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DISCLAIMER

Recovery plans delineate such reasonable actions as may be necessary, based upon the best scientific and
commercial data available, for the conservation and survival of listed species. Plans are published by the
National Marine Fisheries Service (NMFS), sometimes prepared with the assistance of recovery teamt
contractors, State agencies and others. Recovery plans do not necessarily represent the viewt official
positions or approval of any individuals or agencies involved in the plan formulation, other than NMFS.
They represent the official position of NMFS only after they have been signed by the Assistant
Administrator. Recovery plans are guidance and planning documents only; identification of an action to
be implemented by any public or private party does not create a legal obligation beyond existing legal
requirements. Nothing in this plan should be construed as a commitment or requirement that any
general agency obligate or pay funds in any one fiscal year in excess of appropriations made by Congress
for that fiscal year in contravention of the Anti-Deficiency Act, 31 IJ.S.C 134L, or any other law or
regulation. Approved recovery plans are subject to modification as dictated by new findings, changes in
species status, and the completion of recovery actions.

LITERATURE CITATION:

This public draft should not be cited nor distributed to non-governmental or non-tribal entities.

ADDITIONAL COPIES MAY BE OBTAINED FROM:

National Marine Fisheries Service

Office of Protected Resources

1315 East-West Highway, 13th floor
Silver Spring, MD 20910

301.-7 1.3 -7 401 or 301 -7 13 -2322

Final Recovery plans can be downloaded from the NMFS website:

http: I I w w w nmf s.noaa. govlprlrecovery/plans.htm
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EXECUTIVE SUMMARY

Introduction: Implementation of this Recovery Plan for endangered Sacramento River winter-run
Chinook salmon Evolutionarily Significant Unit (ESU), threatened Central Valley spring-run Chinook
salmon (ESU), and threatened Central Valley steelhead Distinct Population Segment (DPS) is necessary to
improve the viability of these species such that they can be removed from Federal protection under the
Endangered Species Act. This Recovery Plan serves as a roadmap that describes the steps, strategy, and
actions that must be taken to return winter-run Chinook salmor¡ spring-run Chinook salmon, and
steelhead to viable status in the Central Valley, California thereby ensuring their long-term (time scales
greater than 100 years) persistence and evolutionary potential.

Background: The rivers draining the Great Central Valley of Califomia ("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 ln Yoshiyama et al. 1998). The Central Valley system historically has
been the source of most of the Pacific salmon produced in Califomia waters (CDFG 1950, 1955; Fry and
Hughes 1951; Skinner 'J.962; CDWR 1984 in Yoshiyama et al. 1998). Chinook salmon (Oncorhynchus

tshaurytscha) historically were, and remain today, the only abundant salmon species in the Central Valley
system (Eigenmann 1890; Rutter 1,908 in Yoshiyama et al. 1998), although small numbers of other salmon
species also have occurred occasionally in its rivers (Collins 1892; Rutter 1904a, 1.908; Hallock and Fry
1,967; Moyle et al. 1995 lir Yoshiyama et aI. 1998). Anadremous steelhead (O. mykiss) apparently were
coûunon in Central Valley tributaries (USFC 1876; Clark 1973; LatTa 1977; Reynolds et al. 7993 in
Yoshiyama et aI. 1,998), but records for them are few and fragmented, partly because they did not support
commercial fisheries (Yoshiyama et ø1. 1998).

Since European settlement of the Central Valley in the mid-1800s, populations of native Chinook salmon
and steelhead have declined dramatically. Califomia's salmon resources began to decline in the late
1800s, and continued to decline in the early 1900s, as reflected in the decline of Chinook salmon
commercial harvest. The total commercial catch of Chinook salmon in 1880 was 11 million pounds, by
1,922 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 of Chinook salmorL another major factor affecting anadromous
salmonids during this period was hydraulic gold mining which began in the 1850s. By 7859, 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,
hydraulic and gravel mining, 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 inL894, habitat degradation continued. Habitat quantity and
quality have declined due to: construction of levees and barriers to migratiory modification of natural
hydrologic regimes by dams and water diversions, elevated water temperatures, and water pollution
from agriculture and industry @ufkin 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 ocflrrred 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
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Executive Summory

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. Four of the more
important stressors include: barriers to historic habitat, the continued commercial and recreational
harvest of Chinook salmon, predation of Chinook salmon and steelhead from introduced species such as

striped bass and black bass, and the high demand for limited water supply resulting in reduced instream
flows, increased water temperatures and highly altered hydrology in the Sacramento-San Joaquin Delta.

Recovery Strategy: A broadly focused 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. Because of the complexity associated with the multi-faceted considerations for
Central Valley recovery efforts, this strategic planning framework incorporates: (1) viability at both the
ESU/DPS and population levels; (2) prioritizing watersheds currently occupied by at least one of the three
listed species into three tiers - core 1, 2, or 3; and (3) prioritizing unoccupied watersheds for re-
introductions.

Bridging the gap between the ESU/DPS and population levels are population groups or salmonid
ecoregions, which are delineated based on climatological, hydrological, and geological characteristics.
The Central Valley Technical Recovery Team's (TRT) identification of four population groups (hereafter
referred to as diversity groups) that Chinook salmon historically inhabited in the Central Valley are as

follows:

u The basalt and porous lava diversity group composed of the upper Sacramento River and Battle
Creek watersheds;

o The northwestern California diversity group composed of streams that enter the mainstem
Sacramento River from the northwes!

o The northern Sierra Nevada diversity group composed of streams tributary to the Sacramento
River from the east, and including the Mokelumne River; and

D The southern Sierra Nevada diversity group composed of streams tributary to the San Joaquin
River from the east.

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. In
addition to the four previously mentioned diversity groups, the Central Valley steelhead DPS has two
more historic diversity groups: the Suisun Bay region which consists of tributaries to or near Suisun Bay
and the Central Western California regiory which contains west-side San ]oaquin Valley tributaries. It is
hypothesized that historically 81 independent populations of steelhead were dispersed throughout the
six diversity groups.

Currently, the Sacramento River winter-run Chinook salmon ESU is composed of a single population
which is dependent on hatchery production and the Central Valley spring-run Chinook salmon ESU is
composed of three diversity groups with fish exhibiting spring-run Chinook salmon life histories
occurring in 12 watersheds. Only three of those 12 watersheds contain viable spring-run Chinook salmon
populations. The current distribution of steelhead is less well understood, but the DPS is composed of at
least four diversity groups and at least26 populations.
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Execulive Summory

Three priority levels have been established to help guide recovery efforts for watersheds that are
currently occupied by at least one of the three listed Chinook salmon and steelhead species. Of highest
priority are Core 1 populations, which have been identified based on a variety of factors, including: (1)

the known ability or significant immediate potential to support independent populations; (2) the role of
the population in meeting the spatial and/or redundanry viability criteria; (3) the severity of the threats
facing the populations; (4) the potential ecological or genetic diversity the watershed and populations
could provide to the species; and (5) the capacity of the watershed and population to respond to the
critical recovery actions needed to abate those threats. Core 1 populations form the foundation of the
recovery strategy and must meet the populationJevel biological recovery criteria for low risk of
extinction set out in Table 4-1. NMFS believes that this set of Core 1 populations should bê the first focus
of an overall recovery effort. Core 2 population areas also form part of the recovery strategy by
contributing to the highest potential to support geographically diverse populations. Core 2 populations
must meet the biological recovery criteria for moderate risk of extinction set out in Table 4-1. These
populations are of secondary importance in terms of recommended priority of recovery efforts. Finally,
the complete attainment of ESU/DPS-level biological recovery criteria will likely also require the presence
of populations listed as Core 3. Core 3 populations are present on an intermittent basis and are
characterized as being dependent on other nearby populations for their existence. The presence of these
populations provides increased life history diversity to the ESU/DPS and is likely to buffer against local
catastrophic occurrences that could affect other nearby populations. Dispersal connectivity between
populations and genetic diversity may be enhanced by working to recover smaller Core 3 populations
that serve as stepping stones for dispersal.

Addressing the primary threats and risk factors for each of the ESU and DPS's will require reintroducing
populations to historic, and currently unoccupied habitats. Candidate areas for reintroduction have been
identified and prioritized as either primary or secondary. Efforts to reintroduce fish to these areas will be
challenging, expensive, and will require unparalleled efforts to gain stakeholder support. We prioritized
these areas based on watershed-specific informatiory which is summarized in Chapter 5 (Recovery
Scenarios) and described in more detail in Appendix A (Watershed Profiles). Some areas that were
historically accessible to anadromous salmonids have been excluded from consideration for
reintroductions because they are so critically impaired by hydroelectric development and channel
inundation that we felt efforts should be focused on areas with a higher potential for success.

Recovery will be expensive and time-consuming, and will require changes in the management and
monitoring of aquatic resources and habitats. Successful implementation of this recovery plan will
require the support, efforts and resources of many entities, from Federal and state agencies to individual
members of the public. Because of these challenges, the Recovery Plan requires an achievable strategy to
select and implement recovery actions.

This Recovery Plan establishes a 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, to identify any additional
threats, and to evaluate the viability of Chinook salmon and steelhead in the Central Valley.

Publíc Droft Recovery Plon Oclober 2009

Case 1:08-cv-00397-OWW-GSA     Document 115-6      Filed 02/22/2010     Page 7 of 50



Recovery Aclions

ó.0 Recovery Actions
"Once there is o fum commtÍment ond o strotegy olternottve hos been decided upon, the

thírd and finol pillor of on eff eclive so/rnon recovery efforl is thot a number of specffic
ocfions willbe required fo ochieve effeclive implementotion."

- Jeffrey J. Dose. Commitment, Stroresy, Action: The Three Pillors of *"o tfliil;::.r";iåïj:,'il::,rJ::

This Recovery Plan establishes a strategic approach to recovery, which identifies critical 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 migration corridor (e.g., San Francisco Bay or the
DeIta).

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 and population levels. Similarly, the threats assessment
framework for each ESU or DPS also was organized by diversity groups and populations. For winter-run
Chinook salmorL threats were prioritized within the Sacramento River populatiory whereas for spring-
run Chinook salmon and steelhead, threats were prioritized within each diversity group as well as within
each population.

Three steps were used to prioritize recovery actions as they are presented in this plan. First results from
the threats assessment and prioritization process (described in Appendix B) were used to guide the
identification of watershed- and site-specific recovery actions for each diversity group and population.
This step prioritized recovery actions separately for each species. The second step to prioritize recovery
actions was undertaken through consideration of specific actions that benefit multiple species and
populations. Results from the second step included tables of recovery actions listed in descending order
of priority by geographic region (e.g., Delta, mainstem Sacramento River, Diversity Group) based on
multiple species benefits (see Appendix C). These first two steps were the only steps taken to prioritize
recovery actions that were presented in the Co-Manager Review Draft Recovery Plan. Based on feedback
from co-managers, it was apparent that the priority with which recovery actions should be undertaken
was not clear. To address this, we implemented a third step and prioritized each of the region-specific
recovery actions according to two categories. Priority 1 actions are those critical actions that must be
taken to prevent extinction or to prevent the species from declining irreversibly. Priority 2 actions must
be taken to prevent a significant decline in species population/habitat quality or in some other significant
negative impact short of extinction. Priority 1 actions are presented in narrative form in this chapter and
an implementation schedule for these actions is described in Chapter 8. Priority 2 actions are presented
in Appendix C. All priority 1 actions have been assigned a specific number beginning with the number 1

(e.g., L.L, L.2, elc.), while all priority 2 actions are identified by a numbering system starting with 2.
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Recovery Aclions

1 actions to be the keystones for population
recovery or measutement of recovery; such actions
are also widely recognized in the scientific
literature as addressing threats which have caused
the wide-spread decline of these species
throughout their natural range.

ó..l.,l Recovery Action Norrolive
Recovery actions have been categorized into
eleven geographic scales or regions:
1..1 Throughout California
1.2 Throughout the Central Valley
1.3 Pacific Ocean

1.4 San Francisco Bay
1.5 Delta
1..6 Mainstem Sacramento River
1.7 Northwestern California Diversity Group
1.8 Basalt and Porous Lava Diversity Group
1.9 Northern Sierra Nevada Diversity Group
1.10 Mainstem San Joaquin River
1.11 Southern Sierra Nevada Diversity Group

The actions for each scale or region are described
below.

