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Mission Statements

The mission of the Department of the Interior is to protect and manage the Nation’s natural
resources and cultural heritage; provide scientific and other information about those resources; and
honor its trust responsibilities or special commitments to American Indians, Alaska Natives, and
affiliated island communities.

The mission of the Bureau of Reclamation is to manage, develop, and protect water and related

resources in an environmentally and economically sound manner in the interest of the American
public.
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Chapter 1 Introduction

On August 2, 2016, the United States Department of the Interior, Bureau of Reclamation (Reclamation)
and the California Department of Water Resources (DWR) jointly requested the Reinitiation of
Consultation on the Coordinated Long-Term Operation of the Central Valley Project (CVP) and State
Water Project (SWP, or Project). The United States Fish and Wildlife Service (USFWS) accepted the
reinitiation request on August 3, 2016, and the National Marine Fisheries Service (NMFS) accepted the
reinitiation request on August 17, 2016. This biological assessment supports Reclamation’s consultation
under Section 7 of the Endangered Species Act (ESA) of 1973, as amended, and documents the potential
effects of the proposed action on federally listed endangered and threatened species that have the potential
to occur in the action area and critical habitat for these species. It also fulfills consultation requirements
for the Magnuson-Stevens Fishery Conservation and Management Act of 1976 for Essential Fish Habitat
(EFH).

Reclamation’s mission is to manage, develop, and protect water and related resources in an
environmentally and economically sound manner in the interest of the American public. Reclamation is
the largest wholesale water supplier in the United States, and the nation’s second largest producer of
hydroelectric power. Its facilities also provide substantial flood control, recreation, and fish and wildlife
benefits. In Northern California, Reclamation operates the CVP in coordination with DWR’s operation of
the SWP. The mission of DWR is to manage the water resources of California, in cooperation with other
agencies, to benefit the state’s people and to protect, restore, and enhance the natural and human
environment.

The CVP consists of 20 dams and reservoirs that together can store nearly 12 million acre-feet (MAF) of
water. Reclamation holds over 270 contracts and agreements for water supplies that depend upon CVP
operations. Through operation of the CVP, Reclamation delivers water in 29 of California’s 58 counties
in the following approximate amounts: 5 MAF of water for farms; 600 thousand acre-feet (TAF) of water
for municipal and industrial (M&lI) uses (enough water to supply about 2.5 million people for a year); and
355 TAF of water for wildlife refuges. Reclamation operates the C\VVP under water rights granted by the
State of California, including those intended to protect agricultural and fish and wildlife beneficial uses in
the Sacramento—-San Joaquin Delta (Delta). The CVP generates approximately 4.5 million megawatt
hours of electricity annually on average.

The SWP’s main facilities are Oroville Dam, the Harvey O Banks Pumping Plant (Banks Pumping Plant),
and San Luis Reservoir. These facilities are operated and connected by a network of canals, aqueducts,
and other facilities of the SWP to deliver on average approximately 2.6 MAF of contracted water supplies
annually. DWR holds contracts with 29 public agencies in the Feather River Area, North Bay Area, South
Bay Area, San Joaquin Valley, Central Coast, and Southern California for water supplies from the SWP.
Water stored in the Lake Oroville facilities, along with excess water available in the Delta, is captured in
the Delta and conveyed through several facilities to SWP contractors. Through the SWP, DWR provides
flood control below Oroville Dam and water for agricultural, M&lI, recreational, and environmental
purposes. DWR conserves water in Lake Oroville and makes releases to meet regulatory obligations and
agreements tied to the operations of the SWP. Releases also serve three contractors in the Feather River
area and two contractors from the North Bay Aqueduct. DWR pumps water at the Banks Pumping Plant
in the Delta for delivery to the remaining 24 public water agencies in the SWP service areas south of the
Delta.
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The proposed action analyzed in this consultation centers on a Core Water Operation that provides for
Reclamation and DWR to operate the CVP and SWP for water supply and to meet the requirements of
State Water Resources Control Board (SWRCB) Water Right Decision 1641 (D-1641), along with other
project purposes. The Core Water Operation consists of operational actions that do not require subsequent
concurrence or extensive coordination to define annual operation. The proposed action also includes
conservation measures designed to minimize or reduce the effects of the action on listed species. In
addition, this biological assessment and resulting consultation evaluates actions that will require further
development and may change during repeated implementation as more information becomes available
(i.e., “collaborative planning™). Collaboratively planned actions will require additional coordination prior
to implementation through program-specific teams established by Reclamation and DWR with input and
participation from partner agencies and stakeholders.

In 2015, the USFWS and NMFS (collectively, the Services) promulgated an addition to the regulations on
Interagency Cooperation (50 Code of Federal Regulations [CFR] § 402) that is relevant to this
consultation. The regulation added a “mixed programmatic action” for the purpose of issuing an
Incidental Take Statement for take authorization. The regulation describes a mixed programmatic action
as “a Federal action that approves action(s) that will not be subject to further Section 7 consultation, and
also approves a framework for the development of future action(s) that are authorized, funded, or carried
out at a later time, and any take of a listed species would not occur unless and until those future action(s)
are authorized, funded, or carried out and subject to further Section 7 consultation.”

This distinction allows for an Incidental Take Statement to be issued for those parts of the action that are
specific enough that the Services can meet the regulatory burden of reasonable certainty. Where that
degree of certainty is not met, the Services may analyze the future action to determine whether jeopardy
of a listed species or destruction or adverse modification of designated critical habitat is likely to result
from the entirety of the proposed action, and make an overall conclusion for the listed species and
designated critical habitat. Once sufficient detail is available for future actions, Reclamation agrees to
initiate targeted Section 7 consultation on these actions.

The proposed action includes immediate site-specific actions, as well as future actions that may be subject
to subsequent site-specific Section 7 consultation. This aligns with the description of a “mixed
programmatic action,” and Reclamation proposes to consult on the overall action as such.

On December 12, 2018, the California Natural Resources Agency (CNRA) presented a framework for
Voluntary Agreements to the SWRCB in response to proposed Bay-Delta Water Quality Control Plan
(WQCP) amendments. This framework was the result of years of coordination between CNRA,
Reclamation, and several public water agencies in California. The SWRCB is currently considering the
Voluntary Agreements as part of its proceeding, with upcoming dates in 2019 for deliberation. If
approved, the Voluntary Agreements would provide additional flows, facility improvements, and habitat
restoration that benefit listed species, with a proposed funding mechanism to implement these
enhancements. Reclamation and DWR support the Voluntary Agreements and continue to participate in
their development. Preliminary analysis indicates that when combined with the Core Water Operation
proposed in this consultation, the Voluntary Agreements are beneficial to listed species and critical
habitat. However, Reclamation is not consulting on VVoluntary Agreements in this biological assessment.

1.1 Background

In this biological assessment, consistent with the ESA and applicable regulations, Reclamation separates
the proposed action from the environmental baseline in order to determine whether the action is likely to
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adversely affect ESA-listed species. Reclamation’s analysis is informed by the complex history of water
and infrastructure development in California. The environmental baseline includes impacts to ESA-listed
species resulting from the original construction and development of dams in the action area as well as
decades of man-made and and other alterations to fish species that occurred during the last 300 years (as
described below).

When developing and assessing the potential effects of the proposed action, Reclamation considers the
context of the complex history of water and land development in California in order to separate the
proposed action from the environmental baseline and determine whether it is likely to adversely affect
ESA-listed species.

Water storage and diversion in California began in 1772, with a 12-foot high dam on the San Diego River.
The discovery of gold in the Sierra Nevada in 1849 intensified the human development of the Central
Valley. Natural water flows were diverted to aid in hydraulic mining, and the Sacramento River and San
Joaquin River watersheds were polluted with contaminants originating from historic and active mine sites.
Major flood protection efforts began in 1840 with levee construction along Grand Island. Revetments and
bank armoring, and other protection measures to prevent erosion along the levees, caused and continue to
cause channel narrowing and incision and prevent channel migration. Levees have also isolated former
floodplains from the river channel, preventing access for rearing for juvenile salmonids.

Commercial harvest of salmon began in the 1850s (CDFG 1929) and gill net salmon fisheries became
well established in the lower Sacramento and San Joaquin Rivers by 1860. In 1910, there were 10 million
pounds of commercial salmon catch; that yield declined to 4.5 million pounds by 1919, when the last
inland cannery closed (CDFG 1929).

Striped Bass (Morone saxatilis), introduced from the East Coast in the 1880s, supported a commercial
fishery for almost 50 years and currently provide a recreational fishery. Striped Bass and other introduced
species prey upon listed species. A Striped Bass population of 1,000,000 could consume 9 percent of out-
migrating Winter-Run Chinook Salmon (Oncorhynchus tshawytscha) based on Bayesian population
dynamics modeling (Lindley and Mohr 2003). Other invasive animal and plant species alter sediment
dynamics, compete for resources, change the physical habitat, and disrupt the foodweb. Invasive clams
were first introduced in the 1940s, and the invasion of the Amur River clam (Potamocorbula amurensis)
in 1986 fundamentally altered the Delta foodweb. These filter feeders significantly reduce the
phytoplankton and zooplankton concentrations in the water column, reducing food availability for native
fishes, such as Delta Smelt (Hypomesus transpacificus) and young Chinook Salmon.

1.1.1 Construction and Operation of the CVP and SWP

Congress authorized Reclamation to develop the CVP for the public good of delivering water and
generating power, while providing flood protection to downstream communities and protecting water
quality for water users within the system. Congress envisioned a large, complex project integrated across
multiple watersheds that Reclamation would operate to ensure the most beneficial use of water released
into the system.

The 1935 Rivers and Harbors Act authorized Reclamation to take over the CVP from the State of
California and its initial features were authorized for construction. In 1937, the Rivers and Harbors Act
reauthorized the CVP under Reclamation Law. The 1937 Act and subsequent authorizations completed
Friant Dam in 1942, Shasta Dam in 1944, Folsom Dam in 1956, San Luis Dam in 1967, Trinity Dam in
1962, and New Melones Dam in 1978. Today, Reclamation operates the CVP consistent with the CVP’s
federally authorized purposes, including:
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river regulation;

e improvement of navigation;

o flood control;

e water supply for irrigation and municipal and industrial uses;
o fish and wildlife mitigation, protection, and restoration;

e power generation; and

e fish and wildlife enhancement.

The Burns-Porter Act, approved by the California voters in November 1960 (Water Code [Wat. Code] 88
12930-12944), authorized issuance of bonds for construction of the SWP. DWR’s authority to construct
state water facilities or projects is derived from the Central Valley Project Act (CVPA) (Wat. Code §
11100 et seq.), the Burns-Porter Act (California Water Resources Development Bond Act) (Wat. Code 8§
12930-12944), the State Contract Act (Pub. Contract Code § 10100 et seq.), the Davis-Dolwig Act (Wat.
Code 88 11900-11925), and special acts of the State Legislature.

In 1978, the SWRCB issued Water Rights Decision 1485 (D-1485). D-1485 required spring outflow and
set salinity standards in the Delta while setting standards for the diversion of flows into the Delta during
winter and spring.

In 1986, Public Law 99-546 directed the Secretary of the Interior to execute the Coordinated Operations
Agreement (COA). The COA defined CVP and SWP facilities and their water supplies, coordinated
operational procedures, identified formulas for sharing joint responsibility for meeting Delta standards
(such as those in D-1485), identified how unstored flow was shared, and established a framework for
exchange of water and services between the projects.

In 1992, Public Law 102-575 included Title 34, the Central Valley Project Improvement Act (CVPIA)
that refined water management for the CVP. The CVVPIA added fish and wildlife mitigation, protection,
and restoration as a project purpose with the same priority as water supply, and also added fish and
wildlife enhancement as a project purpose with the same priority as power generation. In addition, the
CVPIA prescribed a number of actions to improve anadromous fish and provided for other fish and
wildlife benefits.

In 1999, the SWRCB issued D-1641, obligating the CVP and SWP to the 1995 Bay-Delta Water Quality
Control Plan. Revised in 2000, D-1641 provided standards for fish and wildlife protection, M&I water
quality, agricultural water quality, and Suisun Marsh salinity. A new export to inflow ratio limited exports
at Banks and Jones Pumping Plants to 35 percent of total Delta inflow from February through June, and
65 percent of total Delta inflow from July through January. Additionally, flow and salinity requirements
on the San Joaquin River near Vernalis were imposed.

1.1.2 Current Requirements

The coordinated long-term operations of the CVP and SWP are currently subject to the 2008 and 2009
biological opinions issued pursuant to Section 7 of the ESA. Each of these biological opinions included
Reasonable and Prudent Alternatives (RPAS) to avoid the likelihood of jeopardizing the continued
existence of listed species, or the destruction or adverse modification of critical habitat that were the
subject of consultation.
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The 2008 USFWS Biological Opinion concluded that the long-term operations of the CVP and SWP were
likely to jeopardize the continued existence of Delta Smelt and were likely to destroy or adversely modify
their designated critical habitat. Therefore, an RPA was included with five components comprising three
types of actions to avoid jeopardy:

e Reduce the magnitude of net reverse Old and Middle River (OMR) flows to reduce Delta Smelt
entrainment;

e Implement a “Fall X2” standard requiring that the location of the low-salinity zone (defined as 2
parts per thousand isohaline) be located at no greater than 46 and 50 miles (74 and 81 kilometers
[km]) from the Golden Gate Bridge in September, October, and November of wet and above
normal years, respectively, to improve rearing conditions for Delta Smelt; and

e Implement 8,000 acres of tidal restoration in Suisun Marsh and/or the north Delta to provide
suitable habitat for Delta Smelt.

The OMR and Fall X2 actions have been implemented to various degrees, and portions of the 8,000 acres
of tidal restoration are currently in the planning, development, or construction stages.

The 2009 NMFS Biological Opinion concluded that the long-term operations of the CVP and SWP were
likely to jeopardize the continued existence of Sacramento River Winter-Run Chinook Salmon, Central
Valley Spring-Run Chinook Salmon, California Central Valley Steelhead (Oncorhynchus mykiss),
Southern distinct population segment (DPS) of North American Green Sturgeon (Acipenser medirostris),
and Southern Resident DPS of Killer Whale (Orcinus orca). In addition, it concluded that the long-term
operations of the CVP and SWP were likely to destroy or adversely modify designated critical habitat for
Sacramento River Winter-Run Chinook Salmon, Central Valley Spring-Run Chinook Salmon, California
Central Valley Steelhead and proposed (subsequently designated) critical habitat for the Southern DPS of
North American Green Sturgeon. Therefore, an RPA was included consisting of a suite of actions that
addressed Delta and upstream conditions throughout the CVP and SWP to avoid jeopardy of these species
and the destruction or adverse modification of critical habitat for these species.

Several components of the NMFS RPA have been implemented or are in the planning stages. Examples
include Delta operational changes implemented since 2009 intended to reduce entrainment loss of
Chinook Salmon and Steelhead; current planning efforts for the restoration of the Yolo Bypass; changes
in water operations to improve temperature conditions for aquatic resources in the Sacramento, American,
and Stanislaus Rivers; adjustments to the operations of the Suisun Marsh Salinity Control Gates and the
Delta Cross Channel (DCC); investigation into the efficacy of non-physical barriers in the Delta to
improve salmonid survival; upstream habitat improvement projects; and a host of monitoring activities,
studies, and investigations to better understand the ongoing effects of CVP and SWP operations.

1.1.21 Mitigation Measures Included in the 2009 State Water Project Longfin Smelt
Incidental Take Permit

The 2009 SWP Longfin Smelt (Spirinchus thaleichthys) Incidental Take Permit (ITP) was issued by the
California Department of Fish and Wildlife (CDFW) on February 23, 2009. The ITP was extended by 1
year on December 31, 2018, subject to DWR’s compliance with and implementation of Conditions of
Approval. Several conditions have the potential to affect species addressed in this biological assessment.
Conditions include minimizing entrainment at Banks Pumping Plant (Conditions 5.1 and 5.2); minimizing
entrainment at Morrow Island Distribution System in Suisun Marsh (Condition 6.1); improving salvage
efficiencies (Conditions 6.2 and 6.3); maintaining fish screens at North Bay Aqueduct (NBA), Roaring
River Distribution System (RRDS), and Sherman Island diversions (Condition 6.4); fully mitigating
through the restoration of 800 acres of intertidal and associated subtidal wetland habitat in a mesohaline
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part of the estuary (Conditions 7.1-7.3); and monitoring and reporting (Conditions 8.1-8.5). Conditions
5.1 and 5.2 are being implemented through DWR’s participation in the Smelt Working Group. Conditions
6.1 through 6.4 are currently being planned or implemented, and are in various stages of completion.
Conditions 7.1 through 7.3 are being planned consistent with the planning for restoration required for the
2008 RPA described above. Additionally, the various monitoring programs required in Conditions 8.1-
8.5 are being planned or implemented consistent with the settlement agreement associated with the
permit.

