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1

Introduction

1.1

LOWER YUBA RIVER ACCORD

On March 18, 2008, the State Water Resources Control Board (SWRCB) approved
a consensus‐based, comprehensive program to protect and enhance 24 miles of
aquatic habitat in the lower Yuba River, extending from Englebright Dam
downstream to the river’s confluence with the Feather River near Marysville
(Figure 1). This program is known as the Lower Yuba River Accord (Yuba
Accord).
The Yuba Accord consists of a Fisheries Agreement and several other elements.
The other elements of the Yuba Accord include any necessary Conjunctive Use
Agreements, and a Water Purchase Agreement. Under the Conjunctive Use
Agreements, Yuba County Water Agency (YCWA) and Member Units will
implement programs to conjunctively use available surface water and
groundwater supplies to ensure that local water supplies are not reduced to
implement the Yuba Accord. Under the Water Purchase Agreement between
YCWA and the California Department of Water Resources (DWR), YCWA will
transfer water, including water made available by the instream flow schedules in
the Fisheries Agreement, to DWR, and DWR will make payments to YCWA that
will be used to make payments to the River Management Fund, to Member Units
under any Conjunctive Use Agreements, and to fund flood‐control and water‐
supply projects in Yuba County. Additionally, an agreement with Pacific Gas
and Electric Company (PG&E) amending the PG&E/YCWA Power Purchase
Contract has been executed so that YCWA can implement the Fisheries
Agreement, the Water Purchase Agreement and any Conjunctive Use
Agreements.
Sections of the Fisheries Agreement most pertinent to the Yuba Accord River
Management Team (RMT), the River Management Fund (RMF), and the
Monitoring and Evaluation Program are described below. The Fisheries
Agreement in its entirety can be found as Exhibit YCWA‐9 on the SWRCB
website (http://www.waterrights.ca.gov/hearings/loweryuba_exhibits.html).
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Figure 1. Lower Yuba River

1.1.1

Yuba Accord Instream Flow Requirements

The Fisheries Agreement requires YCWA to maintain instream flows in the
lower Yuba River to benefit native Chinook salmon, steelhead and other fish and
aquatic‐related resources. Except as otherwise provided for in the Fisheries
Agreement, YCWA will comply with the Schedule 1‐6 and A‐B instream flow
requirements presented in Table 1. In addition, YCWA will operate a
groundwater substitution program in Water Years when Schedule 6 is in effect,
which will result in an additional 30,000 acre‐feet of water not shown in Schedule
6 flowing in the lower Yuba River at the Marysville Gage during the portions of
such Water Years when this water is transferable to the Water Purchase
Agreement transferees. Subject to the preceding requirement of transferability,
the RMT, through a decision by its Planning Group, will determine the flow
schedule for the 30,000 acre‐feet during each Schedule 6 Water Year. This flow
schedule will be set to achieve maximum fish benefit during the transfer period.
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Table 1. Flow Schedules of the Yuba Accord
Marysville Gage (cfs)
OCT

NOV

DEC

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

Schedule

Total
Annual
Volume
(AF)

1-15

16-31

1-30

1-31

1-31

1-29

1-31

1-15

16-30

1-15

16-31

1-15

16-30

1-31

1-31

1-30

1

500

500

500

500

500

500

700

1000

1000

2000

2000

1500

1500

700

600

500

574,200

2

500

500

500

500

500

500

700

700

800

1000

1000

800

500

500

500

500

429,066

3

500

500

500

500

500

500

500

700

700

900

900

500

500

500

500

500

398,722

4

400

400

500

500

500

500

500

600

900

900

600

400

400

400

400

400

361,944

5

400

400

500

500

500

500

500

500

600

600

400

400

400

400

400

400

334,818

6

350

350

350

350

350

350

350

350

500

500

400

300

150

150

150

350

232,155

JUL

AUG

SEP

Total
Annual
Volume
(AF)

*Indicated flows represent average volumes for the specified time period. Actual flows may vary from the indicated flows according to established criteria.
*Indicated Schedule 6 flows do not include an additional 30 TAF available from groundwater substitution to be allocated according to established criteria.

Smartsville Gage (cfs)
OCT

NOV

DEC

JAN

FEB

MAR

APR

MAY

JUN

Schedule
1-15

16-31

1-30

1-31

1-31

1-29

1-31

1-15

16-30

1-15

16-31

1-15

16-30

1-31

1-31

1-30

A

700

700

700

700

700

700

700

700

-

-

-

-

-

-

-

700

-

B

600

600

600

550

550

550

550

600

-

-

-

-

-

-

-

500

-

*Schedule A used with Schedules 1, 2, 3, and 4 at Marysville.
*Schedule B used with Schedules 5 and 6 at Marysville.
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1.1.1.1

Development of the Yuba Accord Instream Flow Requirements

The predecessor to the RMT was referred to as the Lower Yuba River Accord
Technical Team (TT), some members of which currently remain as members of
the RMT. The initial efforts of the TT focused on the development of a new flow
regime for the lower Yuba River to achieve several objectives, including:
 Maximize the occurrence of “optimal” flows and minimize the occurrence

of sub‐optimal flows, within the bounds of hydrologic variation.
 Maximize the occurrence of appropriate flows for Chinook salmon and

steelhead immigration, spawning, rearing, and emigration.
 Provide month‐to‐month flow sequencing in consideration of Chinook

salmon and steelhead life history periodicities.
 Provide

appropriate water temperatures for Chinook salmon and
steelhead immigration and holding, spawning, embryo incubation,
rearing and emigration.

 Promote a dynamic, resilient, and diverse fish assemblage.
 Minimize potential stressors to fish species and life stages.
 Develop flow regimes that consider all freshwater life stages of salmonids

and allocate flows accordingly.
To build a scientific basis for developing a flow regime that would meet these
objectives, the TT needed a tool to be able to prioritize impacts on and benefits to
the aquatic resources of the lower Yuba River. To meet this need, the TT
undertook development of a matrix of limiting factors (previously referred to as
“stressors”) that affect anadromous salmonids in the lower Yuba River.
Although the TT established the nomenclature of “stressor analysis”, the RMT
recognizes that “stressors” are typically associated with effects on individuals,
and “limiting factors” are typically associated with effects on populations.
While the TT recognized the critical importance of having a dynamic and
resilient aquatic community, the TT also realized that developing a flow regime
that considered the environmental and biotic requirements of each species in the
entire aquatic community would be exceedingly complex and difficult, given the
myriad constraints confronting the process. The TT decided that, to meet its
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objectives, efforts would be focused on addressing fish species of primary
management concern. The TT hypothesized that a flow regime that supported
native salmonids would generally benefit other native fish species, recreationally
important fish species such as American shad and striped bass, aquatic
macroinvertebrates, and other aquatic and riparian resources. For this reason,
the lower Yuba River limiting factor prioritization process principally considered
steelhead, spring‐run Chinook salmon, and fall‐run Chinook salmon. Other fish
species considered, but ultimately not explicitly included in the limiting factor
prioritization process, were American shad, striped bass, and green sturgeon.
The primary purpose of the limiting factor prioritization process was to provide
specific input and rationale for seasonal flow regime development, as well as to
provide overall guidance for other management and potential restoration
actions.
Several biological considerations were addressed during the evaluation of
potential limiting factors. These considerations included: (1) the cumulative
distribution of the anadromous salmonids in the lower Yuba River during
different months of the year; (2) the relative contributions of the different life
stages (e.g., fry vs. smolt) to the spawning population; (3) the importance of
increasing initial year‐class (young‐of‐the‐year) strength of the population; (4)
the degree of control over exogenous factors that may affect the environmental
conditions experienced by the different life stages; (5) the duration that the
examined life stage is present in the river; and (6) the temporal and spatial
distribution associated with each examined life stage. The TT also recognized
that certain factors are not inherently limiting, but may only become limiting at
relatively high population densities (e.g., habitat availability). The final
assignments of potential limiting factors to each species and life stage reflect
conclusions based on the above considerations. While the assignment of limiting
factor relevance to the various life stages was generally based on the collective
judgment of the TT participants, there was considerable difference of opinion
regarding some of the limiting factor relevance assignments. Thus, in many
cases the relevance assignments represents a reasoned consensus of the group,
rather than a unanimous decision. Overall, however, the TT participants
expended considerable effort to research, discuss, and otherwise develop
appropriate relevance assignments to include in the limiting factor matrix.
The sensitivity and precision of individual limiting factor ratings and the
prioritization summary data that the TT developed were limited, and were not
considered to be an exact quantification of anadromous salmonid limiting factors
in the lower Yuba River. Instead, the limiting factor rankings represented a
Yuba Accord M&E Program
Draft – Subject to Revision

5

June 2010

Introduction

broad index of relative importance where only substantial differences between
limiting factor ratings were considered by the TT to be meaningful.
Table 2 lists the top four prioritized limiting factors that were determined for
each month by this process. These limiting factor results provided the TT with a
means to qualitatively categorize the relative importance of limiting factors for
each month, in consideration of the various combinations of species/runs and
lifestages for anadromous salmonids. The TT members utilized the limiting
factor results, with other information, for each month to help guide flow
schedule development.
Table 2. Top Four Lower Yuba River Anadromous Salmonid Limiting Factors Prioritized by
Month
Lower Yuba River Anadromous Limiting Factors
Month

1st priority

2nd priority

3rd priority

4th priority

January

Flow Fluctuation

Flow Dependent
Habitat Availability

Habitat Complexity
and Diversity

Predation

February

Flow Fluctuation

Flow Dependent
Habitat Availability

Habitat Complexity
and Diversity

Physical Passage
Impediment

March

Flow Fluctuation

Flow Dependent
Habitat Availability

Habitat Complexity
and Diversity

Predation

April

Flow Fluctuation

Habitat Complexity
and Diversity

Flow Dependent
Habitat Availability

Predation

May

Water Temperature

Flow Fluctuation

Habitat Complexity
and Diversity

Predation

June

Water Temperature

Flow Fluctuation

Habitat Complexity
and Diversity

Entrainment/Diversion
Impact

July

Water Temperature

Flow Fluctuation

Habitat Complexity
and Diversity

Flow Dependent Habitat
Availability

August

Water Temperature

Flow Fluctuation

Flow Dependent
Habitat Availability

Habitat Complexity and
Diversity

September

Water Temperature

Flow Fluctuation

Flow Dependent
Habitat Availability

Habitat Complexity and
Diversity

October

Water Temperature

Flow Fluctuation

Flow Dependent
Habitat Availability

Habitat Complexity and
Diversity

November

Flow Dependent
Habitat Availability

Flow Fluctuation

Predation

Habitat Complexity and
Diversity

December

Flow Fluctuation

Flow Dependent
Habitat Availability

Habitat Complexity
and Diversity

Entrainment/Diversion
Impact
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1.1.2

River Management Fund

YCWA will continue to provide annual funding to the RMF. The RMF consists
of two separate accounts: (a) the “General Account;” and (b) the “Restoration
Projects Account.” Money from the General Account may be used for any of the
purposes described in section 5.3.4 of the Fisheries Agreement. Money from the
Restoration Projects Account may be used only for the purposes, and according
to the rules, described in Exhibit 12 of the Fisheries Agreement.
YCWA will make a one‐time contribution of $300,000 to the RMF Restoration
Projects Account. YCWA will contribute an approximate average of $550,000 per
year to the RMF, General Account. This annual contribution amount and the
following in‐kind contributions together comprise the total estimated budget for
monitoring: (a) in‐kind contributions of $50,000 per year or more (average) from
the California Department of Fish and Game (CDFG); and (b) in‐kind
contributions of $15,000 per year or more (average) from YCWA. If YCWA’s
documented in‐kind contributions are less than an average of $15,000 per year,
then YCWA will contribute additional funds to the RMF, General Account, equal
to the difference between average contributions of $15,000 per year and the
actual value of YCWA’s documented in‐kind contributions. CDFG will make
documented in‐kind contributions of $50,000 per year or more (average). In‐kind
contributions from YCWA and CDFG may be in the form of labor, materials, or
equipment, and must be documented as costs that otherwise would be paid from
the RMF, General Account.
YCWA will make these contributions to the RMF from its revenues under the
Water Purchase Agreement. In the event of breach of the Water Purchase
Agreement by the Water Purchase Agreement transferees, YCWA will continue
to make the agreed payments to the River Management Fund, General Account,
while it pursues its contractual remedies against the Water Purchase Agreement
transferees.

1.1.3

River Management Team Planning Group

The RMT Planning Group includes representatives of the YCWA, National
Marine Fisheries Service (NMFS), U.S. Fish and Wildlife Service (USFWS),
CDFG, PG&E, DWR and the non‐governmental organizations (NGOs) that are
parties to the Fisheries Agreement.
The Fisheries Agreement enables the RMT Planning Group to address
operational, monitoring, and enhancement actions through fisheries monitoring,
Yuba Accord M&E Program
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studies, and enhancement programs, with the use of RMF expenditures. Section
5.3.4 of the Fisheries Agreement describes that the purposes of the RMF are:
“To ensure reasonable and prudent disbursement of funds, the RMT will adopt a
structure for fund allocation based on specific prioritized goals for monitoring
studies, actions, and activities. Money from the RMF may be spent for any of the
following actions:


Monitoring and evaluating the effectiveness of the implementation of the
Lower Yuba River Accord, including flow schedules, Conference Year
flows, and the Water Purchase Agreement;



Evaluating the condition of fish resources in the Lower Yuba River; and



Evaluating the viability of Lower Yuba River fall‐run Chinook salmon and
any subpopulations of the Central Valley steelhead and spring‐run
Chinook salmon Evolutionarily Significant Units (ESUs) that may exist
in the Lower Yuba River.”

The RMT has developed a Monitoring and Evaluation Program (M&E Program)
to guide the efficient expenditure of RMF funds to evaluate the biological
provisions of the Fisheries Agreement of the Yuba Accord. In addition, the
parties to the Fisheries Agreement intend that the monitoring and data collection
activities implemented via the M&E Program will produce a useful database for
the proceedings of the Federal Energy Regulatory Commission (FERC) regarding
the relicensing of YCWA’s Yuba River Development Project, for which the
current FERC license expires in 2016.
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2

Monitoring & Evaluation
Program Framework

2.1

FISH RESOURCES OF THE LOWER YUBA RIVER

Fish surveys indicate that at least 22 native and introduced fish species, including
resident and anadromous fish, utilize the lower Yuba River (CDFG 1991;
Kozlowski 2004; Massa and McKibbins 2005; YCWA et al. 2007). State (CALFED
1999; CDFG 1991; CDFG 1993; CDFG 1996) and Federal (USFWS 1995; NMFS
2009) fishery management plans identify high management and population‐
enhancement priorities for anadromous salmonids (i.e., steelhead1 (Oncorhynchus
mykiss) and Chinook salmon (O. tshawytscha) including spring‐run1,2, fall‐run and
late fall‐run3). It is recognized that native fish species other than anadromous
salmonids including, among others, the southern Distinct Population Segment
(DPS) of North American green sturgeon1 (Acipenser medirostris), hardhead4
(Mylopharodon conocephalus), and Sacramento‐San Joaquin roach4 (Lavinia
symmetricus ssp.) fill important ecological niches and are the focus of various
regulatory processes. In addition, other recreationally important species
including American shad (Alosa sapidissima), striped bass (Morone saxatilis), and
resident rainbow trout (O. mykiss) occur in the lower Yuba River. However, the
habitat needs of salmonids have been extensively studied in California and
elsewhere and, therefore, are reasonably well understood relative to the habitat
needs of these other fish species.
In addition to monitoring and evaluation of the fish community, the fisheries
evaluations in this M&E Program specifically focus on O. mykiss and O.
tshawytscha. Regarding O. mykiss, the physical appearance of adults and the

1

Federally listed as threatened.

2

State listed as threatened.

3

NMFS has designated one ESU that contains both fall-run and late fall-run Central Valley Chinook salmon. Fallrun/late fall-run Central Valley Chinook salmon are listed as a federal Species of Concern and a state Species of
Special Concern.

4

State Species of Special Concern.
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presence of seasonal runs and year‐round residents indicate that both sea‐run
(steelhead) and resident rainbow trout occur in the lower Yuba River (Kozlowski
2004; Zimmerman 2009; Mitchell 2010). Thus, it is recognized that both
anadromous and resident lifehistory strategies of O. mykiss have been and
continue to be present in the river, resulting in the use of the term
“steelhead/rainbow trout” when referring to O. mykiss in this document.
Regarding O. tshawytscha , the lower Yuba River is utilized by two principal
Chinook salmon runs (i.e., fall‐run and spring‐run Chinook salmon), although
evaluations of Chinook salmon exhibiting the phenotypic characterization of
lifestage periodicities associated with late fall‐run Chinook salmon also are
included5.
Species profiles (describing the range, morphology, life history, diet and causes
of mortality), population and management status, and basic environmental
requirements are provided for the above‐mentioned fish species in CALFED and
YCWA (2005) and the Draft EIR/EIS for the Proposed Lower Yuba River Accord
(YCWA et al. 2007).

2.2

STRATEGIC APPROACH

A broad strategic framework is necessary to serve as a strategic planning guide
to integrate the monitoring actions for the Yuba River Accord. The framework
for Yuba Accord monitoring and evaluation describes the approach used to
develop this M&E Program. Detailed priorities, schedules and sampling
protocols presented in this document may change with consideration of new
information, but the framework will remain to guide the accomplishment of the
objectives of the M&E Program. Because of the complexity associated with the
multiple considerations for monitoring and evaluation efforts within the lower
Yuba River, this M&E Program framework is designed to address two
overarching goals:


Evaluate whether implementation of the Yuba Accord maintains fish in
good condition, and promotes viable salmonid populations in the lower
Yuba River.

5

Although late fall-run Chinook salmon populations occur primarily in the Sacramento River (CDFG Website 2007),
use of the lower Yuba River by late fall-run Chinook salmon has been reported to occur (D. Massa, CDFG, pers.
comm. 2009; M. Tucker, NMFS, pers. comm. 2009). When the various studies addressing steelhead and spring-run
and fall-run Chinook salmon are conducted, the collected data will be analyzed to examine Chinook salmon exhibiting
phenotypic characterizations of late fall-run Chinook salmon.
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Identify and evaluate relationships between flows and water temperatures
resulting from implementation of the Yuba Accord, and fish population
and aquatic habitat attributes.

