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Recent Stakeholder Initiatives

• Northern California Water Association• Northern California Water Association
• Glenn-Colusa Irrigation District
• Golden Gate Salmon Association

The Nature Conservancy• The Nature Conservancy
• American Rivers
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Sacramento River Basin Salmonids

Endangered Species Act Status

• Fall-Run Chinook Salmon (Candidate)( )
• Late-Fall-Run Chinook Salmon (Candidate)
• Winter Run Chinook Salmon (Endangered)• Winter-Run Chinook Salmon (Endangered)
• Spring-Run Chinook Salmon (Threatened)
• Steelhead Trout (Threatened)
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Anadromous Salmonid
Life Phases

• Upstream Migration and Holding
• Spawning and Egg Incubation

F d J il R i• Fry and Juvenile Rearing
• Fry and Juvenile OutmigrationFry and Juvenile Outmigration
• Ocean Rearing
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Upstream MigrationUpstream Migration

HoldingHoldingHoldingHolding
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Upstream MigrationUpstream Migration
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Clair Engle 
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Progress – Upstream Migration
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1987 1987 -- Dam Gates Out 6 months/yrDam Gates Out 6 months/yr
19931993 Dam Gates O t 8 months/ rDam Gates O t 8 months/ r
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Progress Progress –– Salmon Spawning HabitatsSalmon Spawning Habitats
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Female Chinook SalmonFemale Chinook Salmon
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Progress Progress –– Salmon Spawning HabitatsSalmon Spawning Habitats
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Progress Progress –– Salmon Spawning HabitatsSalmon Spawning Habitats

© Dave Vogel

LargeLarge--Scale Scale 
Spawning Gravel Spawning Gravel 

InjectionsInjections
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LargeLarge--Scale Spawning Gravel InjectionsScale Spawning Gravel Injections

>300,000 Tons of 
Spawning Gravel 
Available (Free)
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LargeLarge--Scale Spawning Gravel InjectionsScale Spawning Gravel Injections
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LargeLarge--Scale Spawning Gravel InjectionsScale Spawning Gravel Injections
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LargeLarge--Scale Spawning Gravel InjectionsScale Spawning Gravel Injections
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Progress Progress -- Spawning Spawning Riffle RestorationRiffle Restoration
Keswick 

Dam

Area of 
InterestInterest

Our Location
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Progress Progress -- Spawning Spawning Riffle RestorationRiffle Restoration
Flow

Gravels from 
upstream areas have p

plugged the side 
channel

Side spawning 
channel created by 

DFG in 1986
(Painter’s Riffle)
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Progress Progress -- Spawning Spawning Riffle RestorationRiffle Restoration

Flow Flow
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Progress Progress -- Spawning Spawning Riffle RestorationRiffle Restoration

19861986
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Progress Progress –– Water TemperaturesWater Temperatures
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Progress Progress –– Water TemperaturesWater Temperatures
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Progress – Pollution Control
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Winter-Run Chinook 10-Point Action Plan
D l d i  1986 bDeveloped in 1986 by

Dave Vogel (USFWS) and John Hayes (DFG) 

1) Raise the Red Bluff Diversion Dam gates:  Completed
2) Develop winter-run Chinook salmon propagation program:  Completed
3) Restore spawning habitat in Redding area: Partially Completed3) Restore spawning habitat in Redding area:  Partially Completed
4) Control pikeminnow at Red Bluff Diversion Dam:  Completed
5) Restrict in-river fishery:  Completed
6) Develop water temperature control:  Completed
7) Correct Iron Mountain Mine pollution problem:  Completed
8) Fix problems at Anderson Cottonwood Irrigation District dam: Completed8) Fix problems at Anderson-Cottonwood Irrigation District dam:  Completed
9) Correct stilling basin problem at Keswick Dam:  Completed
10) Continue and expand studies on winter-run Chinook:  Ongoing
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Clear CreekClear Creek