1122 WIIN Act

The Water Infrastructure Improvements for the Nation Act (WIIN Act) (Pub. L. 114-322, 130 Stat.
1628), is among the federal statutes that govern operation of the CVP and SWP. Section 4001 of the
WIIN Act directs the Secretary of the Interior and the Secretary of Commerce to provide the maximum
quantity of water supplies practicable to CVP contractors and SWP contractors by approving, in
accordance with federal and applicable state laws, operations or temporary projects to provide additional
water supplies as quickly as possible, based on available information. Although the duration of this
biological assessment and the biological opinion(s) from this consultation may extend beyond the
expiration of the WIIN Act, the congressional direction provided by the WIIN Act governs the
preparation of the biological opinion(s) that will result from this ongoing Section 7 consultation.
Moreover, the general principles that underlie the direction provided by Congress in section 4001 of the
WIIN Act are consistent with the purposes of the proposed action and federal interests. In addition, the
science and general principles behind sections 4002 and 4003 warrant incorporation into the proposed
action to govern operations of the CVP and SWP beyond expiration of the WIIN Act.

Section 4004 provides for cooperation with state and local agencies to resolve water resource issues in
concert with conservation of endangered species, consistent with the ESA. Public water agencies in
particular shall be informed by the consulting agency, the USFWS, or NMFS, of the schedule for
preparation of the biological opinion at such time as the biological assessment is submitted to the
consulting agency by the action agency; receive a copy of any draft biological opinion and have the
opportunity to review that document and provide comment to the consulting agency through the action
agency, which comments will be afforded due consideration during the consultation; have the opportunity
to confer with the action agency and applicant, if any, about reasonable and prudent alternatives prior to
the action agency or applicant identifying one or more reasonable and prudent alternatives for
consideration by the consulting agency; and where the consulting agency suggests a reasonable and
prudent alternative, be informed how each component of the alternative will contribute to avoiding
jeopardy or adverse modification of critical habitat and the scientific data or information that supports
each component of the alternative, and why other proposed alternative actions that would have fewer
adverse water supply and economic impacts are inadequate to avoid jeopardy or adverse modification of
critical habitat. Additional provisions provide for coordination with Collaborative Science and Adaptive
Management Program (CSAMP) and quarterly stakeholder meetings.
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1.2 Action Area

The action area is defined as all areas to be affected directly or indirectly by the federal action and not
merely the immediate area involved in the action (50 CFR 402.02). For the purposes of this biological
assessment, the action area encompasses the following reservoirs, rivers, and the land between the levees
adjacent to the rivers: (1) Trinity Reservoir and Trinity River downstream of Lewiston Reservoir to the
Pacific Ocean; (2) Sacramento River from Shasta Lake downstream to and including the Sacramento—San
Joaquin Delta; (3) Clear Creek from Whiskeytown Reservoir to its confluence with the Sacramento River;
(4) Feather River from the FERC boundary downstream to its confluence with the Sacramento River; (5)
American River from Folsom Reservoir downstream to its confluence with the Sacramento River; (6)
Stanislaus River from New Melones Reservoir to its confluence with the San Joaquin River; (7) San
Joaquin River from Friant Dam downstream to and including the Sacramento—San Joaquin Delta; (8) San
Francisco Bay and Suisun Marsh; and (9) the nearshore Pacific Ocean on the coast from Point Conception
to Cape Falcon in Oregon. The action area was derived by considering several factors to account for
potential effects of the proposed action.

Shasta, Whiskeytown, Oroville, Folsom, and New Melones dams and reservoirs are part of the Central
Valley Project operations, and therefore within the Action Area.

Reclamation diverts water from the Trinity River watershed to the Sacramento River through Carr
Powerplant and Spring Creek tunnel. The amount of this diversion affects flows in both the Trinity and
Sacramento Rivers, affecting both Sacramento River listed species and Trinity River listed species.
Therefore, the Trinity River downstream of Lewiston Reservoir, as well as the lower Klamath River
downstream of the Trinity River to the Pacific Ocean, is included in the action area.

DWR already has undergone Section 7 consultation on the operations of Oroville Dam on the Feather
River through the Federal Energy Regulatory Commission’s (FERC) process. Oroville Dam is part of the
coordinated operations of the CVP and SWP; however, its effects have been addressed previously in the
USFWS and NMFS biological opinions through the FERC process. This consultation addresses effects of
Oroville operations that are downstream of the FERC boundary in the Feather River to the Delta, and
coordinated effects with CVP operation.

Starting in 2016, Friant Dam and the Upper San Joaquin River have been hydrologically re-connected to
the Delta through the release of San Joaquin River Restoration Program flows and recapture of those
flows in the Lower San Joaquin River or Delta. Therefore, the San Joaquin River from Friant Dam
downstream to and including the Sacramento—San Joaquin Delta is included in the action area.

The CVP and SWP affects the abundance of Central Valley Chinook Salmon originating from the
Sacramento and San Joaquin Rivers, which is a prey species for Southern Resident Killer Whale, a listed
species under the ESA. The range of Central Valley Chinook Salmon in the ocean is approximately from
Point Conception to Cape Falcon, Oregon (Satterthwaite et al. 2013; Can J Fish Aq Sci). Therefore, while
Southern Resident Killer Whale has a larger range, the effects of this action are limited to the range of
Chinook Salmon. Hence, the action area is limited to portions of the California and Oregon coasts.

Figures 1-1 through 1-8 below show the extent of the action area. Figure 1-1 has grey boxes to indicate
subsequent zoomed-in maps. On Figure 1-2, the grey box indicates the action area in the Pacific Ocean.
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1.3 Species Considered

Introduction

Pursuant to the interagency consultation requirements of Section 7 of the ESA, this biological assessment
has been prepared to assess the potential effects of the proposed action on federally protected species and
designated critical habitat. Aquatic and terrestrial 0073pecies considered in this biological assessment
include those that are federally listed as threatened or endangered. The following input was used to
determine which listed species should be considered for inclusion in this biological assessment:

e ESA-listed species distributional maps and literature review of species life-history requirements

and habitat use

e Environmental documentation prepared in support of other Reclamation projects

e Discussions with federal and state agencies
¢ NMFS and CDFW online species lists (NMFS 2017; CDFW 2018)

e USFWS Information for Planning and Conservation (IPaC) system (USFWS 2018a)
o California Natural Diversity Database (CNDDB) Rarefind 5 online application

e California Native Plant Society (CNPS) Online Inventory of Rare and Endangered Vascular
Plants of California (CNPS 2018)

Based on this information, the species to be addressed are shown in Table 1-1.

Table 1-1. Federally Protected Species and Critical Habitat Addressed in this Biological

Assessment

Species

Status

Jurisdiction

Critical Habitat

Sacramento River Winter-Run
Chinook Salmon ESU

(Oncorhynchus tshawytscha)

Endangered

NMFS

Designated in action area

Central Valley Spring-Run Chinook
Salmon ESU

(Oncorhynchus tshawytscha)

Threatened

NMFS

Designated in action area

Central Valley Steelhead DPS
(Oncorhynchus mykiss)

Threatened

NMFS

Designated in action area

Central California Coast Steelhead
DPS

(Oncorhynchus mykiss)

Threatened

NMFS

Designated in action area

Green Sturgeon Southern DPS
(medirostris)

Threatened

NMFS

Designated in action area

Southern Resident Killer Whale
(Orcinus orca)

Endangered

NMFS

Designated but not in action area

Southern Oregon/Northern
California Coastal Coho Salmon
ESU

(Oncorhynchus kisutch)

Threatened

NMFS

Designated in action area
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Species Status Jurisdiction Critical Habitat
Eulachon Threatened NMFS Designated in action area
(Thaleichthys pacificus)

Delta Smelt Threatened USFWS Designated in action area
(Hypomesus transpacificus)

Riparian brush rabbit Endangered USFWS None designated
(Sylvilagus bachmani riparius)

Riparian woodrat Endangered USFWS None designated
(Neotoma fuscipes riparia)

Salt marsh harvest mouse Endangered USFWS None designated
(Reithrodontomys raviventris)

California clapper rail Threatened USFWS None designated

(Rallus obsoletus)

Least Bell’s vireo Endangered USFWS Designated but not in action area
(Vireo bellii pusillus)

Yellow-billed cuckoo! Threatened USFWS Proposed

(Coccyzus americanus)

Giant garter snake Threatened USFWS None designated
(Thamnophis gigas)

Soft bird’s beak Endangered USFWS Designated in action area
(Cordylanthus mollis ssp. Mollis)

Suisun thistle Endangered USFWS Designated in action area
(Cirsium hydrophilum var.

hydrophilum)

Valley elderberry longhorn beetle Threatened USFWS Designated in action area
(Desmocerus californicus

dimorphus)

Vernal Pool Fairy Shrimp Threatened USFWS None designated
(Branchinecta lynchi)

Vernal Pool Tadpole Shrimp Endangered UWFWS Designated but not in action area
(Lepidurus packardi)

California Tiger Salamander Endangered USFWS Designated but not in action area
(Ambystoma californiense)
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Species Status Jurisdiction Critical Habitat

California Least Tern Endangered USFWS None designated
(Sterna antillarum browni)

California red-legged frog Threatened USFWS Designated but not in action area
(Rana draytonii)

ESU = Evolutionarily Significant Unit; NMFS = National Marine Fisheries Service; DPS = distinct population segment;
USFWS = United States Fish and Wildlife Service

1 = species included for programmatic construction actions

1.3.1 Species Considered but Not Addressed Further

In addition to the species listed in Table 1-2, a number of species and their critical habitat were
considered for inclusion because initial review indicated they could occur in the Project vicinity.
Although listed as potentially occurring within the wider surrounding area based on agency and county
lists, several species can be considered as highly unlikely to occur in the action area and therefore do not
warrant analysis of potential project impacts. These species considered but not addressed further are the
following: giant kangaroo rat (Dipodomys ingens), gray wolf (Canis lupus), southern sea otter (Enhydra
lutris nereis), California condor (Gymnogyps californianus), marbled murrelet (Brachyramphus
marmoratus), northern spotted owl (Strix occidentalis caurina), short-tailed albatross (Phoebastria
[=Diomedea] albatrus), western snowy plover (Charadrius nivosus nivosus), Alameda whipsnake
[=striped Racer] (Masticophis lateralis euryxanthus), green sea turtle (Chelonia mydas), San Francisco
garter snake (Thamnophis sirtalis tetrataenia), tidewater goby (Eucyclogobius newberryi), Bay
checkerspot butterfly (Euphydryas editha bayensis), callippe silverspot butterfly (Speyeria callippe
callippe), Delta green ground beetle (Elaphrus viridis), Lange’s metalmark butterfly (Apodemia mormo
langei), mission blue butterfly (Icaricia icarioides missionensis), Myrtle’s silverspot butterfly (Speyeria
zerene), San Bruno elfin butterfly (Callophrys mossii bayensis), California freshwater shrimp (Syncaris
pacifica), Conservancy fairy shrimp (Branchinecta conservation), longhorn fairy shrimp (Branchinecta
longiantenna), Shasta crayfish (Pacifastacus fortis), Antioch dunes evening-primrose (Oenothera
deltoides ssp. Howellii), beach layia (Layia carnosa), Butte County meadowfoam (Limnanthes floccosa
ssp. Californica), California seablite (Suaeda californica), Chinese Camp (Brodiaea Brodiaea pallida),
clover lupine (Lupinus tidestromii), Colusa grass (Neostapfia colusana), Contra Costa goldfields
(Lasthenia conjugens), Contra Costa wallflower (Erysimum capitatum var. angustatum), EI Dorado
bedstraw (Galium californicum ssp. Sierra), fleshy owl’s-clover (Castilleja campestris ssp. Succulent,
Franciscan manzanita Arctostaphylos franciscana, fountain thistle (Cirsium fontinale var. fontinale),
Greene’s tuctoria (Tuctoria greenei), hairy Orcutt grass (Orcuttia pilosa), Hartweg’s golden sunburst
(Pseudobahia bahiifolia), Hickman’s potentilla (Potentilla hickmanii), Hoover’s Spurge (Chamaesyce
hooveri), Keck’s checker-mallow (Sidalcea keckii), large-flowered fiddleneck (Amsinckia grandiflora),
Layne’s butterweed (Senecio layneae), Marin dwarf-flax (Hesperolinon congestum), marsh sandwort
(Arenaria paludicola), Mcdonald’s rock-cress (Arabis macdonaldiana), Metcalf Canyon jewelflower
(Streptanthus albidus ssp. Albidus), pallid manzanita (Arctostaphylos pallida), palmate-bracted bird’s
beak (Cordylanthus palmatus), Pine Hill ceanothus (Ceanothus roderickii), Pine Hill flannelbush
Fremontodendron californicum ssp. Decumbens), Presidio clarkia (Clarkia franciscana), Presidio
manzanita (Arctostaphylos hookeri var. ravenii), red hills vervain Verbena californica), robust
spineflower (Chorizanthe robusta var. robusta), Sacramento Orcutt grass (Orcuttia viscida), San
Francisco lessingia (Lessingia germanorum [=L.g. var. germanorum] ), San Joaquin Orcutt grass
(Orcuttia inaequalis), San Mateo thornmint (Acanthomintha obovata ssp. Duttonii), San Mateo woolly
sunflower (Eriophyllum), Santa Clara Valley dudleya (Dudleya setchellii), Santa Cruz tarplant
(Holocarpha macradenia), Sebastopol meadowfoam (Limnanthes vinculans), Showy Indian Clover
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(Trifolium amoenum), slender Orcutt grass (Orcuttia tenuis), Sonoma alopecurus (Alopecurus aequalis
var. sonomensis), Sonoma spineflower (Chorizanthe valida), Sonoma sunshine (Blennosperma bakeri),
Stebbins’ morning-glory Calystegia stebbinsii), Tiburon paintbrush (Castilleja affnis ssp. Neglecta),
white-rayed pentachaeta (Pentachaeta bellidiflora), and yellow larkspur (Delphinium luteum), Fresno
kangaroo rat (Dipodomys nitratoides), San Joaquin kit fox (vulpes macrotis mutica), and Blunt Nosed-
Leopard Lizard (Gambelia sila). NMFS (2009, p.75) noted that DWR’s Suisun Marsh Salinity Control
Gates (SMSCG) in Montezuma Slough are located to the east of the three Suisun Marsh steelhead streams
and Central California Coast Steelhead (CCC Steelhead) (Oncorhynchus mykiss) are unlikely to travel 10-
15 miles eastward through Montezuma Slough to the SMSCG. Therefore, NMFS (2009, p.75) concluded
that it would be unlikely that CCC Steelhead will encounter the SMSCG or the Delta pumping facilities
during their upstream and downstream migrations, because their spawning streams are located in the
western portion of Suisun Marsh. Therefore, Reclamation concluded no effect to CCC Steelhead.

1.4 Consultation History

Reclamation has consulted with the USFWS and NMFS on CVP operations as species were listed and
critical habitat designated since the early 1990s. The most recent consultation on CVP operations was
completed in 2008 and 2009. Both biological opinions were conditionally accepted by Reclamation and
were challenged in federal court. On appeal, the biological opinions were upheld and Reclamation issued
a Record of Decision to adopt them in 2016. Table 1-2 provides a summary of this consultation history.

Table 1-2. Consultation History

Rationale for
Date Issuer Document Consultation Subject / Species Finding
February USBR Interim Central OCAP
1992 Valley Project
Operations
Criteria and
Plan
June 1993 NMFS BO Winter-Run listed in | Winter-Run Chinook Jeopardy
1991 Salmon
March 1995 | USFWS | BO Delta Smelt listed in | Delta Smelt and Splittail | Non-jeopardy
March 1993;
Splittail proposed in
1994
June 2004 USBR BA Combined ESA Winter-Run Chinook Likely to
species consultation | Salmon, Spring-Run Adversely
in one assessment Chinook Salmon, Affect: Winter-
Steelhead, Coho Salmon, | run, Spring-run,
Delta Smelt CV Steelhead,;
May Affect/Not
Likely to
Adversely
Affect: Coho,
Delta Smelt
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Rationale for
Date Issuer Document Consultation Subject / Species Finding
July 2004 USFWS | BO Coordinate with Delta Smelt Non-Jeopardy
combined NMFS
ESA species
consultation
October NMFS BO Combined ESA Winter-Run Chinook Non-Jeopardy
2004 species consultation | Salmon, Spring-Run
Chinook Salmon,
Steelhead, Coho Salmon
May 2008 USBR BA Green Sturgeon was | Winter-Run Chinook Adversely
listed in 2006; Salmon, Spring-Run Affect: Delta
Pelagic Organism Chinook Salmon, Smelt; LAA: CV
Decline Steelhead, Green steelhead,
Sturgeon, Coho Salmon, | Winter-run,
Delta Smelt spring-run;
Green Sturgeon;
NLAA: Coho
Salmon
December USFWS | BO Pelagic Organism Delta Smelt Jeopardy
2008 Decline; conflicts
with Sturgeon
June 2009 NMFS BO and Green Sturgeon Winter-Run Chinook Jeopardy and
Conference listed in 2006 Salmon, Spring-Run Adverse Mod
Opinion Chinook Salmon,
Steelhead, Green
Sturgeon
January USBR BA Drought; New Winter-Run Chinook See Effects
2019 Science; Declining Salmon, Spring-Run Determination in

status

Chinook Salmon,
Steelhead, Green
Sturgeon, Coho, Delta
Smelt

this document
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Chapter 2 Status of Aquatic and Terrestrial
Species and Designated Critical
Habitat

2.1 Sacramento River Winter-Run Chinook Salmon ESU
211 ESA Listing Status

NMFS, under an emergency interim rule, listed the Sacramento River Winter-Run Chinook Salmon
Evolutionarily Significant Unit (ESU) as a threatened species under the ESA in August 1989 (54 Federal
Register [FR] 32085). In 1994, NMFS reclassified the ESU as endangered due to several factors: the
continued decline and increased variability of run sizes including expected weak returns due to small year
classes in 1991 and 1993, and continuing threats to the species (59 FR 440). The ESU consists of one
population in the mainstem of the Upper Sacramento River in California’s Central Valley below Keswick
Dam. NMFS reaffirmed the listing of the Sacramento River Winter-Run Chinook Salmon ESU as
endangered on June 28, 2005 (70 FR 37160), and expanded the ESU to include Winter-Run Chinook
Salmon produced by the Livingston Stone National Fish Hatchery (LSNFH) artificial propagation program
in the ESU.