2.2.1

Monitoring and Evaluation Considerations

The primary purpose of the M&E Program is to provide the monitoring data
necessary to evaluate whether implementation of the Yuba Accord will maintain
fish resources (i.e., the fish community including native fish, non‐native fish, and
macroinvertebrates) of the lower Yuba River in good condition, and will
maintain viable anadromous salmonid populations. Examination of California
Fish & Game Code § 5937 and § 45, Federal Endangered Species Act (ESA)
recovery considerations and related materials, provide a basis for the Yuba
Accord M&E Program.
2.2.1.1

Fish Resources Condition

California Fish & Game Code § 5937 provides that “…The owner of any dam shall
allow sufficient water at all times to pass through a fishway, or in the absence of a
fishway, allow sufficient water to pass over, around, or through the dam, to keep in good
condition any fish that may be planted or exist below the dam.” The critical term “good
condition,” however, is not defined in the Fish and Game Code.
Definitions of “good condition” have previously been developed within the
context of adjudication of instream flows (Putah Creek Water Cases, Judicial
Council Coordination No. 2565), and in California State Water Resources Control
Board proceedings (In the Matter of The Hearing Regarding the Amendment of
the City of Los Angeles’ Water Right License for Diversion of Water from
Streams That Are Tributary to Mono Lake). While these previously developed
definitions of “good condition” may not be directly applicable to the fish
resources of the lower Yuba River (an assemblage comprised of anadromous
salmonids, resident salmonids, and native and non‐native non‐salmonids), they
do provide a useful foundation for developing a M&E Program for assessing and
evaluating the condition of lower Yuba River fish resources.
In the Mono Basin hearing, Wong (1993) focused on a combination of specific
attributes of a fish population and associated habitats. He defined “good
condition”, pertaining to non‐anadromous trout species in a high elevation
stream of the Sierra Nevada, as a self‐sustaining population of desirably‐sized
adult fish that are in good physical condition (i.e., well proportioned and
disease‐free), where the population contains good numbers of different age
Yuba Accord M&E Program
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classes. Wong (1993) added that habitat attributes that determine fish condition
must be protected and maintained, and that the ecological health of a stream will
determine if fish are to be kept in “good condition.” Moreover, Wong (1993)
acknowledged that his definition focused on the ecological health of the stream
as the indicator of “good condition”, recognizing that certain specific physical
characteristics (e.g., food availability, cover, habitat, water quality, and flushing
flows) are contributing to ecological health. Therefore, Wong’s (1993) definition
included attributes of the ecosystem affecting “good condition,” in addition to
those direct characteristics of the fish.
Moyle et al. (1998) developed their definition for resident non‐anadromous fish
assemblages that included native species such as rainbow trout, suckers and
hitch, and non‐native species such as bluegill, white catfish, and largemouth bass
in a Central Valley creek. In the Putah Creek cases, Moyle et al. (1998) defined
“good condition” with a three‐tiered approach that requires healthy individual
fish, in healthy populations, that are parts of healthy biotic communities. Fish
health, therefore, had to be established at three levels: individual, population and
community, in order for the fish to be in “good condition” (Moyle et al. 1998).
In addition to the above mentioned attributes regarding good condition, the
Yuba Accord M&E Program is intended to assess the viability of anadromous
salmonid populations in the lower Yuba River, including considerations of
extinction risk.
2.2.1.2

Recovery and Long-term Population Sustainability

According to NMFS (2007) recovery planning guidelines, recovery and long‐term
sustainability of an endangered or threatened species require the following:
 Adequate reproduction for replacement of losses due to natural mortality

factors (including disease and stochastic events).
 Sufficient genetic robustness to avoid inbreeding depression and allow

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

maintenance.
 Elimination or control of threats (this may also include having adequate

regulatory mechanisms in place).
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General habitat guidelines (NMFS 2003) also pertain to anadromous salmonid
recovery.
 The spatial distribution and productive capacity of freshwater habitats

should be sufficient to maintain viable populations identified for recovery.
 The diversity of habitats for recovered populations should resemble

historic conditions given expected natural disturbance regimes (wildfire,
flood, volcanic eruptions, etc.). Historic habitat conditions represent a
reasonable template for a viable population; the closer the habitat
resembles the historic diversity, the greater the confidence in its ability to
support viable populations.
 At a large scale, habitats should be protected and restored, with a trend

toward an appropriate range of attributes for salmonid viability. Habitat
attributes should be maintained in a non‐deteriorating state.
Viable Salmonid Populations
As stated by Lindley et al. (2007)…“Recovery planning seeks to ensure the viability of
protected species. Viability of populations (and Evolutionarily Significant Units [ESU])
depends on the demographic properties of the population or ESU, such as population size,
growth rate, the variation in growth rate, and carrying capacity (e.g., Tuljapurkar and
Orzack 1980). In the short term, the demographic properties of a population depend
largely on the quality and quantity of habitat. In the longer term, genetic diversity, and
the diversity of habitats that support genetic diversity, become increasingly important
(McElhany et al. 2000; Kendall and Fox 2002; Williams and Reeves 2003).”
The “Viable Salmonid Population” (VSP) concept was developed by McElhany et
al. (2000) to facilitate establishment of ESU‐level delisting goals and to assist in
recovery planning by identifying key parameters related to population viability.
They identified four key parameters related to population viability including: (1)
abundance; (2) productivity; (3) diversity; and (4) spatial structure.. Abundance
(population size) and trends in abundance reflect extinction risk ‐ small
populations are generally at greater risk of extinction than large populations
(McElhaney et al. 2000). Productivity over the entire life cycle (i.e., population
growth rate) and lifestage‐to‐lifestage specific productivity (e.g., abundance of
outmigrant juveniles relative to the number of spawning adults), and factors that
affect productivity provide information on how well a population is
“performing” in the habitats occupied during the life cycle of the species
(McElhaney et al. 2000). Diversity of genetic and phenotypic traits allows species
Yuba Accord M&E Program
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to use a wide array of environments, respond to short‐term changes in the
environment, and survive long‐term environmental change (McElhaney et al.
2000). Spatial structure reflects how a population’s abundance is distributed
among available or potentially available habitats and how it can affect overall
extinction risk and evolutionary processes that may alter a population’s ability to
respond to environmental change.
Abundance and Productivity
Abundance is an important determinant of risk, both by itself and in relationship
to other factors (McElhaney et al. 2000). Processes such as deterministic density
effects, environmental variation, genetic characters, demographic stochasticity,
ecological feedback and catastrophes operate differently in small populations
than they do in large populations.
Productivity is an indicator of a population’s performance in response to its
environment, and environmental change and variability. The Willamette and
lower Columbia Technical Recovery Team developed the following general
criteria guidelines to assess adult productivity and abundance for salmonids
(NMFS 2003):
 In general, viable populations should demonstrate a combination of

population growth rate, productivity, and abundance that produces an
acceptable probability of population persistence. Various approaches for
evaluating population productivity and abundance combinations may be
acceptable, but must meet reasonable standards of statistical rigor.
 A population with non‐negative growth rate and an average abundance

approximately equivalent to estimated historic average abundance should
be considered to be in the highest persistence category. The estimate of
historic abundance should be credible, the estimate of current abundance
should be averaged over several generations, and the growth rate should
be estimated with adequate statistical confidence. This criterion takes
precedence over the first criterion stated above.
The VSP parameters of abundance and productivity are closely linked in how
they affect extinction risk (McElhaney et al. 2000; McElhaney et al. 2006).
Although the interrelationship between abundance and productivity is
recognized, this M&E Program distinguishes between these parameters in terms
of defining performance indicators and associated analytic methodologies.
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Diversity
Diversity refers to the distribution of traits within and among populations that
may be completely genetic, or due to a combination of genetic and
environmental factors (McElhaney et al. 2000). These traits range in scale from
DNA sequence variation at single genes, to complex traits such as run timing,
age structure, size, fecundity, and morphology. Genetic diversity is
phenotypically expressed in the individuals of a population. A population that
is diverse in phenotypic characteristics should be able to withstand short‐term
environmental variation, allow a wide array of habitat utilization, and provide
the genetic diversity to survive long‐term environmental change.
Spatial Structure
A population’s spatial structure encompasses the geographic distribution of that
population, as well as the processes that generate or affect that distribution
(McElhaney et al. 2000). A population’s spatial structure depends fundamentally
on habitat quality, spatial configuration, and dynamics as well as the dispersal
characteristics of individuals in the population (McElhaney et al. 2000).
The spatial structure parameter addresses the availability and utilization of fish
habitats for holding, spawning and rearing. Potentially suitable but unused
habitat is an indication of the potential for population growth. NMFS (2003)
stated that the spatial structure of a population must support the population at
the desired productivity, abundance, and diversity levels through short‐term
environmental perturbations, longer‐term environmental oscillations, and
natural patterns of disturbance regimes. They developed the following criteria
guidelines to assess within‐population spatial structure for salmonids:
 Quantity: Spatial structure should be large enough to support growth and

abundance, and diversity criteria.
 Quality: Underlying habitat spatial structure should be within specified

habitat quality limits for life‐history activities such as spawning, rearing,
or migration.
 Connectivity: spatial structure should have permanent or appropriate

seasonal connectivity to allow migration between spawning, rearing, and
migration habitats.
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 Dynamics: The spatial structure should not deteriorate in its ability to

support the population. The processes creating spatial structure are
dynamic, so structure will be created and destroyed, but the rate of flux
should not exceed the rate of creation.
 Catastrophic

Risk: the spatial structure should be geographically
distributed in such a way as to minimize the probability of a significant
portion of the structure being lost because of a single catastrophic event,
either anthropogenic or natural.

The four parameters of abundance, productivity, diversity, and spatial structure
and guidelines for their assessment are presented in Figure 2.

2.2.2

A Tiered Approach

Based upon the previous monitoring and evaluation considerations, this M&E
Program is designed to evaluate the aquatic resources of the lower Yuba River at
the individual, population, and community levels. A conceptual depiction of the
tiered approach is presented in Figure 3. The tiered approach to monitoring and
evaluating fish resources developed specifically for the lower Yuba River is
largely adapted from Moyle et al. (1998), Wong (1993), the proposed 4(d) rule for
steelhead (Federal Register, Volume 64, Number 250, December 30, 1999,
Proposed Rules), McElhany et al. (2000), Lindley et al. (2007) and Exhibit S‐
YCWA 19 (SWRCB’s 2000 hearing).
The M&E Program strategic framework builds upon the limiting factor analysis
conducted as part of the process in the development of the flow schedules for the
Yuba Accord. The M&E Program strategic framework incorporates previously
identified as well as additionally identified limiting factors, both flow‐related
and non‐flow related, and is designed to examine causal relationships between
limiting factors and population responses, and habitat management actions.
Assessments of physical habitat conditions will be conducted to describe flow
and fluvial geomorphological interactions, and to serve as the basis for physical
habitat (e.g., reach, mesohabitat unit, flow and temperature) relationships with
fish population parameters.
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ABUNDANCE

PRODUCTIVITY

A population should be large
enough to survive, and be
resilient to, environmental
variations and catastrophes

Natural productivity should
be sufficient to reproduce
the population at a level
of abundance that is viable

Population size must be
sufficient to maintain
genetic diversity

Productivity should be
sufficient throughout
freshwater life stages to
maintain viable abundance
levels

DIVERSITY

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

SPATIAL STRUCTURE

Human-caused factors such
as habitat changes, harvest
pressures, artificial
propagation and exotic
species introduction should
not substantially alter
variation in traits such as
run timing, age structure,
size, fecundity, morphology,
behavior, and genetic
characteristics

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

The rate of gene flow among
populations should not be
altered by human-caused
factors

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

Natural processes of dispersal
and
those
that
cause
ecological variation should
be maintained

Figure 2. Viable Salmonid Population (VSP) Parameters and Guidelines for their Assessment
(adapted from McElhany et al. 2000)
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Figure 3. Conceptual Depiction of the M&E Program Tiered Approach
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3

Good Condition
Application

The M&E Program is designed to evaluate whether the aquatic resources of the
lower Yuba River are in “good condition” at the individual and community
levels pursuant to California Fish & Game Code § 5937. Population level
parameters are evaluated under application of the VSP construct (see Chapter 4).
Healthy individuals exhibit physiological attributes such as robust body forms,
reasonable growth rates for the region, and lack of observable abnormalities. A
healthy fish community consists of a dynamic, native, co‐evolved assemblage of
species that is resilient in recovery from environmental perturbations and
extreme events, exhibits relatively diverse species composition dominated by
native species, and is characterized by persistence and broad distribution of the
native fish assemblage. Additionally, the California Fish and Game Code § 45
includes both vertebrate and invertebrate aquatic life in the definition of “fish.”

3.1

INDIVIDUAL LEVEL

3.1.1

Performance Indicators
o Exhibiting a well‐proportioned and robust body form.
o Exhibiting reasonable growth for the region.
o Proportion of the population with observable abnormalities (visually
detectable atypical morphologic characteristics, diseases, parasites, and
lesions) relative to regional populations.

3.1.2

Analytics

3.1.2.1

Examine the body condition of juvenile Chinook salmon and
steelhead/rainbow trout in the lower Yuba River.



Use weight and length data collected from the subsample of juveniles
in the rotary screw traps (RSTs).
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Calculate the mean weekly, monthly, and annual body condition of
juvenile Chinook salmon and steelhead/rainbow trout in the lower
Yuba River using Fulton’s Condition Factor (K and C) (Ricker 1975;
Anderson and Neumann 1996):

 L 100,000

KW

3

when metric units are used, and

 L 10,000

CW

3

when English units are used, where W is weight and L is length of an
individual fish.


3.1.2.2

Calculate the standard deviation (SD) for the mean weekly, monthly,
and annual estimates.
Examine whether body condition of juvenile Chinook salmon
and steelhead/rainbow trout in the lower Yuba River changes
over time.



Calculate the average weekly, monthly, and annual Fulton’s Condition
Factor (Section 3.1.2.1).



Use regression analysis to determine if body condition (Fulton’s
Condition Factor) changes with time (week, month, and year).

3.1.2.3

Examine growth of juvenile Chinook salmon and
steelhead/rainbow trout.



Use weight and length data collected from the subsample of juveniles
in the RSTs.



Examine the growth of juvenile Chinook salmon and
steelhead/rainbow trout in the lower Yuba River using a weight‐length
relationship (Ricker 1975; Anderson and Neumann 1996):

W  aLb
where W is weight and L is length of an individual, and a and b are
parameters. The parameters a and b are estimated by linear regression
of the logarithmically transformed weight‐length data. If b is equal to
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3, fish exhibit isometric growth. If b is not equal to 3, fish exhibit
allometric growth. A heavier fish for a given length (b > 3) indicates
the fish is in better condition (plumper).
3.1.2.4



3.1.2.5

Compare growth of juvenile Chinook salmon and
steelhead/rainbow trout in the lower Yuba River to growth of
juvenile Chinook salmon and steelhead/rainbow trout in
Central Valley Rivers.
Compare the b parameter estimated from weight‐length relationships
of juvenile salmonids in lower Yuba River (Section 3.1.2.3) to the b
parameters estimated for juvenile salmonids in other Central Valley
rivers. Biologists will be contacted throughout the Central Valley for
length and weight data of juvenile Chinook salmon and
steelhead/rainbow trout.
Examine if growth of juvenile Chinook salmon and
steelhead/rainbow trout in the lower Yuba River changes over
time.



Estimate the b parameter of weight‐length relationships using data
collected each month as described above (Section 3.1.2.3).



Use regression analysis to determine if growth (b parameter) changes
over time (month and year) for juvenile Chinook salmon and
steelhead/rainbow trout in the lower Yuba River.

3.1.2.6

Calculate the proportion of adult and juvenile Chinook salmon
and steelhead/rainbow trout with visually observable physical
abnormalities.



Use data collected during the Vaki Riverwatcher survey to calculate
the proportion of adult spring‐run, fall‐run, and late fall‐run Chinook
salmon and steelhead/rainbow trout with visually observable physical
abnormalities.



Use data collected during the RST sampling to calculate the proportion
of juvenile Chinook salmon and steelhead/rainbow trout with visually
observable physical abnormalities.
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3.1.2.7

Compare the proportion of visually observable physical
abnormalities found for adult and juvenile Chinook salmon and
steelhead/rainbow trout to those observed in other Central
Valley Rivers.



Examine whether the proportions of adult spring‐run, fall‐run, and
late fall‐run Chinook salmon and steelhead/rainbow trout with
visually observable physical abnormalities differ from the proportions
of adult spring‐run, fall‐run, and late fall‐run Chinook salmon and
steelhead/rainbow trout with abnormalities in other Central Valley
rivers.



Examine whether the proportions of juvenile Chinook salmon and
steelhead/rainbow trout with visually observable physical
abnormalities differ from the proportions of juvenile Chinook salmon
and steelhead/rainbow trout with abnormalities in other Central Valley
rivers.

3.1.3

Individual Measures - Flow & Temperature Relationships

3.1.3.1

Examine whether growth, body condition and visually
observable physical abnormalities for juvenile Chinook salmon
and steelhead/rainbow trout are related to flow and water
temperature.



3.1.3.2



Use regression analysis to examine whether measures of growth
(parameter b), body condition (K), and abnormalities (observed
proportion) are related to measures of flow and water temperature
(e.g., average) during a specified time period.
Examine whether the proportions of visually observable
physical abnormalities found for phenotypically expressed
adult spring-run, fall–run, and late fall-run Chinook salmon and
steelhead/rainbow trout are related to water temperature.
Use regression analysis to examine whether the proportions of
phenotypically expressed adult spring‐run, fall‐run, and late fall‐run
Chinook salmon and steelhead/rainbow trout with visually observable
physical abnormalities are related to measures of water temperature.
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3.2

COMMUNITY LEVEL

3.2.1

Performance Indicators
o Fish assemblage similar to other Central Valley rivers.
o

Fish dominance and evenness for the lower Yuba River, indicating the
ability of an assemblage to resist change or recover from a
perturbation.

o Proportion of native relative to non‐native species in the fish
community is similar over time.
o High values for benthic macroinvertebrate (BMI) community metrics
indicating high species diversity.
o High values for BMI metrics representing low levels of impairment
(e.g., high proportion of intolerant species).
o BMI metric values similar to other Central Valley rivers.