Progress Progress –– Tributary RestorationTributary Restoration
Clear CreekClear Creek
–– Dam Removal, Flows, & Spawning GravelsDam Removal, Flows, & Spawning Gravels
Battle CreekBattle Creek
–– LargeLarge--Scale Watershed RestorationScale Watershed Restoration
Lower Feather RiverLower Feather River

Lower Yuba RiverLower Yuba River
Y b Ri A dY b Ri A d

–– FERC Settlement Flows and ActionsFERC Settlement Flows and Actions

–– Lower Yuba River AccordLower Yuba River Accord
Lower American RiverLower American River

Water Forum Flows in NMFS 2009 Biological OpinionWater Forum Flows in NMFS 2009 Biological Opinion
Numerous Smaller TributariesNumerous Smaller Tributaries

Flows Fish Screens Habitat and Fish PassageFlows Fish Screens Habitat and Fish Passage

–– Water Forum Flows in NMFS 2009 Biological OpinionWater Forum Flows in NMFS 2009 Biological Opinion
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Progress Progress –– Tributary RestorationTributary Restoration

Watershed 
Groups

Improved 
Watershed 
Conditions
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Mainstem Salmon Fry Rearing Habitats
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Mainstem Salmon Fry Rearing Habitats

Sacramento Sacramento 
River FlowRiver Flow

500 Feet500 Feet
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Mainstem Salmon Fry Rearing Habitats
Addition of Woody 
D b i A h dDebris Anchored to 

Riverbank

Addition of 
Angular Boulders
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Spawning Riffle Spawning Riffle andand Rearing Habitat RestorationRearing Habitat Restoration
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Reduce or Eliminate Nighttime Lighting on 
Riverine Structures – In Progressg

Bridges Fish Screens

Reduces AbnormalReduces  Abnormal  
Nocturnal  Predation  on  

Juvenile Salmon
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Progress Progress –– Fish ScreensFish Screens
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In-River Surveys of Unscreened Diversions
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Evaluation of Fish Entrainment in Evaluation of Fish Entrainment in Unscreened Unscreened 
Sacramento River Water DiversionsSacramento River Water Diversions
CVPIA Anadromous Fish Screen Program 
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Evaluation of Fish Entrainment in 12 Evaluation of Fish Entrainment in 12 
Unscreened Sacramento River Water DiversionsUnscreened Sacramento River Water Diversions

All Species (2009 ‐ 2012)

CVPIA Anadromous Fish Screen Program 
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Well Over $1,000,000,000 Has Been 
Spent on Anadromous Fish RestorationSpent on Anadromous Fish Restoration

Why Have the Fish Runs Not Recovered?

© Dave Vogel
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Sacramento – San Joaquin Delta
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Predators on Salmonids

Pikeminnow Largemouth 
Bass

Striped Bass

© Dave Vogel © Dave Vogel
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Predation

21” Pikeminnow

34 Salmon
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Sacramento River and East Side Sacramento River and East Side 
TributariesTributaries

?
? ?

?

? ?? ?

? ?

S J i RiS J i Ri
?

Where and Why do Juvenile Salmon Die in the Delta?
San Joaquin RiverSan Joaquin River
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Juvenile Salmon Telemetry y
Studies in the Delta

Acoustic TagAcoustic Tag

Radio TagRadio Tag

© Dave Vogel
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Sonar Camera Surveys in the Delta
YouTube Footage:  NRSIncorporated
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Sonar CameraSonar Camera Sonar ImageSonar Image



Sonar Footage of Familiar Objects
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Delta Cross Channel Gates Open
Flood TideFlood Tide
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Delta Cross Channel Gates Open
Ebb to Flood Tide TransitionEbb to Flood Tide Transition
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Delta Cross Channel Gates Closed
Ebb to Flood Tide TransitionEbb to Flood Tide Transition
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Salmon Telemetry Studies 
in the Delta (15 Years)
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Smolts Move Many Miles Each Day in Smolts Move Many Miles Each Day in 
Correspondence with the Ebb and Flood TidesCorrespondence with the Ebb and Flood Tides