On May 26, 2016, after a third 5-year status review (81 FR 33468), NMFS (2016a) determined that the
viability of the ESU had continued to decline on average 15 percent per year, or from 38 percent to 67
percent since 2010. Although the population size and catastrophe rate and effect have remained at the
low-risk threshold (<90 percent decline in one generation, or annual run size of less than 500 spawners)
since the 2010 status review, the population decline and hatchery influence criteria have both been
elevated to a moderate extinction risk (NMFS 2016a). NMFS concluded that the ESU classification as an
endangered species is appropriate and should be maintained (NMFS 2016a).

2.1.2 General Life-History and Habitat Requirements

Chinook Salmon in the Central Valley have four distinct races: Fall, Late-Fall, Winter, and Spring. The
name of the runs come from the peak migration timing with peak runs for Fall-Run occurring during
August to November, late-fall occurring November to February, Winter-Run January to May, and Spring-
Run April to August (Vogel and Marine 1991). Fall and late-fall enter as mature and ready to spawn.
Winter-Run and Spring-Run return immature and hold in the river until reaching maturity. The adults
enter freshwater in an immature state and migrate far upstream where spawning is delayed for weeks or
months (Healey 1991). Juveniles migrate out to sea in November through April after several months of
rearing in streams (Healey 1991). The adult Winter-Run Chinook Salmon upstream spawning migration
in the Sacramento River occurs from December through July, with the majority of the run passing the Red
Bluff Diversion Dam from January through May, peaking in mid-March (NMFS 2009; NMFS 2014).
Adults prefer to hold in deep cold pools until they are sexually mature and ready to spawn during spring
or summer. Winter-Run Chinook Salmon spawn primarily between mid-April and mid-August, with peak
spawning generally occurring in June (Vogel and Marine 1991).

2-1



U.S. Bureau of Reclamationqg Status of Aquatic and Terrestrial Species and
Designated Critical Habitat

Spawning occurs in gravel substrate in relatively fast-moving, moderately shallow riffles or along banks
with relatively high water velocities to promote higher oxygen levels and eliminate fines in the substrate.
Depending on ambient water temperature, embryos hatch within 40 to 60 days, and alevin (yolk-sac fry)
remain in the gravel beds for an additional 4 to 6 weeks. As their yolk-sacs become depleted, fry begin to
emerge from the gravel and start exogenous feeding typically in late July to early August and continuing
through October (Fisher 1994). Emergence usually occurs in late July, but as early as mid-June through
mid-October. Post-emergent fry inhabit calm, shallow waters with fine substrates and depend on fallen
trees, undercut banks, and overhanging riparian vegetation for refuge (Healey 1991).

Winter-Run Chinook Salmon fry and juvenile emigration past the Red Bluff Diversion Dam occurs as
early as mid-July and extends as late as the end of March during dry water years (Vogel and Marine 1991;
NMFS 1997, both as cited in NMFS 2014), although primary migration ends in December (Poytress and
Carillo 2010, 2011, 2012). A large pulse of juvenile Winter-Run Chinook Salmon have been observed to
emigrate past Knights Landing and into the Delta during and shortly after the first large autumn storm
event (del Rosario et al. 2013). They occur in the Delta as early as November through as late as April
(SacPAS, see Figure 2.1-1). Ocean entry begins as early as November and continues through May (Fisher
1994; Myers et al. 1998, both as cited in NMFS 2014). Winter-Run Chinook Salmon then, for the most
part, spend 3 years in the ocean before returning to the river as spawning adults.
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Figure 2.1-1. Migration Timing, Brood Years 2003-2017—Juvenile Winter Chinook, Knight's
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During juvenile rearing and downstream movement, salmonids prefer stream margin habitats with
sufficient depths and velocities to provide suitable cover and foraging opportunities. Ephemeral habitats,
such as floodplains and the lower reaches of small streams, are also very important to rearing Chinook
Salmon as these areas can be much more productive than the main channel and provide refuge from
predatory fishes (Maslin et al. 1997; Sommer et al. 2001a). However, side channels with narrow inverts
and nearshore areas with broad flat areas including low-gradient floodplains also can strand and isolate
juveniles when high flows subside quickly (NMFS 1997). The greater availability of prey and favorable
rearing conditions in floodplains increases juvenile growth rates compared with conditions in the
mainstem and this can lead to improved survival rates during both their migration through the Delta and
later in the marine environment (Sommer et al. 2001a). However, newer research has not found that the
Yolo Bypass, a large floodplain, consistently provides better survival conditions for Chinook Salmon than
the mainstem of the Sacramento River (Sommer et al. 2005; Takata et al. 2017).

2.1.3 Historical and Current Distribution and Abundance

Areas where Winter-Run Chinook Salmon historically spawned are now inaccessible due to Keswick and
Shasta Dams. Streams in which populations of Winter-Run Chinook Salmon were known to historically
exist were fed by cool, constant springs that provided the flows and low temperatures required for
spawning, incubation, and rearing during the summer season (Slater 1963). Winter-Run Chinook Salmon
spawning occurs in the summer months. Naturally occurring summer flows in river reaches below
Keswick Dam would have historically precluded spawning. This suggests that the area below Shasta and
Keswick dams was likely utilized for Winter-Run Chinook Salmon juvenile rearing and migration only.
The life-history timing of the Winter-Run Chinook Salmon, requiring cold summer flows, indicates that
the run historically occurred upstream of Keswick and Shasta dams and included the upper Sacramento
River, McCloud River, Pit River, Fall River and Hat Creek and Battle Creek a tributary below Keswick
and Shasta Dams (Yoshiyama et al. 1996, 2001; Lindley et al. 2004; NMFS 2014b), where summer flow
and water temperature requirements were met (Yoshiyama et al. 2001).

Winter-Run Chinook Salmon are currently found in the mainstem Sacramento River downstream of
Keswick dam. This population is maintained through cold water releases from Shasta Reservoir that
create spawning and rearing habitat in the reach between Redding and the Red Bluff Diversion Dam. The
construction of the Anderson-Cottonwood Irrigation District Diversion Dam in 1916 created a partial
passage barrier as did the Red Bluff Diversion Dam in 1962. Since completion of Shasta Dam in 1945,
primary spawning and rearing habitats have been confined to the cold water areas between Keswick Dam
and the Red Bluff Diversion Dam (NMFS 2014).

Yearly Winter-Run escapement was estimated by counts in traps at the top of fish ladders at the Red Bluff
Diversion Dam and more recently has been estimated using carcass counts. Escapements have declined
from the 1960s and 1970s. The run size in 1969 was approximately 120,000, while run sizes averaged

600 fish from 1990 to 1997 (Moyle 2002). Escapement subsequently increased after Red Bluff Diversion
Dam operations were modified and temperature control shutters were installed on Shasta Dam, but has
declined since 2005 (Reclamation 2008; NMFS 2016). Winter-Run Chinook Salmon adult escapement
data for the Sacramento River Basin from 1974 to 2016 are included in Figure 2.1-2 below (CDFW
2018). Preliminary data show a decline since 2012.
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Figure 2.1-2. Winter-Run Chinook Salmon Adult Escapement (1974-2016) (CDFW 2018)

In addition to the Sacramento River, Juvenile Winter-Run Chinook Salmon have also been found to rear
in areas including the lower American River, lower Feather River, Battle Creek, Mill Creek, Deer Creek,
and the Delta (Phillis et al. 2018). Phillis et al. (2018) found with isotope data that 44 to 65 percent of
surviving Winter-Run Chinook Salmon adults reared in non-natal habitats as juveniles. The lower reaches
of the Sacramento River, the Delta, and San Francisco Bay serve as migration corridors for the
downstream migration of juvenile and upstream migration of adult Winter-Run Chinook Salmon.

Until recent years, salmon passage was not allowed above the Coleman Hatchery barrier weir located on
Battle Creek. No Winter-Run Chinook Salmon spawning has been observed in Battle Creek but Winter-
Run Chinook Salmon were detected above the weir in 2006 (high flow year). All Winter-Run Chinook
Salmon production currently occurs in the Sacramento River or Livingston Stone Fish Hatchery (CDFG
2004).

2.14 Limiting Factors, Threats, and Stressors

The major factor that limits the range of Winter-Run Chinook Salmon is the existence of dams, which
have created barriers to upstream migration. Factors currently limiting abundance include the altered flow
regime, which has led to changed water temperatures, reduced gravel mobilization, reduced riparian
recruitment, etc; deteriorated habitat quality; entrainment in water diversions; predation pressure on
juveniles; and loss of riparian and floodplain habitat. These factors are discussed below and in the “Past
and Present Impacts” section of Chapter 3, Environmental Baseline, Biological Assessment.
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Warm water releases from Shasta Dam have been a significant stressor to Winter-Run Chinook Salmon,
especially when releases were warmer than usual because of the recent extended drought in California
from 2012 through 2015 (NMFS 2016). The optimal water temperature for egg incubation ranges from 46
degrees Fahrenheit (°F) to 56°F (7.8 degrees Celsius (°C) to 13.3°C), and a significant reduction in egg
viability occurs in mean daily water temperatures above 57.5°F (14.2°C) (Seymour 1956, Boles 1988,
USFWS 1999, EPA 2003, Richter and Kolmes 2005, Geist et al. 2006). New temperature modeling show
higher sensitivity to increases in water temperature due to exponential increases in oxygen demand with
rise in temperature during the final weeks of egg-embryo maturation before the alevin stage (Martin et al.
2016, Anderson 2018). Despite Reclamation’s best efforts to maintain appropriate spawning
temperatures, there was increased mortality during the 2012-2015 drought. Warm water releases from
Shasta Reservoir in 2014 and 2015 contributed to 5.9 percent and 4.2 percent egg-to-fry survival rates
respectively, to the Red Bluff Diversion Dam.

Climate experts predict physical changes to ocean, river and stream environments along the West Coast
that include warmer atmospheric temperatures, diminished snow pack resulting in altered stream flow
volume and timing, lower late summer flows, a continued rise in stream temperatures, and increased sea-
surface temperatures and ocean acidity resulting in altered marine and freshwater food-chain dynamics
(Williams et al. 2016). Climate change and associated impacts on water temperature, hydrology, and
ocean conditions are generally considered likely to have substantial effects on Chinook Salmon
populations in the future (NMFS 2014). Global parameters, such as ocean conditions, have also
demonstrated a marked effect on adult escapement (Lindley et al. 2009).

Impacts from hatchery fish (i.e., reduced fitness, weaker genetics, smaller size, less ability to avoid
predators) have deleterious impacts on natural in-river populations (Matala et al. 2012). These impacts are
associated with hatchery fish spawning naturally (i.e., second generational). During recent years, when
the hatchery program was scaled up in size and natural production faltered, hatchery fish made up the vast
majority of winter Chinook that spawned both in the river and at LSNFH. The Winter-Run Chinook
Salmon conservation program at LSNFH is controlled by the USFWS to reduce such impacts. The
average annual hatchery production at LSNFH is approximately 176,348 Winter-Run Chinook Salmon
per year compared to the estimated natural production that passes the Red Bluff Diversion Dam, which is
approximately 878,000 per year based on the 2012 to 2018 average (\Voss et al. 2018), or 4.7 million per
year based on the 2002 to 2010 average (Poytress and Carrillo 2011). Therefore, hatchery production can
be up to approximately 20 percent of the total in-river juvenile production in any given year.

2141 Habitat Quality

Construction of Keswick and Shasta Dam for agricultural, municipal, and industrial water supply has
eliminated access to historical holding and spawning grounds above Keswick Dam, approximately 200
river miles (Yoshiyama et al. 1996). Rearing habitat quantity and quality has been reduced in the upper
Sacramento River as a result of channel modification and levee construction (Lindley et al. 2009). Much
of the historical floodplain habitat has been developed or converted, this has decreased shallow water
habitat that has high residence time needed for food production (Jefferes et al. 2008; Katz et al. 2018;
Ahearn et al. 2006).

More information on stressors of native fish, including physical, hydrologic, and biological alteration are
described in the environmental baseline. Additional factors include other water quality parameters (e.g.,
dissolved oxygen), food quality and quantity, biotic interactions (e.g., predation and competition), altered
hydrology in the Sacramento—San Joaquin Delta, loss of tidal marsh, commercial and/or recreational
harvest, and predation from introduced species such as striped bass (NMFS 2014).
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2.15 Water Operations Management

The Sacramento River system includes several major features and facilities that are relevant to
temperature management: (1) Shasta Dam and Lake, and the installed Temperature Control Device
(TCD); (2) interbasin transfers from the Trinity River Basin, which are conveyed through Whiskeytown
Lake, the Clear Creek Tunnel and Carr Powerhouse, and the Spring Creek Tunnel; and (3) Keswick
Reservoir, which regulates releases from Shasta Dam and Spring Creek Powerhouses, resulting in a stable
flow regime for release from Keswick Dam.

Reclamation currently uses the Shasta TCD to improve temperatures while minimizing power loss. At
Shasta Reservoir, Reclamation seeks to build cold water pool for Winter-Run Chinook Salmon spawning
and incubation in the summer. Reclamation seeks to build storage through the fall, winter, and spring
months. When higher releases from Shasta Dam are required in the fall through spring timeframe, this
may reduce the summer cold water pool. Higher releases may be requested to avoid Winter-Run and Fall-
Run Chinook Salmon redd dewatering, spring pulses for juvenile outmigration, or increased releases to
meet Delta outflow or salinity requirements per D-1641. Usually, flows in the Sacramento River are kept
high until the Winter-Run Chinook Salmon fry have emerged from the gravel. However, higher flows
sometimes overlap the period in which Fall-Run Chinook Salmon begin to spawn, leading to Fall-Run
Chinook Salmon spawning in shallow locations that may be out of water when Reclamation reduces
flows for building storage. Once the Fall-Run Chinook Salmon begin spawning, fish agencies frequently
want to maintain releases at the same level as where spawning occurred to avoid redd dewatering.

The Sacramento River Temperature Task Group (SRTTG) is a multiagency group, formed pursuant to
SWRCB Water Rights Orders 90-5 and 91-1, to assist with increasing and stabilizing Chinook
populations in the Sacramento River. Annually, Reclamation develops operation plans for controlling
temperatures within the Shasta and Trinity divisions of the CVVP. These plans consider impacts on Winter-
Run and other races of Chinook Salmon, and associated project operations. Meetings are held initially in
the spring to discuss biological, hydrologic, and operational information, objectives, and alternative
operations plans for temperature control. Once an operation plan for temperature control is recommended,
Reclamation submits the report to the SWRCB, generally on or before June 1 each year. The SRTTG may
continue to meet throughout the year or other groups may be formed to discuss temperature management.

Fish agencies generally seek to maintain a 56 degree compliance location as far downstream as possible
for as long as possible. Maintaining cold water too far downstream risks prematurely using up the cold
water pool and results in warmer-than-desired temperatures at the end of the temperature control season.
Fish agencies have further requested that Reclamation operate to experimental water temperature control
regimes. The primary examples are the 7 Daily Average Daily Maximum (DADM) () and the 53.5°F
Daily Average Temperature (DAT) at the Clear Creek gage on the Sacramento River (CCR). The
requested temperature control regimes may deplete cold water faster than the objective of 56°F at Balls
Ferry accorning to D-90-5 and pose substantial operational challenges.