1.1 THROUGHOUT CALIFORNIA
L.1.1 Implement Federal, State, and local
initiatives and programs to improve water
conservation in order to reduce state-wide water
use by 20 percent per capita by 2020.

This effort should take into account regional
differences and find ways to improve agricultural
efficienry as well as urban water use efficiency.

7.2 THROUGHOUT THE CENTRAL
VALLEY
1.2.1 Promote Central Valley resource managers
to cooperatively develop and implement an
ecosystem based management approach that
integrates harvest hatchery, habitat, and water
management in consideration of ocean conditions
and climate change. An ecosystem-based
management and ecological risk assessment
framework could improve management of Central
Valley Chinook stocks by placing harvest

management in the broader context of the Central
Valley salmon ecosystem, which is strongly
influenced by hatchery operations and
management of different ecosystem components,
including water, habitat and other species
(Lindley et aI.2009).

'1,.2.2 Support programs to provide educational
outreach and local involvement in restoratiorç
including programs like Salmonids in the
Classroom, Aquatic Wild, Adopt a Watershed,
school district environmental camps, and other
programs teaching the effects of human land use
on anadromous fish survival.

1.2.3 Develop a monitoring program to determine
the level of entrainment at individual diversions.
Prioritize diversions based on this monitoring and
screen those that are determined to have the
greatest impacts on juvenile survival.

1.2.4 Provide additional funding for increased law
enforcement to reduce illegal take of anadromous
fistt stream alteratiorL and water pollution and to
ensure adequate protection for juvenile fish at
pumps and diversions.

'L.2.5 Control or relocate the discharge of
irrigation retum flows and sewage effluent and
restore riparian forests to help provide suitable
water temperatures for anadromous salmonids.

1.2.6 Implement and evaluate actions to minimize
and/or eliminate the effects of exotic (non-native
invasive) species (plants and animals) on
production of anadromous fish.

-J..2.7 Restore tributaries by evaluating the
feasibility of screening or relocating diversions,
swìtching to alternative seurces of water for
upstream diversions, restoring and maintaining a

protected riparian strip, limiting 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,

and implement actions to address harmful effects.
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Recovery Aclions

NMF9 CDFG and USFWS coordinate
with the Southwest Fisheries Science

Center to convene a science panel to
review potential measures such as mass

marking and mark selective fisheries and
make recommendations to improve the
identification of listed stocks in the Ocean.

Consider using hot spot closures in
commercial and recreational fisheries
when large numbers of listed fish become

congregated in certain areas.

1.4 SAN FRANCISCO BAY
1.4.1 Implement projects that improve wastewater
and stormwater treatment throughout the Bay and
surrounding residential and commercial areas.

1,.4.2 Increase monitoring and enforcement to
ensure that the water quality criteria established in
the Central Valley Water Quality Control Plan
(Basin Plan) are met for all potential pollutants.

'J,.4.3 Cities, counties, districts, joint powers
authority or other political subdivisions of the
State involved with water management should
implement agricultural drainage management
projects to treat, store, convef, and/or dispose of
agricultural drainage.

1.5 DELTA
1.5.1 Develop alternative water operations and
conveyance systems that ensure multiple and
suitable salmonid rearing and migratory habitats
for all Central Valley salmonids and that restore
the ecological flow characteristics of the Delta
ecosystem.

'Í,.5.2 Large-Scale Habitat Restoration - Identify
funding and direct restoration of 80,000 acres of
tidal marslu 130,000 acres of terrestrial grasslands,
and 60,000 acres of floodplain habitat. Floodplain
habitats should be restored to appropriate
elevations using Frequently Activated Floodplain
principles and modeling. The habitats should be

along primary migration and rearing corridors,

and connected in ecologically beneficial ways.
This will require separating levee systems from
active river and estuary channels, restoring
dendritic channel systems in areas where this
habitat feature existed historically, and allowing
for natural developmental processes to maintain
habitats.

1.5.3 Integrate the Ecosystem Restoration
Program and the Calfed Science program into an
effort to restore the Delta ecosystem.

'J,.5.4 Implement programs and measures
designed to control non-native predatory fish (e.g.,

striped bass, largemouth bass, and smallmouth
bass), including harvest management techniques,
non-native vegetation management and
minimizing structural barriers in the Delta which
attract non-native predators and/or that delay or
inhibit migration.

1.5.5 Enhance the Yolo Bypass by re-configuring
Fremont and Sacramento weirs to: (1) all for fish
passage through Fremont Weir for multiple
species; (2) enhance lower Putah Creek floodplain
habitat; (3) improve fish passage along the toe

drain/Lisbon weir; (4) enhance floodplain habitat
along the toe drain; and (5) eliminate stranding
events; and (6) create annual spring inundation of
at least 8,000 cfs to fully activate the Yolo Bypass
floodplain.

1.5.6 Implement Actions IV.1 through IV.6 of the
Reasonable and Prudent Alternative described in
the NMFS -biological opinion on the long-term
operations of the CVP/S\MP (NMFS 2009):

o Action IV.1: Modify DCC gate

operations and evaluate methods to
control access to Georgiana Slough
and the Interior Delta to reduce
diversion of listed fish from the
Sacramento River into the southern or
central Delta.

o Action [V.2: Control the net negative
flows toward the export pumps in Old
and Middle rivers to reduce the
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lmplementotion ond Cost Estimotes

The report offers ranges of costs applicable at the
ESU scale. Actual costs may vary widely from one
watershed to another and across the extent of the
Central Valley Domain due to potential
differences in regional labor costÐ property
valueg availability of expert contractors and
materials, and permitting issues, etc.

Many of these costs would likely be bom through
necessary changes in Califomia's water system as

a result of current increased demands or from
other ongoing or planned conservation programs
or regulatory mechanisms. M*y of the recovery
actions seek to remedy effects of projects
authorized before the country and States

cornerstone environmental laws such as the Clean
Water Act, the Clean Air Act, the National
Environmental Policy Act, the Califomia
Environmental Quality Act, and the State and
Federal Endangered Species Act.

Recovery of listed Central Valley salmon and
steelhead will have significant costs, but will also
provide economic benefits. Recovery actions
taken on behalf of Sacramento River winter-run
and spring run Chinook salmon and Central
Valley steelhead are likely to benefit other listed
species in the Central Valley Domairy including
fall and late-fall-run Chinook salmorL thus
increasing the cost effectiveness of the actions.
Habitats restored to highly functioning conditions
offer tangible benefits such as improved water
quality, and less tangible benefits such as reduced
expenditures on bank stabilization or flood
control. Restoration activities will generate
positive socioeconomic benefits. Because of their
direct and indirect economic value as a resource
for fishing, recreation and tourism related
activities, each dollar spent on salmon recovery
may generate thousands of dollars for local, state,
Federal, and tribal economies. In other words,
salmon recovery is best viewed not as a cost, but
as an investment and opportunity to derive,
diversify, and strengthen the economy. The
dollars required to recover salmon should be
made available without delay such that the
benefits can begin to accrue as soon as possible.

Importantly, the general model for viewing cost
versus benefits must be viewed in terms of long-
term benefits derived from short term costs.

Without factoring the economic benefits
associated with recovery, and simply focusing on
the cost to implement recovery actions, the cost is
estimated to range from $1,040,695,000 to

çL,260,695 over the next five years. Extending the
5 year implementation costs over 50 years may
cost nearly $10,406,950,000.

8.2 lmplementction Toble
Information related to the implementation of
Priority 1 recovery actions is presented in Table 8-
2. Priority 1 actions are those critical actions that
must be taken to prevent extinction or to prevent
the species from declining irreversibly. Priority 2

actions must be taken to prevent a significant
decline in species population/habitat quality or in
some other significant negative impact short of
extinction. Priority 2 actions are presented in
Appendix C. All priority 1 actions have been
assigned a specific number beginning with the
number 1 (e.g" '1.'J., L.2, etc.), while all priority 2

actions are identified by a numbering system
starting with 2.

Priority 1 recovery actions have been categorized
into eleven geographic scales or regions:

1.1 Throughout California

1.2 Throughout the Central Valley

1.3 Pacific Ocean

1.4 San Francisco Bay

1.5 Delta

1.6 Mainstem Sacramento River

1.7 Northwestern California Diversity Group

1.8 Basalt and Porous Lava Diversity Group

1.9 Northern Sierra Nevada Diversity Group

1.10 Mainstem San Joaquin River

1.11 Southern Sierra Nevada Diversity Group
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lndependent Review Panel

Ken Cummins, PhD.: Senior Advisory Scientist, California Cooperative Fishery
Research Unit, Adjunct Professor, Fisheries Department, Flumboldt State University

Chris X'urey, J.D.: Policy Analyst, Bonneville Power Administration

Albert Giorgi, PhD.: President and Senior Scientist, Bioanalysts,Inc.

Steve Lindley, PhD.: Ecologist, National Marine Fisheries Services lab, Santa Cruz

John Nestler, PhD.: Cognitive Ecology and Ecohydraulics Team, US Army Corps of
Engineers Research and Development Center; Adjunct Professor, Department of Civil
and Environmental Engineering University of lowa and University of Georgia; Co-
director Tropical Environmental Research, University of Puerlo Rico

John Shurts, J.D., PhD.: General Counsel, Northwest Power and Conservation Council;
Adjunct Professor, Portland State University and University of Portland

Expanded panel biographies are included as Appendix B.

The document is the product of the panetists and does not reflect the opinions or positions
ofthe agencies or organizations they represent.
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reasonable effoÍs consistent with the requirements of th¡s section to address other
identified adverse environmental impacts of the Central Valley Project not

specifically enumerated in this section.

Interior is to develop this anadromous fish program "in consultation with other state and

federal agencies, Indian tribes, and affected interests," and review and update the
program every fiveyears. Congress defined "anadromous fish" for the purposes ofthis
program to include not only nätive salmon, steelhead and sturgeon, but also the

introduced striped bass and American shad - fish that are competitors with and predators

on native salmonids.

In developing this anadromous fish program, the CVPIA requires that Interior give

"first priority to measures which protect and restore natural channel and riparian habitat
values through habitat restoration actions, modifications to Central Valley Project
operations, and implementation of the suppofting measures mandated by this subsection."
Congress further directed the Secretary "to modifl Central Valley Project operations" so

as "to provide flows of suitable quality, quantity, and timing to protect all life stages of
anadromous fish," followed by a specific reference to statutory tools and authorities the

Department is to use to provide the water for these flows and by the direction that

"[i]nstream flow needs for all Central Valley Project controlled streams and rivers shall
be detennined by the Secretary based on recornmendations of the U.S. Fish and Wildlife
Service afrer consultation with the California Department of Fish and Game."

Following Section 3406 (bXt) is a long list of operational changes, actions, tools, and

authorities - some quite specific and discrete, some general and on-going - that Interior
is to use to help achieve the anadromous fish restoration purposes of the CVPìA:

3406 (bX2) Dedicated project yield
(bX3) Water acquisition program
(bX4) Tracy Pumping Plant mitigation
(bX5) Contra Costa Pumping Plant mitigation
(bX6) Shasta Temperature Control Device
(bX7) Meet flow standards and diversion limits
(bX8) Shorl pulses of increased flows
(bX9) Minimize harmful flow fluctuations
(bXl0) Minimize passage problems at Red Bluff Diversion Dam
(bX11) Rehabilitate Coleman National Fish Hatchery
(bxl2) Clear Creek restoration
(bXl3) Restoring and replenishing spawning gravel
(bXl4) Modifu and improve Delta Cross Channel control structures
(bX I 5) Construct Head of OId River Barrier
(bX16) Comprehensive assessment and monitoring program (CAMP)
(bXl7) Resolve passage problems at Anderson-Cottonwood ID
(bX18) Striped bass restoration
(bXl9) Maintain caryover reservoir storage
(bX20) Mitigate fully adverse impacts of Glenn-Colusa ID pumping
(bX2l) Anadromous fish screens

Listen to the River: An Independent Review of the CVPIA Fisheries Program
December 2008
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realized by an effective program, analyzed within the context of realistic
future human demands on that system.