3.2.2

Analytics

3.2.2.1

Compare fish species assemblages of the lower Yuba River to
other Central Valley rivers.



Use RST, snorkel survey, and Vaki Riverwatcher data to calculate fish
species richness and diversity in the lower Yuba River relative to other
Central Valley rivers (e.g., lower American, lower Feather, and
Sacramento rivers).



Calculate fish species richness (S), which is the total number of fish
species observed.



Calculate fish species diversity using the Shannon Diversity Index
(Magurran 2003):
S

H     pi ln pi
i 1

where S is the number of species found (described above), pi is the
relative abundance of a species “i”, which is calculated as:
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pi 

ni
N

Where ni is the number of species “i” and N are the total number of
individuals.
3.2.2.2

Estimate fish species dominance and evenness in the lower
Yuba River.



Use RST sampling, snorkel survey, and Vaki Riverwatcher data to
calculate the proportion of native fish species relative to non‐native
species observed.



Calculate the Simpson’s Dominance Index (Birch 1981; Magurran
2003):

n 
D   i 
i 1  N 
S

2

Where D is Simpson’s Dominance Index, S, ni, and N are described
above. c will range from 0 to 1, 0 indicating all taxa are equally present
and 1 indicating one taxon dominates the community completely.


Calculate Simpson’s Evenness Index (Magurran and Phillip 2001;
Magurran 2003):
E 1 
D

1 

 D
S

where D and S are described above. Evenness indicates the ability of
an assemblage to resist change or recover from a perturbation
(Magurran 2005).
3.2.2.3


Compare the proportions of native fish species, relative to nonnative fish species over time in the lower Yuba River.
Calculate the differences in the proportion of native fish species,
relative to non‐native fish species, obtained from Beak Consultants Inc.
(1989), Kozlowski (2004), and from implementation of this M&E
Program.
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3.2.2.4


3.2.2.5


3.2.2.6


Examine multiple benthic macroinvertebrate (BMI) metrics to
assess the health of the lower Yuba River and BMI community.
Benthic macroinvertebrate data, metric calculations, and analyses for
the lower Yuba River will be obtained from YCWA’s activities
associated with the Yuba River Development Project FERC
Relicensing. The study plan associated with these activities identifies
BMI metrics including measures of richness, composition,
tolerance/intolerance, and functional feeding, which will be used to
assess the health of the lower Yuba River river benthic community.
Specific metrics are described in Study 03‐01 ‐ Aquatic
Macroinvertebrates ‐ available for review at http://www.ycwa‐
relicensing.com/Straw%20Man/Forms/AllItems.aspx.
Examine BMI metrics for values indicating levels of impairment
(e.g., high proportion of intolerant species).
Examine BMI data, metric calculations, and analyses for the lower
Yuba River, obtained from YCWA’s activities associated with the Yuba
River Development Project FERC Relicensing, to assess levels of
impairment.
Compare BMI metric values calculated for the lower Yuba
River to values for other Central Valley rivers.
Compare BMI metrics for the lower Yuba River, obtained from
YCWA’s activities associated with the Yuba River Development
Project FERC Relicensing, to available values for other Central Valley
rivers (e.g., lower American, lower Feather, and Sacramento rivers).

3.2.3

Community Measures- Flow & Temperature Relationships

3.2.3.1

Compare the fish assemblage, as represented by fish species
composition, with indices of water temperature suitability for
each species or a suite of representative species.



For each species, or a suite of representative species, in the fish
assemblage a comprehensive literature review will be conducted to
develop general water temperature index values. The general water
temperature index values will be compared to water temperatures in
the lower Yuba River for a specified time period.
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4

Viable Salmonid
Population Application

In this M&E Program, performance indicators associated with each of the VSP
parameters (Abundance, Productivity, Diversity and Spatial Structure) and
analytical steps (“analytics”) to address each of these performance indicators are
provided separately for the adult and juvenile lifestages of the anadromous
salmonids in the lower Yuba River. In addition, each section includes
examinations of potential relationships between measures of VSP parameters,
and flows and water temperatures resulting from implementation of the Yuba
Accord. Data for the analytics associated with the performance indicators for the
VSP parameters, and for examination of potential relationships between
measures of VSP parameters and flows and water temperatures, are obtained
through implementation of the specific sampling protocols and procedures for
the M&E Program, which are available for review at www.yubaaccordrmt.com.

4.1

ADULT ABUNDANCE

Abundance, or population size, affects a population’s degree of resilience due to
processes including deterministic density effects. The negative relationship
between productivity and abundance observed under compensation (an increase
in productivity with decreasing density) can result in substantial resilience of a
population, because decline in abundance can be offset by an increase in
productivity, which tends to restore a population to some equilibrium level
(McElhaney et al. 2000).
Although the interrelationship between abundance and productivity is
recognized, this M&E Program distinguishes between these parameters in terms
of defining performance indicators and associated analytic methodologies.
Specifically, this M&E Program includes abundance and trends in abundance for
adult salmonids in this section of the M&E Program Framework (see Section 4.5
for juvenile abundance), whereas the sections addressing adult and juvenile
productivity (Section 4.2 and Section 4.6) are restricted to considerations
corresponding to “measures of output per unit of input”.
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4.1.1

Performance Indicators
o Stable or increasing trend in the total annual adult run sizes. A stable
or increasing trend is indicated by a multi‐year regression estimated
slope ≥ 0.
o Stable or increasing trend in the naturally‐produced annual adult run
sizes. A stable or increasing trend is indicated by a multi‐year
regression estimated slope ≥ 0.
o Annual adult run sizes do not exhibit sustained declines that span
multiple generations or affect multiple brood years.
o Annual adult run sizes exhibit trends similar to, or more positive than,
other Central Valley rivers. Multi‐year slope of the regression estimate
of the annual abundance of adult run sizes in the lower Yuba River not
significantly lower than for other Central Valley rivers.
o Low to moderate risk of extinction due to hatchery straying, with
naturally‐produced spawners sufficient to maintain population
abundance at or above the level necessary for viability and critical
thresholds. Application of natural population extinction risk
definitions from Lindley et al. (2007).
o Annual Yuba River run sizes exhibiting annual fluctuations in
abundance similar to other Central Valley rivers.
o Stable or increasing numbers of redds per year, and stable or
decreasing annual redd superimposition index, taking into account the
annual spawning run size.

4.1.2

Analytics

4.1.2.1

Identify or differentiate spring-run, fall-run and late fall-run
Chinook salmon in the Lower Yuba River.



Identify spring‐run, fall‐run and late fall‐run Chinook salmon using a
frequency histogram of daily or weekly immigrating Chinook salmon
(Vaki Riverwatcher). Temporal modalities in the data indicate the
presence of distinct runs. Based on observed temporal modalities,
determine specific temporal distributions for adult spring‐run, fall‐run
and late fall‐run Chinook salmon immigrating upstream of DPD.
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Identify spring‐run and fall‐run Chinook salmon using genetics
analysis techniques similar to Banks et al. (2000) or O’Malley et al.
(2007) with tissue samples collected during the carcass survey, and
acoustic tagging surveys. Establish a genetics database from those fish
sampled during the spring immigration period. Then, compare this
genetics database with tissue samples collected during the weekly
carcass surveys to estimate the weekly percentage of carcasses that are
spring‐run and fall‐run above and below Daguerre Point Dam (DPD).
Determine whether specific temporal and spatial distributions (from
the carcass surveys) can be used to distinguish the runs.



Identify spring‐run and fall‐run Chinook salmon using a frequency
histogram of weekly counts of fresh carcasses (carcass survey).
Develop a frequency histogram for all fresh carcasses collected during
the survey and for fresh carcasses collected above and below DPD. A
bimodal distribution of the data in the frequency histograms may
indicate the presence of both runs. Based on distribution modality, if
observed, determine specific temporal distributions associated with
spring‐run and fall‐run Chinook salmon observed during the carcass
survey. Compare specific temporal distributions from the frequency
histograms to determine if dates differ using data below and above
DPD, below DPD, and above DPD. If specific temporal distributions
differ, use separate specific temporal distributions for data collected
below DPD and above DPD.



Compare the temporal and spatial distributions of spawning adult
spring‐run and fall‐run Chinook salmon (developed from the genetic
analyses, the carcass surveys, and the Vaki Riverwatcher sampling)
with the spatial and temporal distribution of spawning spring‐run
Chinook salmon indicated by the roving acoustic surveys conducted
during the fall for adult Chinook salmon acoustically‐tagged during
the spring.

4.1.2.2


Estimate the total abundance of spring-run and fall-run adult
Chinook salmon in the lower Yuba River.
Estimate the weekly and annual abundance of adult Chinook salmon
in the lower Yuba River using the Schaefer mark‐recapture method
(Schaefer 1951) with modifications by Taylor (1974) with tagged and
recovered fresh carcass data (carcass survey), and the total number of
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carcasses counted (fresh and decayed).
Evaluate if confidence
intervals developed for the Schaefer model by Schwarz and Kirby
(2003) can be applied to the modified‐Schafer model. Confidence
intervals would estimate the variance of the abundance estimate and
provide additional rigor for the inter‐annual comparisons of annual
run sizes, and the evaluation of temporal trends of run sizes in the
lower Yuba River.


Estimate the abundance of spring‐run and fall‐run Chinook salmon
using the modified Schaefer abundance estimates and the results of
differentiating the runs (genetics results, acoustic tagging, specific
temporal and spatial distributions; Section 1.2.1).


4.1.2.3

If genetics analyses and associated determination of specific
temporal distributions differentiate spring‐run and fall‐run
Chinook salmon, estimate the abundance of each run by the
product of the weekly modified‐Schafer abundance estimate and
the corresponding weekly percentage of each run.
Estimate the abundance of spring-run, fall-run, and late fall-run
adult Chinook salmon above Daguerre Point Dam (DPD).

An alternative process for estimating spring‐run and fall‐run Chinook
salmon abundance, and for estimating the abundance of late fall‐run
Chinook salmon, will be used that is not dependent upon the temporal
and spatial distribution of run differentiation based upon carcass survey
data (Section 4.1.2.2).


Estimate the abundance of spring‐run, fall‐run and late fall‐run adult
Chinook salmon above DPD using the Vaki Riverwatcher data. A
complete census of the adult Chinook salmon migrating upstream of
DPD is not possible due to periods of missing images during high flow
events or malfunctions with the Vaki Riverwatcher system. In
addition, accurately identifying fish as adult Chinook salmon relies on
a clear photo and good silhouette, which are not always available.
Linear interpolation can be used to estimate the number of Chinook
salmon when footage is missing. Davies et al. (2007) found linear
interpolation to have very small bias for estimating missing counts of
alewives (Alosa pseudoharengus) through a fishway in Nova Scotia for
video monitoring. However, substantial bias was found if a peak or
low run day was omitted. Davies et al. (2007) recommended
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incorporating anecdotal information to evaluate and reduce potential
biases when determining missing counts for migrations with highly
variable day counts. More sophisticated methods (e.g., fitting a
polynomial or spline model) could also be used to correct for missing
data. Additionaly, in order to address the ability to accurately identify
species, an estimate of the number of Chinook salmon could be
generated using a weighted sum of the counts, where each count is
assigned a weight from 0 to 1 for reliability of species identification.
Use observed temporal modalities in the frequency histograms of
Chinook salmon from the Vaki Riverwatcher data to estimate the
percent contribution of each run to the total annual number of Chinook
salmon passing DPD using a statistical approach that fits the
cumulative daily or weekly counts of immigrating Chinook salmon
(Vaki Riverwatcher) to three distinct generalized logistic functions
(Richards 1959):
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where Yi is the total number of immigrating Chinook salmon from the
start of the survey through time Di, and α,  and are parameters that
describe the shape of the resulting logistic function. The parameters αs,
s ands describe the shape of the resulting logistic function for spring‐
run Chinook salmon, αF, F andF for fall‐run Chinook salmon, and αLF,
LF andLF for late fall‐run Chinook salmon. The parameters Es, EF and
ELF are parameters measuring the asymptotic sizes of spring‐run, fall‐
run, and late fall‐run Chinook salmon, respectively, and are expressed
as the total number of immigrating Chinook salmon. From these three
parameters, the estimated contribution (percentage) of spring‐run
Chinook salmon over the entire survey period can be computed as:
S

ES
100
ES  EF  ELF 

where S is the percentage of spring‐run Chinook and ES, EF, and ELF are
described above. Similarly, calculate the percentage of fall‐run and late
fall‐run Chinook salmon. Apply resultant percentages to the total
annual Vaki Riverwatcher Chinook salmon data to determine the
abundance of each run above DPD.
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4.1.2.4

Estimate the abundance of spring-run, fall-run and late fall-run
adult Chinook salmon of hatchery and natural origin in the
lower Yuba River.



Identify the origin (hatchery or natural) of spring‐run and fall‐run
Chinook salmon using otoliths collected during the carcass survey,
and microstructure and data analyses techniques described by Barnett‐
Johnson et al. (2007). Calculate the proportion of Chinook salmon
sampled as those of hatchery and those of natural origin.



Identify the origin (hatchery or natural) of late fall‐run Chinook
salmon using the number of adipose fin‐clipped carcasses observed
during the carcass survey (spring‐run and fall‐run Chinook salmon
only) or from immigrating Chinook salmon passing DPD using the
Vaki Riverwatcher data (spring‐, fall‐, and late fall‐run Chinook
salmon). Identify the runs using techniques described in Section
4.1.2.1. or 4.1.2.3.


Calculate the proportion of hatchery‐origin Chinook salmon for
each run and the variance for the estimated proportion using the
appropriate equation presented in Hankin (1982), based upon the
degree to which the proportion of hatchery fish varies over time.



Calculate the number of spring‐run, fall‐run and late fall‐run Chinook
salmon that are of hatchery origin or natural origin by applying the
calculated proportions to the abundance estimates (Section 4.1.2.2 and
4.1.2.3).



Compare the number or proportions of spring‐run and fall‐run
Chinook salmon that are of hatchery‐ and natural‐origin between the
otolith technique and the adipose fin‐clipped evaluation technique.
Evaluate the degree of conformance between the two techniques to
identify the most cost‐effective, reliable technique for multi‐year
application.

4.1.2.5



Estimate the total abundance, and the hatchery- and naturalorigin abundance of adult steelhead/rainbow trout in the
lower Yuba River.
Using the redd survey data, estimate the number of steelhead redds
located below and above DPD.
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Calculate the ratio of adult steelhead passing DPD (from Vaki
Riverwatcher data) to the number of observed steelhead redds
(spawner/redd ratio) above DPD. A complete census of adult
steelhead passing upstream of DPD may not be possible due to
missing video footage and problems identifying species with the Vaki
Riverwatcher discussed in Section 4.1.2.4. Use the same procedures
discussed in Section 4.1.2.4 to develop estimates of the number of
steelhead passing DPD.



Estimate the number of spawning steelhead below DPD by applying
the calculated spawner/redd ratio above DPD to the estimated number
of steelhead redds below DPD.



Calculate the number of steelhead harvested by anglers using the
angler survey data. Harvest is estimated using angler survey data and
data analysis techniques described for the CDFG Angler Survey
Program (Titus and Brown 2007; Massa and Schroyer 2003; Murphy
1999, 2000, 2001; and Wixom et al. 1995).



Estimate the total annual abundance (run size) of steelhead in the
lower Yuba River by summing the estimated number of steelhead
passing upstream of DPD, the estimated number of steelhead
spawning below DPD, and the estimated number of steelhead
harvested.



Estimate the number of adipose fin‐clipped and non‐adipose fin‐
clipped steelhead passing DPD by calculating the proportion of each
observed with the Vaki Riverwatcher and applying the calculated
proportion to the total abundance estimate above DPD. Apply the
calculated proportion of fin‐clipped steelhead in the total abundance
estimate above DPD, to the total abundance estimate below DPD. Sum
the two estimates to estimate the total annual abundance of hatchery‐
and natural‐origin steelhead in the lower Yuba River.

4.1.2.6



Examine the trend in the total, natural-origin and hatcheryorigin abundance of adult Chinook salmon and
steelhead/rainbow trout.
For each run or species listed above, estimate total abundance (as
described in Section 4.1.2.2, 4.1.2.3, 4.1.2.4 and 4.1.2.5) for each year.
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Examine if total abundance changes over time, particularly since 2006
when the Yuba Accord flow schedules were first implemented, using
normal linear regression with year as the explanatory variable and
abundance as the response variable. If confidence intervals were
estimated for total abundance estimates, explore the use of weighted
least squares regression to examine trends in total abundance.



Use test statistics to determine if the slope parameter of the regression
model is significantly greater than or less than zero. A slope
significantly greater than zero would mean abundance is increasing
over the time period examined. A slope significantly less than zero
would mean abundance is decreasing over the time period examined.
A slope not significantly different from zero indicates that there is no
statistically significant trend in abundance over the time period
examined.

4.1.2.7

Determine the annual source and estimate the proportion of
hatchery-produced fish in the adult populations of spring-run
and fall-run Chinook salmon.



Determine the annual source of hatchery‐reared straying spring‐run
and fall‐run adult Chinook salmon in the lower Yuba River by reading
the coded‐wire tags (CWT) collected from adipose fin‐clipped spring‐
run and fall‐run Chinook salmon carcasses during the carcass survey.
Develop a table with the percentage of strays for each race and
hatchery of origin.



Examine the extent of hatchery‐reared straying adult spring‐run and
fall‐run Chinook relative to the natural‐origin populations by first
estimating the abundance of hatchery‐origin spring‐run and fall‐run
Chinook using methods described in Section 4.1.2.4. Calculate the
fraction of naturally‐spawning fish of hatchery‐origin, which is the
mean fraction over one to four generations (Lindley et al. 2007).
Compare the calculated average fractions of hatchery‐origin Chinook
salmon in the lower Yuba River to fractions described by Lindley et al.
(2007) that indicate if the natural‐origin population has a low,
moderate, or high risk of extinction.
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4.1.2.8

Compare annual Yuba River run sizes for spring-run and fall-run
Chinook salmon to other Central Valley rivers.