Reclamation and DWR coordinate regarding downstream requirements (Delta outflow, Delta salinity,
turbidity, etc) under D-1641 via the COA. Reclamation and DWR split requirements between the CVP
and SWP. After splitting requirements with the SWP, Reclamation plans how to the meet the CVP share
of the requirements via a combination of releases from Folsom Reservoir, releases from Shasta Reservoir,
and/or reducing exports. The amount of water from each reservoir depends upon reservoir storage,
channel capacity, fishery concerns, projected inflows, and projected end-of-September storage.
Reclamation balances releases so that no one reservoir bears the full burden of meeting downstream
requirements.
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Congress authorized Shasta and Trinity Dams to work in an integrated fashion for “the principal purpose
of increasing the supply of water available for irrigation and other beneficial uses” in the Central Valley.
69 Stat. 719. Exports from Trinity Reservoir helped decrease the demand on Shasta Reservoir for water
supply and brought colder water directly into the Sacramento River system, preserving a larger cold water
pool volume in Shasta Reservoir. Reclamation heavily relies on both reservoirs to meet multiple
obligations for listed fish species in both basins. First, there are limitations on transbasin diversions from
the Trinity Basin due to requirements in the Trinity River. The 2000 Trinity River Record of Decision
(Trinity ROD) strictly limits Reclamation’s transbasin diversions to 55 percent of annual inflow on a 10-
year average basis for the restoration and protection of the Trinity fishery, which restricts the amount of
water authorized for exportation to the Central Valley. Pursuant to the Trinity ROD, the Trinity Reservoir
now also provides flows for the Trinity River Restoration Program to improve conditions for the native
fisheries on the Trinity River.

During the extraordinary conditions in 2014 and 2015, under extreme drought, as part of a coordinated
response to improve Shasta Reservoir cold water pool management, a number of measures were taken on
a temporary basis that included: (1) work with the State Board and water users to lower Wilkins Slough
navigational flow requirements; (2) request that the State Board relax D-1641 Delta water quality
requirements; (3) delay Sacramento River Settlement Contractor depletions, and transfer a volume of their
water in the fall rather than increase depletions throughout the summer; (4) target slightly warmer
temperatures during the Winter-Run Chinook Salmon holding period (before spawning occurs); and (5)
install temporary improvements on the Shasta Dam TCD curtain (in 2015).

In 2017, Reclamation agreed to a long-term plan to provide fall augmentation flows for the Lower
Klamath River. For the previous 15 years, and now under the 2017 long-term plan through 2030,
Reclamation has released fall augmentation flows to help support fish health (this practice began
following controversy and litigation over a large fish die off event that occurred in 2002 due to low
flows).

2.1.6 Recovery and Management Actions
The following sections are actions that have been taken to benefit Winter-Run Chinook Salmon.
216.1 Anadromous Fish Restoration Program

Reclamation annually expends funding for the CVPIA Anadromous Fish Restoration Program (AFRP),
CVPIA 3406(b)(1), to undertake reasonable measures to not less than double anadromous fish
populations from the 1967-1991 time period and to mitigate other adverse environmental effects. Winter-
Run actions are described in the Final Plan for the AFRP (2001).

2.1.6.2 Anadromous Fish Screen Program

Section 3406(b)(21) of the CVPIA authorized the Anadromous Fish Screen Program (AFSP) to assist the
State of California on unscreened diversions. The AFRP screens or installs “fish protective devices” on
diversions. The AFSP has developed guidelines to prioritize screening projects. Factors taken into
account include location of the diversion in relation to areas used by anadromous fish for spawning and
rearing, size of the diversion (or percent flow diverted in tributaries), season of diversion in relation to
anadromous fish use of the stream or reach, and placement of the diversion. All but one of the diversions
greater than 100 cubic feet per second (cfs) on the Sacramento River have fish screens.
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2.1.6.3 Anderson Cottonwood Irrigation District

The Anderson Cottonwood Irrigation District (ACID) operates a diversion dam across the Sacramento
River located 3.2 miles downstream from Keswick Dam. The ACID Diversion Dam was improved in
2001 and 2015 with the addition of new fish ladders and fish screens around the diversion. Since
upstream passage was improved a substantial shift in Winter-Run Chinook Salmon spawning has
occurred. In recent years, more than half of the Winter-Run Chinook Salmon redds have typically been
observed above the ACID diversion dam (Killam 2008).

2164 Battle Creek Restoration Program

The Battle Creek Salmon and Steelhead Restoration Project has a long history that includes research by
various organizations and collaboration among many resource agencies and public interest groups. In
1999, a cooperative effort among Reclamation, USFWS, NMFS, CDFW, and the Pacific Gas and Electric
Company (PG&E) led to the signing of a Memorandum of Understanding (MOU). The Battle Creek
Salmon and Steelhead Restoration Project includes modifications to facilities and adjustments to
operations for anadromous fish, including Winter-Run Chinook Salmon. Construction is anticipated to be
complete in 2023.

2.1.6.5 Spawning and Rearing Habitat Restoration

Reclamation expends annual funding for the CVPIA under Section 3406(b)(13) Spawning and Rearing
Habitat Program. The CVPIA (b)(13) program partners with other federal, state, and local agencies, water
users, and other stakeholders to develop and implement a continuing program for the purpose of restoring
and replenishing, as needed, salmonid spawning gravel lost due to the construction and operation of
Central Valley Project dams and other actions that have reduced the availability of spawning gravel and
rearing habitat in the Sacramento River.

The upper Sacramento River between Keswick Dam and the Red Bluff Diversion Dam presents several
opportunities for improving and restoring salmonid spawning and rearing habitats. Reclamation annually
injects spawning gravel into reaches of the Sacramento River where the majority of Winter-Run Chinook
Salmon spawn.

2.1.6.6 Glenn Colusa Irrigation District Hamilton City Fish Screen

Glenn Colusa Irrigation District (GCID) diverts a maximum of 3,000 cfs from the Sacramento River at
the Hamilton City pump station. The peak demand occurs in the spring, often at the same time as the peak
outmigration of juvenile salmon. Because GCID diverts up to 25 percent of the Sacramento River flow at
Hamilton City, GCID pumping operations were identified as a significant impediment to the downstream
juvenile salmon migration. In 2000, GCID and Reclamation completed a 620-foot-long fish screen
extension and channel improvements to minimize entrainment of salmonids into GCID’s facility.

2.1.6.7 Livingston Stone National Fish Hatchery

The USFWS manages a conservation hatchery program for Winter-Run Chinook Salmon at the LSNFH.
This hatchery program supplements the natural population according to strict guidelines developed in
conjunction with NMFS. Based on a review of available genetic and other information, this hatchery
stock was considered part of the Sacramento River Winter-Run Chinook Salmon ESU in 2005

(70 FR 37160).
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2.1.6.8 Red Bluff Diversion Dam

The Red Bluff Diversion Dam was decommissioned in 2013 providing unimpaired juvenile and adult fish
passage, so that adult Winter-Run Chinook Salmon could migrate through the structure at a broader range
of flows reaching spawning habitat upstream of that structure. This project was authorized by CVPIA
3406(b)(10).

2.1.6.9 Salmon Resiliency Strategy

The Sacramento Valley Salmon Resiliency Strategy, published in June 2017 by the State of California, is
an approach to improving species viability and resiliency by implementing specific habitat restoration
actions. Actions include: restoration on Battle Creek, Implement McCloud Reintroduction Pilot Plan,
Provide Instream Flows to Support Chinook Salmon and Steelhead in Mill, Deer, Antelope, and Butte
Creeks, Restore Fish Passage and Habitat in Upper Sacramento Tributaries, Restoration of Instream
Habitats in Upper Sacramento River, Improve Fish Passage by Removing Sunset Pumps Rock Dam on
the Feather River, Restore Off-Channel Rearing, Streambank, and Riparian Habitats and Migratory
Conditions along Upper/Middle/Lower Reaches of the Sacramento River, Complete Fish Screen
Construction on Major Diversions along the Sacramento River, Improve Sutter Bypass and Associated
Infrastructure to Facilitate Adult fish Passage and Improved Stream Flow Monitoring, Improve Yolo
Bypass Adult Fish Passage, Increase Juvenile Salmonid Access to Yolo Bypass, and Increase Duration
and Frequency of Yolo Bypass Floodplain Inundation, Construct Permanent Georgiana Slough Non-
Physical Barrier, Restore Tidal Habitat in the Delta, and other actions.

2.1.6.10 Shasta Temperature Control Device

Reclamation constructed the Shasta Temperature Control Device (TCD) under the CVPIA 3406(b)(6).
Reclamation operates the Shasta TCD to conserve the available cold pool in the reservoir for spawning
and egg incubation temperatures for Winter-Run Chinook Salmon without hydropower bypass.
Reclamation manages releases to maintain suitable depths over Winter-Run Chinook Salmon redds to
avoid dewatering when possible.

2.16.11 Whiskeytown Reservoir Spring Creek and Oak Bottom Temperature
Curtains

Reclamation has replaced both the Spring-Creek and Oak Bottom temperature curtains in Whiskeytown
Reservoir to improve temperature flexibility and build cold water pool temperature compliance for Clear
Creek and Sacramento River.

2.1.6.12 Yolo Bypass Salmonid Habitat Restoration and Fish Passage Project

Most salmonid floodplain rearing habitat in the Sacramento Valley was altered or blocked from use by
dams and levees. The Yolo Bypass is the largest remaining floodplain in the Sacramento Valley, but is
only accessible when the Sacramento River exceeds the crest of the Fremont Weir during high flow
events. The Yolo Bypass Salmonid Habitat Restoration and Fish Passage Project is a joint effort
undertaken by DWR and Reclamation. The project largely focuses on infrastructure modifications to
increase the number of juvenile salmonids that have access to floodplain habitat in the Yolo Bypass
through Fremont Weir; and, to increase the ability of adult salmon and sturgeon to migrate from the Yolo
Bypass to the Sacramento River.
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2.1.6.13 California EcoRestore

California EcoRestore is an initiative to help coordinate and advance at least 30,000 acres of critical
habitat restoration in the Sacramento—San Joaquin Delta (Delta) by 2020. The program includes a broad
range of habitat restoration projects, including aquatic, sub-tidal, tidal, riparian, flood plain, and upland
ecosystem.

Projects completed to date include the following:

e Fremont Weir Fish Passage Modification—This project widened and deepened the existing fish
ladder at the Fremont Weir and the upstream and downstream adjoining channels were
reconfigured to accommodate migratory fish passage. Existing earthen agricultural road crossings
were replaced by permanent crossings that allow for the clear passage of migratory fish.

e Khnights Landing Outfall Gates—A positive fish barrier, was constructed (with new concrete wing
walls and installation of a metal picket weir) on the downstream side of the existing Knights
Landing Outfall Gate in the Colusa Basin Drain. This project serves primarily as a fish passage
improvement action that will prevent salmon entry into the Colusa Basin Drain where they
become trapped with no access back to the Sacramento River.

e Wallace Weir—The project consisted of constructing a permanent earthen weir that was hardened
to withstand winter floods to prevent adult salmon entry into the Colusa Basin Drain. A fish
rescue facility was incorporated into the weir so fish that arrive at the Wallace Weir via the Yolo
Bypass can be safely and effectively rescued and returned to the Sacramento River to resume
their migration to upriver spawning grounds.

e Lindsey Slough—The project restored habitat function and connectivity to 159 acres of
freshwater emergent wetlands and 69 acres of alkali wetlands, and recreated and reconnected a 1-
mile tidal channel.

e Sherman Island—The project constructed levee setbacks in Mayberry Slough that will augment
existing riparian vegetation and restore tidal wetland that will provide habitat for native species
including salmonids.

2.1.6.14 Battle Creek Winter-Run Chinook Salmon Reintroduction Plan

The Battle Creek Winter-Run Chinook Salmon Reintroduction Plan is a key action in the NMFS
Recovery Plan for the Evolutionarily Significant Units of Sacramento River Winter-Run Chinook
Salmon. Reintroduction of Winter-Run Chinook Salmon into North Fork Battle Creek is part of a larger
strategy in the NMFS Recovery Plan to restore some of the spatial structure of the ESU by reintroducing
populations to habitats from which they have been extirpated.

2.1.6.15 Flyway Farms Tidal Habitat Restoration Project

This project has restored seasonal wetland and cattle grazing land to sub-tidal, intertidal and seasonal
wetlands to benefit native fish species. The project involves restoring and enhancing approximately

300 acres of tidal freshwater wetlands, and an additional 30 acres of seasonal wetlands, at the southern
end of the Yolo Bypass. It isdesigned to maximize residency time and foodweb production by capturing
and slowly draining water through the excavation of two breaches along the Yolo Bypass Toe Drain and
interior channels to connect and enhance existing wetlands on site. The goal is to improve habitat
conditions for salmonids by providing rearing habitats for out-migrating juveniles and migratory habitats
for adults.
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2.1.6.16 Shasta Dam Fish Passage Evaluation

The Shasta Dam Fish Passage Evaluation was an effort to determine the feasibility of reintroducing
Winter-Run and Spring-Run Chinook Salmon and Steelhead to tributaries above Shasta Dam. The
evaluation was part of Reclamation’s response to the June 4, 2009, NMFS Biological Opinion (BO) and
Conference Opinion on the Long-Term Operation of the Central Valley Project (CVP) and State Water
Project (SWP) (NMFS 2009).

2.1.6.17 Harvest Management

NMFS’ current Winter-Run Chinook Salmon harvest management is set based on a 2012 RPA from the
NMFS Winter-Run Chinook Salmon ocean harvest fishery consultation. During the consultation, the
Pacific Fisheries Management Council expressed concern as initially no fishing was allowed below 500
forecasted Age 3 fish, and the rule did not account for drought. In response to these comments, NMFS
proposed a new rule that continues to allow for harvest down to a forecasted population of 0 Age 3
Winter-Run Chinook Salmon (NMFS, March 2018).

Figure 2.1-3 shows the 2012 harvest control rule compared to the 2018 harvest control rule. The x-axis is

the forecasted number of Age 3 Winter-Run Chinook Salmon. The y axis is the Impact Rate Cap, a metric
of the ocean harvest.
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Figure 2.1-3. 2012 Harvest Control Rule

Under the 2018 rules, NMFS has increased harvest pressures on Winter-Run Chinook Salmon.
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2.1.7 Monitoring and Research Programs

Monitoring and research programs help provide information on Winter-Run Chinook Salmon migration,
survival, and redd distribution. Since 2015, Reclamation has started Enhanced Acoustic Tag Salmonid
Monitoring (EATSM). EATSM is part of the Salmon and Sturgeon Assessment of Indicators by Lifestage
(SAIL) program, which improves monitoring by addressing vital population statistics rather than reliance
upon indexes. In 2018, EATSM conducted studies on hatchery-origin Winter-Run Chinook Salmon
movement (Figure 2.1-4), which represents fish arrivals per day at Tower Bridge in downtown
Sacramento (DOSS 2018). The two studies shown represent 20.7 percent survival (in red) and 26.9
percent survival (in teal).
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Figure 2.1-4. Tagged Hatchery Winter-Run Chinook Salmon Migration
between Redding and Sacramento in 2018

CDFW annually conducts aerial redd surveys and carcass counts. Table 2.1-1 shows the distribution of
Winter-Run Chinook Salmon redds from 2001 to 2018, a period after the ACID fish ladders were
installed. For the period of 2001-2018, the furthest downstream observed Winter-Run Chinook Salmon
redd was upstream of Tehama with over 98 percent of all observed redds occurring in the upper 20 river
miles.

Surveys also help CDFW compile annual population estimates of Chinook Salmon. Information is

entered into CDFW’s GrandTab and is accessible through www.calfish.org. Reclamation funds
monitoring, evaluation, and web-based data services through the Central Valley Prediction and
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Assessment of Salmon (SacPAS) tool online. This service also provides a publicly accessible reporting
system of historical and current information (www.cbr.washington.edu/sacramento/).

Table 2.1-1. Winter-Run Chinook Spawning Distribution, 2001-2018

Miles below 2001-2018 Yearly Percent
Reach Dam Distribution Average Distribution
Keswick to ACID Diversion Dam 3 3,482 226 45
ACID Diversion Dam to Highway 44 55 2,606 154 34
Bridge
Highway 44 Bridge to Airport Road 19 1,566 95 20
Bridge
Airport Rd. Bridge to Balls Ferry Bridge 27 75 4 1
Balls Ferry Bridge to Battle Creek 32 10 1 0
Battle Creek to Jellys Ferry Bridge 36 7 0 0
Jellys Ferry Bridge to Bend Bridge 45 10 1 0
Bend Bridge to Red Bluff Diversion 60 0 0 0
Dam
Red Bluff Diversion Dam to Tehama 74 11 1 0
Bridge
Total 7,767 482 100

2.2 Winter-Run Chinook Salmon Critical Habitat

NMFS designated critical habitat for the Sacramento River Winter-Run Chinook Salmon ESU on June
16, 1993 (58 FR 33212). Designated critical habitat encompasses the Sacramento River from Keswick
Dam (river mile 302) to Chipps Island (river mile 0) at the westward margin of the Delta, all waters from
Chipps Island westward to Carquinez Bridge, including Honker, Grizzly, and Suisun Bays, and Carquinez
Strait, all waters of San Pablo Bay westward of the Carquinez Bridge, and all waters of San Francisco
Bay (north of the San Francisco/Oakland Bay Bridge) from San Pablo Bay to the Golden Gate Bridge

(59 FR 440).