Problems inherent in the "doubling goal"

One of the central objectives of the fisheries portion of the CVPIA is the "doubling
goal."z Congress directed the Department of Interior, in Section 3406b(l), to"ensure
that, by the year 2002, natural prodttction of anadromous fish in Central Valley rivers
and sîreams will be sustainable, on a long-ternt basis, at levels not less than twice the

averagelevelsattainedduringtheperiodof 1967-1991." Theactdefines"natural
production" to mean "fish produced to adulthood without direct human intervention in
the spawning, rearing, or migration processes." To make the goal operational, the
agencies define the key terms and make certain baseline population estimates. The
agencies decided tl'lat natural production would mean fish born in natural environments,
including the offspring of fish born in hatcheries. The agencies targeted for doubling
those populations of each anadromous species where the agencies had production or
abundance data available for the baseline period estimates. The agencies summed these
population doubling goals to determine the system-level doubling goals.

We recognize that Congress imposed the doubling goal on the agencies, and thus they
had to make the best of a bad situation. The goal has several important limitations that
make it difficult to guide and evaluate the implementation of a program to improve
anadromous fish in the CentralValley. These include:

. The scientilic rationale for adopting the index and for its magnitude is
not clear,

. Estimating natural production is inherently problematic under the
conditions present in the Central Valley. The result is that the baseline is
unreliable and natural production levels are actually unknown. In other
words, doubling adult returns is relatively meaningless as a target if the
estimated abundance of the base population is unreliable. Estimating changes

in the natural production in a meaningful manner is similarly problematic
given variances (presumably large) of the population estimates have not been

calculated.

o Continued reliance on hatchery fish to contribute to natural production is
not consistent with the CVPIA goal of sustaining natural production over
the long term.

¡ Ocean and river harvest practices and production targets to support
harvest are not well coordinated with efforts to increase nafural
production,

z The agencies tend (incorrectly) to treat the doubling goal as the only goal or objective relevant to
anadromous {ìsh in the CVPIA. This is a subject addressed below, most prominently in Section 3c.
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o The stated goal to increase the production of both native salmonids and
exotic predators/competitors (e.g., striped bass and shad) is internally
inconsistent

. Many factors beyond control of the CVP affect survival through
returning adults, so that measuring natural production through returning
adults may say little about the effectiveness of program activities.

Problems with the doubling goal and their impact on CVPIA are explored in the
following paragraphs.

Population Estìmates
A number of factors contribute to the lack of confidence in anadromous fish

population numbers. Population estimates for the baseline and current periods are not
available for all anadromous fish (e.g., steelhead south of Red Bluff). For most others,
the baseline and current population data is scientifically suspect largely due to variability
and unreliability of counting methods and lack of variance calculations. V/here there is

no or unreliable baseline population statistics it is impossible to determine a reliable
doubling target. An example of population estimation problems is the low CVPIA
"doubling target" of 13,000 for Central Valley steelhead. The target is derived from a

baseline average of a mere 6,500 naturally-produced steelhead, representing populations
spawning in tributaries above Red Bluff, Historically, at least, there were large amounts
of steelhead in other tributaries (Lindley et al2006). The goal for steelhead reflects the
historical limitations in the ability to count steelhead, rather than any comprehensive
estimate of abundance.

Natur aJ P ro duction Es t im at e s
Natural production of chinook and steelhead is also difficult to estimate because of

the substantiaì straying of adult hatchery fish throughout the valley. The presence of
unmarked hatchery fish on the spawning grounds is problematic both for determining the
baseline condition (i.e., the levels of natural production in 1967-1991) and for estimating
the current levels of natural production. Reliable numbers for hatchery straying are not
available, nor is the perÇent of hatchery fish in the total population known. ln addition,
the fraction of hatchery fish derived from the less-than-reliable information is assumed

constant, but recent reports suggest that this fraction has been rising over time, especially
for fall-run chinook and steelhead (Good eta|.2004, Barnett-Johnson et al. 2007). lt is
possible that rising fractions of hatchery fish are masking actual declines in the
abundance of natural populations of fall-run chinook. The result ofthis lack of data is
that the estimates of natural production, both baseline and current, may be off by orders
of magnitude.

N atural P r o duc ti on Definition
Another issue is the broad definition of "natural" production. Using the agencies'

operational definition, hatcheries may prop up the abundance of fish spawning in the wild
even to levels that are above carrying capacity, in the extreme case maintaining sizable
runs of fish in habitats incapable of supporting a self-sustaining run of fish. Thus, the
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Native and Non-native Anadromous Fish Goals
A related issue is that the CVPiA doubling goal applies to all anadromous species,

some of which are non-native such as striped bass. These species are part of a trophic
network that prey upon and compete with salmonid species. Doubling all anadromous
species may not be a consistent goal. For example, striped bass are highly piscivorous
after two years ofage (Stevens 1966), and predation by a larger striped bass population
on juvenile winter-run chinook may impede recovery of winter-run chinook (Lindley and
Mohr 2003). Bottom et al. (2005) hypothesize that American shad may have altered the
structure of food webs in the Columbia River, with potentially deleterious effects on
salmonids.

Cumulatively, these problems make the goal of doubling natural production insufficient
by itself for guiding the CVPIA anadromous fish program and assessing its performance.
Rather, the program should focus on the goal of restoring ecological function as the path
to increasing and sustaini ies abundance and productivity.

Concerns with the agencies' approach to limiting factors

One of the questions the agencies asked the review panel to answff was "[h]ow well
have the CVPIA anadromous fisheries progralîs identified and addressed the most
important limiting factors within and across the watersheds for the different anadromous
fish populations?"3 As highlighted above it appears the agencies have largely identified
the local factors limiting natural production. They have made these identifications most
often through best professional judgment, not on the basis of statistical or quantitative
information on the biological effects of current conditions. However, the identification of
limiting factors is not enough. There is no statistical information or informed hypotheses
regarding the biological potential that could be realized from addressing each limiting
factor. This makes it difficult to prioritize the limiting factors or to evaluate the
comparative effectiveness and effìciency of actions to address these limiting factors and
increase salmon and steelhead numbers. In addition, the agencies have primarily focused
on identiffing and addressing limiting factors at the local or watershed level, and have
done less to identify and address the broader basin- or system-level lirniting factors
constraining Central Valley anadromous fish populations.

The agencies' work to identify limiting factors began in the mid- 1990s "Working
Paper" effort described above in Part 2. The 'Working Paper identified factors limiting
the natural production of sahnon and steelhead in the mainstem sections of the
Sacramento and San Joaquin rivers, in 25 watersheds, and in the Delta. Of the 28 areas
analyzed,25 identified flow as a limiting factor, and flow constraints appeared fìrst,
implying highest priority. The other limiting factors and corresponding actions were a

3 The question itself also emboclies one of the central weaknesses of the CVPIA anadromous flrsh program

- the fact that the "program" and thus the question, is actually conceived of and implemented as a set of
distinct and disconnected "programs." This is discussed elsewhere.
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Section 3d: lmprove Collaboration With all Related Programs in
the Gentral Valley

The CVPIA anadromous fish program is not the only program or activity in the

Central Valley, or even within the agencies, attempting to improve fish populations, fish
and wildlife habitat, and ecosystem conditions in general in the Sacramento and San

Joaquin rivers. The ability of the CVPIA program to achieve its goals will be affected by
actions implemented by entities outside the control of the CVPIA agencies, as well as by

natural processes beyond anyone's control (e.g., climate change).

Some of these missions and actions complement the CVPIA program. The work of
the CALFED program, for exatnple, continues to overlap with the CVPIA program' As
the CVPIA agencies revise the conceptual foundation and program framework for the

CVPIA program, they need to coordinate directly with and help to lead the multi-agency
CALFED effort (to the extent it is still vital) and account for those activities within the

framework. This is also true for other efforts in the basin trying to tackle the same

problems and integrate an ecosystem management paradigm into the broad set of human

needs and activities in the Central Valley.

Ongoing activities within the agencies must be made to complement the CVPIA
program. The most obvious example is that any effort by the CVPIA to address

effectively the problems in the Delta and with the Delta pumps will founder if the State

Water Project does not make similar reforms with regard to the purnping in the same

location. The federal and state agencies must use the OCAP coordination and the Section

7 consultation process to bring these activities together in a compatible way. But such an

effort will be successful only if it is also embedded in the revised conceptual foundation
and program framework of ecosystem management described above. It would seem that

the CVPIA program and personnel should be central to the OCAP Section 7 consultation,
and the agencies' effofts to satisfo the lequirements of ESA, one of the central directives
of the CVPIA. Yet the panel received no information on the involvement of the CVPIA
program or personnel in the ESA çonsultation effort, in the determinæion of the

biological requirements for these species from an ESA perspective to avoid jeopardy, or
in the determination of what actions the agencies should be taking to meet ESA.

Other activities in the Central Valley related to fish may be in conflict with or
undermine what the agencies are trying to accomplish in the CVPIA. We do not presume

that the goals and objectives embraced by many of these programs are entirely
compatible. For example, the operation of hatchery facilities and inconsistent marking of
hatchery populations will continue to confound the CVPIA agencies' ability to generate

accurate estimates of natural production. The primary performance goal for the CVPIA
will be hard to measure in any meaningful manner if this is not solved. In another

example, programs that encourage population increases and thus fishing opportunities for
exotic predatory species such as striped bass (e.g., California Fish and Game and the

CVPIA itself) clearly conflict with CVPIA and ESA mandates to protect and rebuild
depressed stocks of native salmonids (notwithstanding the panel's recognition that the

CVPIA is internally inconsistent in this regard).
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Abstract-We estímated the impact
of striped bass (Morone soælilis) pre-
datio¡ o¡ winter-¡un chinook salmon
(Oncorhynchus tshøwytscha) wil};. c.

Bayesia:: populatioa dynamics model
using striped bass and rvinter-run
chinook salmon population abunda¡ce
data. Winter-run chinook salmon ex-
tinctio¡r and recovery probabilities
mde¡ differenÈ future striped bass
abundance levels were estimated by
simulating from the posterior dis-
t¡ibution of model paraneters. The
model predicts that ifthe striped bass
population declines to 512,000 adults
as ex¡rected in the absence of stockirrg
rvinte¡-run chinook salmon rvill have
about a 287¿. chance of quasi-extilction
(def¡ed as th¡ee consecutive sparvning
runs offerver than 200 adults) within 50
years. If stocking stabilizes the striped
bass population at 700,000 adults, the
predicted quasi-extinction probability
ís 30?a. A more ambitious stocking
progra)r¡ that maintai¡s a population
of 3 million adr:Jt striped bass would
increase the predicted quasi-extinction
probability to 551c. Extinction prob-
ability, but not recovery probabílÍty, was
fairly insensitive to assumptions about
density dependence. \A¡e conclude that
rvinter-ru¡ chinook salmon face a seri-
ous exti¡ctíon risk without augmenta-
tion ofthe sùúped bass population and
that substantial inc¡eases in stúped
bass obundance could significantly
irrcrease the threat to winter-run chì-
nook salmon if notmitigated by increas-
ing rvinter chinooh salmon sr:¡r'ival i¡
some other rvay.

Manuscript acæpted 23 Od,ober 2002.

Ivlanuscript received 31 Decembe¡ 2003
at NIVIFS Scientiûc Publications Ofûce.

Fish. Bull. 101;32I_331 (2003).