Obtain annual run sizes from GRANDTAB for spring‐run Chinook
salmon in the following rivers: Upper Sacramento River, Clear Creek,
Battle Creek, Antelope Creek, Mill Creek, Deer Creek, Butte Creek, Big
Chico Creek, and the Feather River.



Obtain annual run sizes from GRANDTAB for fall‐run Chinook
salmon in the following rivers: Upper Sacramento River, Clear Creek,
Battle Creek, Mill Creek, Deer Creek, Butte Creek, Feather River, and
the American River.



Obtain annual run sizes from GRANDTAB for late fall‐run Chinook
salmon in the Upper Sacramento River and Battle Creek.



Evaluate annual fluctuations (relative increase or decrease) in the run
sizes of fall‐run, late fall‐run and spring‐run Chinook salmon in the
Yuba River compared to other Central Valley Rivers.

4.1.2.9

Compare multi-year trends in annual run sizes of spring-run and
fall-run Chinook salmon in the lower Yuba River to runs in other
Central Valley rivers.



Obtain annual run sizes from GRANDTAB for fall‐run Chinook
salmon in the following rivers: Upper Sacramento River, Clear Creek,
Battle Creek, Mill Creek, Deer Creek, Butte Creek, Feather River, and
the American River.



Obtain annual run sizes from GRANDTAB for spring‐run Chinook
salmon in the following rivers: Upper Sacramento River, Clear Creek,
Battle Creek, Antelope Creek, Mill Creek, Deer Creek, Butte Creek, Big
Chico Creek, and the Feather River.



Examine if Chinook salmon run sizes change over time for each of the
Central Valley Rivers using normal linear regression with time (year)
as the explanatory variable and run sizes as the response variable.



Use test statistics to determine if the slope parameter of the regression
model is significantly greater than or less than zero. A slope
significantly greater than zero would mean abundance is increasing
over the time period examined. A slope significantly less than zero
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would mean abundance is decreasing over the time period examined.
A slope not significantly different from zero indicates that there is no
statistically significant trend in abundance over the time period
examined.


4.1.2.10

Compare the multi‐year slope of the regression estimate of the annual
abundance of adult populations in the lower Yuba River with the
slopes of the regression estimates for other Central Valley rivers. For
consistency, GRANDTAB data for all rivers will be used to test for
significant differences in slopes using an Analysis of Covariance
approach.
Evaluate and compare the spatial and temporal distribution of
redds and the temporal distribution of redd superimposition
over the spawning periods for spring-run and fall-run Chinook
salmon.



Identify the temporal distribution of spawning spring‐run and fall‐run
Chinook salmon (Section 4.1.2.1).



Count the number of redds, and document redd locations for each
redd survey period over the entire spawning season of spring‐run and
fall‐run Chinook salmon.



Conduct trend analysis using simple linear regression of GIS‐based
spatial output of mapped spring‐run and fall‐run Chinook salmon
redds collected during each of the run‐specific spawning periods to
assess the location and the number of fresh redds built for each
sampling period, and over the entire spawning season. Evaluations
will include: (1) changes in the spatial distribution of the spawning
locations among survey periods over the entire spawning season; and
(2) changes in the temporal distribution of spawning locations among
survey periods over the entire spawning season.



Evaluate temporal trends of the bi‐weekly number of fresh redds
constructed by spring‐run and fall‐run Chinook salmon over their
spawning seasons using contingency tables and Chi‐square analysis.
Evaluate temporal trends of the total annual number of fresh redds
constructed by spring‐run and fall‐run Chinook salmon over their
spawning seasons using simple linear regression.
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Evaluate changes in the spatial distribution of the fresh redds
constructed by spring‐run and fall‐run Chinook salmon over their
spawning seasons using contingency tables and Chi‐square analysis.



Estimate the weekly and annual index of redd superimposition from
the annual intensive Chinook salmon redd superimposition surveys
using GIS‐based spatial output. Redd superimposition will be
expressed as: the frequency of redds exhibiting overlap (defined as
increments of 5 percent or greater) compared to the total number of
redds observed in the surveyed area; and the magnitude of redd
superimposition, indicated by the range of percent overlap in the
surveyed area.



Conduct trend analysis using simple linear regression of the weekly
index of superimposition of spring‐run and fall‐run Chinook salmon
redds, during each of the run‐specific spawning periods, over the
entire spawning season.



Evaluate temporal trends of the annual index of redd superimposition
of spring‐run and fall‐run Chinook salmon redds over their spawning
seasons using simple linear regression.



Use simple linear regression to examine potential relationships
between annual and multi‐year estimates of the annual index of redd
superimposition and corresponding number of redds counted, and
temporal (e.g., dates of the surveys) and spatial (e.g., study reach or
River Mile (RM)) distributions, with the estimated annual total
abundance of Chinook salmon (Section 4.1.2.2) as a covariate.

4.1.2.11

Examine the spatial and temporal distribution of redds over the
spawning period for steelhead/rainbow trout.



Identify the temporal distribution of spawning steelhead (Section
4.1.2.5).



Count the number of redds, and document redd locations for each
monthly survey period over the entire spawning season of steelhead.



Evaluate changes in the numbers of fresh redds constructed monthly
over the steelhead spawning seasons using contingency tables and
Chi‐square analysis.
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Evaluate temporal trends of the total annual number of fresh redds
constructed by steelhead over their spawning seasons using simple
linear regression.



Evaluate changes in the spatial distribution of the fresh redds
constructed by steelhead over their spawning seasons using
contingency tables and Chi‐square analysis.

4.1.3

Abundance Measures - Flow & Temperature Relationships

4.1.3.1

Evaluate the influence of “attraction” flows and water
temperatures on the straying of adult salmonids into the lower
Yuba River.



Bi‐weekly and weekly time scales will be used to evaluate the
influence of “attraction” flows and “attraction” water temperatures on
the straying of adult salmonids into the lower Yuba River. Flow data,
water temperature data, and fish data collected year‐round will be
used in the analyses.



“Flow Difference” will be the variable used to represent flow data.
“Flow Difference” is the difference in mean flow of the lower Yuba
River and mean flow of the Feather River, calculated for bi‐weekly and
weekly time periods. Time series flow data for the Feather River will
be obtained from the Gridley gage station (CDEC station “GRL”, USGS
station 11407150) and for the lower Yuba River from the Marysville
gage station (CDEC station “MRY”, USGS station 11421000).



“Temperature Difference” will be the variable used to represent water
temperature data. “Temperature Difference” is the difference in
average weekly and bi‐weekly water temperature of the lower Yuba
River and average weekly and bi‐weekly water temperature of the
Feather River. Water temperature data for the lower Yuba River will
be obtained from water temperature data loggers located upstream of
the confluence with the Feather River, and Feather River water
temperature data will be obtained from water temperature data
loggers located in the Feather River upstream of the confluence with
the Yuba River.



Calculate the proportion of strays (adipose fin‐clipped) for spring‐,
fall‐ and late fall‐run Chinook salmon and steelhead obtained from
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Vaki Riverwatcher data analyses (see Section 4.1.2.4 and 4.1.2.5) for
each bi‐weekly and weekly time steps.


Plot the proportion of strays against “Flow Difference” and
“Temperature Difference” for the corresponding time periods to
visually examine whether the proportion of strays is potentially related
to the magnitude of the differences in flows and water temperatures
between the lower Yuba River and Feather River.



Examine potential relationships between the proportion of strays and
the magnitude of the differences in flows and water temperatures
between the lower Yuba River and Feather River using correlation
analyses. Weekly or bi‐weekly proportions of strays (response
variable), “Flow Difference” (explanatory variable described above),
and “Temperature Difference” (explanatory variable described above)
will be used in the analyses. The estimated parameters β and δ will be
used to describe the interrelationship between straying rates and
“Flow and Temperature Difference”, respectively. Positive values of
the parameters indicate a positive association between increasing rates
of change (i.e. increasing values in the rate of change of strays
corresponds to increasing values in the rates of “Flow Difference” or
“Temperature Difference”). Negative values for the parameters would
indicate a negative association between decreasing rates of change (i.e.,
an increasing value in the rate of straying corresponds to decreasing
values in the rates of “Flow Difference” or “Temperature Difference”).
A zero value for a parameter would indicate stray rates are not related
to the rates of “Flow Difference” or “Temperature Difference”.



Examine the relationship between staying rates and flow and water
temperature differences between the lower Yuba River and the Feather
River using multiple regression analysis. Bi‐weekly scale data of
straying rates (response variable) and “Temperature Difference” and
“Flow Difference” (explanatory variables) will be used for the analysis.
A non‐parametric test will be used if the assumptions of regression are
met, and whether data transformations are necessary for the analysis.
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4.1.3.2

Evaluate multi-year trends in the influence of “attraction” flows
and temperatures on the straying of adult salmonids into the
lower Yuba River.



Compare trends in the proportional differences in flows (see Section
4.1.3.1) between the mouth of the lower Yuba River and the Feather
River and the proportion of strays in the lower Yuba River of spring‐
run, fall‐run and late fall‐run Chinook salmon and steelhead/rainbow
trout using multi‐year regression analysis.



Compare trends in differences in temperatures (see Section 4.1.3.1)
between the mouth of the lower Yuba River and the Feather River with
the proportion of strays in the lower Yuba River of spring‐run, fall‐run
and late fall‐run Chinook salmon and steelhead/rainbow trout using
multi‐year regression analyses.

4.1.3.3

Compare the magnitude of lower Yuba River flows and water
temperatures with the timing of spring-run, fall-run and late fallrun Chinook salmon and steelhead/rainbow trout adult
immigration.



Use the results of Sections 4.1.2.1, 4.1.2.3, and 4.1.2.5 identifying the
temporal distributions of adult immigration of spring‐, fall‐, and late
fall‐run Chinook salmon and steelhead/rainbow trout passing DPD.



Evaluate potential relationships between flows and water
temperatures and peak migration dates for each run of Chinook
salmon and steelhead/rainbow trout passing DPD using 10‐day
moving averages (Keefer et al. 2008) of Vaki Riverwatcher data. Flow
and water temperatures over the temporal distributions of each run of
Chinook salmon and steelhead/rainbow trout can be described using
various metrics (e.g., maximum, minimum, average, and median,
variance of average weekly flow) during the immigration periods. Use
simple linear correlation to examine relationships between multi‐year
estimates of peak migration dates (response variable) and
corresponding flow and water temperature metrics.



Identify the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal distribution
of each run of Chinook salmon and steelhead/rainbow trout passing
DPD using Vaki Riverwatcher data, and inverse estimation with
parameters estimated from an asymmetric logistic function.
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The simplest general or asymmetric logistic function to which the
annual cumulative percent of each run of Chinook salmon and
steelhead/rainbow trout passing DPD (using Vaki Riverwatcher
data) will be fitted is described by the following expression
(Richard 1959):
1
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is the percentage of the cumulative temporal

distribution of each run of Chinook salmon and steelhead/rainbow
trout passing DPD from day 1 through time Di , and ,  and  are
parameters (i.e., constants) that describe the shape of the resulting
relative cumulative curve. The values of these parameters will be
obtained through non‐linear least squares estimation.


Once the asymmetric logistic function curve (described above) has
been fitted to the data, the dates at which a particular percentage
(X) of each run of Chinook salmon and steelhead/rainbow trout
passing DPD is expected ( Dˆ X % ) will be identified using inverse
estimation:

Dˆ X %

 100 
log e    1  
X


;



where ,  and  are the parameter values obtained from the
asymmetric logistic function, and X is a particular percentage of
interest (i.e., 1%, 10%, 25%, 50%, 75%, 90% and 99%). For example,
the resulting estimates of D̂10% , D̂25% , D̂50% , D̂75% and D̂90% will
summarize the characteristics of the corresponding annual
temporal distribution of immigrating adult salmonids passing DPD.


Examine potential relationships between the timing of immigration
(the dates associated with percentile expressions (1%, 10%, 25%, 50%,
75%, 90% and 99%) of the cumulative temporal distribution of each
run of Chinook salmon and steelhead/rainbow trout passing DPD
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using Vaki Riverwatcher data) with the magnitude of flow and water
temperature by plotting the dates associated with percentile
expressions against various flow and water temperature metrics (e.g.,
maximum, minimum, average, and median, variance of average
weekly flow) during the immigration periods. Use simple linear
correlation to examine potential relationships between multi‐year
estimates of dates associated with percentile expressions of
immigration (response variable) and corresponding flow and water
temperature metrics.
4.1.3.4

Compare the magnitude of lower Yuba River flows and water
temperatures with the timing of adult spring-run and fall-run
Chinook salmon spawning.



Use the results of Sections 4.1.2.1 to identify the temporal spawning
distributions of adult spring‐run and fall‐run Chinook salmon in the
lower Yuba River.



Evaluate potential relationships between flows and water
temperatures and peak spawning dates for spring‐run and fall‐run
Chinook salmon using estimated peak spawning dates derived from
the temporal distribution of fresh redds obtained from the redd
surveys. Flow and water temperature over the temporal distributions
spring‐run and fall‐run Chinook salmon can be described using
various metrics (e.g., maximum, minimum, average, and median,
variance of average daily flow) during their respective spawning
periods. Use simple linear correlation to examine potential
relationships between multi‐year estimates of peak spawning dates
(response variable) and corresponding flow and water temperature
metrics.



Identify the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal distribution
of spring‐run and fall‐run Chinook salmon spawning by fitting an
asymmetric logistic function to the cumulative temporal distribution of
fresh redds from the redd survey data. The calculations are analogous
to those presented above in Section 4.1.3.3.



Examine potential relationships between the timing of spawning with
the magnitude of flow and water temperature by plotting the dates
associated with the percentile expressions (1%, 10%, 25%, 50%, 75%,
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90% and 99%) of the cumulative temporal distribution of spring‐run
and fall‐run Chinook salmon fresh redds against various flow and
water temperature metrics (e.g., maximum, minimum, average, and
median, variance of average daily flow) during the spawning periods.
Use simple linear correlation to examine potential relationships
between multi‐year estimates of dates associated with percentile
expressions of spawning (response variable) and corresponding flow
and water temperature metrics.


If it is determined that the period of evaluation extends beyond those
years during which redd surveys are conducted, then the evaluation of
additional years will be based upon fresh carcass survey data. In order
to use fresh carcass data, for those years when both redd surveys and
carcass surveys are conducted, an asymmetric logistic function will be
fitted to the cumulative temporal distribution of fresh carcasses. A
separate asymmetric logistic function will be fitted to the cumulative
temporal distribution of fresh redds, and the number of days
separating the dates corresponding to the percentile expressions of
each fitted curve will be calculated, and averaged for the years when
both surveys were conducted. In this manner, average lag periods will
be estimated for actual spawning dates derived from the fresh carcass
data, because fresh carcasses are observed subsequent to actual
spawning. For those years when only the carcass surveys were
conducted, asymmetric logistic functions will be fitted to each of the
cumulative temporal distributions of fresh carcasses, and the dates
corresponding to the percentile expressions of the fitted temporal
cumulative distributions will be calculated and lagged by the average
lag periods described above. Potential relationships between the
timing of spawning (based upon fresh carcass data), and the
magnitude of flow and water temperature will be examined as
described above in this section.
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4.1.3.5

Compare the magnitude of lower Yuba River flows and water
temperatures with the annual total number of redds and redd
superimposition indices for Chinook salmon, taking into
account variable annual spawning Chinook salmon
population sizes.



Estimate the annual index of redd superimposition for spring‐run and
fall‐run Chinook salmon from annual redd surveys (Section 4.1.2.10).



Calculate the annual total numbers of redds for spring‐run and fall‐run
Chinook salmon (Section 4.1.2.10).



Calculate annual flow and water temperature metrics (e.g., minimum,
average, maximum) for the time period between the first and last fresh
Chinook salmon redd observation.



Use simple linear regression to examine potential relationships
between multi‐year estimates of the annual index of redd
superimposition or annual total numbers of redds and corresponding
flow and water temperature metrics, with the estimated annual total
abundance of spring‐run and fall‐run Chinook salmon (Section 4.1.2.2)
as a covariate.



Repeat the approach described above for discrete time intervals
corresponding to substantial flow changes during a spawning season,
as appropriate.

4.1.3.6

Compare the magnitude of lower Yuba River flows and water
temperatures with the annual total number of redds for
steelhead, taking into account variable annual spawning
steelhead/rainbow trout population sizes.



Calculate the annual total numbers of redds for steelhead/rainbow
trout (Section 4.1.2.11).



Calculate annual flow and water temperature metrics (e.g., minimum,
average, maximum) for the time period between the first and last fresh
steelhead/rainbow trout redd observation.



Use simple linear regression to examine potential relationships
between multi‐year estimates of the annual total numbers of redds
(response variable) and corresponding flow and water temperature
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metrics, with the estimated annual total abundance
steelhead/rainbow trout (Section 4.1.2.5) as a covariate.
4.1.3.7

4.2

of

Compare lower Yuba River water temperatures with Chinook
salmon and steelhead/rainbow trout adult immigration,
spawning and embryo incubation water temperature
suitability index values.



Identify the time periods of immigration for spring‐run, fall‐run, and
late fall‐run Chinook salmon and steelhead/rainbow trout (Section
4.1.3.3). In addition, identify the time periods of spawning for spring‐
run and fall‐run Chinook salmon (Section 4.1.3.4) and
steelhead/rainbow trout (Section 4.1.2.5). Estimate the embryo
incubation time periods based upon timing of spawning and
accumulated thermal units.



Compare water temperature suitability index values derived from a
literature review to actual water temperatures measured in the lower
Yuba River during spring‐run, fall‐run, and late fall‐run Chinook
salmon and steelhead/rainbow trout adult immigration, and during
spring‐run and fall‐run Chinook salmon and steelhead/rainbow trout
spawning and embryo incubation periods.