In the Sacramento River, critical habitat is the river water column, river bottom, and adjacent riparian

zone and the water column and essential foraging habitat and food resources west of Chipps Island
including the San Francisco Bay to the Golden Gate Bridge.
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Critical habitat consists of physical and biological habitat features considered essential for the
conservation of a species, which are referred to as Physical and Biological Features (PBFs). PBFs
outlined in the designation of critical habitat (57 FR 36626) include the following:

1. Unimpeded access from the Pacific Ocean to appropriate spawning areas in the upper Sacramento
River;

2. The availability of clean gravel for spawning substrate;

3. Adequate river flows for successful spawning, incubation of eggs, fry development and
emergence, and downstream transport of juveniles;

4. Water temperatures between 42.5 and 57.50F for successful spawning, egg incubation, and fry
development;

5. Habitat and prey that is free of contaminants;
6. Riparian habitat that provides for successful juvenile development and survival; and

7. Unimpeded passage of juveniles downstream from the spawning grounds to San Francisco Bay
and the Pacific Ocean.

2.3 Chinook Salmon, Central Valley Spring-Run ESU
231 ESA Listing Status

The Central Valley Spring-Run Chinook Salmon ESU was listed as threatened under the ESA in 1999
because of the reduced range and small size of remaining Spring-Run Chinook Salmon populations

(64 FR 50393). On June 28, 2005, NMFS published the final hatchery listing policy (70 FR 37204) and
reaffirmed the threatened status of the ESU (70 FR 37160). The ESU consists of naturally spawned
Spring-Run Chinook Salmon originating from the Sacramento River and its tributaries, and also from the
Feather River Fish Hatchery (FRFH) Spring-Run Chinook Program (NMFS 2016b).

Based on a review of the available information, NMFS (2016b) recommends that the Central Valley
Spring-Run Chinook Salmon ESU remain classified as a threatened species. NMFS’ review also indicates
that the biological status of the ESU has probably improved since the previous status review in 2010-
2011 and that the ESU’s extinction risk may have decreased. However, the ESU is still facing substantial
risks (Williams et al. 2016). Spring-Run Chinook Salmon escapement data for the Sacramento River
Basin (CDFW 2018b) indicate that Spring-Run Chinook Salmon populations have steadily declined in
abundance from 2014 through 2017 since peaking in 2013. As part of the 5-year review, NMFS also re-
evaluated the status of the FRFH stock and concluded that it should remain part of the Central Valley
Spring-Run Chinook Salmon ESU.

2.3.2 General Life-History and Habitat Requirements

Adult Spring-Run Chinook Salmon enter freshwater as immature fish between mid-February and July and
remain in deep cold pools in proximity to spawning areas until they are sexually mature and ready to
spawn in late summer and early fall, depending on water temperatures (CDFG 1998; NMFS 2009).
Spawning occurs in gravel substrate in relatively fast-moving, moderately shallow riffles or along banks

with relatively high water velocities to promote higher oxygen levels and eliminate fines in the substrate.
Fry emerge from the gravel from November to March (Moyle 2002) and can have highly variable
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emigration timing based on various environmental factors (NMFS 2009). Post-emergent fry inhabit calm,
shallow waters with fine substrates and depend on fallen trees, undercut banks, and overhanging riparian
vegetation for refuge (Healey 1991).

Some juveniles begin emigrating soon after emergence from the gravel, whereas others over-summer and
emigrate as yearlings with the onset of intense fall storms (CDFG 1998). The emigration period for
Spring-Run Chinook Salmon can extend from November to early May, with up to 69 percent of the
young-of-the-year fish outmigrating through the lower Sacramento River and Delta during this period
(CDFG 1998 as cited in NMFS 2009). Peak movement of yearling Spring-Run Chinook Salmon in the
Sacramento River at Knights Landing occurs in December and again in March and April for young-of-
the-year juveniles (NMFS 2009).

During juvenile rearing and downstream movement, salmon prefer stream margin habitats with sufficient
depths and velocities to provide suitable cover and foraging opportunities. As described for Winter-Run
Chinook Salmon, off-channel areas and floodplains can provide important rearing habitat. The greater
availability of prey and favorable rearing conditions in floodplains increases juvenile growth rates
compared with conditions in the mainstem Sacramento River, which can lead to improved survival rates
during both their migration through the Delta and later in the marine environment (Sommer et al. 2001a).

2.3.3 Historical and Current Distribution and Abundance

Spring-Run Chinook Salmon populations historically occupied the headwaters of all major river systems
in the Central Valley up to any natural barrier (Yoshiyama et al. 1998; Reclamation 2008). The
Sacramento River was used as a migratory corridor to spawning areas in upstream tributaries and
headwater streams (CDFG 1998). The most complete historical record of Spring-Run Chinook migration
timing and spawning is contained in reports to the U.S. Fish Commissioners of Baird Hatchery operations
on the McCloud River (Stone 1893, 1895, 1896a, 1896b, 1896¢, 1898; Williams 1893, 1894; Lambson
1899, 1900, 1901, 1902, 1904, all as cited in CDFG 1998). Spring-Run Chinook migration in the upper
Sacramento River and tributaries extended from mid-March through the end of July with a peak in late
May and early June. Baird Hatchery intercepted returning adults and spawned them from mid-August
through late September. Peak spawning occurred during the first half of September. The average time
between the end of Spring-Run spawning and the onset of Fall-Run spawning at Baird Hatchery was 32
days from 1888 through 1901.

Construction of the Shasta and Keswick Dams in 1945 and 1950, respectively, has blocked passage to
areas of historic spawning habitat, limiting potential spawning habitat to areas downstream of the dams.
The presence of dams on the Sacramento River has blocked upstream passage of Spring-Run Chinook
Salmon to historically available spawning habitat and confined them to a much smaller area of the
watershed. Current spawning is restricted to limited areas in mainstem reaches below the lowermost
impassable dams and in a few select tributaries with reduced habitat availability. However, Spring-Run
spawned and continue to spawn in rivers other than the Sacramento River. The Central Valley drainage as
a whole is estimated to have supported annual runs of Spring-Run Chinook Salmon as large as 600,000
fish between the late 1880s and 1940s (CDFG 1998). Following construction of Shasta, Keswick, and
Friant dams, annual runs were estimated to be no more than 26,000 fish in the 1950s and 1960s (CDFW
GrandTab data; Yoshiyama et al. 1998). Before the construction of Friant Dam (completed in 1942),
nearly 50,000 adults were counted in the San Joaquin River (Fry 1961). The San Joaquin populations
were essentially extirpated by the 1940s, with only small remnants of the run that persisted through the
1950s in the Merced River (Hallock and VVan Woert 1959; Yoshiyama et al. 1998).
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The Central Valley Spring-Run Chinook Salmon ESU has displayed broad fluctuations in adult
abundance. Estimates of Spring-Run Chinook Salmon in the Sacramento River and its tributaries (not
including the lower Yuba and Feather rivers because CDFW’s GrandTab does not distinguish between
Fall-Run and Spring-Run Chinook Salmon in-river spawners, and not including the FRFH) have ranged
from 1,105 in 2017 to 25,890 in 1982.

Since 1995, Spring-Run Chinook Salmon annual run size estimates typically have been dominated by
Butte Creek returns. Of the three tributaries producing naturally spawned Spring-Run Chinook Salmon
(Mill, Deer, and Butte creeks), Butte Creek has produced an average of two-thirds of the total production
over the past 10 years (DWR and Reclamation 2017; CDFW 2018b). During recent years, Spring-Run
Chinook Salmon escapement estimates (excluding in-river spawners in the Yuba and Feather rivers) have
ranged from 23,696 in 2013 to 1,796 in 2017 throughout the tributaries to the Sacramento River surveyed
(CDFW 2018b).

Spring-Run Chinook Salmon population estimates remain low. Spring-Run Chinook escapement was
estimated to be 6,453 in 2016 and 1,105 in 2017 (Figure 2.3-1; Azat 2018). In addition, fish monitoring is
conducted throughout the year at the Tracy Fish Collection Facility (TFCF) and the John E. Skinner Delta
Fish Protective Facility (Skinner Fish Facility) (collectively referred to as the Delta fish facilities). During
WY 2017, 26,551 wild juvenile Spring-Run and 963 hatchery Spring-Run were observed at the Delta fish
facilities, and 9,487 wild juvenile Spring-Run and 1,010 hatchery Spring-Run were observed during WY
2018. Fish monitoring is also conducted at the Rock Slough Intake by the Contra Costa Water District
(CCWD). No Spring-Run have been collected in CCWD’s Fish Monitoring Program at the Rock Slough
Intake since 2008.
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Figure 2.3-1. Estimates of Central Valley Spring-Run Chinook Salmon Escapement, 1975-2017
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234 Limiting Factors, Threats, and Stressors

As discussed in the Winter-Run Chinook Salmon section and in Section 3.1, Past and Present Impacts, ,
the habitat that remains for Spring-Run Chinook Salmon has been negatively impacted by inadequate
flows and increased water temperatures from dam and water diversion operations on streams throughout
the Sacramento River Basin including on Deer, Mill, and Antelope Creeks. Losses of suitable spawning
gravel, the development of deep channels and levees, pollutants and siltation from urban development,
mining, and water diversions are also stressors on this ESU (NMFS 2009; 2014).

The degradation and simplification of aquatic habitat in the Central Valley has greatly reduced the
resiliency of Spring-Run Chinook Salmon to respond to additional stressors such as an extended drought
and poor ocean conditions. Levee construction and maintenance projects have greatly simplified riverine
habitat and have disconnected rivers from the floodplain (NMFS 2016b).

Climate change poses a further threat to the species with increasingly high water temperatures and
changes to ocean conditions. Spring-Run Chinook Salmon may be particularly vulnerable as adults over-
summer in freshwater streams before spawning in autumn. The Central Valley Spring-Run Chinook
Salmon spawn primarily in the tributaries to the Sacramento River, and those tributaries without cold
water refugia will be more susceptible to impacts of climate change. Even in tributaries with cool water
springs, in years of extended drought and warming water temperatures, unsuitable conditions may occur
(NMFS 2016b). Juveniles often rear in their natal stream for one to two summers prior to emigrating, and
would be susceptible to warming water temperatures.

2.3.5 Water Operations Management

Spring-Run requirements do not typically control the operation of Shasta, Oroville, Folsom, or New
Melones Dams. On Clear Creek, Reclamation has a requirement from its 2002 water right as well as the
2000 Reclamation / USFWS /CDFW agreement to provide 50 cfs flow year-round, increasing to 70 cfs in
November and December of critical years and increasing to 100 cfs in November and December of
normal years. In addition to these flows, Reclamation makes releases as part of the CVPIA b(2) and
(b)(12) program. Reclamation’s operations follow the CVPIA AFRP guidelines (USFWS 2001) which,
for Clear Creek, are: “200 cfs October 1 to June 1 from Whiskeytown dam for Spring-Run, Fall-Run, and
Late Fall-Run Salmon spawning, egg incubation, emigration, gravel restoration, spring flushing and
channel maintenance; and release 150 cfs or less, from July through September to maintain less than 60°F
temperatures in stream sections utilized by Spring-Run Chinook Salmon.” Additionally, the less water
available for the transbasin diversion, the greater potential impact to Clear Creek temperatures as
adequate temperatures in Clear Creek are dependent to a large degree on the volume of water moving
through Lewiston and Whiskeytown reservoirs.

2.3.6 Recovery and Management

The NMFS 2014 Recovery Plan for Sacramento River Winter-Run Chinook Salmon, Central Valley
Spring-Run Chinook Salmon, and Central Valley Steelhead outlines actions to restore habitat, access, and
improve water quality and quantity conditions in the Sacramento River to promote the recovery of listed
salmonids.

Under the CVPIA, Reclamation has funded the Service to undertake a number of actions to improve
Spring-Run including, but not limited to, the restoration of Butte Creek and passage improvements to
facilities on Mill Creek and Deer Creek. Spawning and rearing habitat improvements on the Upper
Sacramento River also benefit Spring-Run. For more details concerning Spring-Run Chinook in Clear
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Creek, see the 2017 Clear Creek Technical Team Annual Report for the Coordinated Long-Term
Operation Biological Opinion.

2.3.6.1 Clear Creek Restoration Program

Reclamation annually expends funding for the CVPIA, Section 3406(b)(12) Clear Creek Restoration
Program. The goals of the Clear Creek Restoration Program are to (1) provide flows to allow sufficient
spawning, incubation, rearing, and outmigration for Salmon and Steelhead; (2) restore the stream channel
and associated instream habitat; and (3) determine impacts of restoration actions on anadromous fish and
geomorphology. The program manages flows and temperatures through releases from Whiskeytown Dam
on a year-round basis to support the different life stages of Salmon and Steelhead in Clear Creek. The
amounts of water, considering timing, magnitude, and duration, and water temperature are controlled to
meet this goal. The Clear Creek Restoration Program is working on restoration of a 2-mile section of
Clear Creek floodplain and stream channel degraded by aggregate and gold mining, dams and diversions,
and annually injects gravel to recharge and maintain the system (approximately 8,000 to 10,000 tons of
gravel per year). The Clear Creek Restoration Program aims to create and maintain 347,288 square feet of
usable spawning habitat in Clear Creek.

2.3.6.2 Ocean Management

All of California’s Chinook Salmon stocks are impacted to some extent by ocean fisheries (NMFS, 2000).
As NMFS (2000) states, “the lack of an annual estimate of ocean harvest rate for the Central Valley fall
chinook stocks targeted by ocean fisheries makes assessment of fishery impacts on listed stocks difficult.
While the harvest rates on listed ESUs are believed to be less than that occurring on Central Valley fall
chinook, the lack of a harvest rate estimate for even the targeted Central Valley stocks requires the Pacific
Fisheries Management Council and NMFS to address recovery of weak stocks through “adaptive
management” strategies, in which fishing effort is either eliminated or reduced by somewhat judgemental
amounts and the effect is then assessed by monitoring spawning escapement in subsequent years.” The
2000 BO on ocean harvest’s effect (the Pacific Coast Salmon Plan) on Spring-Run Chinook Salmon
concluded that continued harvest was not likely to jeopardize the continued existence of Central Valley
Spring-Run Chinook Salmon (NMFS 2000).

To address the lack of an annual estimate of ocean harvest rate, one approach would be to estimate age-
specific ocean fishing mortality rates by using cohort reconstructions applied to tagged Feather River
Hatchery salmon (Satterthwaite et al. 2018). Harvest models that predict how Spring-Run would be
affected by fishing regulations could be developed from reference harvest rates (Satterthwaite et al. 2018).
Data and monitoring needs to better guide management of Central Valley Spring-Run Chinook including
genetic sampling of juvenile emigrants to improve juvenile production data (Satterthwaite et al. 2018).
Increased tagging and sampling of Spring-Run is needed to directly estimate ocean fishing mortality rates.

2.3.7 Monitoring and Research Programs

2371 San Joaquin River Restoration Program Experimental Population
Management and Monitoring

The San Joaquin River Restoration Program (SJRRP) has conducted and is in the process of conducting a
large number of Spring-Run monitoring and research programs. The SJRRP has released a combination
of FRFH and San Joaquin River Conservation and Research Facility (SCARF) Spring-Run Chinook
Salmon juveniles to the San Joaquin River since 2014. All juvenile Spring-Run Chinook Salmon released
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are adipose fin-clipped and coded wire tagged. More information is available here:
https://www.westcoast.fisheries.noaa.gov/central_valley/san_joaquin/san_joaquin_reint.html.

Because of previous release/reintroduction efforts, 2017 was the second year that adult Spring-Run
Chinook Salmon had the potential to return to the San Joaquin River. However, due to an above average
water year that prevented the placement of collection or counting stations, only limited monitoring
occurred during the anticipated migration period. No unmarked Spring-Run Chinook (indicating wild
origin) were seen in the lower reaches of the river.

UC Davis initiated a 2-year study in 2017 to calculate reach-specific survival and migration conditions for
juvenile salmonids in the Lower San Joaquin River and south Delta. In March 2017, 700 individual
SJRRP juveniles were tagged with acoustic JSATS tags and released in two evenly sized groups.

The SJRRP has established a parentage based tagging (PBT) program for the San Joaquin River Chinook
Salmon populations. PBT involves the annual sampling and genotyping of adult Chinook Salmon
returning to the Restoration Area; these data are being used to create a database of genotypes for future
parentage assignment of their progeny. Genetic sampling of the San Joaquin River Fall-Run Chinook
Salmon population began in 2013. As such, all adult Chinook Salmon returning to the Restoration Area in
2017/2018 were tissue sampled for genetic testing.
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Figure 2.3-2. Observed Chinook Salvage at SWP and CVP Delta Fish Facilities during WY 2017
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Figure 2.3-3. Observed Chinook Salvage at SWP and CVP Delta Fish Facilities during WY 2018

2.4 Spring-Run Chinook Critical Habitat

Critical habitat for the Central Valley Spring-Run Chinook Salmon was designated on September 2, 2005,
and includes the mainstem Sacramento River from Chipps Island (RM 0) to Keswick Dam, and tributary
reaches, including the Feather and Yuba rivers; Big Chico, Butte, Deer, Mill, Battle, Antelope, and Clear
creeks; and portions of the northern Delta (70 FR 52488).