Predation is a factor in the d.ecline of
many Pacifrc salmon populations (Nehl-
sen et al., 1991), and fisheries manag-
ers may need to evaluaüe the potential
benefits of predator controL or the pos-
sible impacts of predator augmentrúion.
Such evaluations require estimates of
the current predation rate, how the
predation rate u'ould change lvith
changes in predator abundance, and
how changes in predation rate affect
the prey population viability. Predation
rate can be estimated in at least three
ways. Coordinated studies of predator
and prey distribution and abundance,
combined rvith predator diet studies,
ian provide direct estimates of preda-
tion rate (e.g. Rieman et ai,, 1991). This
approach, however, is time-consuming,
labor-intensive, and diffrcult because
of the typically patchy distribution of
predators and prey in space and time.
Another approach is to build highly
detailed, spatially explicit simulation
mo¿els of predator and prey popula-
tions (e.9. Jager et aI., 1997; Petersen
and DeAngelis, 2000). Such moilels,
although bioiogically realistic, are
data-intensive, have msny param-
eters, and have outputs that can be
sensitive to parameter values that
are not well constrained by data. An
alternative modeling approach is to
use simple models of predator and prey
population dynamics and estimate the
unknown parameters from time series
ofpredator and prey abundance within
a statistical framervork (Walters et aì.,
1986; Berryman, 1991; Carpenter et al.,
1994),This approachis based on rea¿ily
available data and is relatively quick to
implement, making it suitable for ini-

tial assessments of predation effects.
The mod.el, once its unkDou'n paralrr-
eters have been estimated, can also be
used to assess the impact of predator
population size changes on the prey
population.

We took this statisticaì. moileling ap-
proâch to investígate how the proposed
augmentation of the Sacramento Biver
striped. bass (Morone sdÆatilis) popula-
tion might increase the risk of extinc-
tion faced by the endalgered lvinter-
rrrn chinook salmon (Oncorhynchus
tsha.wytscha). Striped bass prey on juve-
nile chinook salmon in the Sacramento
River system (Stevens, 1966; Thomas,
1967), as well as i¡ other rvest-coast
rivers (Shapovalov, 1936), and striped
bass prey upon juveniJ.e Atlantic salmon
in east-coast rivers lvere they co-occur
(Blackwell and Juanes, 1998). Although
v/inter-run chinook salmon juveniles
are not the primary prey of striped
bass and striped bass predation is only
one of many mortaljty sources affecting
v/inter-run chinook salmon, an increase
in striped bass abundance has the po-
tential to negatively impact winter-run
chinook salmon. This potential must
be assessed before the striped bass
population can be augmented because
wirter-run chinook salmon are listed as
endangered r:nder the U. S. Endangered
Species Act.

Because few data are available on
the detai-ls of the inte¡action between
winter-run chinook salmon and stniped
bass (e.9. functional response, role
of alternate prey), we explored the
simplest models that can capture the
predation effect to assess the effect of
striped. bass populaLion manipulations.

Modeling the effect of striped bass
(Morone saxatilìsl on the populat¡on viability
of Sacramento River winteprun chinook salmon
(O n co rhyn ch u s ts h o wyts ch a)

Steven T. Lindley
Michael S. Mohr
Santa Cruz Laboratory
Nation¿l Marine Fisheries Service

1 l0 Shaffer Road

Santa Cruz, California 950ó0
E-mail address (for S. I Lindley): SteveLindley@noaa.gov
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The ultimate goal is üo assess whether the proposed plan
might pose a significant increase in risk of extinction. We
took a Bayesian approach in order that uncertainty in
parameter estimates could be incorporated into extinction
risk predictions (Ludwig, 1996). If sigtiÊcant risk cannot
be ruled out, managers might reduce the scope ofproposed
striped bass stocking and colLect data to better constrain
the predation rate so that appropriate mitigation can be
implemented. Although not the primary focus of this paper,
our results also serve as a population viability assessment
(PVA) for winter-run chinook salmon that can be compared
to the recent winter-run chinook salmon PVA reported by
Botsford and Brittnacher (1998).

Methods

Backgrourrd ônd data

Winter-run chinooksalmon SacramentoRiverwinter-run
chinook salmon are genetically distinct from other chinook
salmon populations (Kim et al., 1999; Ba-nhs et al., 2000)
and have a unique life history pattern that is a blend ofthe
stream- and ocean-type life histories. Spawning fish leave
the ocean in rvinter, mature in freshrvater, and spawn in
headrvater areas from Apúl through September (Heale¡
1991). Juveniles enter the ocean the follorving spring. Up to
200,000 winter-runchinooksalmonr:oayhave once spawned
in the Sacramento River headwaters (Fisher, 1994), The
completion of Shasta Dam in 1944 blocked access to the
entire historic winter-run chinook salmon spawning range
but cÌeated suitable sparvning conditions for some distance
(=100 l<¡n) dos'nstream of the dam (Moffett, 1949) (Fig, 1).

In 196?, Red Bluff Diversion Dam (RBDD) was installed
about 110 km dorvnstream fromShasta Dam.Installationof
RBDD apparently created passage problems for both adult
and juvenile chinook salmon and the w-inter-run chinook
salmon population has declined d¡amatically since comple-
tion of RBDD; fewer than 100 aduits returned to spawn in
1980 (Fig. 2). Additional factors contributing to the decline
of lvinter-run chinook salmon include high summer water
temperatures, rvater diversions, habitat modifi cation and
degraclation, fi shing, hydroporver operations, toxic spills,
and predation by native ancl introduced animals, includ.-
ing striped bass (NMFS]). Winter-run chinook salmon were
listed as threatened under the U.S. Endangered Species Act
(ESA) in 1989.and as endangered in 1994.

The California Dèpartment, of Fish and Game counts re-
turning ç'inter-run chinook salmon as they pass over ûsh
ladders'on RBDD; counts have been reported by Myers
et al. (1998). Fish are determined to be adult (age 3 or 4) or
"jack" (age 2, usually male), but are not othenvise routinely
aged or sexed. From 196? to 1985, nearly complete counLs

of winter-run drinook salmon were made. Since 1985, the
dam flashboards have been removeil for much ofthe year to

I NI\ÍFS (Natio¡al Marine Fisheries Se¡vice). 1997. NMFS
proposed recovery plan for the Sacramento River winter-run
chi¡ook. Southwest Region, 501 lVest Ocean BIvd, LongBeacb,
c490802-4213.

Figure 1

Sacramento River, tributaries, and dams. Current sparvning
range of rvinter chi¡ook salmon sparvning ís bets'een Keslvick
Dam a¡d Red BluffDive¡sion Dam.

improve passage ofjuvenile and adult u.inte¡-n¡n chinook
salmon. During ttris period, s'inter-run chinook salmon
spawning escapement (spawning population size) has been
estimated by expanding fish ladder counts made when the
flashboards are in place. It is estimated tin.af aboul'I1Vo of
the run is now counted, but the actual fraction observed
in any given year is unknown. Population estimates made
since 1985 therefore contain nteasurement error.

Str¡ped bass Striped bass were intentionally introduced
to the Sacramento River in 18?9, supported a commercial
fishery irl the early twentieth century, and novt' support
a popular sport fishery (Kohlhorst, 1999). Over the last
30 years, the striped bass population has declined from
a¡ound 2.2 million adults to fewer than 1 million adults
Gig.3). The stríped bass decline has been attributed to
entrainment of striped bass larvae by the large State
and Federal rvater ùiversion facilities in the Sacrarnento
River delta (Stevens et al., 1985) and ecosystem changes
that have reduced the carrying capacity for subyearling
striped bass (Kimmerer et a1.,2000). The State of Califor-
nia has a legal obligaùion to mitigate the negative effects
of State water diversions on striped bass, but striped bass

ffi.,.
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augmentation is constrained by the ESA because
of the potential impact on rvinter-run chinook
salmon. Striped bass prey upon a wide variety
of invertebrates and fish and are predominately
piscivorous from age 2. In the Sacramento River
system, juvenile chinook salmon compose a vori-
able portion ofthe diet depending on season and
Iocation (Stevens, 1966; Thomas, 1967). By rear-
ing juvenile striped bass captured at the rvater
diversion frsh screens in net pens and releasing
them after one or two years, it is thought that
the adult striped bass population could be stabi-
lized at 3 million adults.Without augtnentation,
the population is expected to decline to about
500,000 adults. For a striped bass augmentation
proglam to be in compliance rvith the ESA, the
level of mortality on winter-run chinook salmon
must be specified and the ínr.pact of tlr.is mortal-
ity must not appreciably reduce the líkelihood
of s'inte¡-run chinook salmon survival and
recovery.

The California Department of Fish and Game
estimates annually the abundance of striped
bass; estímates have been reported by Kohlhorst
(1999). Adult striped bass are captured rvith gill
and fyke nets during the spriag spawning mi-
gration and tagged with disc tags- Tags are re-
covered in summer and faII creel surveys and in
subsequent springtime tagging operations. The
field methods a¡d estimation procedure, based
on the Peterson estimato¡ are described by Ste-
vens (1977). The estimate includes animals that
a¡e 3 or more years old, although striped bass
begin feeùing on juvenile salmon during their
second year of life. We adsume that ühe adult
striped bass abundance estimate is a reason-
able index of the total striped bass population
capable of preying on juvenile chinook salmon.
Note that an abundance index is sufÊcient be-
cause the predation parâmeter estimate will
scâle accordingly, i.e. the product of the striped
bass abu¡rdance index and the predation rate
parameter is unilless, as explained below.

Winter-run chinook salmon
population model

In this section, we develop a probability model
for winter-run chinook salmon spowning escape-
ment. The model includes several potentially
important factors infl uencing w-inter-run chi-
nook salmon population growth: predation by
stripecl bass, initiation of conservation measures in 1989,
possibly density-dependent reproduction, and lognormal
r.ariability in reproduction (so-called process variation).
Because winter-run chinook salmon juveniles are a minor
prey item in the striped bass diet, orving to the rarity of
r¡¡inter-run chinook salmon in relation to other chinook
populations, we do not model the striped bass population
dynamics but rather treat the striped bass population-size

observations as aa input to the winter-run chinook salmon
population model.

'Winter-run chinook salmon ailults spawn mostly at age
3 and to a lesser extent at age 4 (some males return at age
2, but we did not i¡rclude them in the analysis on the pre-
sumption that 2-year-old males contribute little to popula-
tion grorvth). The number of adult sparvning fish in year t
is the sum of 3- and. 4-year-olil spawning Êsh:
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Figure 2
Estimated numbe¡ of winter-ru¡r adult sparvning chiaook salmon pass-

ing the Red BiuffDiversion Dam.
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Figure 3

Pete¡son muk-recapture estir¡ates of adult striped bass population
size in the Sacramento-San Joaquin rivers and estuary.
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IY, = Wr,, + Wr,o. (1)

The number ofage a spawning ñsh in year t ilepends on the
number of spawning flsh a years before, the productivity
(g) of these fish, and the propensity to spawn al age ø (no)

given survival to spawning:

Wt,o.=W,ugrnfto, Q)

For winter-run chinook salmon, a e Í3,4J and we set 7t, -
1-it4 = 0.Bg (Botsford anil Brittnacher, 1998), assuming
that the matu¡ation rate of age-3 ûsh and the annual
mortality rate of age-4 ûsh is constant across years. We
modeled logÇ,) as the sum of several effects,

Iog(g,) = F + ilt - dS r*r - þW, + En q - Normal(0,o2), (3)

including a mean popuiation growth rate in the absence
of striped bass and density dependence (!.); a possible
change (Á) in the mea¡ population growth rate resulting
from conservation measures initiated in 1989 (Vtrilliams
and lVillíams, 1991) (f=0 for ú<1989; /,=1 for f>1989); an
effect due to variations in the abundance of striped bass
(caS,*r, rvhere S,*, is the abundance of adult striped bass
in year t+1 and ø is the per-bass predation rate); a density
dependence effect (ËlVJ; and a normally distributed process
error (g) having mean = 0 and varíance = 02. We ignored
the rneasurement error irr {!V,,Þ1985} for simplicity; the
main effect of including measurement error would be to
increase the r.mcertainty in ^4. Together, Equations 2 and 3
imply that W ro is a logrrormal ra¡rdom variable, and that
Iü, (see Eq. 1) is distributed as the sum of trvo lognormal
random variables.

Density dependence in this formulation is equivalent
to the Ricker ¡nodel of stock-recruitment (Ricker, 1954):
as stock size increases to infinit¡ per-capita productiwity
declines exponenfially ln zero. Because population viabil-
ity analysis (PVA) model predictions ca¡ be sensitive to
density dependence, we âlso considered Equation 3 with
þ set tn zeto.