Develop water temperature exceedance plots from average daily
measured water temperatures in the lower Yuba River to examine the
extent to which water temperatures conform to water temperature
suitability index values during spring‐run, fall‐run, and late fall‐run
Chinook salmon and steelhead/rainbow trout adult immigration, and
during spring‐run and fall‐run Chinook salmon and steelhead/rainbow
trout spawning and embryo incubation periods.

ADULT PRODUCTIVITY

Productivity is an indicator of a population’s performance in response to its
environment, and environmental change and variability. McElhaney et al. (2000)
used the terms “population growth rate” and “productivity” interchangeably
when referring to production over the entire life cycle, and stated that
productivity is an indicator of a population’s risk of extinction when a
population consistently fails to replace itself. In addition to population growth
rate, this section of the M&E Program addresses considerations corresponding to
a definition of productivity as “measures of output per unit of input”.
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4.2.1

Performance Indicators
o Low to moderate extinction risk associated with population growth
rate. Extinction risk corresponding to population growth rates (percent
per year) and run sizes as follows: (1) high risk (N ≤ 250 or precipitous
decline (decline within last 2 generations to ≤ 500, or > 500 but
declining at a rate ≥ 10 percent per year); (2) moderate risk (250 < N ≤
2,500 or chronic declining trend or depression (run size has declined to
≤ 500 but presently stable); and (3) low risk (N > 2,500 with no declining
trend apparent or probable) (Lindley et al. 2007).
o The populations do not consistently demonstrate annual cohort‐
replacement ratios that exhibit a negative rate over multiple years.
o Natural Return Ratios of the populations do not exhibit a trend over
multiple years of proportionally increasing contributions from
naturally spawning hatchery fish.

4.2.2

Analytics

4.2.2.1

Determine if population growth rate is increasing, decreasing
or stable.



Estimate population growth rate (percent per year) according to
Lindley et al. (2007; Table 2). Use the criteria described in Lindley et al.
(2007; Table 1) to determine the risk of extinction for spring‐run and
fall‐run Chinook salmon and steelhead/rainbow trout based on
population growth rates and abundance estimates.
Evaluate whether the abundance estimates resulting from M&E
Program Sections 4.1.2.2 through 4.1.2.5 can be applied to an extended
period of evaluation (e.g., 1994 – present, see below) to estimate
population growth rates separately for spring‐run and fall‐run
Chinook salmon, and steelhead/rainbow trout. If non‐random
variations in the abundance estimates are observed through the
analyses conducted in Sections 4.1.2 and 4.1.3, then it may be
appropriate to restrict the evaluation period beginning in 2003 when
the Vaki Riverwatcher system was first implemented, or beginning in
2006 when a more comprehensive suite of protocols and procedures
was implemented.
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4.2.2.2

Develop multi-year cohort-replacement rates for salmonids in
the lower Yuba River.
Develop annual cohort‐replacement ratios over a series of years to
calculate cohort‐replacement rates for Chinook salmon in the lower
Yuba River. It is anticipated that the period of evaluation will extend
from 1994, since which time consistent spawning‐stock escapement
methodologies have been employed on the lower Yuba River (Massa
2008), with specific examination since 2006 associated with initial
implementation of the Yuba Accord flow schedules.
An estimate of cohort replacement from each annual brood year will
consist of age‐specific contributions to the spawning stock escapement
estimates for subsequent years. Age composition data for Chinook
salmon will be obtained from the scale and otolith protocols and
procedures of this M&E Program, and from the CDFG scale‐age
program to the extent that the data are available. Recognizing that
there may be limited data on yearly variation in the age composition of
spawning adult Chinook salmon in the lower Yuba River, a mean
distribution based on a few years of data may be used. Such an
approach introduces uncertainty into estimates of productivity, and
may make it difficult to fit the model to abundance data (Botsford and
Brittnacher 1998).
Therefore, various approaches will be explored including the use of a
linear renewal equation approach under the assumption that
population dynamics are density‐independent (Botsford and
Brittnacher 1998), a more intensive, simulation‐based approach to
estimate parameters for a density‐dependent model (Emlen 1995), and
regression‐based estimates of the mean and variance of population
growth rate from abundance time series (Dennis et al. 1991). Evaluate
whether the abundance estimates resulting from M&E Program
Sections 4.1.2.2 through 4.1.2.5 can be applied to an extended period of
evaluation (e.g., 1994 – present) to estimate population cohort‐
replacement rates separately for spring‐run and fall‐run Chinook
salmon, and Mitchell (2010) for steelhead. If non‐random variations in
the abundance estimates are observed through the analyses conducted
in Sections 4.1.2 and 4.1.3, then it may be appropriate to restrict the
evaluation period beginning in 2003 when the Vaki Riverwatcher
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system was first implemented, or beginning in 2006 when a more
comprehensive suite of protocols and procedures was implemented.
4.2.2.3


4.3

Develop multi-year Natural Return Ratios for salmonids in the
lower Yuba River.
Develop annual Natural Return Ratios over a series of years to
calculate Natural Return rates for Chinook salmon in the lower Yuba
River. Natural Return Ratios is the proportion of the annual
abundance estimate that is comprised of non‐hatchery fish spawning
in the lower Yuba River relative to the total abundance estimate. The
methods will be analogous to those presented in Section 4.2.2.2,
incorporating information on the abundance of non‐hatchery
salmonids identified by the results of Sections 4.1.2 and 4.1.3.

ADULT DIVERSITY

Genotypic and phenotypic diversity are important in that they allow species to
use a wide array of environments, respond to short‐term changes in the
environment, and survive long‐term environmental change. Genotypic diversity
and characteristic traits necessary for run differentiation are addressed in Section
4.1.2.1, and habitat diversity is addressed through the evaluation of spatial
structure in Section 4.4. This section further evaluates phenotypic expressions of
diversity including timing of adult immigration, age/size structure of the adult
population, sex composition of the adult population, and timing of spawning.

4.3.1

Performance Indicators

Intra‐ and inter‐annual variation within and among Chinook salmon and
steelhead/rainbow trout populations of the following phenotypically expressed
traits:
o Timing of adult immigration
o Age/size structure of the adult population
o Sex composition of the adult population
o Timing of spawning
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4.3.2

Analytics

4.3.2.1

Examine the temporal distribution of immigration of the total
run, and of non-adipose fin-clipped adults immigrating past
DPD for spring-run, fall-run and late fall-run Chinook salmon
and steelhead/rainbow trout.



Examine the temporal distribution of the total (non‐adipose fin‐clipped
and adipose fin‐clipped) and separately for non‐adipose fin‐clipped
spring‐run, fall‐run and late fall‐run Chinook salmon immigrating past
DPD during each day and week for each year using Vaki Riverwatcher
data (Section 4.1.3.3).



Estimate the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal distribution
for spring‐run, fall‐run and late fall‐run Chinook salmon and
steelhead/rainbow trout passing DPD from the Vaki Riverwatcher data
using inverse analysis with parameters estimated from a logistic
function as described in Section 4.1.3.3.



Use regression analysis to determine if the date associated with a
percentile expression for spring‐run, fall‐run and late fall‐run Chinook
salmon and steelhead/rainbow trout passing upstream of DPD changes
over time.

4.3.2.2

Examine the size structure of the total (hatchery and natural
origin) and natural origin spring-run, fall-run and late fall-run
Chinook salmon and steelhead/rainbow trout annual runs.



Obtain length data for the total (non‐adipose fin‐clipped and adipose
fin‐clipped) and natural‐origin (non‐adipose fin‐clipped) spring‐run
and fall‐run Chinook salmon populations from the fresh carcasses
measured during the carcass survey.



Obtain length data for the total (non‐adipose fin‐clipped and adipose
fin‐clipped) and natural‐origin (non‐adipose fin‐clipped) spring‐run,
fall‐run and late fall‐run Chinook salmon and steelhead/rainbow trout
immigrating above DPD from the Vaki Riverwatcher.



Develop length‐frequency histograms for the total and natural‐origin
spring‐run, fall‐run and late fall‐run Chinook salmon and
steelhead/rainbow trout to describe the annual structure of the runs.
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Develop length‐frequency histograms to describe the annual size
structure for each sex (male and female) from carcass survey data for
spring‐run and fall‐run Chinook salmon.



Examine the annual length‐frequency distributions for spring‐run, fall‐
run and late fall‐run Chinook salmon and steelhead, and separately for
each sex of the spawning run of spring‐run and fall‐run Chinook
salmon, over time to assess potential changes in the modalities of the
distributions.



Use descriptive statistics to describe the annual spring‐run, fall‐run
and late fall‐run Chinook salmon and steelhead run size structures,
and separately for each sex for spring‐run and fall‐run Chinook
salmon. Sample mean with 95% confidence intervals will be used to
describe the central tendency of lengths. Coefficient of variation (CV)
will be used as a measure of precision and for comparing the
variability of lengths (size structure) for each year.



Examine if mean length and variability of lengths (CV) of spring‐run,
fall‐run and late fall‐run Chinook salmon and steelhead runs, and
separately for each sex of the spawning run of spring‐run and fall‐run
Chinook salmon changes with time using regression analysis.

4.3.2.3

Examine the age structure of the total population, and of
natural-origin spring-run and fall-run Chinook salmon. Examine
the variation in the age/size composition of the Chinook
salmon populations.



Obtain age data for the total (non‐adipose fin‐clipped and adipose fin‐
clipped) and natural‐origin (non‐adipose fin‐clipped) spring‐run and
fall‐run Chinook salmon populations by estimating age using scales
sampled from fresh carcasses in the carcass survey.



Develop age‐length keys as described by DeVries and Frie (1996) to
determine the age structure of the total and natural‐origin spring‐run
and fall‐run Chinook and separately for sex (male and female).



Estimate mean age, mean length‐at‐age, and number and proportion of
Chinook salmon collected per age‐group for total and natural‐origin
spring‐run and fall‐run Chinook salmon. Examine if mean age, and
mean length‐at‐age of Chinook salmon collected per age‐group for
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total and natural‐origin spring‐run and fall‐run Chinook salmon
changes over time using regression analysis.


4.3.2.4

Describe the variation in age/size composition of the total and natural‐
origin spring‐run and fall‐run Chinook salmon populations by
calculating sample variance of mean age and mean length‐at‐age for
each age‐group (DeVries and Frie 1996). Examine if the sample
variance of mean age and mean length‐at‐age for each age‐group
changes over time using regression analysis.
Estimate the race composition and age composition of the
total population and of non-adipose fin-clipped adults
immigrating past DPD for spring-run and fall-run Chinook
salmon.



Estimate length distributions of the total and natural‐origin spring‐run
and fall‐run Chinook salmon immigrating past DPD from Vaki
Riverwatcher data. Assign ages to the resulting estimated length
distributions by applying the age‐length keys developed for total and
natural‐origin spring‐run and fall‐run Chinook salmon (Section
4.3.2.3). Apply the age proportions of each length class in the age‐
length key to the length classes from the Vaki Riverwatcher data and
sum across length classes to obtain the number in each age‐group for
the entire sample.



Estimate mean age, mean length‐at‐age, and number and proportion of
Chinook salmon per age‐group for total and natural‐origin spring‐run
and fall‐run Chinook salmon immigrating past DPD. Examine if mean
age, mean length‐at‐age, and the number and proportion of Chinook
salmon per age‐group for total and natural‐origin spring‐run and fall‐
run Chinook salmon immigrating past DPD changes over time using
regression analysis.

4.3.2.5



Estimate sex composition by age for the total population and
for natural origin adults, and determine variability in sex
composition of the adult population (by age) for spring-run
and fall-run Chinook salmon.
Express the sex composition of total (non‐adipose fin‐clipped) and
natural‐origin spring‐run and fall‐run Chinook salmon as the
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proportion of male and female fresh carcasses observed in the carcass
survey.


Calculate sex ratios for each age‐group of the total and natural‐origin
spring‐run and fall‐run Chinook salmon applying the age‐length keys
by sex described in Section 4.3.2.3 to the length frequency distributions
of male and female fresh carcasses. Calculate the variance of the sex
ratios for each age‐group to asses the variability of the sex composition
by age.



Examine if the sex ratios of the total and natural‐origin spring‐run and
fall‐run Chinook salmon populations change over time using
regression analysis.

4.3.2.6

Determine temporal variation in spawning by spring-run and
fall-run Chinook salmon adults.



Examine the temporal distribution of spring‐run and fall‐run Chinook
salmon spawning each year using redd survey data (Section 4.1.3.4).



Estimate the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal distribution
for spring‐run and fall‐run Chinook salmon spawning using redd
survey data and inverse analysis with parameters estimated from a
logistic function as described in Section 4.1.3.4.



Use regression analysis to determine if the date associated with a
percentile expression for spring‐run and fall‐run Chinook salmon
spawning changes over time.

4.3.2.7



Estimate the age composition of the total population (and of
non-adipose fin-clipped, if appropriate) of steelhead/rainbow
trout adults immigrating past DPD.
Develop annual length‐frequency histograms using estimated lengths
of total and natural‐origin steelhead/rainbow trout immigrating past
DPD using Vaki Riverwatcher data. Examine the modalities of the
annual length‐frequency distributions to asses whether observed
modal classes could be assigned to different age‐groups of
steelhead/rainbow trout in the lower Yuba River.
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For each age‐group (described above), calculate the mean length‐at‐age
for total and natural‐origin steelhead/rainbow trout. Examine whether
mean length‐at‐age for the total and natural‐origin steelhead/rainbow
trout immigrating past DPD changes over time using regression
analysis.

4.3.3

Diversity Measures - Flow & Temperature Relationships

4.3.3.1

Compare annual expressions of flows and water temperatures
with multi-year trends in:





Timing of adult spring-run and fall-run Chinook salmon and
steelhead/rainbow trout immigration.


Estimate the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal
distribution for spring‐run, fall‐run (and possibly late fall‐run)
Chinook salmon and steelhead/rainbow trout passing DPD from
the Vaki Riverwatcher data (Section 4.3.2.1).



Plot the estimated dates associated with percentile expressions
against metrics (e.g., maximum, minimum, average, and median,
variance) of flow or water temperature from inception up to the
respective date for each year, and examine relationships using
regression analysis.

Timing of different sizes of the immigrating adult spring-run
andfall-run Chinook salmon, and steelhead/rainbow trout runs.


Estimate the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal
distribution for spring‐run, fall‐run (and possibly late fall‐run)
Chinook salmon and steelhead/rainbow trout passing DPD from
the Vaki Riverwatcher data (Section 4.3.2.1).



Calculate the mean length of spring‐run, fall‐run (and possibly late
fall‐run) Chinook salmon and steelhead/rainbow trout for each date
associated with percentile expressions using estimated lengths
from the Vaki Riverwatcher data for each year.



Plot the calculated mean lengths for each of the estimated dates
associated with percentile expressions against metrics (e.g.,
maximum, minimum, average, and median, variance) of flow or
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water temperature from inception up to the respective date for each
year, and examine relationships using regression analysis.


Timing of spring-run and fall-run
steelhead/rainbow trout spawning.

Chinook

salmon

and



Estimate the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal
distribution for spring‐run and fall‐run Chinook salmon and
steelhead/rainbow trout spawning using redd survey data (Section
4.3.2.6).



Plot the estimated dates associated with percentile expressions
against metrics (e.g., maximum, minimum, average, and median,
variance) of flow or water temperature from inception up to the
respective date for each year, and examine relationships using
regression analysis.

4.4

ADULT SPATIAL STRUCTURE

A population’s spatial structure depends fundamentally on habitat quality,
spatial configuration, and dynamics as well as the dispersal characteristics of
individuals in the population (McElhaney et al. 2000) to support the population
at the desired productivity, abundance, and diversity levels through short‐term
environmental perturbations, longer‐term environmental oscillations, and
natural patterns of disturbance regimes (NMFS 2003). This section of the M&E
Program addresses fluvial‐geomorphologic dynamics affecting adult spatial
structure components including the availability of fish habitat for immigrating,
holding, and spawning adult salmonids.

4.4.1

Performance Indicators
o Adults use most, but not all, of the available holding and spawning
habitat considered as being suitable, as an indication of the potential
for population growth.


The spatial distributions of holding and spawning occurrence
should not be random if preferred habitat is sufficiently abundant,
relative to adult run size, for unrestricted adult habitat utilization
selection.
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Bio‐verification of the predicted microhabitat distribution from 2D
hydrodynamic modeling, coupled with habitat suitability criteria,
reveals that adults preferentially use model‐predicted preferred
habitat locations and preferentially avoid model‐predicted no or
low suitability habitat locations, relative to habitat availability.

o Sufficient quality, number, size, and distribution of mesohabitat
patches, and migration corridors between mesohabitat patches, for
immigrating (fall‐ and spring‐run Chinook salmon) and holding
(spring‐run Chinook salmon) adults to accommodate annual run sizes
and dispersal of adults.


Discharge‐specific mesohabitat conditions over morphological
units are suitable for immigrating and holding anadromous
salmonids throughout the year.

o Sufficient quality, number, size, and distribution of mesohabitat
patches for spawning (fall‐ and spring‐run Chinook salmon and
steelhead/rainbow trout) and to accommodate annual spawning run
sizes and dispersal of spawning adults.


Discharge‐specific mesohabitat conditions over morphological
units are suitable for spawning adults and incubating embryos.

o Maintenance of watershed processes and regulatory management
practices to create and maintain suitable habitat for all freshwater life
stages (fall‐ and spring‐run Chinook salmon and steelhead/rainbow
trout).


The sequence of morphological units is non‐random, indicating
that the channel has been self‐sustaining of sufficient duration to
establish an ordered structure. Highly disturbed systems often
degrade into homogeneity or randomness.



Distribution of the diverse morphological units is within the range
common to healthy gravel‐bed rivers of comparable setting.



Distribution of morphological units persists through time.



Relief between riffles and pools persists through time.



Microhabitat heterogeneity at the 0.1‐1 channel width spatial scale
within morphological units is present and persistent through time.
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Flood flows occur every 5‐10 years and are of sufficient magnitude
to submerge the floodplain and drive channel migration and
avulsion.

4.4.2

Analytics

4.4.2.1

Evaluate the quality, number, size and distribution of
mesohabitats for immigrating, holding and spawning adult
salmonids.