Physical and Biological Features (PBFs) essential for the conservation of listed Chinook Salmon ESUs
are those sites and habitat components that support one or more life stages and include:

1. Freshwater spawning sites with water quantity and quality conditions and substrate supporting
spawning, incubation and larval development.

2. Freshwater rearing sites with water quantity and floodplain connectivity to form and maintain
physical habitat conditions and support juvenile growth and mobility; water quality and forage
supporting juvenile development; and natural cover such as shade, submerged and overhanging
large wood, log jams and beaver dams, aquatic vegetation, large rocks and boulders, side
channels, and undercut banks.

3. Freshwater migration corridors free of obstruction with water quantity and quality conditions and
natural cover such as submerged and overhanging large wood, aquatic vegetation, large rocks and
boulders, side channels, and undercut banks supporting juvenile and adult mobility and survival.

4. Estuarine areas free of obstruction with water quality, water quantity, and salinity conditions
supporting juvenile and adult physiological transitions between fresh- and saltwater; natural cover
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such as submerged and overhanging large wood, aquatic vegetation, large rocks and boulders, and
side channels; and juvenile and adult forage, including aquatic invertebrates and fishes,
supporting growth and maturation.

5. Nearshore marine areas free of obstruction with water quality and quantity conditions and forage,
including aquatic invertebrates and fishes, supporting growth and maturation; and natural cover
such as submerged and overhanging large wood, aquatic vegetation, large rocks and boulders, and
side channels.

6. Offshore marine areas with water quality conditions and forage, including aquatic invertebrates
and fishes, supporting growth and maturation.

2.5 Central Valley Fall-Run and Late Fall-Run Chinook Salmon,
Evolutional Significant Unit

251 ESA Listing Status

The Fall-Run and Late Fall-Run Chinook Salmon includes all spawning populations of Fall-Run and Late
Fall-Run Chinook Salmon in the Sacramento and San Joaquin River basins and their tributaries east of
Carquinez Strait, California (64 FR 50394). After reviewing the best available scientific and commercial
information, NMFS on September 16, 1999, determined that listing Central Valley Fall-Run and Late
Fall-Run Chinook Salmon was not warranted. On April 15, 2004, the Central Valley Fall-Run and Late
Fall-Run Chinook Salmon ESU was identified by NMFS as a Species of Concern (69 FR 19975).

Freshwater Essential Fish Habitat (EFH) for Pacific Salmon in the California Central Valley includes
waters currently or historically accessible to salmon within the Central Valley ecosystem as described in
Myers et al. (1998). EFH includes not only the watersheds of the Sacramento and San Joaquin River
basins but also the San Joaquin Delta (Delta), Suisun Bay, and the Lower Sacramento River.

25.2 General Life-History and Habitat Requirements

Chinook Salmon have evolved a broad array of life history patterns that allow them to take advantage of
diverse riverine conditions throughout the year. These life history patterns generally fall into two main
generalized freshwater life history types: stream-type and ocean-type (Healey 1991). Ocean-type Chinook
Salmon like Fall-Run and Late-Fall-Run enter freshwater in late summer and fall and spawn soon after,
and juveniles typically migrate to the ocean as young-of-the-year after several months or rearing.

Adult Fall-Run Chinook Salmon migrate through the Delta and into Central Valley rivers from June
through December. Individuals spawn in the Sacramento River and eggs and alevins are in the gravel
primarily between September and January, with a peak during October through December. Most
individuals (83.4 percent) spawn upstream of Red Bluff Diversion Dam, although, unlike other races of
Chinook salmon, a moderate percentage (16.6 percent) spawn below Red Bluff Diversion Dam

(Table 2.5-1).
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Table 2.5-1. The Temporal Occurrence of Adult and Juvenile Fall-Run Chinook Salmon at
Locations in the Central Valley

Location | Jan ‘ Feb | Mar | Apr | May | Jun ‘ Jul | Aug ‘ Sep ‘ Oct ‘ Nowv ‘ Dec
Adult
Deltal

Sacramento River
Basin?

San Joaquin River?

Juvenile

Sacramento River at
Red Bluff®

Delta (beach seine)*
Mossdale (trawl)*

West Sacramento River
[trawl)#

Chipps Island (trawl)*
Knights Landing
(trap)®

Relative Abundance: . = High ‘ ‘ = Medium | | = Low

Note: Darker shades indicate months of greatest relative abundance.

Sources:

1 State Water Project and Federal Water Project fish salvage data 1981-1988.
2 Yoshiyama et al. 1998; Moyle 2002; Vogel and Marine 1991.

3 Martin et al. 2001.

4 1.S. Fish and Wildlife Service 2001b.

5 Snider and Titus 2000.

Source: DWR and Reclamation 2016, p.11A-103

Table 2.5-2 shows the timing of the upstream presence of adult and juvenile life stages Late Fall-Run
Chinook Salmon in the Sacramento River. The months included in this table represent the periods during
which the majority (more than approximately 90 percent) of fish in a life stage are present. The life
history characteristics of Late Fall-Run Chinook Salmon are not well understood. Late Fall-Run Chinook
Salmon spawn in the Sacramento River and eggs and alevins are in the gravel primarily between
December and June, with a peak during January through March. Most adults (83.4 percent) spawn
upstream of Red Bluff Diversion Dam, and roughly two thirds (67.6 percent) spawn just below Keswick
Dam in the reach to the ACID Dam (Table 2.5-2).
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Table 2.5-2. The Temporal Occurrence of Adult and Juvenile Late Fall-Run Chinook Salmon at
Locations in the Central Valley

Location |Jan ‘Feb |Mar |Apr |May |Jun ‘Jul |Aug ‘Sep ‘Dct |Nmr ‘Den:
Adult
Deltal

Sacramento River
Basin?

Juvenile

Sacramento River at
Red Bluff®

Waest Sacramento
River (trawl)*

Delta (beach seine)* [N T

Chipps Island [trawl]*
Knights Landing

(trap)®

Relative Abundance: . = High | | = Medium ‘ ‘ =Low
Note: Darker shades indicate months of greatest relative abundance.

Sources:

L Moyle 2002.

Z Yoshiyama et al. 1998; Moyle 2002; Vogel and Marine 1991.
¥ Martin et al. 2001.

4 U.S. Fish and Wildlife Service 2001b.

* Snider and Titus 2000.

Source: DWR and Reclamation 2016, p.11A-104

In the Sacramento River, adult Fall-Run Chinook Salmon migrate upstream to spawn primarily during
July through December, with a peak during August and September (Table 2.5-1). Adults that reach
spawning grounds early in the season during July and August may hold before spawning (D. Swank, pers.
comm.). Adult Late Fall-Run Chinook Salmon migrate upstream primarily during November through
April (Table 2.5-2.).

Spawning occurs in gravel substrate in relatively fast-moving, moderately shallow riffles or along banks
with relatively high water velocities to promote higher oxygen levels and eliminate fines in the substrate.
Depending on ambient water temperature, embryos hatch in 40 to 60 days, and alevin (yolk-sac fry)
remain in the gravel beds for an additional 4 to 6 weeks. As their yolk-sacs become depleted, fry begin to
emerge from the gravel and start exogenous feeding. Fall-Run Chinook Salmon fry (i.e., juveniles shorter
than 2 inches long) in the Sacramento River generally emerge from December through March, with peak
emergence occurring by the end of January. In general, Fall-Run Chinook Salmon fry abundance in the
Delta increases following high winter flows. Most Fall-Run Chinook Salmon fry rear in fresh water from
December through June, with emigration occurring from December through June and a peak from
January through March (Table 2.5-1). Smolts that arrive in the estuary after rearing upstream migrate
quickly through the Delta and Suisun and San Pablo Bays. A very small number (generally less than 5
percent) of Fall-Run juveniles spend over a year in fresh water and emigrate as yearling smolts the
following November through April.
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Late Fall-Run Chinook Salmon fry generally emerge from March through June. Late Fall-Run fry rear
upstream until about July (Table 2.5-2) and in fresh water from April through the following April and
emigrate as smolts from November through May.

2.5.3 Historical and Current Distribution and Abundance

Central Valley Fall-Run Chinook Salmon historically spawned in all major tributaries, as well as the
mainstem of the Sacramento and San Joaquin Rivers. The historical distribution of Central Valley Late
Fall-Run Chinook Salmon is not well understood, but is thought to be less extensive than that of Fall-
Run. Late Fall-Run adults most likely spawned in the Upper Sacramento and McCloud Rivers in reaches
now blocked by Shasta Dam, as well as in major tributaries with adequate cold water in summer. There is
also some evidence they once spawned in the San Joaquin River in the Friant region and in other large
San Joaquin tributaries (Yoshiyama et al. 1998).

Currently Fall-Run Chinook spawn below rim dams and barriers to migration in the Sacramento and San
Joaquin Rivers and their tributaries. Some smaller streams that lack unpassable barriers have runs that
extend into historical Fall-Run habitat. Late Fall-Run currently spawn almost exclusively in the Upper
Sacramento River from Keswick Dam to ACID Dam.

Abundance of Central Valley Fall-Run and Late Fall-Run Chinook Salmon escapement before 1952 is
not well documented. Production estimates of Fall-Run and Late—Fall Run Chinook Salmon on the San
Joaquin River historically approached 300,000 adults and probably averaged approximately 150,000
adults (Reynolds et al.1993.). Calkins et al. (1940) estimated Fall-Run and Late Fall-Run Chinook
Salmon abundance at 55,595 adults in the Sacramento River basin from 1931 to 1939. Adult Fall-Run and
LateFall-Run Chinook Salmon escapement in the early 1960s, was estimated to be 327,000 in the
Sacramento River basin (California Department of Fish and Game 1965). Estimates of Fall-Run and Late
Fall-Run Chinook Salmon escapement in the mid-1960s, to the San Joaquin River basin was about 2,400
fish (Reynolds et al. 1993). Sacramento and San Joaquin Rivers in river Fall-Run estimates of escapement
from 1975 to 2017 (Figure 2.5-1.). Fall-Run Chinook Salmon of hatchery origin are included in the
Pacific Coast Salmon Fishery Management Plan and are included in an EFH type analysis (Pacific
Fishery Management Council 2014). Hatchery Fall-Run Chinook Salmon in the Sacramento and San
Joaquin Rivers have ranged from over 700,000 in 2005 to just over 20,000 in 2009 (Figure 2.5-2.).
Sacramento and San Joaquin River Fall-Run Chinook have been described as primarily a hatchery stock
with a smaller natural component. The San Joaquin River Fall-Run Chinook Salmon population also has
hatchery and natural components. Huber and Carlson (2015) provide a synthesis of trends in release
number, location, size, and timing of Fall-Run Chinook Salmon released from the five Central Valley
hatcheries between 1946 and 2012. They found since the mid-1980s the proportion of hatchery Fall-Run
Chinook Salmon juveniles released downstream of the Delta has varied from around 20 to 60 percent.
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Figure 2.5-1. In-River Escapement Numbers of Fall-Run Chinook, Sacramento and
San Joaquin River Systems
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Figure 2.5-2. Hatchery Escapement Numbers of Fall-Run Chinook, Sacramento and
San Joaquin River Systems

In the Sacramento and San Joaquin River from 1975 through 2017 adult escapement estimates for Late
Fall-Run Chinook Salmon have ranged from several hundred adults to over 40,000 adults (Figure 2.5-3.).
Between 1971 and 1997, adult escapement showed a general trend of declining abundance. From 1990
through 2006, escapement increased substantially, but was also highly variable from year to year.
Escapement estimates were lower than the previous 4 years in 2008 and 2009, but not on the magnitude
that was observed for Fall-Run Chinook Salmon (California Department of Fish and Wildlife 2016).
Sacramento River Late Fall-Run Chinook Salmon stock has hatchery and natural components from the
Upper Sacramento River basin (Figure 2.5-4).
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Figure 2.5-3. In-River Escapement Numbers of Late Fall-run Chinook, Sacramento and
San Joaquin River Systems 1974-2017
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Figure 2.5-4. Hatchery Escapement Numbers of Late Fall-run Chinook, Sacramento and
San Joaquin River Systems 1974-2017

254 Limiting Factors, Threats, and Stressors

The major factors that limit the range and abundance of Chinook Salmon are barriers to upstream
migration, altered flow regime, high water temperature, habitat quality, entrainment in water diversions,
loss of riparian and floodplain habitat, and ocean conditions.

Access to much or all of their historical spawning habitat was eliminated by high dams with no fish
passage structures, although Fall-Run Chinook Salmon were less affected by these barriers than other
Chinook races because much of their historical spawning habitat included the lower gradient reaches
downstream of these dams (Reynolds et al. 1993; McEwan 2001). Changes in hydrologic patterns like the
loss of spring peak flows and extended summer flows resulting from water and power operations have
altered water temperatures and other habitat conditions for Fall-Run and Late Fall-Run Chinook
(Williams 2006).

Migration and emigration corridors that previously contained high-value habitat types, such as dendritic
channel systems, perched stream banks, floodplains and marshes, have been marginalized through
channelization and leveed banks lined with riprap (Brandes and Mclain 2001). Natural flow regimes have
been modified by upstream reservoirs that capture water during high flow events, thus, dampening the
hydrograph and lowering the extent and duration of floodplain inundations and other off-channel, flow-
dependent habitat used by emigrating juvenile Chinook salmon (70 FR 52488; Sommer et al. 2001;
California Department of Water Resources 2005). Tidal and floodplain habitat areas provide important
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rearing habitat for foraging juvenile salmonids, including Fall-Run Chinook Salmon. Studies have shown
that these salmonids may spend 2 to 3 months rearing in these habitat areas, and losses resulting from
land reclamation and levee construction are considered to be major stressors on juvenile salmonids
(Williams 2009). Similarly, channel margins provide valuable rearing and connectivity habitat along
migration corridors, particularly for smaller juvenile fry, such as Fall-Run Chinook Salmon.

Predation on juvenile salmon by nonnative fish has been identified as an important threat to Fall-Run and
Late Fall-Run Chinook Salmon in areas with high densities of nonnative fish that prey on outmigrating
juvenile salmon (e.g., Smallmouth and Largemouth Bass, Striped Bass, and Catfish) (Lindley and Mohr
2003). Reduced habitat diversity (e.g., lack of cover) of channelized waterways in the rivers and Delta
reduce refuge space for salmon from predators (Raleigh et al. 1984; Missildine et al. 2001; 70 FR 52488).

Climate experts predict physical changes to ocean, river, and stream environments along the West Coast
that include warmer atmospheric temperatures, diminished snow pack resulting in altered stream flow
volume and timing, lower late summer flows, a continued rise in stream temperatures, and increased sea-
surface temperatures and ocean acidity resulting in altered marine and freshwater food-chain dynamics
(Williams et al. 2016). Climate change and associated impacts on water temperature, hydrology, and
ocean conditions are generally considered likely to have substantial effects on Chinook Salmon
populations in the future (NMFS 2014). Global parameters, such as ocean conditions, have also
demonstrated a marked effect on adult escapement (Lindley et al. 2009).

Impacts from hatchery fish (i.e., reduced fitness, weaker genetics, smaller size, less ability to avoid
predators) have deleterious impacts on natural in-river populations (Hindar et al. 1991; Ryman et al.
1994; Waples 1994; McLean et al. 2005; Ford et al. 2006).

255 Recovery and Management

The following sections describe recovery and management actions that have been taken to benefit Fall-
Run and Late Fall-Run Chinook Salmon.

2551 Anadromous Fish Restoration Program

Reclamation annually expends funding for the CVPIA AFRP (CVPIA 3406(b)(1)) to undertake
reasonable measures to not less than double anadromous fish populations of the 1967 to 1991 period and
to mitigate other adverse environmental effects. Fall-Run and Late Fall-Run conservation actions are
described in the final plan for the AFRP (2001).

2552 Anadromous Fish Screen Program

Section 3406(b)(21) of the CVPIA authorized the AFSP to assist the State of California on unscreened
diversions. The AFRP screens or installs “fish protective devices” on diversions. The AFSP has
developed guidelines to prioritize screening projects. Factors taken into account are location of the
diversion in relation to areas used by anadromous fish for spawning and rearing, size of the diversion (or
percent flow diverted in tributaries), season of diversion in relation to anadromous fish use of the stream
or reach, and placement of the diversion. All but one of the diversions greater than 100 cfs on the
Sacramento River have fish screens.
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2553 Anderson Cottonwood Irrigation District

The ACID operates a diversion dam across the Sacramento River located 5 miles downstream from
Keswick Dam. The ACID Diversion Dam was improved in 2001 and 2015 with the addition of new fish
ladders and fish screens around the diversion. (Killam 2008).

