, and
habitat conservation plans for non‐federal
activities under section 10. To improve the
section 10 authorization process, NMFS will
utilize it authorities to:
Section 10(a)(1)(a) Research Permits
 Prioritize permit applications that address
identified research and monitoring needs in
the recovery plan.
 Evaluate all proposed activities against the
identified threats, recovery strategy, and
recovery actions identified in the plan.
 Develop and maintain databases to tracks
the amount of incidental take authorized
and the effectiveness of conservation and
mitigation measures.
Section 10(a)(1)(B) Habitat Conservation Plans
We recommend all future HCPs, where listed
Central Valley salmon and steelhead are
covered species, adopt the viability and threats
assessment guidelines described in this recovery
plan. Adoption of these guidelines will facilitate
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standardization and could help in the tracking
of recovery actions and threats abatement.
Additionally, adoption of the assessment
protocols should streamline jeopardy analysis
and assist applicants in identification of limiting
factors and strategically targeting beneficial and
conservation and mitigation opportunities and
locations. Finally, adoption of the assessment
protocols will facilitate consistency in the
development of standards to determine the
appropriate levels of mitigation necessary to
ensure the continued existence of listed Central
Valley salmon and steelhead. The Habitat
Conservation Planning Handbook stresses the
need for consistency of mitigation measures for
a species and for specific standards. Although,
not a preferred option (according to the
USFWS/NMFS HCP Handbook), if offsite
mitigation is necessary this recovery plan can be
used to target watersheds for recovery actions.
In some circumstances off‐site mitigation may
provide greater opportunity for recovery than
onsite mitigation (i.e., if an HCP’s covered
activities occur in a non‐focus watershed).
Within this framework NMFS will utilize its
authorities to:
 Prioritize cooperation and assistance to
landowners
proposing
activities
or
programs designed to achieve recovery
objectives.
 Standardize monitoring methods in HCPs to
the TRT research needs and the recovery
plan template. Consistent data collection
techniques and the ability to compare
similar data sets over space and time will set
the framework for the five year review and
help track recovery progress.

Fisheries Management and EFH
Much of listed Central Valley salmon and
steelhead habitat is located in areas identified as
Essential Fish Habitat (EFH) for the Pacific Coast
Salmon Fishery Management Plan (FMP) under
the Magnuson‐Stevens Fishery Conservation
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and Management Act (MSFCMA). NMFS will
implement fishery regulations to maintain
salmon harvest levels at or below those
necessary to allow for the recovery of listed
salmon. NMFS anticipates the objective and
recovery strategies will serve as a guide when
providing conservation recommendations for
actions that may adversely affect EFH. In
addition, NMFS will work to implement fishery
regulations to reduce bycatch of salmon in
federally‐managed fisheries.

Coordinate
Divisions

with

other

NMFS

Other divisions within NOAA can contribute
significantly to recovery. NMFS PRD staff will
coordinate closely with the SWFSC, Habitat
Conservation Division, and NOAA Restoration
Center to assist in the development, review and
funding of restoration projects.

Technical Assistance
Beyond NMFS’ statutory authorities and
obligations we are engaged in a significant
amount of outreach to various constituencies
where we provide technical assistance regarding
listed salmon, their habitat needs, and various
life history requirements.
Due to the large
proportion of private lands and the limited
contributions of section 7, developing
partnerships through providing technical
assistance will be critical for recovery. Through
this role NMFS shall focus efforts in key areas
critical for recovery through the following
actions:

 Work with the individual counties
throughout
the
Central
Valley
to
recommend county planning and policies
protective of listed Central Valley salmon
and steelhead.
 Continue working with Natural Resource
Conservation
Service,
Resource
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Conservation Districts, and Reclamation
Districts,
to
encourage
improved
agricultural practices as well as land use
practices of rural residential landowners.
 Encourage Smart Growth policies and
provide outreach and education to urban
planners and builders. Encourage planning
that accounts for natural events such as
droughts, storm, flooding and climate
change.
 Encourage State wide policies for urban and
rural roads.
 Prioritize cooperation and assistance to
landowners
proposing
activities
or
programs designed to achieve recovery
objectives.
 Establish policies and compliance that
preserve and protect stream flows required
by specific life stages of listed Central Valley
salmon and steelhead.
 Assemble a NMFS Water Rights Team that
focuses on restoring and maintaining
natural streamflow regimes across the
ESUs/DPS.
 Work to assure funding and staff for full
enforcement of laws, codes, regulations and
ordinances across the listed Central Valley
salmon ESUs and steelhead DPS.

Cost Estimate
An implementation schedule describing time
frames and costs associated with individual
recovery actions is under development and will
be included in the public draft recovery plan.
Estimates of near‐term (1‐5 years) total costs
associated with recovery will be available once
the implementation schedule is complete. Total
cost to recovery is much more challenging, if not
impossible to estimate because the biological
response of many of the recovery actions is
uncertain, achieving recovery will be a long‐
term effort likely requiring at least a few
decades, and new stressors may emerge over
time.
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