Develop weekly, monthly, seasonal and annual geographic spawning
distribution estimates (upstream and downstream of DPD, and
potentially within reaches and mesohabitat units) from carcass surveys
and redd surveys (Sections 4.1.2.1, 4.1.2.2, 4.1.2.10) to compare with
spawning habitat availability and suitability for fall‐ and spring‐run
Chinook salmon.



Develop monthly and annual geographic spawning distribution
estimates (upstream and downstream of DPD, and potentially within
reaches and mesohabitat units) from steelhead redd surveys (Section
4.1.2.11) to compare with spawning habitat availability and suitability
for steelhead/rainbow trout.



Determine the spatial distributions of immigrating and holding adult
spring‐run and fall‐run Chinook salmon (from the acoustic tagging
and tracking protocol and procedure).



Test whether the spatial distributions of spawning sites (spring‐run
and fall‐run Chinook salmon, and steelhead/rainbow trout) and
holding adults (spring‐run Chinook salmon, if possible) are randomly
distributed along the length of the river and among mesohabitat types.
Let H and S be the number of holding adults and spawning sites in the
lower Yuba River, respectively. Use Hawth’s Analysis Tools add‐on
for ArcGIS to generate N and S randomly located points in the wetted
area of the lower Yuba River during appropriate spawning periods.
Because there is an equal chance of a random point occurring
anywhere along the length of the river, a plot of the longitudinal
frequency distribution of the random data should be approximately
uniform. If the observational data shows a non‐uniform frequency
distribution, then it is ordered, not random, demonstrating preferential
selection. Repeat for 5 random datasets each of size N and S to
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confirm. Further, use the mesohabitat map to identify the mesohabitat
for each real and random point, then calculate the forage ratio for each
mesohabitat type for the real data and random datasets. A random
dataset should have similar forage ratios for all mesohabitat units. If
the real datasets are non‐random, then the distribution of their forage
ratios should exhibit strong preferences deviating from the values in
the random datasets.


Obtain bio‐verified 2D microhabitat simulations of the lower Yuba
River from YCWA’s activities associated with the Yuba River
Development Project FERC Relicensing, including the following: (1)
the spatial pattern of the habitat suitability index (HSI), in categories
ranging from 0‐1 for spawning and holding (if possible) adults; (2) the
aerial extent of each microhabitat class; and (3) ArcGIS‐derived
identification of the microhabitat class of each observed adult holding
location and spawning site. Calculate the forage ratio for each
microhabitat class for adult holding and spawning. The microhabitat
prediction framework is validated if the medium and high quality
habitat classes are preferred and other habitat classes are avoided.



Map the mesohabitats present at specified flow rates. Calculate the
area of each mesohabitat type. Use ArcGIS to identify the mesohabitat
type of observed adult holding locations (spring‐run Chinook salmon,
if possible, from the acoustic tagging and tracking protocol and
procedure) and spawning site (spring‐ and fall‐run Chinook salmon
and steelhead/rainbow trout from redd surveys). Calculate the forage
ratio for each mesohabitat type for adult holding and spawning to
reveal preferred and avoided mesohabitat types.

4.4.2.2


Evaluate the maintenance of watershed processes and
regulatory management practices in the lower Yuba River.
In a river that has three or more morphological units, there are many
possible sequences of the manner in which the units are ordered
downstream. Grant et al. (1990) report on the use of Markov chain
analysis to calculate the likelihood of one unit following another,
which is called the transition fraction or transition probability. To
implement this approach, start with one morphological unit type and,
in ArcGIS, manually count the number of times it follows each other
type. Where multiple units are side‐by‐side, examine what is upstream
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of a given unit and count that transition. Then divide each of those
values by the total number of transitions to this unit to get the
transition fractions of going from each unit to the one in questions.
Repeat for all units. Next, create a dataset with random ordering for
comparison against the real pattern by taking the list of morphological
units in the river and re‐numbering them with a random number
generator number. Calculate the transition fractions for the random
dataset. Subtract the random transition fractions from the observed
ones to obtain the residual probabilities. The residuals reveal the
strength of the deviation from randomness and thus are a metric of the
degree to which the sequence is ordered.


Perform a literature review to ascertain the typical probability
distribution function of the surface area of morphological units in
similar gravel‐bed rivers to compare against the function observed for
the lower Yuba River.



In the event that over the duration of this M&E Program, the river
changes enough to justify re‐mapping it and developing a new
mesohabitat map, then the probability distribution function and the
transition fraction table between the maps will be compared. Any
sustained trend of a loss of one or more morphological units that has a
high forage ratio for adult holding or spawning should be identified
and investigated.



Assess changes in the relief between riffles and pools. Perform a DEM
differencing calculation in ArcGIS between the most recent
topographic DEM of the river and a pre‐existing one (e.g., 2009 and
1999) to obtain an elevation change raster. Use the change raster and
the morphological unit map to calculate the total elevation change and
change statistics for each morphological unit. Compare the change for
pools and riffles. If elevation changes indicate that pools are
downcutting faster than riffles and/or riffles are aggrading faster than
pools, then river self‐maintenance is occurring.



Microhabitat hydraulic heterogeneity at the 0.1‐1 channel width spatial
scale is expressed in terms of the spatial pattern of depths and
velocities at a point. Perform a baseline characterization of the
microhabitat structure within mesohabitat units (e.g., Moir and
Pasternack 2008). Import the depth, velocity, and Froude number
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output from 2D hydrodynamic modeling into each of their own 3D
point‐based ArcGIS shapefiles using ArcCatalog. Intersect each
shapefile with the mesohabitat map to extract the values for each
mesohabitat type. Perform discriminant function analysis to evaluate
the uniqueness of each mesohabitat unit. Also, for each unit, develop a
scatter plot of depth versus velocity and ascertain whether the data
exhibit any systematic variations that represent different kinds of
microhabitat structure. For example, healthy riffles commonly show a
narrow range of depth and a wide range of velocity, sometimes with
an inverse exponential function. By contrast, pools show a narrow
range of velocity and a wide range of depth, sometimes with a direct
linear relation. Some units, such as backwaters, show a narrow range
of both variables. Every time a new map of the river is created, repeat
the analysis and look for changes in the functional relationships within
and between mesohabitat units.


4.4.2.3


Obtain aerial photos sets of the river for past years and in the future
after each channel‐changing flood (e.g.,5 to 10‐year frequency).
Identify the date and discharge in the river for each photo set.
Georeference each aerial photo set to the same coordinate system.
Using ArcGIS, draw a polygon of the river corridor, including all
alluvial surfaces. Next, trace a polygon over the wetted water surface
evident in each aerial photo set. Intersect the polygons from two
sequential photo sets of similar discharge and calculate the area of
unwetted land converted to wetted channel and vice versa. Plot the
change in unwetted land to wetted channel as a function of time. In a
healthy dynamic river driven by a stable watershed regime, the
distribution through time should be uniform. If a trend is evident,
evaluate the cause.
Spatial Structure Measures - Flow & Temperature Relationships
Compare annual expressions of flows and water temperatures,
potentially using regression analyses, with multi‐year trends in habitat
utilization to evaluate whether flows and water temperatures are
providing for sufficient quality, number, size and distribution of
habitat patches (and potentially migration corridors between habitat
patches) for holding spring‐run Chinook salmon adults (from the
acoustic tagging and tracking protocol and procedure, if possible) to
accommodate annual run sizes and dispersal of adults.
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Compare annual expressions of flows and water temperatures,
potentially using regression analyses, with multi‐year trends in habitat
utilization of spawning adults (spring‐run and fall‐run Chinook
salmon, and steelhead/rainbow trout) to evaluate whether flows and
water temperatures are providing for sufficient quality, number, size
and distribution of habitat patches to accommodate annual spawning
run sizes and dispersal of spawning adults.

4.5

JUVENILE ABUNDANCE

As previously discussed, this M&E Program distinguishes between abundance
and productivity parameters in terms of defining performance indicators and
associated analytic methodologies. Specifically, this M&E Program includes
abundance and trends in abundance for juvenile salmonids in this section of the
M&E Program Framework, whereas the section addressing juvenile productivity
(Section 4.6) is restricted to considerations corresponding to “measures of output
per unit of input”.

4.5.1

Performance Indicators
o Stable or increasing trend in the total annual abundance of
outmigrating juveniles, taking into account annual spawning
population sizes.

4.5.2

Analytics

4.5.2.1

Estimate abundances of outmigrant juvenile Chinook salmon
and steelhead/rainbow trout.



Use data collected from the rotary screw traps (RSTs) to estimate
weekly, monthly, seasonal, and annual abundances of outmigrant
juvenile Chinook salmon and steelhead/rainbow trout.


Estimate capture efficiency for the each period i that capture
efficiency tests were preformed for emigrating juvenile Chinook
salmon and steelhead/rainbow trout:
pˆ i 
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where p̂i is the estimated capture efficiency, mi are the number of
juvenile Chinook salmon or steelhead/rainbow trout recaptured of
a given release group of size Mi.
Two different approaches to estimate abundance of outmigrating
juvenile salmonids will be examined based upon review of the data
collected. The first approach incorporates regression models to
estimate capture efficiency, whereas the second approach does not.
In the first approach, a regression model will be used to estimate
capture efficiency based on one (linear regression) or multiple
(logistic regression) independent variables. Trap efficiencies were
found to be significantly related to flow and length (average fish
length at release) for juvenile Chinook salmon sampled using an
RST in the lower Stanislaus River, California (Watry et al. 2007).
The logistic model with n explanatory variables (X) is described as:

y   0  1 X 1  ...   n X n ;
Where y is the “logit” transformation of the observed trap
efficiency ( p ):

 p 
 ;
y  logit(q)  log
1 p 
The coefficients (β), will be estimated using maximum likelihood
and will be used to predict trap efficiency using back‐
transformation of the logit function:

pˆ 

exp y 
.
1  exp y 

Explanatory variables (X) in the multiple logistic regression model
may include, flow, water temperature, turbidity, and length of fish
captured. A stepwise regression procedure or Akaike Information
Criteria (AIC) will be used to select the “best fitting” model.
If efficiency estimates are estimated using multiple logistic
regression, variances of estimated efficiencies will be calculated
using equations presented in (Watry et al. 2008).
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If efficiency estimates are estimated using linear regression,
variances of estimated efficiencies will be calculated using the
following equation (Watry et al. 2008):

2
 1

Xi  X 
V  pˆ i   MSE 1  
 X i  X 2
 n k
i 1




;



Where MSE is the mean square error of the regression, k is the
number of trap efficiency tests used in the regression, and Xi is the
independent variable of day i.


Abundance estimates of emigrating juvenile Chinook salmon or
steelhead/rainbow trout during period i will be estimated by
(Watry et al. 2008):
n
Nˆ i  i ;
pˆ i

where N̂ i is the estimated number of downstream migrants during
period i, ni is the number of Chinook salmon or steelhead/rainbow
trout captured during period i, p̂i is the estimated capture
efficiency during period i.
If a linear regression approach is used to estimate capture
efficiencies, the variance of the abundance of emigrants during
period i will be calculated (Watry et al. 2008):
2

 n  Var ( ni )
;
V ( Nˆ i )  V ( pˆ i ) i2  
pi2
 pˆ i 

where Ni, pi and ni are described above. Confidence intervals (95%)
will be calculated (Watry et al. 2008):

 

Nˆ i  1.96 V Nˆ i .

If a multiple logistic regression approach was used to estimate
capture efficiencies, variance and confidence intervals for the
abundance estimates of emigrants will be calculated using
equations presented in Appendix 2 of Watry et al. (2008).
Yuba Accord M&E Program
Draft – Subject to Revision

61

June 2010

Viable Salmonid Population Application

The second approach is that described by Carlson et al. (1998)
which employs a simple stratified design for mark‐recapture
estimation that would be applied for juvenile Chinook salmon and
steelhead/rainbow trout abundance in the lower Yuba River at the
Hallwood Boulevard RST location.
The assumptions for each temporal stratum (i.e., the contiguous
intervals in which the entire monitoring period is divided, each
corresponding to a given trap efficiency experiment occurring mid‐
way through the interval) of the Carlson et al. (1998) estimation
approach are only slight modifications of those for the Petersen
estimates and, thus, do not differ from the assumptions in Watry et
al. (2008) approach.
The formulae for abundance, variance, and 95% confidence
intervals (equations 6‐10 in Carlson et al. (1998)) are simple enough
to require only the use of an Excel workbook, without using any
additional software package to calculate variance‐covariance
matrices as is the case in Watry et al. (2008). The method does not
require the fitting of a logistic model to estimate trap efficiency as
function of flow and other explanatory variables, as is the case in
Watry et al. (2008), and allows for adjustment by mark‐survival
estimation. Additionally, the temporal strata can be tested for
temporal consistency by using a chi‐square test of homogeneity (if
the test is not significant, the strata can be pooled).
However, several considerations pertain to this approach in order
to conduct a multi‐year comparison of the resulting annual
estimates of outmigrant juvenile Chinook salmon and
steelhead/rainbow trout, as follows: (1) the defined annual
sampling periods must be strictly comparable among years; (2) the
number of within‐year temporal strata should be comparable
among years; (3) all temporal strata, within and among years,
should be associated to a trap efficiency experiment occurring mid‐
way through the particular stratum; (4) as much as possible, the
relative location of the Hallwood RSTs should be kept constant
within each temporal stratum, and among years; and (5) each trap
efficiency experiment, within and among years, should have a
relatively comparable number of released tagged fish, each should
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be at least equal to the stipulated minimum release size but not
greater than a maximum release size.
Examination of the potential relationships between flow or other
environmental variables on the abundance estimates will not be
conducted until a number of annual surveys are completed that
generally comply with the above‐mentioned considerations. Such
multi‐annual analysis may be conducted to evaluate, for example,
potential relationships of the abundance estimates per temporal
stratum of various consecutive years, and their associated
estimated variances, with potential explanatory variables such as
the average flow within each temporal stratum.


Regardless of the approach used as described above, during
periods when the RSTs are not fished, the missing value for the
daily catch (ni) within a sampling period will be estimated using a
weighted average of all observed counts for the five days before
and five days after the missing sampling period using methods
described by Watry et al. (2008). The weights are equal to one
through five, where values that were directly adjacent to the
missing days are assigned a five, values two days before and after
the missing period are assigned a four, and so on. This weighting
method was found to be effective for capturing the temporal trends
of juvenile Chinook salmon in the Stanislaus River (Watry et al.
2008).



Calculate the total monthly, seasonal, and annual abundance
estimates of juvenile Chinook salmon or steelhead/rainbow trout
passing each location by summing the corresponding 7‐day
abundances and scaling the resulting sum to the survey period
(monthly, seasonal, and annual), measured in hours:
H
Nˆ i    Nˆ ij ;
hi
j

where N̂ i is the total monthly, seasonal, or annual abundance of
juvenile Chinook salmon or steelhead/rainbow trout passing each
location, hi is the total number of hours that the sampling device i
operated during the month, season, or year, and H is the total
number of hours within the period (monthly, seasonal, and
annual).
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4.5.2.2

In the event that an alternative fish collection device is
implemented to sample the Hallwood‐Cordua Bypass near DPD,
then evaluate size selectivity between the device and the RSTs by
comparison of weekly length‐frequency distributions obtained
from each technique, when both sampling techniques are operating
concurrently. Based on the results, examine the potential to
develop size‐selectivity adjustment factors for outmigrant juvenile
salmonids. .
Estimate abundances of over-summer rearing spring-run
Chinook salmon and steelhead/rainbow trout juveniles
outmigrating during fall.



Examine the lengths of Chinook salmon and steelhead/rainbow trout
juveniles captured during fall to identify juvenile spring‐run and
steelhead that spent the summer rearing in the lower Yuba River and
move downstream as larger individuals (e.g., juveniles ranging from
70 to 140 mm FL).



Estimate the abundance of fall‐migrating juvenile spring‐run Chinook
salmon and steelhead/rainbow trout that spent the summer rearing
using methods described in Section 4.5.2.1.

4.5.2.3

Distinguish spring-run and fall-run Chinook salmon outmigrant
juveniles using associated juvenile developmental phase
periodicities.



Evaluate weekly catches of juvenile Chinook salmon by juvenile
developmental phase (i.e., Stage 1 = yolk‐sac fry; Stage 2 = fry; Stage 3 =
parr; Stage 4 = silvery parr; and Stage 5 = smolt) to assist in the
identification of temporal modalities potentially corresponding to
spring‐run and fall‐run Chinook salmon.



Relate identified juvenile temporal modalities for spring‐run and fall‐
run Chinook salmon determined above with the temporal modalities
of spawning spring‐run and fall‐run Chinook salmon using carcass
survey data (Section 4.1.2.1) to attempt to assign specific run
designations to Chinook salmon outmigrant juveniles.
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4.5.2.4


4.5.2.5

Estimate the annual abundance of outmigrant juvenile springrun and fall-run Chinook salmon.
If the temporal modalities of emigrating juvenile Chinook salmon
(described above) can be used to distinguish spring‐run and fall‐run
juvenile Chinook salmon, explore the use of the temporal modalities to
estimate annual abundances of outmigrant spring‐run and fall‐run
juvenile Chinook salmon.
Compare multi-year trends in annual outmigrant juvenile
Chinook salmon (separately by run, if possible) and
steelhead/rainbow trout abundance estimates taking into
account annual spawning population sizes.



Estimate annual outmigrant juvenile Chinook salmon (separately by
run, if possible) and steelhead/rainbow trout abundance (Section
4.5.2.1).



Estimate annual spawning population sizes for Chinook salmon (fall‐
and spring‐run) (as described in Sections 4.1.2.2 and 4.1.2.4) and
steelhead/rainbow trout (Section 4.1.2.5).



Evaluate whether annual outmigrant juvenile Chinook salmon
(separately by run, if possible) and steelhead/rainbow trout
abundances change over time using linear regression with time (year)
as the explanatory variable and annual outmigrant abundance
estimates as the response variable, with the estimated annual total
spawning run size of Chinook salmon (Sections 4.1.2.2 and 4.1.2.4) and
steelhead/rainbow (Section 4.1.2.5) trout as covariates.