2554 Battle Creek Restoration Program

The Battle Creek Salmon and Steelhead Restoration Project has a long history that includes research by
various organizations and collaboration among many resource agencies and public interest groups. In
1999, a cooperative effort among Reclamation, USFWS, NMFS, CDFW, and PG&E led to the signing of
a MOU. The Battle Creek Salmon and Steelhead Restoration Project includes modifications to facilities
and adjustments to operations for anadromous fish. Construction is anticipated to be complete in 2021.

2555 Spawning and Rearing Habitat Restoration

Reclamation expends annual funding for the CVPIA under Section 3406(b)(13) Spawning and Rearing
Habitat Program. Federal, state, and local agencies, water users, and other stakeholders have partnered to
develop and implement a continuing program for the purpose of restoring and replenishing, as needed,
salmonid spawning gravel lost due to the construction and operation of CVP dams and other actions that
have reduced the availability of spawning gravel and rearing habitat in the Sacramento River.

The Upper Sacramento River between Keswick Dam and Red Bluff Diversion Dam presents several
opportunities for improving and restoring salmonid spawning and rearing habitats.

2.55.6 Glenn Colusa Irrigation District Hamilton City Fish Screen

Glenn Colusa Irrigation District (GCID) diverts a maximum of 3,000 cfs from the Sacramento River at
the Hamilton City pump station. The peak demand occurs in the spring, often at the same time as the peak
outmigration of juvenile salmon. Because GCID diverts up to 25 percent of the Sacramento River flow at
Hamilton City, GCID pumping operations were identified as a significant impediment to the downstream
juvenile salmon migration. In 2000, GCID and Reclamation completed a 620-foot-long fish screen
extension and channel improvements to minimize entrainment of salmonids into GCID’s facility.

2.5.5.7 Red Bluff Diversion Dam

The Red Bluff Diversion Dam was decommissioned in 2013, providing unimpaired juvenile and adult
fish passage so that adult Chinook salmon could migrate through the structure at a broader range of flows
and reach spawning habitat upstream of the structure. This project was authorized by CVPIA 3406(b)(10).

2.55.8 Shasta Temperature Control Device
Reclamation constructed the TCD in under the CVPIA 3406(b)(6). Reclamation operates the Shasta TCD
to conserve the available cold pool in the reservoir for spawning and egg incubation temperatures for

Chinook salmon without power bypass. Reclamation manages releases to maintain suitable depths over
Chinook salmon redds to avoid dewatering.
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2.55.9 Whiskeytown Reservoir Spring Creek and Oak Bottom Temperature
Curtains

Reclamation has replaced both the Spring-Creek and Oak Bottom temperature curtains in Whiskeytown
Reservoir to improve temperature flexibility and build a cold water pool for Clear Creek and Sacramento
River temperature compliance.

2.55.10 Yolo Bypass Salmonid Habitat Restoration and Fish Passage Project

Most salmonid floodplain rearing habitat in the Sacramento Valley was altered or blocked from use by
dams and levees. The Yolo Bypass is the largest remaining floodplain in the Sacramento Valley, but is
only accessible when the Sacramento River exceeds the crest of the Fremont Weir during high flow
events. The Yolo Bypass Salmonid Habitat Restoration and Fish Passage Project is a joint effort
undertaken by DWR and Reclamation. The project largely focuses on infrastructure modifications to
increase the number of juvenile salmonids that have access to floodplain habitat in the Yolo Bypass
through Fremont Weir and to increase the ability of adult salmon and sturgeon to migrate from the Yolo
Bypass to the Sacramento River.

25511 California Ecorestore

California EcoRestore is an initiative to help coordinate and advance at least 30,000 acres of critical
habitat restoration in the Delta by 2020. The program includes a broad range of habitat restoration
projects, including aquatic, subtidal, tidal, riparian, flood plain, and upland ecosystems. Projects
completed to date include include the following:

e Fremont Weir Fish Passage Modification—Fremont Weir Adult Fish Passage Modification
Project widened and deepened the existing fish ladder at the Fremont Weir and the upstream and
downstream adjoining channels were reconfigured to accommodate migratory fish passage.
Existing earthen agricultural road crossings were replaced by permanent crossings that allow for
the clear passage of migratory fish.

e Khnights Landing Outfall Gates—A positive fish barrier was constructed (with new concrete wing
walls and installation of a metal picket weir) on the downstream side of the existing Knights
Landing Outfall Gate in the Colusa Basin Drain. This project serves primarily as a fish passage
improvement action that will prevent salmon entry into the Colusa Basin Drain, where they
become trapped with no access back to the Sacramento River.

e Wallace Weir—The project consisted of constructing a permanent earthen weir that was be
hardened to withstand winter floods to prevent adult salmon entry into the Colusa Basin Drain. A
fish rescue facility was incorporated into the weir so fish that arrive at the Wallace Weir via the
Yolo Bypass can be safely and effectively rescued and returned to the Sacramento River to
resume their migration to upriver spawning grounds.

e Lindsey Slough—The project restored habitat function and connectivity to 159 acres of
freshwater emergent wetlands and 69 acres of alkali wetlands, and recreated and reconnected a 1-
mile tidal channel.

e Sherman Island—The project constructed levee setbacks in Mayberry Slough that will augment
existing riparian vegetation and restore tidal wetland that will provide habitat for native species
including salmonids.

e Sacramento River Temperature Task Group—The SRTTG is a multiagency group formed
pursuant to SWRCB Water Rights Orders 90-5 and 91-1 to assist with improving and stabilizing
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Chinook population in the Sacramento River. Annually, Reclamation develops temperature
operation plans for the Shasta and Trinity divisions of the CVP. These plans consider impacts on
Winter-Run and other races of Chinook Salmon, and associated project operations. The SRTTG
meets initially in the spring to discuss biological, hydrologic, and operational information,
objectives, and alternative operations plans for temperature control.

2.55.12 Flyway Farms Tidal Habitat Restoration Project

Restored seasonal wetland and cattle grazing land to sub-tidal, intertidal and seasonal wetlands to benefit
native fish species. Involves restoring and enhancing approximately 300 acres of tidal freshwater
wetlands, and an additional 30 acres of seasonal wetlands, at the southern end of the Yolo Bypass.
Designed to maximize residency time and food web production by capturing and slowly draining water
through the excavation of two breaches along the Yolo Bypass Toe Drain and interior channels to connect
and enhance existing wetlands on site. The goal is to improve habitat conditions for salmonids by
providing rearing habitats for outmigrating juveniles and migratory habitats for adults.

2.5.5.13 Shasta Dam Fish Passage Evaluation

The Shasta Dam Fish Passage Evaluation was an effort to determine the feasibility of reintroducing
Winter-run and Spring-Run Chinook Salmon and Steelhead to tributaries above Shasta Dam. The
evaluation was part of Reclamation’s response to the June 4, 2009, NMFS BO Biological Opinion (BO)
and Conference Opinion on the Long-Term Operation of the Central Valley Project (CVP) and State
Water Project (SWP) (NMFS 2009).

2.5.6 Water Operations Management
2.56.1 Sacramento River

The Sacramento River system includes several major features and facilities that are relevant to
temperature management: (1) Shasta Dam and Lake and the installed TCD; (2) interbasin transfers from
the Trinity River Basin, which are conveyed through Whiskeytown Lake, the Clear Creek Tunnel and
Carr Powerhouse, and the Spring Creek Tunnel; and (3) Keswick Reservoir, which regulates releases
from Shasta Dam and Spring Creek Powerhouses, resulting in a stable flow regime for release from
Keswick Dam.

Reclamation currently strives to meet Sacramento River storage and temperature requirements (NMFS
RPA Actions 1.2.1 through 1.2.4), as well as holding the Sacramento River Temperature Task Group
meetings, providing operations plans each year, and using the Shasta TCD to strive to meet temperature
targets while minimizing power loss.

Measures taken in 2014 and 2015 as part of a coordinated drought response to improve Shasta Reservoir
cold water pool management included: (1) working with the SWRCB and water users to lower Wilkins
Slough navigational flow requirements; (2) requesting that the SWRCB relax D-1641 Delta water quality
requirements; (3) delaying Sacramento River Settlement Contractor depletions and transfering a volume
of their water in the fall rather than increase depletions throughout the summer; (4) targeting slightly
warmer temperatures during the Sacramento River Winter-Run Chinook Salmon holding period (before
spawning occurs); and (5) installing a Shasta Dam TCD curtain in 2015.
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2.5.6.2 Clear Creek

Reclamation has a requirement from its 2002 water right as well as the 2000 Reclamation/USFWS/DFW
agreement for 50 cfs year-round in all years, increasing to 70 cfs in November and December of critical
years and increasing to 100 cfs in November and December of normal years.

Reclamation’s operations on Clear Creek follow the CVPIA AFRP guidelines (USFWS 2001) of 200 cfs
October 1 to June 1 from Whiskeytown dam for anadromous salmonids and their habitat. A flow of 150
cfs or less, from July through September to maintain 60°F temperatures in stream sections utilized by
Spring-Run Chinook Salmon.

2.5.6.3 Stanislaus River

Reclamation operates the Stanislaus River separately from the other Central Valley Project reservoirs.
While releases from New Melones Reservoir provide inflow to the Delta, Reclamation does not operate
New Melones for Delta salinity, outflow, or export requirements. Reclamation operates New Melones
Reservoir to meet instream flow objectives (see 2009 BO, Table 2E flows), dissolved oxygen standards as
measured at Ripon, salinity objectives at Vernalis (as set in SWRBC D-1641) and Vernalis flow
objectives as set in D-1641 and updated in the 2009 BO.

Prior to the 2009 BO Table 2E flows, instream releases on the Stanislaus River were set pursuant to the
1987 CDFG agreement. This agreement was intended to only be in place for 10 years while a specific set
of fishery studies was completed to help inform the decision on what instream flows would be most
beneficial. However, while studies have been completed, the agreement has never been updated. Each
year Reclamation determines the annual volume of water available to be utilized for fishery releases and
transmits that volume to the CDFW. CDFW is then responsible for determining the pattern of water
release. Since the initiation of this agreement, the CDFW has routinely put O cfs as the required release
during the summer months. Reclamation has a separate obligation to meet dissolved oxygen standards at
Ripon during the summer months as required by Reclamation’s water rights. DFW has always assumed
that Reclamation will have to release approximately 300 cfs to meet the dissolved oxygen standards. This
allowed CDFW to concentrate their fishery volume in other months. However, this was not the intent of
the agreement and had the effect of stressing the reservoir resources, particularly in dry years. Since the
BO, this has generally not been a problem because the 2009 NMFS BO Table 2E flows have generally
been greater than those requested by CDFW. However, in some years or months, such as December 2018,
the requested CDFW releases are higher than the Table 2E releases, reducing storage and affecting other
authorized purposes of the reservoir.

2.5.6.4 American River

2.5.6.4.1 Elow

Flow releases from Folsom Reservoir are made for both flood control and to meet water quality objectives
and demands in the Delta. This can result in rapid increases and decreases of flow during the winter and
spring. As a result, dewatering and isolation of Steelhead redds has been documented (Hannon et al.

2003; Water Forum 2005; Hannon and Deason 2008). In addition to flow fluctuations, low flows also can
negatively affect Lower American River Steelhead. At low flow levels, the availability of bar complexes
and side channel areas characterized by habitat complexity in the form of velocity shelters, hydraulic
roughness elements, and other forms of cover is limited.
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Reclamation operates Folsom Dam and Reservoir to provide water for irrigation, M&I uses, hydroelectric
power, recreation, water quality, flood control, and fish protection. Reclamation, operating under the
SWRCB Decision 893 (D-893) adopted in 1958, allows flows at the mouth of the American River to fall
as low as 250 cubic feet per second (cfs) from January through mid-September, with a minimum of 500
cfs required between September 15 and December 31. The D-893 decision does not address the
requirements of the CVPIA, the 1995 Bay-Delta Plan, or biological opinions issued to protect Central
Valley Steelhead. Reclamation and the SWCB and many stakeholders (Water Forum) agreed that D-893
did not provide sufficient protections for Central Valley Steelhead in the Lower American River.
Recently, Reclamation has operated the Folsom/Nimbus complex to more modern protective
requirements and habitat management plans by providing flows that far exceed those required in D-893.

NMFS provided a reasonable and prudent alternative (RPA) in their 2017 amendment to the 2009 RPA.
In this amended RPA, NMFS requires the action of implementing the flow schedule specified in the
Water Forum Flow Management Standard. This flow schedule developed by the Water Forum,
Reclamation, USFWS, NMFS, and CDFW addresses minimum flows needed for Central Valley
Steelhead and Fall-Run Chinook Salmon in the Lower American River. Furthermore, Reclamation shall
convene the American River Group (ARG), composed of representatives from Reclamation, NMFS,
USFWS, CDFW and the Water Forum, to make recommendations for management within the constraints
of the Flow Management Standard. Reclamation shall ensure that flow, water temperature, Steelhead
spawning, and Steelhead rearing monitoring is conducted annually to help inform the ARG process and to
evaluate take associated with flow fluctuations and warm water temperatures.

2.5.6.4.2 Temperature

Water temperatures in the Lower American River are influenced by operations. In the Lower American
River water temperatures are a function of the timing, volume, and temperature of water releases from
Folsom and Nimbus Dams. Once water is released, river distance and environmental heat flux influences
the water temperature further as it moves through the Lower American River (Bartholow 2000).

In response, NMFS issued an RPA action to maintain suitable oversummering temperatures for juvenile
Central Valley Steelhead in the Lower American River. In the action, Reclamation is to prepare a draft
Operations Forecast and Temperature Management Plan based on forecasted conditions and submit the
draft plan to NMFS for review by May 1 of each year. The information provided in the Operations
Forecast will be used in the development of the Temperature Plan. Reclamation will use an iterative
approach, varying proposed operations, with the objective to attain the temperature compliance point at
Watt Avenue Bridge. Operation of Folsom/Nimbus Dam complex and the water temperature control
shutters at Folsom Dam will be used to maintain a daily average water temperature of 65°F or lower at
Watt Avenue Bridge from May 15 through October 31.

2.5.6.5 Feather River

DWR will operate Oroville Dam consistent with the applicable NMFS and USFWS biological opinions
for the Oroville Complex (FERC Project #2100-134). During the summer, DWR typically releases water
from Lake Oroville to meet instream flow requirements and to supplement non-project Delta inflows
needed to meet D-1641 requirements. Releases also include water for local deliveries and south-of-Delta
export at Banks Pumping Plant.

DWR balances the cumulative storage between Lake Oroville and San Luis Reservoirs so as to meet its
flood control requirements, Sacramento—San Joaquin Delta requirements, and deliver water supplies to its
contracted water agencies consistent with all environmental constraints. Lake Oroville may be operated to
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convey water through the Delta to San Luis Reservoir via Banks under different schedules depending on
Delta conditions, reservoir storage volumes, and storage targets. Decisions as to when to move water from
Lake Oroville to San Luis Reservoir are based on many real-time factors.

2.5.6.6 San Joaquin River

Reclamation operates the Friant Division for flood control, irrigation, M&I, and fish and wildlife
purposes. Facilities include Friant Dam, Millerton Reservoir, and the Friant-Kern and Madera Canals.
Friant Dam provides flood control on the San Joaquin River, provides downstream releases to meet senior
water rights requirements above Gravelly Ford, provides Restoration Flow releases under Title X of
Public Law 111-11, and provides conservation storage as well as diversion into Madera and Friant-Kern
Canals for water supply. Water is delivered to about a million acres of agricultural land in Fresno, Kern,
Madera, and Tulare Counties in the San Joaquin Valley via the Friant-Kern Canal south into Tulare Lake
Basin and via the Madera Canal north to Madera and Chowchilla Irrigation Districts. A minimum of 5 cfs
is required to pass the last holding contract diversion located about 40 miles downstream of Friant Dam
near Gravelly Ford.

The SJRRP implements the San Joaquin River Restoration Settlement Act in Title X of Public Law 111-
11. USFWS and NMFS issued programmatic biological opinions in 2012 that included project-level
consultation for SJRRP flow releases. Programmatic ESA coverage is provided in both the USFWS and
NMFS biological opinions for flow releases, recapture of those flows in the lower San Joaquin River and
the Delta, and all physical restoration and water management actions listed in the Settlement.

The Stipulation of Settlement of NRDC vs. Rogers, is based on two goals: the Restoration Goal and the
Water Management Goal. To achieve the Restoration Goal, the Settlement calls for, among other things,
releases of water from Friant Dam to the confluence of the Merced River (referred to as Restoration
Flows) according to the hydrographs in Settlement Exhibit B. To achieve the Water Management Goal,
the Settlement calls for the development and implementation of a plan for recirculation, recapture, reuse,
exchange, or transfer of Restoration Flows for the purpose of reducing or avoiding impacts on water
deliveries to all of the Friant Contractors caused by Restoration Flows. Recapture of Restoration Flows
must occur downstream of the Merced River confluence. Recapture can occur at Banta-Carbona,
Patterson, or West Stanislaus Irrigation District facilities, or at Jones or Banks Pumping Plants. Recapture
of Restoration Flows in the Sacramento—San Joaquin Delta under this proposed action would average 33
TAF and range from about 17 TAF in a critical-high year to about 44 TAF in a normal-wet year. If
Voluntary Agreements are approved, up to 50 percent of the February through June volume could be
dedicated to Delta Outflow, up to an annual maximum of 50 TAF.