Equation 3 states that predation by an ind.ividual
striped bass is a linear function of q'inter-run chinook
salmon abundance, ignoring the possibility ofsatiatíon or
a minimum prey abundance to initiate feeding. AJ.though
the actual functional response ofstriped bass to winter-run
chinook salmon is probably more complex, it ís unlikely
that satiation is a major issue for a rare prey species such
as rvinter-run chinook salmon. We use ,Sr*, rather than S,
because striped bass population size is estimated in the
spring, and the juvenile winter-run chinook sahnon born
in year f are vulnerable to striped bass predation as they
develop and migrate to sea the following lvinter ald spring
(year r+1).

Parameter est¡mat¡on

In this section, we couple the time series data and the
lvinter-run chinook salmon population dynamics model
with a prior distribution of the model's parameters to yielil a

Bayes posterior distribution for those parameters. For con-

venience, we denote the vector of model parameters as I =

Çt, A, o. B, o), and the data vectors as W = (I'Vre6?, W1e6B, .'.),
,S = (Sieo7,S1e¡;u, ...), and I = (f1e67, /ro68, "')"We denote a

probability density as p(') and a conditional probability
density asp(' |'). The unnormalized Bayes posterior distri-
bution of the model parameters is given by

p(1lw,I,s)*p(9þ(W11,s,9), (4)

wherep(0) is the prior distribution of 0, andp(WlI,S, 0) is
the model probabílity density function of W'conditíonal on
1,,S, and fl given by

cW I t,S,Ø =flP(W t w,4.rv.-r-1,-,.1,-,.S,-..s,-r, g). (5)

From the previous subsection, p(lV¿ l') on the right hand
side of Equation 5 is the probability density for a sum of
trvo logfrormal random variables. We evaluated p(W,l)
using the analytic expression provid.ed in Johnson et a.L'

(1994, Eq. 14.20), solvi¡g the integral contained therein by
adaptive quadraüure.

The prior density p(0) is the joint probabiì.ity of the com-
ponents of 0:p(0) = ll,p(0;). Because rve have little informa-
fion about ê that is independent of the data used in our
analysis, we desired a prior that rvould have iittle influence
on the poslerior, There are rnany lvays such a noninfornra-
tive prior could be specified. In the results presenteòhere,
we setp(,u, A, d, þl - l over the range of the parameters
(a and p a¡e restricted to positive values) and p(o) - 61,
followíng the recommendations of Lee (19B9) a¡rd Gelman
et aI. (1995) based on the rvork ofJeffreys (1961). We also
examined the effects of using other reference priors, such
as normal and exponential distributions rvith very large
variances, and found there to be iittle difference in the
results (not shown).

We did not attempt to derive a closed-form analytical ex-
pression for the posterior distribution of 0. Instead, rve used
the Metropolis-Hastings algorithm (Metropolis et al., 1953;

Hastings, 1970; Gilks et a1., 1996), a lVlarkov chain Monte
Carlo method. lhe Metropolis-Hastings algorithm produces

a Markov chain rvith a staùionary distribution equivalent to
the posterior of 0. Estimates of parameter means, medians,
and credible intervals were obtained from samples of the
stationary Markov chain. We used a multivariate normal
distribution centered on the current value of 0 for the algo-
rithm's proposal distribution. The varia¡ce-covariance ma-
trix ofthe proposal distribution was adjusted by trial and er-

ror u¡til the resulting Nf arkov chain rvas well-mixed and lhe
probability ofaccepting candidates fell in the range of(0.15'
0.õ0) (Gilks et al., 199 6). Note that the proposal distribution
form does not presume anything about the distribution of
the unknown parameters, and as Iong as certain criteria are
met (see Gilks et aL [1996]), only ihe convergence speed and
rnixing are affected, not the stationary distribution of the
chai¡.To assess convergence,we initiated. chains from many
widely varying starting places and observed convergence
to the same distribution. We formd that 50,000 iterations
following an initialization of 10,000 iterations provid.ed

stable parameter estimates. For an additional convergence
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che&., we compared the modes of 0 to maximum likelihood
estímates of 6 obtained using a quasi-Newton method fo¡
minimization of a multivariate function with simple bounds
(IX{SL Fortran Numeric Libra¡y subroutine BCONF, Visual
Numerics, Inc., Houston, TX).

Extinction and recovery probabil¡t¡es

Given our winter-run chinook salmon population dynamics
model, alternative striped bass popuiatÍon leve1s, and the
posterior distribuüion of e, rve used I\fonte Carlo meühods
to determine the probability distribution of winter-run
chÍnook salmon abundance i¡¡ each of the next 100 years.
From these distributions, the probability (P) that rvinter-
run chinool< salmon abundance is belorv a quasi-extinction
threshold o¡ above a recovery benchmark can be estimated
directly. It u'as assumed, for simplicity that striped bass
abundance over trle next 100 years will be held constant
(S,=S) at a level depending on the intensity of striped bass
stocking. We considered three levels of striped bass abun-
dance ofinterest to fishery manâgers, corresponding to no
stoching (S=512,000 adults), moderate stocking (S=700,000
adults), and heavy stockiug (S=3,000,000 adults). For com-
parative purposes, we also examined the effect of removing
all siriped bass (S=0 adults). Ofparticular interest is the
íncrease in extinction probability due to striped bass stock-
ing in relation to the no-stocking alternaiive. We denote
this increase in extinction risk as ô.lVe generated the
distribution of extinction and recovery probabilities and 6
under the four striped bass population levels as follorvs:

1 lnitialize tl:e model by setting (W, t=-3, -2, -\, 0l
equal to the four most recent observations of spau'n-
íng escapement.

2 Randomly select a value for 0 according to its poste-
rior d.ensity using the Metropolis algorithm.

3 For each striped bass abr:ndance level S, ÍW, t =-"3,
-2, -1, 01, and the parüicular value of 6, simulate 1000
100-year trajectories of winter-run chinook salmon
sparvníng escapement according to Equations 1, 2,
and 3.

4 For year t, the fraction of simulations in rvhich spalvn-
ing escapement was below the quasi-extinchion thresh-
old or above the recovery benchmark (levels specifled
belou') approximates P,(quasi-extinctionI S,0) and
P,(recovery I S,0), respectively, for l=1,2,...,100.

5 For year ú=50 and each level of striped bass abun-
dance S, the increase in extinction probabiiity in rela-
tion to that for the no-stocki¡rg level is approximated
by ô{S, e) = P,-oo(quasi-extinction I S,0) - P,=uo(quasi-
extinction I 5=ã12,000, O.

6 Repeat steps 2-5 10,000 times. For each year f and
striped bass abund.ance level S, the average values
ofP,(quasi-extinction I 5,6) and P,(recovery I S,0) over
these repetitions approximates their expected values
with respect to I gíven S. For brevity, in the "Results"
and "Discussion" sections, we refer to these values as
simply the probabilities of quasi-extinction and recov-
ery in year ú given striped bass abi¡-oda¡.ce S.

We focused on quasi-extinction to avoid the problems of
modeling depensatory effects, such as demographic stochas-
ticity, inbreeding depression, andAllee effects (AJ.lee, 1931).
Estimates of absolute extinction risk a¡e very sensitive to
horv these plocesses are modeled and parameterized, and
relevant data are lacking. Quasi-extinction is less sensitive
to these processes and is more likely to occur over short
time horizons; tlrerefore it is a more useful malagement
benchmark than absolute extinciion (Beissinger and West-
phal, 1998). The draft recovery plan for winter-run chinook
salmon (NMFSI) defines the quasi-extinction level as 100
females a¡d the recovery level as 10,000 adult females;
therefore we set the quasi-extioction threshold at 200
adu-lts and the recovery threshold at 20,000 adults on the
working assumption that the sex ratio is approximately 1.

Resuhs

Parameter estimates and model f,it

Table 1 lists summary statistics for parameter estimates
for both the density-dependent and. density-independent
models; Fi6ure 4 shows posterior marginal distr-ibutions
and pairwise bivariate density contour plots for the
rvinter-run chinook salmon density-dependent population
d.ynamics model. The posterior median of ¡t was -0.69 per
generation and the 0.90 credible interval (CI lower and
upper endpoints ofthe posterior distribution equal to the
0.05 a¡d 0.95 percentiles, respectively) for ¡r u'as (-1-2,

-0.046), which indicates that the decline of winter-run
chi¡ook salmon most probably reflects a real trend rather
than solely a series of random events. The median of the
posterior distribution of the listing effect parameter Á
was positiye, which suggests that the winter-run chinook
salmon population growth rate has increased since initia-
tion of consen'ation measures in L989. The present-day
realized growth rate, log(g¡), as determined fiom the joint
posterior distribution and current w-inter-run chinook
salmon and striped bass abundance according to Equa-
tion 3, has a median of -0.19 (0.90 Ct=(-l.08, 0.66)), which
indicates that the winter-run chinook salmon population
may still be ilr decline in spite of the conservation measures
and the decline in striped bass sbundance.

At current striped bass abundaace, the median estimate
of ø translates into about a 9o/o c}nance of arr individual ju-
venile chinook salmon being consumed by a striped bass.
Because log(gr) is highly variable (median of o estimate was
1.18), only fairly large values of d are inconsistent with the
data. Furthermore, there was positive correlation between
the estimates of a and p (correlation coefflcient=0.77),
meaning that fairly high predation rates are consistent
with the data if the underlying population grou'th rate
rvas also high. The negative correlation of Á rvith ¡.t and a
indicates that the potential improvement ín rvinter-run chi-
nook salmon population growÈh rate could have been due to
either conservation measures or reduced. predation,

At recent population sizes, there is little reduction in
winter-run chinook salrnon population grorvth due to den-
sity-ilepend.ent effects: the media¡ of B translates into a
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Table 1

urrder alternative model for¡nulations. DD refers to density-dependent model, DI refe¡s to

DD ll (g¡orvth rate)
4 (grorvth rate change)
c' (predation rate)

Pe (density dependence)

o (process error SD)

,u (gtorvth rate)
ô (growth rate change)
ar (predation rate)

B (process error SD)

-0.694
0.683

1.86

7.16

1.20

-0.777
0.823
2.r9
1.18

-0.73â
o-692

7.29

6.26

1.18

-0.825
0.829

1.63

1.16

(-1.20, -0.046)
(-0.275,1..64'
(0.100,5.44)
(0.507, 1.6.9)
(0.936,1-53)

(-1.34, -0.0ö1)
(-0.t78,t.77'
(0.116,6.29)
(0.921,1.50)

Model Pa¡ameter Mem IVIedia¡ 0.90 cI

Valtre urultiplied by 106 tú ir)crease legibiliiy,
Valuæ nrultiplied by 105 to irrdeâse legibility.

DI
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Iogþ,) of only 2.6x10-s per generation less than
that at a stock size near zero. At the recovery
target population size of 20,000 adult rvinter-run
chinook salmon, in contrast, the median estimate
of p corresponds to a population grolvth rate re-
duction of 0.13 per generation.

The fit of the model lvas assessed by comparing
the observed spau'ning escapement data series to
the posterior p¡edictive distribution of ![ (Gelman
et a1., 1995), which v''as estimated by dras'ing
10,000 samples from p(01') and a normal(O,o2)
and applying Equations 1-3. Figure 5 shows the
observed data and boxplots of the posterior pre-
dictive distributions forthe data points. Obsen'ed
escapement in 1980 and 1991rvas below the flfth
percenüile of the distribution for predicted escape-
ment for those years. Winter-nrn chinook sa1mon
returning in 1980 and l99I were born during
the drought years of I976-7'l and 1987-88. The
79'lG-77 drought was particularly severe; there
rvere very low river fl.ows and rvater temperatures
exceedecl 21'C during the winter-rr-rn chinook
salmon egg incubation periocl, well above the
'509a mortality temperature of 16'C reported for
chinook salmon (Alderice and Velsen, 1978). The
association betrveen these outliers and droughts
suggests that the moàel does not accurately handle
an important source of risk, The estimate of o was
influenced by the 1980 and 199 I escapements, but because
critically dryyears appear to reduce su¡vival more than wet
years increase it (as suggested by the lack of large positive
deviations in Fíg.5), estimates of absolute extinction risk
may be optimistic. Our focus, hor,vever, is on the relative risk
of extinction under different management scenarios.