Use test statistics resulting from the linear regression to determine if
the slope parameter of the regression model is significantly greater
than or less than zero. A slope significantly greater than zero would
mean abundance is increasing over the time period examined. A slope
significantly less than zero would mean abundance is decreasing over
the time period examined. A slope not significantly different from zero
indicates that there is no statistically significant trend in abundance
over the time period examined.

Yuba Accord M&E Program
Draft – Subject to Revision

65

June 2010

Viable Salmonid Population Application

4.5.3

Abundance Measures - Flow & Temperature Relationships

4.5.3.1

Compare the magnitude of lower Yuba River flows and water
temperatures with the outmigratory timing of juvenile Chinook
salmon and steelhead/rainbow trout.



Evaluate potential relationships between flows and water
temperatures and peak outmigration dates for Chinook salmon (for
individual runs of Chinook salmon separately, if possible) and
steelhead/rainbow trout using 10‐day moving averages (Keefer et al.
2008). Flow and water temperatures over the temporal distributions of
Chinook salmon and steelhead/rainbow trout can be described using
various metrics (e.g., maximum, minimum, average, and median,
variance of average daily flow) during the outmigration periods. Use
simple linear correlation to examine relationships between multi‐year
estimates of peak outmigration dates and corresponding flow and
water temperature metrics.



Identify the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal distribution
of outmigrant juvenile Chinook salmon (for individual runs of
Chinook salmon separately, if possible) and steelhead/rainbow trout
by fitting asymmetric logistic functions to the cumulative temporal
distributions of weekly abundance estimates.. The calculations are
analogous to those presented above in Section 4.1.3.3.



Examine potential relationships between the timing of outmigration
with the magnitude of flow and water temperature by plotting the
dates associated with the percentile expressions (1%, 10%, 25%, 50%,
75%, 90% and 99%) of the cumulative temporal distribution of Chinook
salmon (for individual runs of Chinook salmon separately, if possible)
and steelhead/rainbow trout outmigration abundances against various
flow and water temperature metrics (e.g., maximum, minimum,
average, and median, variance of average daily flow) during the
outmigratory time periods. Use simple linear regression to examine
potential relationships between multi‐year estimates of dates
associated with percentile expressions of outmigrant abundances and
corresponding flow and water temperature metrics.



Potential relationships will be examined between flow ramping (up
and down) with the downstream movement of juvenile salmonids
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over the outmigration period. Change in weekly abundance of
juvenile Chinook salmon or steelhead/rainbow trout at each
outmigrant sampling site between two consecutive weeks will be
compared to corresponding changes in weekly average flows.
Regression analysis will be used to examine potential relationships
between rate of downstream movement of salmonids (response
variable) and rates of flow (explanatory variable).
4.5.3.2

Compare the magnitude of lower Yuba River flows and water
temperatures during spawning, embryo incubation and
juvenile rearing and outmigration time periods with annual
abundance estimates of outmigrating juvenile Chinook salmon
and steelhead/rainbow trout.



Calculate annual Chinook salmon and steelhead/rainbow trout
juvenile emigration abundance estimates (Section 4.5.2.1).



Calculate flow and water temperature metrics (e.g., minimum,
average, maximum) during the spawning, embryo incubation, juvenile
rearing, and outmigration time periods for Chinook salmon (for
individual runs of Chinook salmon separately, if possible, for specific
lifestages) and steelhead/rainbow trout.



Use multiple‐regression techniques to examine the potential
relationships between multi‐year estimates of annual abundance of
outmigrating juvenile Chinook salmon and steelhead/rainbow trout
with annual flow and water temperature metrics during spawning,
embryo incubation, juvenile rearing, and outmigration time periods.

4.5.3.3

Compare lower Yuba River water temperatures during the
Chinook salmon and steelhead/rainbow trout juvenile rearing
and outmigration lifestages with indices of water temperature
suitability.



Identify the time periods of juvenile rearing and outmigration
lifestages for Chinook salmon (for individual runs of Chinook salmon
separately, if possible) and steelhead/rainbow trout.



Identify water temperature suitability index values derived from a
literature review to actual water temperatures in the lower Yuba River
during the time periods of juvenile Chinook salmon and
steelhead/rainbow trout rearing and outmigration.
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4.6

Develop water temperature exceedance plots from average daily
measured water temperatures in the lower Yuba River to examine the
extent to which water temperatures conform to water temperature
suitability
index
values
during
Chinook
salmon
and
steelhead/rainbow trout juvenile rearing and outmigration
periodicities.

JUVENILE PRODUCTIVITY

Estimates of lifestage‐specific productivity (particularly productivity during
freshwater life‐history stages) are important for comprehensive evaluation of
population viability (McElhaney et al. 2000). Although declines in lifestage‐
specific productivity may not immediately manifest in reduced abundance if
offset during other portions of the life cycle, they may indicate reduced resilience
to variation in productivity elsewhere in the life cycle (McElhaney et al. 2000).
This section of the M&E Program addresses considerations corresponding to a
definition of juvenile productivity as “measures of output per unit of input”.

4.6.1

Performance Indicators
o Populations do not consistently demonstrate annual in‐river
production ratios that exhibit a negative rate over multiple years.

4.6.2

Analytics

4.6.2.1

Develop and examine trends in multi-year estimates of an
annual in-river production index for Chinook salmon
(independently by run, if possible) and steelhead/rainbow
trout.



Develop estimates of an annual in‐river juvenile Chinook salmon
(independently by run, if possible) and steelhead/rainbow trout
productivity indices in the lower Yuba River. Estimates of annual in‐
river production will consist of the ratio of estimated juvenile
outmigrant abundance (Section 4.5.2.1) to estimated run sizes of
spawning Chinook salmon (Sections 4.1.2.2 and 4.1.2.4) and
steelhead/rainbow trout (Section 4.1.2.5) for multiple years.



Examine if the annual in‐river production index for Chinook salmon
(for individual runs of Chinook salmon separately, if possible) and
steelhead/rainbow trout changes over time, using simple linear
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regression with time (year) as the explanatory variable and the annual
in‐river production index as the response variable.


Use F ratio or t‐test statistics to determine if the slope parameter of the
regression model is significantly greater than or less than zero.



An additional analytic method to evaluate the trend in annual in‐river
production (the ratio of estimated juvenile outmigrant abundance to
estimated spawning population size of Chinook salmon and
steelhead/rainbow trout for a given year) consists of establishing a
reproduction curve. Reproduction curve is a general term which is
applicable when the progeny are assessed at any lifehistory stage, as
distinguished from a stock‐recruitment curve (Ricker 1975). The
specific approach to develop the reproduction curve will be
determined upon review of available data, but will include examining
the application of a Beverton‐Holt curve. The Beverton‐Holt
reproduction relationship is useful when a population’s density is
limited by interspecific or intraspecfic parameters (e.g., a ceiling of
abundance imposed by available food or habitat) and is illustrated
when the recruitment curve approaches its maximum asymptotically
(Ricker 1975).

1

R

(1)
Ρ

R is the number of recruits (outmigrating juveniles), P is the number of
the parental stock (spawning population size). When R and P are in the
same units and R = P at replacement, then the expression can be
restructured to include the replacement level of the stock (P :

R

1

P
A 1 P ⁄P

(2)

In these circumstances
1 A and
A⁄P . Parameter A can have
values from 0 to 1 and describes the shape of the curve.
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Equation 1 may be fit to the data by a linear regression after algebraic
transformation of Equation 1 to:

1
R

(3)
P

Alternatively, Equation 1 can be fit to the data directly through non‐
linear least squares regression.

4.6.3

Productivity Measures - Flow & Temperature Relationships

4.6.3.1

Compare the magnitude of lower Yuba River flows and water
temperatures with multi-year estimates of annual in-river
production of Chinook salmon and steelhead.

4.7



Estimate the annual index of in‐river production of Chinook salmon
(for individual runs of Chinook salmon separately, if possible) and
steelhead/rainbow trout (Section 4.6.2.1).



Calculate annual flow metrics (e.g., minimum, average, maximum) for
the time period extending from initiation of spawning to the cessation
of juvenile emigration associated with each brood year of Chinook
salmon (for individual runs of Chinook salmon separately, if possible)
and steelhead/rainbow trout. Flow and water temperature metrics will
be expressed corresponding to each of the lifestage periods (i.e.,
spawning, embryo incubation, rearing, and emigration).



Use multiple‐regression techniques to examine potential relationships
between multi‐year estimates of the annual index of in‐river
production of Chinook salmon (for individual runs of Chinook salmon
separately, if possible) and steelhead/rainbow trout (response variable)
and corresponding flow and water temperature metrics (explanatory
variables).

JUVENILE DIVERSITY

Genotypic diversity is addressed in Section 4.1.2.1, and juvenile salmonid‐related
habitat diversity is addressed through the evaluation of spatial structure in
Section 4.8. This section further evaluates juvenile phenotypic expressions of
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diversity including rearing periodicities, size structure, timing of juvenile
emigration, and developmental phases.

4.7.1

Performance Indicators
o Variable rearing periodicities of juvenile Chinook salmon (for
individual runs of Chinook salmon separately, if possible) and
steelhead/rainbow trout.
o Variable time period‐specific size structure during the Chinook salmon
(for individual runs of Chinook salmon separately, if possible) and
steelhead/rainbow trout rearing and outmigration lifestages.
o Variable timing of juvenile outmigration of Chinook salmon (for
individual runs of Chinook salmon separately, if possible) and
steelhead/rainbow trout.
o Presence of multiple developmental phases of juvenile Chinook
salmon and steelhead/rainbow trout seasonally.

4.7.2

Analytics

4.7.2.1

Evaluate the variability in rearing periodicities of juvenile
Chinook salmon and steelhead/rainbow trout.



Proportion of juveniles resulting from specific brood years that exhibit
short duration rearing (i.e., outmigration shortly following
emergence), moderate duration rearing (i.e., consisting of several
months from emergence to outmigration), and over‐summer rearing
(i.e., spring‐run Chinook salmon and steelhead/rainbow trout)


Identify the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal
distribution of Chinook salmon spawning by fitting an asymmetric
logistic function to the cumulative temporal distribution of fresh
redds from the redd survey data (see Section 4.1.3.2for calculation
details).



Estimate time of emergence by applying relationships between
accumulated thermal units (ATUs) and time to emergence from the
literature, using measured lower Yuba River water temperatures.
Develop an estimate of the cumulative distribution of time of
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emergence from the cumulative temporal distribution of spawning
using the ATU‐emergence relationships.


4.7.2.2

Identify the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal distribution
of outmigrant juvenile Chinook salmon and steelhead/rainbow trout
by fitting asymmetric logistic functions to the cumulative temporal
distributions of weekly abundance.


Compare the dates on which specified expressions of percentages
of the cumulative distributions of emergence and outmigration
occur to develop a cumulative distribution of duration of juvenile
Chinook salmon and steelhead/rainbow trout rearing.



Document the percentages of the total estimated annual
abundances of outmigrant juvenile Chinook salmon and
steelhead/rainbow trout associated with variable durations of
rearing over each year (e.g., from the estimated date of initial
emergence for at least one year).
Determine if the proportions of spring-run Chinook salmon and
steelhead/rainbow trout rearing during the summer or
emigrating changes over time.



Use the annual estimation procedures for rearing duration of juvenile
Chinook salmon and steelhead/rainbow trout (see Section 4.7.2.1). .
For each year, document the estimated duration of rearing in number
of days that correspond to 1%, 10%, 25%, 50%, 75%, 90% and 99% of
the juvenile outmigration, in a contingency table.



Statistically compare the resulting contingency table using Chi‐square
analysis to test whether the estimated duration of rearing changes over
time, and whether changes indicate a reduction in the diversity of
phenotypically‐expressed life history periodicity strategies.

4.7.2.3


Evaluate time period-specific size structure during Chinook
salmon and steelhead/rainbow trout juvenile outmigration.
Weekly or monthly length‐frequency histograms will be developed to
evaluate changes in size structure of juvenile outmigrants. Length‐
frequency histograms will be compared over the entire outmigration
periods to evaluate intra‐annual and inter‐annual variation in size
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structure. Descriptive statistics will be used to describe the size
structure of outmigrating juvenile Chinook salmon and
steelhead/rainbow trout by week or month. Sample mean with 95%
confidence intervals will be used to describe the central tendency of
lengths. Standard deviation and variance will be used to measure the
variability in lengths. Coefficient of variation (CV) will be used as a
measure of precision and for comparing the variability of lengths (size
structure) for each specified time period within a sampling season.


Use descriptive statistics to describe the size structure of outmigrating
Chinook salmon and steelhead/rainbow trout. Sample mean with 95%
confidence intervals will be used to describe the central tendency of
lengths. Standard deviation and variance will be used to measure the
variability in lengths. Coefficient of variation (CV) will be used as a
measure of precision and for comparing the variability of lengths (size
structure) for each specified time period within a sampling season.
Repeat the analysis for each sampling season and document the results
in a contingency table. Statistically compare the resulting contingency
table using Chi‐square analysis to test whether the estimated mean
lengths change over time.



Fork‐length distributions with each developmental phase (i.e., yolk‐sac
fry, fry, parr, silvery parr, and smolt) of outmigrant juvenile Chinook
salmon and steelhead/rainbow trout will be used to examine size
structure throughout the outmigration periods.

4.7.2.4

Evaluate the variability in the timing of juvenile outmigration of
Chinook salmon and steelhead/rainbow trout.



Evaluate peak migration dates for Chinook salmon and
steelhead/rainbow trout passing each of the sampling devices using 10‐
day moving averages (Keefer et al. 2008). Compare peak migration
dates among years.



Identify the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal distribution
of outmigrating juvenile Chinook salmon and steelhead/rainbow trout
(see Section 4.1.3.2 for calculation details) for each year and document
the results in a contingency table. Statistically compare the resulting
contingency table using Chi‐square analysis to test whether the
estimated variation in the timing of outmigration changes over time.
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4.7.2.5

Document the seasonal presence of multiple developmental
phases of juvenile Chinook salmon and steelhead/rainbow
trout.



Evaluate RST weekly catches of juvenile Chinook salmon and
steelhead/rainbow trout by juvenile developmental phase category
(i.e., Stage 1 = yolk‐sac fry; Stage 2 = fry; Stage 3 = parr; Stage 4 =
silvery parr; and Stage 5 = smolt).



Develop weekly developmental phase‐frequency histograms to
describe the relative abundance of each developmental phase of
juvenile outmigrants for each sampling year. Compare the weekly
developmental phase‐frequency histograms over the entire emigration
periods to evaluate intra‐annual and inter‐annual variation.



Document the weekly frequency of each developmental phase for each
sampling season in a contingency table. Statistically compare the
resulting contingency table using Chi‐square analysis to test whether
the estimated weekly frequency of developmental phases changes over
time.

4.7.3

Diversity Measures - Flow & Temperature Relationships

4.7.3.1

Compare annual expressions of flows and water temperatures
with multi-year trends in:



Mean sizes of Chinook salmon and steelhead/rainbow trout juveniles
at time of outmigration.


Estimate the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal
distribution of outmigrant juvenile Chinook salmon and
steelhead/rainbow trout (see Section 4.1.3.2 for calculation details)
for each year.



Calculate the mean lengths of outmigrating juvenile Chinook
salmon and steelhead/rainbow trout from the start of outmigration
through each date associated with the percentile expressions (using
lengths of juveniles) for each year.



Plot the calculated mean lengths for each of the estimated dates
associated with percentile expressions against metrics (e.g.,
maximum, minimum, average, and median, variance) of flow or
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water temperature from inception up to the respective date for each
year, and examine relationships using regression analysis.


The timing of Chinook salmon and steelhead/rainbow trout juvenile
outmigration.


Evaluate potential relationships between flows and water
temperatures and peak migration dates for Chinook salmon (for
individual runs of Chinook salmon separately, if possible) and
steelhead/rainbow trout using 10‐day moving averages (Keefer et
al. 2008). Flow and water temperatures over the temporal
distributions of Chinook salmon and steelhead/rainbow trout can
be described using various metrics (e.g., maximum, minimum,
average, and median, variance of average daily flow) during the
outmigration periods. Use simple linear correlation to examine
relationships between multi‐year estimates of peak outmigration
dates and corresponding flow and water temperature metrics.



Identify the dates associated with percentile expressions (1%, 10%,
25%, 50%, 75%, 90% and 99%) of the cumulative temporal
distribution of outmigrating juvenile Chinook salmon (for
individual runs of Chinook salmon separately, if possible) and
steelhead/rainbow trout by fitting asymmetric logistic functions to
the cumulative temporal distributions of weekly abundance
estimates. See Section 4.1.3.2 for calculation details.



Examine potential relationships between the timing of
outmigration with the magnitude of flow and water temperature
by plotting the dates associated with the percentile expressions
(1%, 10%, 25%, 50%, 75%, 90% and 99%) of the cumulative
temporal distribution of Chinook salmon (for individual runs of
Chinook salmon separately, if possible) and steelhead/rainbow
trout outmigration abundances against various flow and water
temperature metrics (e.g., maximum, minimum, average, and
median, variance of average daily flow) during the outmigrating
time periods. Use simple linear regression to examine potential
relationships between multi‐year estimates of dates associated with
percentile expressions of outmigration abundances and
corresponding flow and water temperature metrics.
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The seasonal presence of multiple developmental phases of juvenile
Chinook salmon and steelhead/rainbow trout.


4.8

Use the weekly frequency of each developmental phase for each
sampling season (see Section 4.7.2.5) to develop annual proportions
of each juvenile Chinook salmon and steelhead/rainbow trout
developmental phase. Plot the annual proportions against lower
Yuba River flow and water temperature metrics (e.g., maximum,
minimum, average). Conduct regression analysis to examine
potential relationships between proportion of Chinook salmon and
steelhead/rainbow trout juvenile outmigrant developmental phases
and flows and water temperatures.

JUVENILE SPATIAL STRUCTURE

This section of the M&E Program addresses fluvial‐geomorphologic dynamics
affecting the seasonal availability of rearing habitat for juvenile salmonids.