USGS Flow Data USGS Flow Data 
at Rio Vistaat Rio Vista

50Estimated Fish Positions Based on Interpolation from Known Locations and Estimated Fish Positions Based on Interpolation from Known Locations and 
Fish BehaviorFish Behavior
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Telemetered Locations of Salmon Smolts
Release 

Ad i bAd i b

Release 
Location

Advection by Advection by 
Large Tidal Large Tidal 

PrismsPrismsPrismsPrisms

Mainstem 
Sacramento River
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Hypothetical Acoustic Telemetry Array to Hypothetical Acoustic Telemetry Array to 
Estimate Salmon SurvivalEstimate Salmon Survival

Fish Release

Chipps 
Island

Acoustic Tag© Dave Vogel

Salmon 
Survival

Miniaturized Miniaturized 
Acoustic Tag Acoustic Tag Survival 

End 
Point

Fish Release

(Different (Different 
Technology)Technology)

52
Natural Resource Scientists, Inc.Natural Resource Scientists, Inc.

= Acoustic Receivers



S l  S l  N  1021N  1021 Juvenile AcousticJuvenile AcousticSalmon Salmon No. 1021No. 1021 Juvenile AcousticJuvenile Acoustic--
Tagged Salmon Tagged Salmon 

Released at Different Released at Different 
Times and Locations Times and Locations 

Arrived Downstream at Arrived Downstream at 
the Same Secondthe Same Second

Salmon Salmon No. 1035No. 1035
Movement Patterns were Movement Patterns were 

Identical for all 3 Identical for all 3 
TransmittersTransmitters

Salmon Salmon No. 1105No. 1105 Conclusion:     Conclusion:     
3 Salmon Eaten 3 Salmon Eaten 
by 1 Predatorby 1 Predator
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Major Problem with Study Design
Striped Bass Predation on AcousticStriped Bass Predation on Acoustic--Tagged SalmonTagged SalmonStriped Bass Predation on AcousticStriped Bass Predation on Acoustic--Tagged SalmonTagged Salmon

Hydrophone

Acoustic-Tagged Salmon

Hydrophone

Inability to Determine  
Li S l D d

Hydrophone

Live Salmon vs  Dead 
Salmon Inside  
Striped Bass
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Striped Bass Movements in the DeltaStriped Bass Movements in the Delta
(Highly Migratory over Long Distances!)(Highly Migratory over Long Distances!)

Chipps 
Island AcousticAcoustic--Tagged Tagged 

Striped BassStriped Bass

Live Salmon or Dead 
Salmon Passing 

Striped BassStriped Bass

Salmon 
Survival

Salmon Passing 
Receivers ?

Survival 
End Point Hypothetical 

Acoustic Telemetry 
Array to Estimate 
Salmon Survival

Statistical models Statistical models 
failing to account failing to account 
for this predation for this predation 
problem would be problem would be 
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Ramifications of Striped Bass Predation Ramifications of Striped Bass Predation 
on Acousticon Acoustic--Tagged SalmonTagged Salmon

ReRe--analysis changed salmon survival estimates in a lower analysis changed salmon survival estimates in a lower 
Sacramento River study from Sacramento River study from 100% survival100% survival to to 100% mortality100% mortality

DFG Photo

Sacramento River study from Sacramento River study from 100% survival100% survival to to 100% mortality100% mortality..

Statistical models failing to account for this Statistical models failing to account for this 
d ti  bl  ld b  i  d ti  bl  ld b  i  
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No Transmitter MovementNo Transmitter Movement

Salmon No  1147Salmon No  1147Salmon No. 1147Salmon No. 1147

Transmitter MovementTransmitter Movement
Salmon No  1000Salmon No  1000Salmon No. 1000Salmon No. 1000
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Stockton Deep-Water Ship Channel

?
116 116 

Motionless 
Transmitters

San Joaquin River
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