Extinction risk estimatìon and stock¡ng plan analys¡s

Figure 6 shows the cumulative distributions of quasi-extinc-
tion and recovery probabilities under the three striped bass
stocking levels predicted by the density-dependent model.
Winter-¡r:¡r chinook salmon have a28a/o cb.ance of becoming
quasi-extinct and a Mo chance of recovering to more than
20,000 adults in 50 years, ifno striped bass stocking rvere
to occur (Table 2). If a striped bass stocking program lvere
to stabilize the stripeil bass population at ?00,000 adults,
the probability of quasi-extirction in 50 years rvould rise
lrom 28Vc Lo 30Vc (È1.9o/o, 0.9 CI=17.2o/o,2.61o:l), o:rd the
probability of recovery rvould decline lrom I7cy'o to 70c/o.

A future adult bass population of3.0x106 rvould raise the
chance of rvinter-run chinook salmon quasi-extinction to
55Vo6= 27.7Vo,0.9 C1=125.4o/o,30.17o1) and lower tb.e recov-
ery probabi.lity to 3.8%o.If, on the other hand, striped bass

predation couid be eliminated completely, the probability
of quasi-extinction would. deciine to 23o/o (6=-4.50/o, 0.9
C7=Í-5.6Vo, -3.49o1) ar'd the probability of recovery rvithin
50 years would rise to I47o,

The probability of quasi-extinction according to the
density-índependent model is quite similar to that of the
density-dependent model, but the predicted probability of
recovery is substantially higher rvith density indepenclence

(Table 2). Extinction probability is somewhat more sensi-
tive to striped bass predation in the density-independenf
model. This greater sensitivity to striped bass abundance
results from the higher estimate for the bass predatioo rate
parameter and the lack of compensation in the density-
independent rnodel.

The density-dependent model indicates that without
furthe¡ population grolvth rate increases, lvinter-run
chinook sal¡non are unlikely tò reach the recovery bench-
mark: recovery will not occur within 20 years, and there
is less than an LIc/o chance of reaching the 20,000 aduit

1975 1980 1985 1990 1995 2000

Year

Flgure 5
Poste¡io¡ predictive disùributions (gray boxes and s.hiskers) and
obsen'ed winte¡ chinook salmon sparvning escapement (circles).
Gray boxes cover the middle 0.50 percentile inten'al, and rvhiskers
represent the ¡njddle 0.90 percentile inten'al.

Table 2

Expected probabilities of quasi-extinction and recovery
rvithin 50 years under alte¡native model fomulations. DD
refe¡s to density-dependent model, DI refe¡s to density-
independent model.

Model
Striped bass

Probabiìity abunda¡ce

Extinction 0 0.231 0-198

512,000 0.276 0.246
?00,000 0.295 0.268

3,000,000 0,554 0.ö82

Recovery 0 0.135 0-405

512,000 0.107 0.328

700,000 0.097 0.3Q2

3,000,000 0.038 0.116
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Figure 6
Probabilities ofw'inte¡ chinook salmon quasi-exdnctÍon and ¡ecovery under differ-
ent adult striped bass population sizes.

u'inter-run ch.inook salmon level rvithin 50 years. The lorv
probabiìity of recovery predicted by tJ.e density-dependent
model is due in part to reductions in productivity at moder-
ate population sizes. The median equilibrium rvinter-run
chinook salmon population size, given by (¡r+A- aS)/Bwíth
S = 512,000, is 18,100, which is below the recovery target
of 20000.

Discussion

Predation by stripecl bass and effect of stocking

The results presented here indicate that striped báss pre-
dation rnay be a nontrivial source of mortality for t'inter-
run chinook salmon. According to our analysis. the current
striped bass population ofroughly 1x106 adults consumes
abouL 9Vo of rvinter-run chinook salmon outmigrants. By
comparison, 85,000 northern squawñsh consume about
117o ofjuvenile salmonids passing through the Johrr Day
Reservoi¡ on the Columbia Rive¡ (Rieman et aI., 1991),
based on prey consumption rates and predator and prey
abundances. Jager et al. (1997), using a spafially explicit
individual based model, estimated that betr,r'een l3o/o and
57a/o of îal!-run chinook fry lvere consumed by piscivorous
fish in the Tuolumne River, California. The predation rate
by strþed bass on lvinter-rur chinook sa-lrnon juveniles
i¡ferred from the time series of their abundances appearc
plausible in light of these comparisons. If striped bass
predation is truly in this range, a sigrrificant increase il
striped bass abundance could substantially increase the
risk of winter-run chinook salmon extinction and reduce

the Iikelihood of recovery. A limited progtam aimed at
stabilizing the striped bass population at its recent size
rnight pose an acceptably small risk: the model indicates
wíth 95o/o cerüainty that the stabilization program would
add less tlran 3.17o to the baseline extinction nsk of 28Vo.

A-lthough this anaì.ysis suggests that striped bass preda-
tion rnay be a signiûcalt risk factor for winter-ru¡r chinook
salmon, striped bass eradication rvould. not be enough to
ensure recovery of winter-run chinook salmon. In the fol-
Iowing two subsections, we discuss ho¡r- data limitations
and model uncertainty influence the results a¡d our inter-
pretation of them.

Moclel uncerta¡nty

Model u¡certainty arises from our ignorance of the exact
processes driving population dynarnics. Àlthough there is
a rvell-developed statisfical basis for modei identification
and selection (Burnham and Anderson, 1998), different
models may ût the data equally well yet make quite dif-
ferent predictions (Pascual et al., 1996). In such cases, one
should consider a variety of models a¡d ensure that impor-
üant conclusions are upheld by ali ofthem (Beissinger and
lVestphal, 1998).

Population dynarnics and PVA models can be very sensi-
tive to the presence and form of density dependence in the
rnodel- Because the work presented here lvas concerned pri-
marily rvitb the cha-nge in extinction risk posed by a change
in striped. bass abundance, it is encourag'ing that the prob-
ability of quasi-extinction was not sensitive to assumptions
about density dependence. We presented results of both
a Ricker-type density dependent model and a density-
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independent model; w'e also analyzed a Beverton-Holt type
model (where per-capita productivif reaches an as5,'rnptote
instead of deciining to zero as population size increases to
infinity) and found that it gave similar predictions to the
Ricker model (results not shorvn). The insensitiwity of ex-
tinction risk to the form of density dependence is perhaps
not surprisingbecause density dependence is considered to
have little influence on the extinction process ifpopulations
are well belorv carrying capacity (Emlen, 199õ), although
it has the potential to create both compensatory popula-
tion grorvth that can increase populotion persistence and
oscillatory or chaotic dynamics that ca¡r reduce population
persistence (Ginzburg et ai., 1990; i\{ills et al., 1996; Be-
Iovsky et al., 1999). Tire probability of recovery, however,
rvas strongly dependent on rvhether density depenilence
ç'as included: regardless of striped baés stocking level, the
recovery probability predicted by the density-independent
¡nodel'çvas about threefold higher than that predicted by
the density-dependent model. Although the density de-
pendence parameter was not w'ell-identified by the data,
winter-run chinook salmon are currently restricted to a
ì.imited- portion of the Sacramento River and it is certainly
possible that there is not enough habitat to support a
spawning run of 20000 adults. Further study of the Sac-
ramento River's carrying capacity for winter-run chinook
salmon is'warranted.

The dynamics offood rveb and predator-prey models can
also be sensitive to the form of the predator's functionai
response to prey abundance (Overholtz et ai., 1991; Ber-
ryman, 1992). The models presented here assumed that
the predation-related per-capita mortality of winàer-run
chinook salmon is a linear function of striped bass abun-
dance only. It is possible, however, that this mortality rate
depends on winter-run chinook sa].mon abundance as rvelL,

through the feeding response of individuai striped bass to
rvinter-run chinook salmon abundance. In deterministic
models, the form of the functional response (as well as
predator abundance and prey productivity) deternrines bhe
equilibrium prey population size. In particular, t'hether a
prey population can persist may depend on whether the
predator's functional response is sigmoidal or increases
monotonically to an asymptote with increasing prey abun-
dance (Sinclair et aI., l99B). In cases s'here the prey is
the major food source ofthe predator, it can be possible to
d.etect a nonlinear functional response from the time series
themselves (Jost andA¡diti, 2000), especially ifthe sysiem
is perturbed (Carpenter et al., 1994). lVinter-run chinook
saÌmon are not the main prey of striped bass, and any pos-
sible depensatory effect of predation may be reduced by
alternate prey, including juvenile chinook salmon of obher
races. Juvenile fall chinook salmon, in particular, are abr.:n-

dant, and often co-occur rvith rvinter-run chinook salmon
(Ilealey, 1991). If the abunda¡ce of fall chinook salmon is
uncorrelated with, and high in relation to, r,r'inter-run chi-
nook salmon, then the striped bass predation rate may be
related to fall chinook salmon abundance and unrelated to
rvinter-run chinook salmon abundance, In the absence of
relevant data, further consideration of nonlinea¡ feediag
responses and. effects of alternate prey (e.g. Spencer and
Collie, 1995), is beyond the scope of this paper.

Another aspecb of model uniertainty is the assumption
that the future u'ill be like the present. The future rvill
probably include increased conservation efforts, changing
ocean productivity, and perhaps further habitat degrada-
tion. Although the level of absolute risk would change sub-
stantially if these processes were included in the si¡nula-
tions, the relative risks posed by the d.ifferent striped bass
stocking schemes would change much less. The main goal of
this work was to compare these reiative risks; a secondary
goal was to predict what would happen if things continued
in the future as they are now. We therefore feel confid.ent in
staòing that a large striped bass stocking program would be

risky and that further winter-run chinook saì.mon restora-
tion actions are needed.

Data u¡rcertainties

Imprecise estimates of predator and prey abundance
limit the precision of parameter estimates and can bias
parameter estimates if not accounted for (Seber and Wild,
1989; Carpenter et al., 1994). For the bulk of the winter-
nrn chinook salmon series, observation error is probably
quite lorv because all frsh were counted ùirectiy; the CV
for the striped bass population estimates is thought to be

about25Vo (Stevens, 19?7).We ignorêd measureurent e¡ror
in boüh the striped bass and winter-run chinook saLmon
population abundance data. Further work is reqr"rired to
assess how much of an influence these errors might have
on parameter estimates for the model presented here.

lrrformative priorc

A rnajor advaatage ofthe Bayesian approach is the abílity
to include informative prior probability distributíons for
model parameters. Informative priors can greatly improve
the precision of posterior parameter estimates and model
predictions. In the example presented here, the estimate
ofthe striped bass predation ¡ate could be improved, and
uncertainty in stocking impacts reduced, by incorporating
direct information on the rate of striped bass predation on
lvinter-run chinook salmon into an informative pr'ior on a,
Such information would include estimates of the number of
salmon that striped bass eat per day (obtainable from food
habits and metabolic studies), and the number of juvenile
salmon that are vulnerable to striped bass predation. Some
information on these quantities is available for the Sacra-
mento system (Stevens, 1966; Thomas, 1967).