4.8.1

Performance Indicators
o Juvenile use of most, but not all, of the available rearing habitat
considered as being suitable, as an indication of the potential for
population growth.


The spatial distributions of rearing occurrence should not be
random if preferred habitat is sufficiently abundant, relative to total
annual juvenile abundance, for unrestricted juvenile rearing habitat
utilization selection.



Bio‐verification of the predicted microhabitat distribution from 2D
hydrodynamic modeling, coupled with habitat suitability criteria,
reveals that juveniles preferentially use model‐predicted preferred
habitat locations and preferentially avoid model‐predicted no or
low suitability habitat locations, relative to habitat availability.

o Sufficient quality, number, size and distribution of discharge‐specific
mesohabitat patches over morphological units for rearing juvenile
Chinook salmon and steelhead/rainbow trout to accommodate total
annual abundance and dispersal of juveniles.


Sufficient low‐flow winter and spring mesohabitat for rearing
Chinook salmon and steelhead/rainbow trout fry.
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Sufficient winter and spring flood refugia for juvenile rearing
Chinook
salmon
and
steelhead/rainbow
trout
at
hydrogeomorphically significant flood stages.



Sufficient over‐summer rearing mesohabitat for spring‐run
Chinook salmon and steelhead/rainbow trout juveniles.



Sufficient riverbank and in‐channel cover to support annual
abundances of rearing Chinook salmon and steelhead/rainbow
trout juveniles.

o Maintenance of watershed processes and regulatory management
practices to create and maintain suitable habitat for the juvenile
lifestage of fall‐ and spring‐run Chinook salmon and
steelhead/rainbow trout.


The sequence of morphological units is non‐random, indicating
that the channel has been self‐sustaining of sufficient duration to
establish an ordered structure. Highly disturbed systems often
degrade into homogeneity or randomness.



Distribution of the diverse morphological units is within the range
common to healthy gravel‐bed rivers of comparable setting.



Distribution of morphological units persists through time.



Relief between riffles and pools persists through time.



Microhabitat heterogeneity at the 0.1‐1 channel width spatial scale
within morphological units is present and persistent through time.



Flood flows occur every 5‐10 years and are of sufficient magnitude
to submerge the floodplain, drive channel migration and avulsion.

4.8.2

Analytics

4.8.2.1

Evaluate the quality, number, size and distribution of
mesohabitats for rearing juvenile Chinook salmon and
steelhead/rainbow trout.



Develop monthly, seasonal and annual geographic rearing distribution
estimates (upstream and downstream of DPD, between
geomorphically defined reaches, and between mesohabitat units) from
juvenile
snorkeling
surveys
for
Chinook
salmon
and
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steelhead/rainbow trout juveniles. This includes calculations of
juvenile densities and density per unit area along the river.


Test whether the spatial distributions of juveniles in a given rearing
season are randomly distributed down the river as well as among
reaches and mesohabitat types as described in Section 4.4.2.1. Obtain
bio‐verified 2D microhabitat simulations of the lower Yuba River from
YCWA’s activities associated with the Yuba River Development
Project FERC Relicensing, including the following: (1) the spatial
pattern of the habitat suitability index (HSI), in categories ranging
from 0‐1 for the juvenile rearing lifestage; (2) the aerial extent of each
microhabitat class; and (3) ArcGIS‐derived identification of the
microhabitat class of observed juvenile sites. Calculate the forage ratio
for each microhabitat class for the juvenile rearing lifestage. The
microhabitat prediction framework is validated if the medium and
high quality habitat classes are preferred and other habitat classes are
avoided.



Map the mesohabitats presentat specified flow rates. Calculate the
area of each mesohabitat type. Use ArcGIS to identify the mesohabitat
type forjuvenile Chinook salmon and steelhead/rainbow trout
observations. Calculate the forage ratio for each mesohabitat type for
the juvenile rearing lifestage to reveal preferred and avoided
mesohabitat types.



Some important discharges for the lower Yuba River include modern
bankful discharge (5,620 cfs), the pre‐New Bullards Bar bankful
discharge (11,600 cfs), and the floodplain‐filling discharge of
approximately 20,000 cfs (Pasternack 2008). Above 20,000 cfs the only
exposed alluvial surfaces in the river valley are terraces and artificial
berms. Thus, mesohabitats will be characterized at the representative
winter‐flood discharges of 12,000 cfs and 20,000 cfs. It is unlikely that
any fish observations will be available for these flows, but a calculation
will be conducted to assess the areal extent of mesohabitats that may
be suitable for refugia of rearing juveniles during flood events. refugia
area.



Map the mesohabitats present at specified flow rates during the over‐
summer juvenile rearing lifestage for spring‐run Chinook salmon and
steelhead/rainbow trout that primarily occurs during July through
August. Calculate the area of each mesohabitat type mapped. Use
ArcGIS to identify the mesohabitat type for juvenile observations.
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Calculate the forage ratio for each mesohabitat to reveal preferred and
avoided mesohabitat types during over‐summer juvenile rearing.


Using the data layers of riverbank and in‐channel cover as well as
occurrence of juveniles from the snorkeling surveys, calculate the
distribution function of the distance from juvenile observations to the
nearest cover.



Calculate the percent of river surface area that has cover (i.e.,
availability) and calculate the percent of juvenile occurrences within 2
meters of cover (i.e., utilization). Calculate the ratio of cover utilization
to availability to determine if utilization exceeds availability,
indicating a preference for cover.

4.8.2.2

Evaluate the maintenance of watershed processes and
regulatory management practices.



Calculate morphological unit transition fractions or transition
probabilities (Section 4.4.2.2).



Perform a literature review to ascertain the typical probability
distribution function of the surface area of morphological units in
similar gravel‐bed rivers to compare against the function observed for
the lower Yuba River.



In the event that over the duration of this M&E Program, the river
changes enough to justify re‐mapping it and developing a new
mesohabitat map, then the probability distribution function and the
transition fraction table between the maps will be compared. Any
sustained trend of a loss of one or more morphological units that has a
high forage ratio for the juvenile rearing lifestage should be identified
and investigated.



Assess changes in the relief between riffles and pools (Section 4.4.2.2).



Conduct baseline characterization of the heterogeneity within
mesohabitat types, and repeat the analysis and examine changes in the
functional relationships within and between mesohabitat units every
time a new map of the river is prepared (Section 4.4.2.2).



Examine aerial photo sets of the river for past years and in the future
after each channel‐changing flood (e.g., 5 to 10 year frequency), and
plot the change in unwetted land to wetted channel as a function of
time (Section 4.4.2.2).
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4.8.2.3


Spatial Structure Measures - Flow & Temperature Relationships
Compare annual expressions of flows and water temperatures,
potentially using regression analyses, with multi‐year trends in habitat
utilization of juveniles to evaluate whether flows and water
temperatures are providing for sufficient quality, number, size and
distribution of habitat patches for rearing juvenile Chinook salmon
(separately for each run, if possible) and steelhead/rainbow trout to
accommodate annual total abundances and dispersal of juvenile
Chinook salmon and steelhead/rainbow trout.
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5

Protocols & Procedures

5.1

ADAPTIVE MANAGEMENT AND MONITORING

This M&E Program embraces a monitoring‐based adaptive management
approach to increase the effectiveness of, and to address the scientific uncertainty
associated with, specific monitoring and study activities, and restoration actions.
The adaptive management component allows the RMT Planning Group to learn
from past experiences through experimentation, or by altering specific studies or
restoration actions based on population and habitat condition responses.
Within the framework of this M&E Program, the RMT Planning Group retains
the flexibility to revise or develop and implement additional monitoring actions
to address specific issues as they arise, or as additional information becomes
available regarding the linkages between stressors and population responses,
and the viability of Chinook salmon and steelhead in the lower Yuba River. This
flexibility will facilitate the coordination of the M&E Program, and of restoration
action implementation to achieve maximal benefits to population viability. The
adaptive management component of this M&E Program is necessary to provide
this flexibility, and to provide a framework to obtain the appropriate types and
amounts of data to evaluate the effectiveness of the implementation of the Yuba
Accord and of restoration actions.

5.2

PREVIOUS MONITORING EFFORTS

Several monitoring activities and studies have been developed and implemented
on the lower Yuba River by a variety of agencies and organizations. CDFG has
conducted numerous monitoring programs and activities dating back to the
1950s. These programs and activities have included spawning stock escapement
(from carcass counts), creel census and inland harvest surveys, juvenile
outmigration (RST) surveys, snorkel surveys and redd counts, among others.
Pursuant to the CVPIA, the AFRP has funded and implemented several
monitoring activities and studies on the lower Yuba River, including spawning
stock escapement programs (e.g., Vaki Riverwatcher infrared and
photodocumentation monitoring), instream flow evaluations, as well as specific
studies (e.g., coded‐wire tagging [CWT] of outmigrant juvenile Chinook salmon
and recovery of CWT‐tagged adults). YCWA also has conducted a suite of
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monitoring activities and studies since the completion of New Bullards Bar Dam
in 1970, and recently conducted more intensive monitoring studies associated
with the 2006 and 2007 Pilot Programs of the Yuba Accord.
Although each of these monitoring activities provide important information to
the overall status of the specific resources and their habitats of the lower Yuba
River, they can be generally characterized as being implemented on a project‐by‐
project basis, and the need persists for more coordinated and comprehensive
monitoring. For example, until recently hatchery marking programs for Central
Valley anadromous salmonids have been inadequate to evaluate hatchery
contributions to Central Valley populations, including the lower Yuba River.
CDFG has initiated efforts to implement a constant fractional marking and
tagging program for hatchery‐produced anadromous salmonids within the
Central Valley. The efficacy of this program depends, in part, on the tag recovery
rates in the adult escapement surveys in order to determine hatchery
contribution or straying rates among populations.
Monitoring activities on the lower Yuba River are necessary to evaluate the
overall effects of implementation of the Yuba Accord, and potentially pilot‐level
restoration actions. Monitoring will address population and/or life stage‐specific
attributes of target populations and of selected habitat variables, and monitoring
evaluations will contribute to the assessment of the linkage between stressors
and population responses.

5.3

PROTOCOLS AND PROCEDURES - DATA COLLECTION

Data necessary to perform the previously specified analytics will be collected by
implementation of a suite of study plans, referred to as Protocols and
Procedures, as part of this M&E Program. Presently identified Protocols and
Procedures, available for review at www.yubaaccordrmt.com, include:
o

Flow and Water Temperature Monitoring

o

Topographic Mapping (Digital Elevation Model)
 physical habitat assessment

o

Substrate and Cover Mapping
 spawning/juvenile rearing habitat characterization

o

2‐D Hydrodynamic Modeling
 physical habitat dynamics and availability
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o

Mesohabitat Classification
 physical habitat characterization

o

Riparian Vegetation Mapping
 juvenile rearing habitat characterization

o

Acoustic Tagging and Tracking
 Chinook salmon immigration and holding

o

Vaki Riverwatcher Monitoring
 adult immigration, temporal distribution

o

Redd Surveys
 spawning spatial and temporal distribution, habitat utilization

o

Carcass Surveys
 spawning stock escapement estimation

o

Snorkel Surveys
 juvenile rearing, spatial/temporal distribution, habitat utilization

o

Rotary Screw Trapping
 juvenile emigration, temporal distribution

o

Genetic Sampling and Characterization
 Chinook salmon run differentiation

o

Otolith Sampling and Characterization
 natal stream origin, growth, age, and size

Benthic macroinvertebrate data, as well as additional riparian vegetation
characterization, for the lower Yuba River will be obtained from YCWA’s data
collection activities associated with the Yuba River Development Project FERC
Relicensing. In addition, the RMT will collaborate with other monitoring and
evaluation programs that are obtaining data relative to the M&E Program
analytics including the CDFG Scale Aging Program, the CDFG Angler Surveys,
the CDFG Steelhead Acoustic Tagging and Tracking Survey, and the YCWA
Lower Yuba River Redd Dewatering and Fry Stranding Monitoring and
Evaluation study.

5.3.1

Standard Protocols & Procedures Format

A well‐documented, highly specific field protocol is important to ensure
consistent data collection among technicians, seasons, years, etc. Survey and
sampling‐specific protocols and procedures will be developed to ensure that
monitoring personnel are collecting data in a consistent manner from year‐to‐
year and among personnel. Individual protocols and procedures developed for
Yuba Accord M&E Program
Draft – Subject to Revision

83

June 2010

Protocols &Procedures

inclusion in the M&E Program incorporate the elements of adaptive
management, coordinated with previous and ongoing non‐RMF funded efforts.
A brief description of the standard Protocols and Procedures format for the M&E
Program is provided below.

5.3.2

Objectives

The Protocols and Procedures (P&P) “Objectives” should identify the purpose
and goals of conducting the study. “Objectives” simply could be a list
identifying what is to be learned from implementing the study. Although not to
be presented as a formal hypothesis or in the form of a question, the
development of the P&P “Objectives” should conceptually consider appropriate
hypotheses and important research questions.

5.3.3

Rationale

The “Rationale” portion of the P&P should identify the background information
utilized to determine that the particular P&P is warranted, given the available
information or current understanding. Relevant historical information regarding
the topic of interest should be presented to develop the framework from which
this P&P will be based, including a description of related past monitoring efforts
in the lower Yuba River, elsewhere in the Central Valley, or other pertinent
studies. “Rationale” also will include a discussion of the P&P contribution to,
and/or relationship with, other existing programs, studies, and monitoring
activities.
The “Rationale” also should discuss the P&P relationship to: (1) effects being
monitored associated with implementation of the Yuba Accord; and (2) the
framework presented in the M&E Program addressing individual, population
abundance, population productivity, population spatial structure, population
diversity, and community attributes, as applicable.

5.3.4

Survey Design

The “Survey Design” section of the P&P identifies the precise manner in which
the study will be carried out, including the procedures and protocols for
collecting, analyzing, presenting and reporting the data. Information presented
in the “Survey Design” sections should convey the appropriateness of the
methodologies, protocols, and analyses for obtaining the study “Objectives.”
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5.3.5

Survey Location

“Survey Location” includes a detailed description of the location(s) where the
study will take place. The description of the location will be as detailed as
necessary and could include reaches designated by river mile or specific habitat
units such as individual pools or riffles. If habitat unit selection criteria are
required, the methodology for determining sampling sites will be described. For
example, should stratified random sampling be employed, stratification and unit
selection methods should be described.

5.3.6

Survey Period

The months and years that the study will be conducted are described in “Survey
Period.” If appropriate, the annual start and end dates of the sampling will be
presented (e.g., the Chinook salmon carcass survey will be conducted from
September 1 through January 31). “Survey Period” should describe whether the
study will be conducted every year, during particular water year types of
interest, a sequence of years, or only a single year. Rationale for the annual start
and end date of the study and the years in which the study will be conducted
will be presented in this section.

5.3.7

Sampling Frequency

The “Sampling Frequency” section presents the frequency with which data will
be collected during a particular study year. For example, the “Sampling
Frequency” section of the RST P&P could read “RSTs will be operated
continuously throughout the year. The RSTs will be serviced once a day to check
on the trap condition, sample the fish captured, and to perform other tasks
associated with RST sampling (e.g., mark‐recapture, scale collection, etc.).”
Conditions under which sampling would not be carried out (e.g., extremely high
flows in the case of RST sampling) also will be described.

5.3.8

Sample Size

For particular P&P, it may be appropriate and beneficial to provide justification
for selecting a particular sample size. A target sample size that is too large could
waste valuable time and resources, often for a minimal gain. A sample size that
is too small lacks the precision to reliably meet the study objectives or answer the
study questions. To determine an appropriate sample size, a power or similar
analyses should be conducted, and the results should be presented to support the
target sample size.
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5.3.9

Survey Procedure

The “Survey Procedure” section describes the protocols that will be followed on
each sampling occasion. A step‐by‐step, sequenced description of the activities
that will occur from arrival to the sampling site through departure from the site
and end of that particular sampling occasion should be presented. Also, the
survey data sheet, if applicable, should be included in the “Survey Procedure”
section.

5.3.10

Data Quality Control, Reporting, and Storage

This section presents the protocols for checking the field‐recorded data for errors,
developing and error‐checking an electronic database, and storing the original
field data sheets (and photocopies) and the electronic database (and copies).
Additionally the procedures for sharing copies of the raw data sheets and
electronic databases with the RMT Planning Group for consistency checks will be
described.

5.3.11

Analytical Method

The analytical techniques will be presented in this section.
Statistical
methodologies, including pertinent equations and computer software packages,
will be presented. All the necessary steps to perform the analysis will be
presented, including any data reductions, manipulations, expansions, or
omissions.

5.3.12

Equipment

All necessary equipment, should be presented in this section.

5.3.13

Results Presentation, Format, and Content

It is anticipated that annual year‐end data summary reports will be prepared for
all studies. Additionally, long‐term studies will have analytical reports that will
be prepared approximately every two years. It is anticipated that a single
analytical report will be prepared following the completion of focused study data
collection activities. “Results Presentation, Format, and Content” will describe
the information that will be presented in the two types of reports. Major section
headers for the analytical reports will generally include: (1) introduction (need
for study); (2) objectives; (3) study area; (4) methods; (5) results; (6) discussion;
(7) conclusions; and (8) recommendations. The year‐end data summary reports
will briefly summarize the data collection activities, highlighting the sample
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dates, deviations from the P&P, and other noteworthy aspects of data collection.
Recommendations for the next year’s activities also will be provided to prevent
any repeated mistakes or to streamline the data collection, QA/QC, and database
development processes.

5.3.14

Personnel

This section will describe the personnel, including anticipated number and
estimated effort, associated with each P&P task, including data collection, data
QA/QC, database development, data analyses and report preparation. The
desired minimum qualifications should be described and any specialized
training that would be required should be identified.

5.3.15

Schedule

In addition to the “Survey Period” described above, an overall schedule for the
specific P&P will be provided that encompasses the start date, interim milestones
and deliverables, and completion of the report including report presentation.

5.3.16

Cost

The costs for the P&P will be presented, broken out by capitol expenditures and
labor. As appropriate, costs will be differentiated among specific tasks within
the P&P. For multi‐year P&Ps, annual budgets will be prepared.
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