2.5.6.7 Delta

The main CVP and SWP facilities in the Delta provide for the export of water to the San Joaquin Valley
and Southern California. The major CVP features are the Delta Cross Channel (DCC), Contra Costa
Canal, Jones Pumping Plant, TFCF, Delta-Mendota Canal/California Aqueduct Intertie (Intertie), and
Delta-Mendota Canal (DMC). The DCC is a controlled diversion channel between the Sacramento River
and Snodgrass Slough. The CCWD diversion facilities use CVP water resources, and other water rights,
to serve CCWD customers directly and to operate CCWD’s Los Vaqueros Project. The Jones Pumping
Plant diverts water from the Delta to the head of the DMC. The main SWP Delta features are Suisun
Marsh facilities, Banks Pumping Plant, Clifton Court Forebay (CCF), Skinner Fish Facility, and Barker
Slough Pumping Plant. DWR also currently installs agricultural barriers between April and July to
improve diversions for Delta water users.
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257 Monitoring and Research Programs

Monitoring and research programs help provide information on Fall-Run and Late Fall-Run Chinook
Salmon migration, survival, redd distribution. Since 2015, Reclamation has started Enhanced Acoustic
Tag Salmonid Monitoring (EATSM). EATSM is part of the Salmon and Sturgeon Assessment of
Indicators by Lifestage (SAIL) program, which improves monitoring by addressing vital population
statistics rather than reliance upon old indexes. CDFW annually conducts aerial redd surveys and has
gone through the process of digitizing recorded Fall-Run and Late Fall-Run Chinook Salmon redds in the
upper Sacramento from 1990 to 2014.

Surveys also help CDFW compile annual population estimates of Chinook salmon. Information is entered
into CDFW’s GrandTab and is easily accessible through www.calfish.org. Reclamation funds monitoring,
evaluation, and web-based data services through the Central Valley Prediction and Assessment of Salmon
(SacPAS) tool online. This service also provides a publicly accessible reporting system of historical and
current information (www.cbr.washington.edu/sacramento/).
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Monitoring Programs for Chinook Salmon

Table 2.5-3. Summary of Chinook Salmon (SRWC) Monitoring Surveys, Protocols, and Precisions

rescues

Life Stage Location Agency Protocol Level of Precision | Protocol Citation
Upper River
Adults Upper river CDFW  |Carcass mark—  |Abundance 90% CI  [Bergman et al.
recapture; 10% 2012
McCormick Jolly
Seber
Juveniles RBDD USFWS |Mark-recapture; |Abundance 90% Cl  |Poytress et al. 2014
gear efficiencies [35%
Middle River
Juveniles GCID GCID RST Counts reported
Tisdale CDFW  |RST Counts reported
Knights LandingCDFW  [RST Counts reported
Yolo Bypass |DWR RST; Beach seines|Counts reported
Tidal Estuary
Juveniles Sacramento USFWS |Kodiak trawl Counts reported Honey et al. 2004
Delta USFWS |Beach seines Counts reported Honey et al. 2004
Chipps Island  [USFWS [Mid-water trawl |Abundance CV 20— [Pyper et al. 2013
40%
Fish Protective |USBR/ [Salvage; Loss Expanded counts per
Facility CDWR  |estimate water volume
Ocean
Adults Ocean fishery |NMFS  |CWT recoveries; [Not estimated for O’Farrell et al.
Cohort impact rates 2012
reconstruction
Multiple regions
Hatchery juveniles Multiple regionsNMFS  [Reach-specific  |Errors vary by reach  [Michel et al. 2015
survival and
movement rates;
JSAT Acoustic
Telemetry
/Adult migration Flood bypasses |[CDFW  |Strandings and  |Counts reported Purdy et al. 2015

25.7.2

Fall-Run and Late Fall-Run Essential Fish Habitat

EFH is defined as those waters and substrates necessary to fish for spawning, breeding, feeding, or
growth to maturity. In 1999, the Pacific Fishery Management Council (PFMC) identified EFH for Central
Valley Chinook Salmon stocks to include the Sacramento and San Joaquin Rivers and their tributaries as
EFH. EFH includes not only the watersheds of the Sacramento and San Joaquin River basins but also the
San Joaquin Delta (Delta) hydrologic unit, Suisun Bay hydrologic unit, and the Lower Sacramento
hydrologic unit. Freshwater EFH for Chinook Salmon consists of four major habitat functions:

1. Spawning and incubation

2. Juvenile rearing
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3. Juvenile migration corridors
4. Adult migration corridors and adult holding habitat

Projected impacts associated with the proposed action are expected to eliminate, diminish, and/or disrupt
these EFH habitat functions for Fall-Run and Late Fall-Run Chinook Salmon at many sites within the
action area.

2.6 Steelhead, California Central Valley DPS
2.6.1 ESA Listing Status

The California Central Valley Steelhead DPS was originally listed as threatened under the ESA on March
19, 1998 (63FR 13347), and the listing was reaffirmed on January 5, 2006 (71 FR 834) and updated April
14, 2014 (79 FR 20802). The DPS includes all naturally spawned populations of Steelhead in the
Sacramento and San Joaquin Rivers and their tributaries, excluding steelhead from San Francisco and San
Pablo Bays and their tributaries. The DPS includes all naturally spawned Steelhead populations below
natural and man-made impassable barriers in the Sacramento and San Joaquin Rivers and their tributaries
(63 FR 13347). Steelhead in two artificial propagation programs, the Coleman National Fish Hatchery
(CNFH) and FRFH Steelhead hatchery programs, are considered to be part of the DPS. NMFS
determined that these artificially propagated stocks are no more divergent relative to the local natural
population(s) than what would be expected between closely related natural populations within the DPS
(71 FR 834).

In May 2016, NMFS completed a 5-year status review of the Central Valley Steelhead DPS. Based upon
a review of available information, NMFS (2016¢) recommended that the Central Valley Steelhead DPS
remain classified as a threatened species. However, NMFS also indicated that the biological status of the
DPS has declined since the previous status review in 2011. NMFS indicated that natural production of
Steelhead continues to decline and is now at very low levels (NMFS 2016c¢). Their continued low
numbers in most hatcheries, domination by hatchery fish, and relatively sparse monitoring makes the
continued existence of naturally reproduced Steelhead a concern. Due to this declining trend, NMFS
suggests that the DPS is likely to become endangered within the foreseeable future throughout all or a
significant portion of its range (NMFS 2016c¢).

Based on new genetic evidence described by Pearse and Garza (2015), NMFS recommended that
Steelhead originating from the Mokelumne River Hatchery be added to the Central Valley Steelhead DPS
(just as FRFH fish are considered to be a native Central Valley stock and are listed as part of the DPS).
NMFS also recommended that the status of the DPS should be monitored and Hatchery and Genetic
Management Plans should mandate that all Central VValley Steelhead hatcheries collect a full set of
biological data, including scale samples, length, weight, sex, origin, and state of maturity, from a subset
of all returning fish (NMFS 2016¢) Hatcheries also should be required to conduct studies of smolt
survival using modern tagging methods such as PIT tags and/or acoustic tags.

2.6.2 General Life-History and Habitat Requirements
Steelhead have a complex suite of life history traits, including the capability to be anadromous or to be
resident (i.e., rainbow trout). Spawning and rearing habitat for Steelhead is usually characterized as

perennial streams with clear, cool to cold, fast flowing water with a high dissolved oxygen content and
abundant gravels and riffles. The preferred flow velocity is in the range of one to three feet per second
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(Raleigh et al. 1986). Steelhead use various mixtures of sand-gravel and gravel-cobble substrate for
spawning, but optimal spawning substrate reportedly ranges from 0.25 to 4.0 inches in diameter (Reiser
and Bjornn 1979). Optimal water temperatures for Steelhead adult immigration are reported to range from
46°F to 52°F (NMFS 2002; SWRCB 2003). Optimal conditions for Steelhead spawning and embryo
incubation reportedly occur at water temperatures 52°F (NMFS 2002; SWRCB 2003). Water
temperatures between 45°F and 65°F have been reported as preferred for fry and juvenile Steelhead
rearing (NMFS 2002). Upper lethal temperatures for adult Pacific salmonids are in the range of 75°F to
77°F for continuous long-term exposure (Brett et al. 1982). NMFS (2002) reported 65°F as the upper
water temperature limit preferred for the growth and development of Sacramento and American river
juvenile Steelhead. Steelhead successfully undergo the smolt transformation at water temperatures
between 43.7°F to 52.3°F (Myrick and Cech 2001).

Adult Steelhead immigration into Central Valley streams typically begins in August, continues into
March or April (McEwan 2001; NMFS 2014), and generally peaks during January and February (Moyle
2002), but adult Steelhead immigration can potentially occur during all months of the year (NMFS 2009).
Steelhead spawning generally occurs from December through April, with peaks from January through
March, in small streams and tributaries (NMFS 2009).

Eqggs usually hatch within 4 weeks, depending on stream temperature, and the yolk sac fry remain in the
gravel after hatching for another 4 to 6 weeks (CDFG 1996). After fry emerge, they inhabit shallow areas
along the stream margin and prefer areas with cobble substrates, then use a greater variety of habitats as
they grow and develop (CDFG 1996). Habitat use is affected by the presence of predators and juvenile
Steelhead survival increases when cover, such as wood debris and large cobble, is available (Mitro and
Zale 2002). The preferred range of water depths for spawning Steelhead has been observed most
frequently between 0.3 and 4.9 feet (Moyle 2002). The reported preferred water velocity for Steelhead
spawning is 1.5 to 2.0 feet per second (USFWS 1995).

Juvenile Central Valley Steelhead typically migrate to the ocean after spending 1 to 3 years in freshwater
(CDFG 1996). Steelhead fry and fingerlings rear and migrate downstream in the Sacramento River during
most months of the year, but the peak period of emigration is January to June (Hallock et al. 1961;
McEwan 2001). Based on CDFW sampling at Knights Landing, juvenile Steelhead emigration occurs
primarily from January through April, with peaks during January and February (NMFS analysis of 1998-
2011 CDFW data.). Because of their varied freshwater residence times Steelhead fry and fingerlings can
be rearing and migrating in the Sacramento River year-round (McEwan 2001).

2.6.3 Historical and Current Distribution and Abundance

Historically, Central Valley steelhead were distributed from the upper Sacramento and Pit river systems
(upper Sacramento, McCloud, Pit and Fall rivers) south to the Kings River (and possibly Kern river
systems in wet years) and in both east- and west- side tributaries of the Sacramento River and east-side
tributaries of the San Joaquin River (McEwan 2001). Presently, Central VValley Steelhead are found in the
Sacramento River downstream of Keswick Dam and in the major tributary rivers and creeks in the
Sacramento River watershed. Zimmerman et al. (2009) found Steelhead present in three tributaries to the
San Joaquin River (Stanislaus, Tuolumne, and Merced rivers) as well as in the Calaveras Rivers, and a
hatchery supported Steelhead population occurs in the the Mokelumne River. The populations in the
Feather and American Rivers are supported primarily by the Feather and Nimbus hatcheries. Other major
Steelhead populations in the Sacramento River watershed are found in Battle, Mill, Deer, Clear and Butte
Creeks. Steelhead also occur in many tributaries to the Sacramento River including Stony and Thomes
Creeks (McEwan 2001), as well as intermittent streams in the Redding area.
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In the 1950s, Central Valley Steelhead populations numbered approximately 40,000 fish, while during the
mid-1960s, the Steelhead population was estimated at 27,000 (DFG 1965, as cited in McEwan and
Jackson 1996). McEwan and Jackson (1996) estimated the annual run size for Central Valley Steelhead to
be less than 10,000 fish by the early 1990s. Since 2015, Steelhead population estimates continue to
demonstrate significant variation as reflected by the hatchery returns for Feather River Hatchery

(Figure 2.6-1), Nimbus Hatchery (Figure 2.6-2), Mokelumne River Hatchery (Figure 2.6-3), and CNFH
(Figure 2.6-4). Steelhead returns have been lower than average (n = 1,480) on the American River during
recent years with a return of 756 in 2016, 1,032 in 2017, and 513 in 2018. Furthermore, Steelhead redd
counts on the American River have been lower than average (n = 122) with 53 redds counted in 2015, 10
in 2017, and 63 counted in 2018 (Figure 2.6-5).

Monitoring efforts throughout the Central Valley inform Central Valley Steelhead abundance and
distribution. During WY 2018, Steelhead catches in the Sacramento River drainage totaled: 5 at Tisdale
weir; 3 at Knights Landing; none in the Sacramento beach seines; 4 in the Sacramento trawls; 12 in the
Chipps Island trawls; 9,298 at Red Bluff Diversion Dam (Figure 2.6-6). In the San Joaquin River
drainage, steelhead catches totaled: 11 adults (6 with adipose fin clips) at the Stanislaus weir; no juveniles
at the Caswell rotary screw trap (RST); no adults at the Tuolumne weir (juvenile catch at the Tuolumne
RST was not reported); and 8 smolts in the Mossdale trawls (USFWS 2018a; Stanislaus Operations
Group 2018; Turlock Irrigation District and Modesto Irrigation District 2018). During WY 2017,
Steelhead catches in the Sacramento River drainage totaled: 3 at Tisdale weir; 10 at Knights Landing;
none in the Sacramento beach seines; 13 in the Sacramento traw16ls; 16 in the Chipps Island trawls; and
22,961 at Red BIuff Diversion Dam (Figure 2.6-7). In the San Joaquin River drainage, steelhead catches
totaled: 26 adults (14 with adipose fin clips) at the Stanislaus weir; one adult at the Tuolumne weir; none
at the Tuolumne RST (juvenile catch at the Stanislaus RST was not reported); and none in the Mossdale
trawls (USFWS 2018a; Stanislaus Operations Group 2018; Turlock Irrigation District and Modesto
Irrigation District 2017). During WY 2017, 65 wild juvenile and 43 hatchery Steelhead were observed at
the Delta fish facilities, and 1,118 wild juvenile and 732 hatchery Steelhead were observed during WY
2018 (Figures 2.6-8 and 2.6-9). Steelhead have not been observed in CCWD’s Fish Monitoring Program
at the Rock Slough Intake since 2012.

Feather River Hatchery Steelhead Returns

T EEBEREEARERSR mEBEERon&aFRE8o 28832328
4 9 g9 9 g 939 99333 I EEREREEEREREH

Figure 2.6-1. Steelhead Returns to the Feather River Hatchery, 1956-2017
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Figure 2.6-2. Steelhead Returns to the Nimbus Hatchery, 1956-2018
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Figure 2.6-3. Steelhead Returns to the Mokelumne River, 1965-2015
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Coleman National Fish Hatchery Steelhead Returns
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Figure 2.6-4. Steelhead Returns to Coleman National Fish Hatchery, 1967-2016
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Figure 2.6-5. Total Steelhead Redds on the American River, 2003—2005, 2007, 2011-2018
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Steelhead Cohort Juvenile Monitoring (8/1/2017 to 7/31/2018)
Raw Sampling Data 2017-08-01 to 2018-07-31
Red Bluff Daily Estimates Brood Year 2017
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Figure 2.6-6. Juvenile Central Valley Steelhead Monitoring at Tisdale, Knights Landing,

Sacramento Beach Seines, Sacramento Trawl, Chipps Island Trawl, and Red Bluff Diversion Dam
for WY 2018
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Steelhead Cohort Juvenile Monitoring (8/1/2016 to 7/31/2017)
Raw Sampling Data 2016-08-01 to 2017-07-31
Red Bluff Daily Estimates Brood Year 2016
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Figure 2.6-7. Juvenile Central Valley Steelhead Monitoring at Tisdale, Knights Landing,
Sacramento Beach Seines, Sacramento Trawl, Chipps Island Trawl, and Red Bluff Diversion Dam
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Figure 2.6-8. Central Valley Steelhead Salvage at the Delta Fish Facilities during WY 2017
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Figure 2.6-9. Central Valley Steelhead Salvage at the Delta fish facilities during WY 2018
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2.6.4 Limiting Factors, Threats, and Stressors

As with the other salmonid species described above and further discussed in Section 3.1, high water
temperatures in remaining rearing areas, effects from hatcheries and the rearing of out of basin stocks,
limited quantity and quality of rearing habitat, ocean conditions, and predation and entrainment into
diversions at the CVVP and SWP pumping facilities all affect the species. Degradation of the remaining
accessible habitat through reducing flow variability, blocking coarse sediment recruitment, operation of
outdated fish screens, ladders and diversion dams, simplified habitat due to levee construction and
maintenance and disconnection of off-channel habita