A Bayesian meta-analysis of the available food habits
data was performed to estimate the number of salmon
that striped bass eat per day, and the number ofjuvenile
salmon passing through the Sacramento River system rvas

estimated from ocean catches, spawning escapements, and
considerations of smolt-to-adult survival rates. Unfortu-
nately, including the informative prior did not substan-
tially improve the precision of the posterior distribution of
a, nor did it significantly alter the central tendency. Given
the number of necessary assumptions, the complexity of
the meta-analysis, and the minimal impact of including
the informative prior on the posterior ùistribution of a, we
opted to retain a noninformative prior on a, Should better
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data become available, it could be worthwhile to include
them in the prior for n, although there is no practical value
in including the data currently available,

Status of w¡nter-run chinook salmon

Although not the primary purpose of this süudy, our
model does provide an assessment of the present status
of winter-run chinook salmon: the quasi-extinction prob-
abiäty of 2BtI' wíÍ,birr 50 years indicates that winter-run
chinook salmon face a substa¡tial extinction risk, in spite
of the probable improved survival since the ESA listing.
The ESA does not specify quantitative risk levels corre-
sponding to threatened or endangered status, but under
the World Conservation Union's Reil List extinction risk
criteria (IUCN, 1994), winter-run chinóok salmon would
be classified as "vulnerable" (>I\Vo extinction probabiliùy
il 100 years). lVinter-run chinook salmon exti¡rction risk
is higher than the 10% probability of extinction in 50 years
specified as "safe'by Botsford and Brittnacher (1998). Fur-
thermore, the true quasi-extinction risk is probably lúgher
than indicated by our analysís because rve have neglected
some sources ofrisk that could be significant at population
levels in excess of tJre quasi-extinction threshold, such as

catastrophic events.
Botsford and Brittnacher (1998) developed a somewhat

similar model of winter-run chinook sahnon spawning
escapement that predicts almost certain extinction for
rvinter-run chinoolç salmon in the absence ofincreased sur-
vivai. The di.fferences betrzveen tI're results presented here
a¡d those of Botsford.and Brittnacher (1998) illustrate the
importance of including parameter uncertainty and allow-
ing for tirne-varying population growth rate, Their model
assumed constant mean populatíon growth rate, w-hereas
ours allowed for a change (Á) in the population gro¡vth rate
followiag the conservation measures initiated in 1989. The
more optimistic prediction in this paper derives mostly
from the substsntial probability that population growth
rate increased following implementatÍon of conservation
measures. This can be illustrated by settilg d to zero and
refitting our model. The quasi-exbinction probability with
¿! = 0 is 697o. Much of the remaining discrepâncy behveen
our results and those of Botsford and Brittnacher (1998)

arises from including parameter uncertainty, which allorvs
for the possibility that population grorvth might be higher
than its maximum lil<elihoocl estimate. The predicted de-
cline of the adult striped bass population from ?00,000 to
512,000 contributes a smaller effect to increased survival
probabílity tha¡r does the effect of conservation measures.
Both analyses are simila¡, however, in that they indicate
winter-run chinook salmon face signi6cant extinction risk
and require further conservation action.
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of all the deltujïsheries,
tlte lack of sufficient
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Your 501(c)(3) tax
deductible cash
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the fight for our
fisheries is to continue.
Read how you can
donate!

More News

CSPA'S Mike Jackson ready to defend the
beleaguered Delta Striped Bass in federal
court on July 14
By Jerry Neuburger
July 7,2008. With only a week to go before Judge Wanger's federal district court convenes,
CSPA attorney, Mike Jackson, is prepared to intervene in the case of the Coalition for a
Sustainable Delta et al vs. The California Department of Fish and Game and the California Fish
and Game Commission. Jackson has over 20 years court experience in fìsheries and
environmental law, acting as CSPA's attorney in numerous state and federal issues. Jackson, in
defending DFG and the Commission, will be representing the California Spotfishing Protection
Alliance, the California Striped Bass Association and the Northern California Council of the
Federation of Fly Fishers.

Opposing him are a group of Kern County water agencies posing as environmentalists under the
title of The Coalition for a Sustainable Delta. These agencies al'e consumers of vast amounts of
water pumped south through both the state and federal conveyances. A healthy striped bass
fishery is a major obstacle in their ever increasing need for delta water since that fishery and the
recreational anglers fishing for them represent a sizable lobby more interested in a healthy delta
than desert farming of marginal lands using taxpayer heavily subsidized water for cash crops by
corporate agri-business.

The Coalition alleges that the Delta Striped Bass is a voracious predator and is one of the prime
causes of the collapse of the endangered Delta Smelt and Sacramento Valley Chinook Salmon.
They make this claim even though there is no credible evidence that such predation takes place
and in fact, the striped bass fishery, the Delta Smelt fishery and the Chinook Salmon fishery have
all collapsed at a parallel rate. This rate has drastically accelerated in the last five years. During
this same time, exports of water south have increased as much as thity percent when compared to
previous records.

When Bill Jemings, Executive Director of CSPA, heard of the suit he exclaimed, "Striped bass
have coexisted with salmon and smelt in the Delta estuary for more than a hundred years. The
dramatic almost 300/o increase in the amount of water exported in recent years is the one clear
culprit that has led to population crashes of numerous species; including salmon, steelhead,
striped bass, Delta smelt, longfin smelt, splittail, threadfin shad, among others!"

The suit is seen by most as another means of delay and of obfuscating the real issues surrounding
the collapse of all the delta fisheries, the lack of suff,rcient water for the continued health of the
delta. Some believe the powerful water agencies are attempting to extend the debate until the
collapse of the fisheries is complete and the once vocal angler and environmental groups fade
away. With no one to defend the delt4 even more water will be justified as a necessary export for
the increasingly voracious demands of southland corporate agri-business.

The issue ofthe striped bass's predation has been researched and all data indicates thatthe species
does not target either Delta Smelt or Chinook Salmon smolts as a part of its diet. In a recent study,
"Diet composition in San Francisco Estuary striped bass: does trophic adaptability have its
limits?" By Matthew L. Nobriga & Frederick Feyrer, completed in May of 2008, the researchers
document the contents of striper stomachs that were examined over in several studies that took
place in a period of over 40 years. In these studies the examiners found that a striped bass's diet
consists of less than a half of one percent of Chinook salmon and an even slightly smaller amount
of Delta Smelt. While the estuary has changed drastically in those years and the striper's diet has
changed with it, threadfin shad and juvenile stripers have consistently shown themselves to be the
main finny prey of the Delta Striper.

http://www.calsport.or g/7 -7 -08.htm 2lt8/2010
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While motives for the suit a¡e obvious, CSPA, CSBA and the NCCFFF are not taking the
outcome of the suit for granted. At stake is the very existence of the Delta Striped Bass. If the
Coalition for the Sustainable Delta were to win this suit, it is expected that all DFG management
of the Delta Striped Bass fishery would cease. That includes size and bag limits and method of
take. Anglers could even be ordered per DFG regs to kill any striped bass caught regardless of
size. For a fishery in trouble such as the Delta Striped Bass, this lack of regulation would be the
death knell.

Although CSPA has meager funds for supporting the costs of the intervention, the issue is so
important that the CSPA Board of Directors felt they had no choice but to join the suit. In order to
properly defend the striper's right to exist and its place as one of California's premier game fish.
CSPA is requesting that all concemed anglers help contribute to the defense fund coffers in this
battle. Those wishing to donate can do so by mail by printing out a CSPA membership form at
www.calsport.org/membership.htm or can contribute on line using their credit cards via PayPal at
www.calsport.org/paypal.htm. Donors need not be members of PayPal to use this service.

http://www.calsport.or gl7 -7 -08.htm 2/18/2010
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Meeting Agenda
BDCP Other Stressors Conservation Measures Working Group

Resources Building, Room 1142
June 16,2009
2:00-4:30 pm

CALL IN LINE: l-800-366-7242; code-93878#

Primary Meeting Objective: Agree upon the package of Other Stressors Conservation
Measures to recommend to the Steering Committee.

Agenda ftems:

1. Agenda overview and updates (5 min)

2. Introductory text discussion (20 min)

3. Status update on conservation measures (20 min)

4. New draft proposed conservation measures (20 min)

5. Revived conservation measures (20 min)

6. Monitoring metrics and targets (30 min)

7. Characterization of conditional actions (30 min)

8. Next steps and agenda items (5 min)

, Members

I lottn McCamman (DFG) (Co-Chair) LauraSimonek (MWD)I Brent Walthall (KCWA) (Co-Chair) Dan Welsh (USFWS)
Laura King Moon (Mgmt Team) Jason Peltier (Westlands Water District)
Ann Hayden (Environmental Defense) Scott Cantrell/Lori Clamuro (DFG)
Ara Azhderian (SLDMWA) Anthony Saracino (TNC)
Russ Strach/Ted Myers (NNÆS) Jemy Bruns (CVRWeCB)
Walt Wadlow (ZoneTl{lamedaCounty Chris Scheuring (CFBF)
Water District)
Patri Idloff (usBR)
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HANDOUT #5

1 Regulatory Conservation Measures

2 Note to Reviewers: These three BDCP Other Stressors Conservation Measures have been rewritten to
3 add certainty that the measures would occur. These conservation measures have been proposed for
4 relocation to Section 3.5. Conditional Actions.

5 OSCMl4: Increase the Harvest of Non-Native Predatory Fish to Decrease their Abundance. The
6 BDCP Implementing Entity will fund development of a pilot program to reduce the size and increase the
7 bag limits on non-native predatory species in two specific locations in the Delta "hot spots." The
8 locations will be identified though coordination with the fish agencies and non-agency scientists familiar
9 with several known predation "hot spots" in the Delta. 

.,,,;,,.0t ",.10 The pilot program will be proposed to the California Fish and Game Cqmiñissioiì in2}ll and a limited
11 exemption from current size and bag limits will be sought to allow g¡.e.,@,ç,4"tt of non-native predators
12 at smaller sizes only in the two identified "hot spots". The pilot pr am'wjil,be implemented in 2011
13 and will run for three years. The pilot program will include monitóring and assessments of non-native
14 predator populations at the two identified "hot spots" to deteimine if reduced siie and increased bag limits
l5 reduce the number of non-native predatory fish at each location and result in improvèd survival of
16 covered species. The pilot program will include an education component to ensure thatiêcièational
17 fishermen know about the reduced size limits and increase Ûâg-limitS-atthe two locations.

18 At the conclusion of the pilot program a summary analysis and report will be prepared by the BDCP
19 implementing entity in consultation with the Department of Fish and Game that makes findings and
20 reaches conclusions regarding the reduction of non-native predatory li¡t¡ø ttre two locations. If the pilot
2l program determines that non-native predator poþulations wer.g,,reduced ?i fte t*o locations then a full-
22 scale program will be designed for "hot spots" throughout the De'ltaor, ât the discretion of the F&GC, for
23 the entire Delta' 

. ,.,,, ' 
" ' .. .,-,.. 

t . 

']'" ,tl 
t

24 The full-scale program will,be proposed to the F&GC for implementationin20l4. The full-scale
25 proposal will include thé facftplinformation that supports the conclusions of the pilot program and an
26 estimate of the expected benefitò:o-f the.fúll-sçale progrârii to covered species based on the conclusions of
27 the pilot prograpr,Th¡ F&GC hasihe disciêiiôà,toadopt or reject the full-scale program.

28 In the event..,t!i¿'È¿CC décidàS.not to adopt the full-scale program the funding anticipated for the
29 education-È6r-r.¡.ponent will be shifted to anotþer other stressors program identified through with the
30 adaptive mariâ$èment process. In the event the adaptive management program determines that no other
31 stressors conservatibn measures aie available to receive the funding, the funding anticipated for education
32 will be shifted to a habitat restoration conservation measure identified by the adaptive management
33 program. '' 

'

.':.-.
Problem statemeqû,iDespite the decline of multiple native species in the Delta over the past few
years, such as delt¿ smelt (IEP 2008a), longfin smelt (IEP 2008a), and salmon (MacFarlane et al.
2008), the abundance ofnon-native centrarchids such as large mouth bass have increased,
possibly associated with increases in Egeria abundance (Brown 2003, Grimaldo et al. 2004).
Predation by non-native centrarchids in the Delta is thought to reduce the survival rates of
juvenile salmonids and splittail, although the effect of centrarchids on smelt and sturgeon in the
Delta may be minor due to their use of different locations in the water column (M. Nobriga pers.

comm.). Striped bass in the Delta are thought to consume juvenile salmonids primarily and may
possibly consume delta and longfin smelt and splittail (M. Nobriga pers. comm.). The impact of
non-native basses on juvenile sturgeon is likely small in the Delta.

34
35
36
37
38
39
40
4I
42
43
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HAI{DOUT #5

I
2

J
4
5

Hypotheses: Relaxation of size and daily bag limits for striped bass and centrarchids is
hypothesized to:

. reduce populations of adult and sub-adult striped bass and centrarchids. Humans have been
extremely effective historically at harvesting fish species to very low numbers in many parts

of the world;

¡ subsequently reduce the population offry andjuvenile striped bass and centrarchids.
Relaxing size limits is expected to allow smaller fish to be harvested, potentially before they
have reached a reproductive size, thereby reducing the reproductive capacity ofthe
PoPulation; 

,n:,;:.,.,.. reduce predation mortality of Chinook salmon (ODFW 1998;'Lindlèy & Mohr 2003, Nobriga
et al. 2003, Nobriga & Feyrer 2007,2008), steelhead (OÐF\V:.!998), delta smelt (Stevens

1 966, Winemiller & Rose 1992, Moyle 2002, Eisermann 2006;,Nobriga andFeyrer 2007 ,
2008), longfin smelt (ì.lowak et al. 2004, Eisermarrr 20Aþ), Sacra:niento splittail (Moyle et al.
2004, Eisermann2006, Nobriga & Feyrer 2007,'24û8), green sturgeoû(J. Israel, pers. obs.),
and white sturgeon by striped bass and centl,1{9hids; and

. reduce competition for food with delta and lóiìg'En smelt,by juvenile striped bass (Orsi &
Mecum 1996, Kimmerer2002b, M. Nobriga, pe !ç .)

Monitoring and adaptive managen!e-nt considerations!'7W,oø to reviewers: this section is q

general summary; more detail will be:'prcìvided infuture itèràliou¿.J Monitoring would consist of
assessing the abundance, distribution, unfl'li4,,o!,;centrarchid species before and after
implementation of new regulations to determine th;e¡é.1þliveness of regulations. Studies would
be conducted to determ,ine s2e-based predà{io¡í es óT:ôé"lt¡árchids on covered f,rsh species to
determine whether relaxation:of the regulatio$ has an imþäct on these species.

If results of frsh,m$n.itgring iriffiate that relaxrätion of regulations have not been suffìcient to
significantly reduce ãdrierse affects of non-nativçj"ôn native fish, actions would be modified to be
more effective through the:adaptive maq4ggmçili process.

. : 
r'

OSCMIT: Redude Äd+.dt¡-è.Fffects;gf,Har-vest on Sacramento Splittail Abundance. The BDCP':
Implementinþ Entity will deV p- a study,iof. and draft regulations for limits on recreational and
commerciàl splittail harvest. The study wiil determine the extent to which current harvest levels reduce
the number of sþliuail in the Deltà ànd will be performed in20ll and2012. The study will establish draft
regulations for prop1or- l to the Caffirnia Fish and Game Commission in 2013. The draft regulations may
propose a set size and'daily bag limits designed to aid in the recovery of splittail. The study will utilize,
among other monitoring data, existing DFG creel survey data, which contains considerable information
about the number, season,' location of harvested splittail. Working with fish agencies and other fish
experts, these data will be iompared to life history attributes of splittail (e.g., age at reproduction, growth
rates, and spatial and temporal patterns in migration and reproduction) to determine the appropriate size
and daily bag limits that would be sufficient to aid in the recovery of the species.

The study, including a determination of appropriate size and bag limits will in consultation with CDFG
propose appropriate regulations for consideration by the F&GC.

6
7'
8

9

10

11

l2
13

14

15

16

t7

18

t9
20
2l
22
23

24
25
26

27
28
29
30
31

J¿
55
34
35
36
37

38
39

40 If the F&GC adopts the proposed regulations the Implementing Entity will propose the development of a
41 program within the Department of Fish and Game to supplement enforcement personnel specifìcally
42 focused on enforcing the splittail limits, and will work with the Department and others to secure the
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1 necessary funding to implement it. The enforcement program will include an education component to
2 ensure that fishermen know about the splittail size and bag limits in advance of active enforcement.

3 In the event the F&GC decides not to adopt the protective regulations for splittail the funding anticipated
4 for enforcement will be shifted to another other stressors program conservation measure consistent with
5 the adaptive managing process. In the event the adaptive management program determines that no other
6 stressors conservation measures are available to receive the funding, the funding anticipated for
7 enforcement will be shifted to the habitat restoration conservation measure identified by the adaptive
8 management program.

9 Problem statement: There are currently no regulations on the Sacramento splittail fishery.
10 However, the fishery may be considerable despite its poor documeihtiäfÌon (Moyle et al. 2004).

11

T2

l3
l4

l5

l6
t7
l8

Hypotheses: This conservation measure would establish legalalirrtits for splittail based on known
abundance and harvest rates. Although harvest is not thougþt to hâve significant effects on the
population currently, this measure is expected to protecf.the,speciejif härvest pressure were to
increase in the future. ";':,1,,.- 

: .

Specifically, this conservation measure is hypothesized 1o: , , ,,0, 
,

r increase the population abundance of Sacramenté:qplittail'(Voyle et al.2004, DFG Creel
Data2007-08, USBR 2008). By reducing the number,of fish being harvested, more fish can
survivetoreproduce. ',,,,..,, ,ìt.,,,.

o improve the transfer of energy through,the foodweb in wetter years. Splittail are highly
fecund in wetter years (Somm er et al. 1997, Feyre¡ et al.2007b). It is thought that a large
number of larval and juvenile splittail duringthëéê'|yjg7spré consumed by other organisms,
thus contributing to an increase in the transfer ofener$y through the foodweb.

¡ increase predation on Corbula. Because splittail have been shown to consume Corbula
(Feyrer et al: 2ßù"3\, it is hyçothes ized that an increase in the splittail population would lead
to an increased consumption of Corbula.

t9
20
2l
22

23
24
25

26 Monitqri[g,áùd adaptiveirñu""g"-"nt considerations: [Note to reviewers; this section is a
27 g"r".;id'rr.-,àii;'øi;* 4"tatt,w¡h be p.rovided infuture iterations.J DFG would be responsible
28 fo-nllpnitoring the efîè@veness of regulations in conserving Sacramento splittail while providing
29 for ái¡êereational fishery; and for revising regulations as needed to improve their effectiveness.
30 fhe gDe.P:'Irnplementing'g"tity would coordinate with DFG to develop and fund monitoring
31 efforts, andtô,i¿entify an{:'support needed adjustments in regulations in future years.

32 OSCMl9: Reduce LòSsÞs, o-f lüild Stocks of Chinook Salmon to Commercial Fishing and
33 Recreational Fishing through a Mark-Select Fishery. To reduce harvest of wild stocks of Chinook
34 salmon, the BDCP Implemènting Entity will produce a proposal by July 2011 for a full-scale mark-select
35 fishery program that may be implemented by the California Department of Fish and Game (DF&G) and
36 the Pacific Fishery Management Council. The proposal will be developed using lessons leamed from
37 implementation of mark-select fisheries in Washington and Oregon and marking technologies currently in
38 existence. The full-scale programs will include all hatchery fish from hatcheries on either the Sacramento
39 or San Joaquin river systems. The program will not be submitted to DF&G or PFMC until it has been
40 peer reviewed by scientists holding positive and negative views of mark-select programs.

4l If DF&G and PFMC chose to adopt the full-scale program it will be funded at a level sufficient to allow
42 its full implementation for six successive years (2012 to 2017). Implementing the program over six years
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1 will allow time for four separate broods to return. During 2017 a summary report will be produced
2 describing thé program's implementation, its degree of success or failure and recommendations to
3 improve the program regardless of its outcome.

4 The program will include a proposal for integrating differences between historic data sets using fractional
5 marking and future data sets derived from mass marking. The purpose of this element of the proposal is
6 to ensure that in the event a full-scale mark-select program is implemented, but not successful in
7 improving wild salmon stocks, the mark-select program can be terminated and its data modified to
8 conform to the historic fractional marking data. The data integration will also be capable of converting
9 past data form fractional marking into data sets than can be used in conjunction with data from the mark-

10 select program if DF&G and PFMC decide to continue the program at the conclusion of the sixth year.

11 In the event the DF&G and PFMC decide not to continue the mark-seþó-t,program the funding anticipated
12 to support a continuation of the program will be shifted to another othér'dtdssors program consistent with
13 the adaptive managing process. In the event the adaptive managedênt proþiãih.determines that no other
14 stressors conservation measures are available to receive the. fundÌng, the funding anticipated for
l5 enforcement will be shifted to the habitat restoration conæäîation measure identifièd by the adaptive
16 management program.

17

18

I9
20
2l

22
23
24
25

Problem statement: Most hatcheries in the Centr;i,Valley.áié production hatcheries designed to
mitigate for lost habitat from dams constructed in the rniadie of the twentieth century (Williams
2006). However, hatchery-produced C.hinook salmon and steçlhead are thought to have negative
effects on wild fish via cornpetition for,res,9y'Lc"gs and genetiô!:.ff.çc]s.Jhat can reduce the fitness of
wild fish if interbreeding occurs (see ISAB'20Q2;{e,t,1."vr"*¡ 

1.','
Hypotheses: Although the greatest benefiis of this óôÍi3d¡yaJion measure would be realized if a

mark-selective fishery-.wêi€ipplemented, it;is expected thalthere would be major benefits to
wild stocks of Chinook salmciiriilf mass markihg hatchery fish. Specifically, marking 100% of
hatchery reared fiSh'is hypothè$ìfed to: l',,,, 

,,.

26 . increase the knowle(þ þãsq regEdjng Centrál Valley Chinook salmon (population sizes,
27 harvest rafes, success of.restoratiôn ànd.iiver management programs, and other key biological
28 parameters) for improved mq4agemeni'(it is unknown whether current management programs
29 þjimarily benefit w.ild fish, hàtchery fish, or both, and in what proportion) (Hankin 1982,
30 JHRC 2001, ISABi2gg:, fsc-sFEC 2005, 2008a, AFS position paper 2009, Mohr 2009,);

3l
32
JJ
34

35
36
37
38

¡ increasg the ability fol:þ¿1ç¡".i"s to track and manage the composition of wild versus
hatchery':origin fish ir,Lbreeding programs, detect and quantify straying rates of hatchery fish,
and improve b,roodstoôk management (with tagging, much improved) (ISAB 2003, AFS
Position eapðr 2OOl); and

¡ streamline, simplifu, and reduce costs for coded wire tag, scale, otolith, and genetics
sampling programs that specifically target wild or hæchery fish. Targeted fish would be
easily identifiable with a visual mark leading to more efficient collection of targeted fish and
reduced "bycatch" of non-targeted fi sh.

If the Fish and Game Commission and Pacific Fish Marine Counsel implement a mark-
selective fishery, it is hypothesized that benefrts would include:

. Reduce harvest-related mortality of wild Chinook salmon, thus contributing to the recovery
of all covered Chinook salmon races (Cramer et al. in press); and

39
40

41

42
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1 ¡ reduce competition and genetic introgression from hatchery fish with natural fish on
2 spawning grounds due to increased harvest of hatchery fish and the ability for managers to
3 visually segregate hatchery reared fish from wild fish (Hankin l98Z,Flagget al. 2000,
4 Goodman 2005, Weber & Fausch 2005, Araki et al.2006, AFS Position Paper 2009, Mohr
5 2ooe);

6 DFG has marked and tagged a constant fraction (25%) of hatchery reared fall-run fish since 2007,
7 which been proposed to be sufficient to gain information about life history parameters (ltrewman

8 et al.2004). However, additional benefits associated with harvest reductions of wild fish and

9 increased harvest of hatchery fish are predicted to be greatly increased with 100% marking of
10 hatchery fish comparedto 25o/o (Cramer et al in press.). 

,,,

11 Monitoring and adaptive manâgementz [Note to reviewerç:ffis section is a general summary;
12 more detail will be provided infuture iterations.J The Fishery X'lj*"i"t would be responsible for
I 3 monitoring the effectiveness of a mark-select fall-run Chinook satniéii' frsnery program for
14 consérving wild fall-run stocks. The BDCP Implemeniing tntity wouiöprovide funding and

15 ongoing review ofFishery Agencies' monitoring, piogress, and other relèüán1 reports to assess

1 6 the effectiveness of the mark-select fishery for improving wild stocks of fall-run Chinook salmon.
17 The BDCP Implementing Entity would coordinate with the !,ithery Agencies lp,'adjust mark-
18 select strategies and funding levels through the BDCP adaptive management process as

19 appropriate based on review ofthe Fishery Agencies'réports.
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