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Introduction

• Fish impact water 
management

• Burden placed on water users 
• Mechanisms behind flow 

benefits poorly understood
• Lessons learned from 

predation research
• Benefits of long-term CV-wide 

nonnative predator monitoring

Today’s Talk
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What Drives Fish and Water Management in Central Valley?
• Numerous agencies, laws, policies, and plans
• ESA, BiOps, and SWRCB most impactful

• Minimum flows
• Delta exports curtailed
• OMR management
• X2 (salinity)
• Temperature objectives
• Restoration

• Nearly all actions are focused on providing additional flow for fish 
• Resulted in little success and most species remain imperiled

Introduction

Delta Smelt
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Chinook Salmon
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Longfin Smelt
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Chinook Salmon Life History
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Hydropower
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Harvest

Habitat

Central Valley Salmon Management Puzzle
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What drives salmon abundance?

Abundance 9
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Abundance and Flow

Salmon Abundance and Flow

• Higher flows no longer leading to increased abundance
• Other limiting factors acting on the population 
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Outmigration Survival

Poor 
Outmigration 

Survival across 
the Central Valley

3-16% survival 
Michel et al. (2015)

<1% survival
Notch (2017)

0-5% survival
Brandes et al. (2018)

7-25% survival
Zeug et al. (2016)

• Salmon populations heavily impacted 
by poor survival during outmigration

• Juvenile survival generally increases 
during high flow years

• Survival in other Pacific Coast rivers 
often exceeds 50% (e.g., Columbia 
River; Rechisky et al. 2013)
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Hydropower
(Flow)

Hatchery

Harvest

Predation
(& Competition)
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History

CA archive image

Nonnative Fish Introduction Timeline

Data from Cohen and Moyle 2004
1860 1880 1900 1920 1940 1960 1980 2000

How Did All the Predators Get Here?

• The majority (69%) of 
California fish introductions 
were made by the California 
Fish and Game Commission 
and CDFW.

• Management of nonnative 
species to support sportfishing
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Native Fish are Becoming Rarer in the Delta

35%
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47%

74%

4%
19%

1981-82 2009-10

Natives
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Non-natives
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Sunfish

Other
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82%

17%

2020-2022

Other
Non-natives
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& 
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Conrad et al. 2010. More big bass: Understanding the role of largemouth bass as top predators in the littoral zone. Delta Science 
Council Conference Sacramento, California September 2010 

History 15



Increasing Evidence of Impacts

2012 Tuolumne River Predation Study
• Only 4% Chinook estimated to have survived 

the 25-mile migration
• Predator abundance and predation rates 

indicate potential for 96% loss due to predation

Predation Studies

Juvenile salmon pumped from striped bass stomach

• Chinook Salmon Recovery Plan 
(2009): Reduce abundance of 
striped bass to “prevent extinction 
or to prevent the species from 
declining irreversibly”

• Loboschefsky et al. (2012): 
Striped bass consume 55,000,000 
lbs of fish per year. Eating every 
single juvenile salmon would still 
only be 2% of their annual diet. 

• Sabal et al. (2016): Striped bass 
predation on juvenile Chinook had 
population-level impacts of up to 
29% at a single spot in the 
Mokelumne River 
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Stanislaus 
Predation 
Research

• First proposed in 
2009, required 
Congressional Act 
to obtain permits

• Project Goals:
• Estimate 

abundance of 
nonnative predators

• Estimate total 
salmon lost to 
predation

Predation Studies 17



Stanislaus River Predator Impacts

Chinook Salmon 
Predation 

Observed in 
Stanislaus River 
across range of 

conditions
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SJR and South 
Delta Research

• Electrofishing 
began in 2020 

• Project Goals:
• Estimate 

abundance of 
nonnative predators

• Assess movement 
patterns of 
predators in the 
south Delta

• Assess population-
level impacts of 
predation

Predation Studies 19



South Delta Predator Abundance

• Bass observed at 85% of all 
sampled units since 2020

• In 5 years, only 9 live salmon 
captured in the South Delta

• >100x more predators 
captured than Chinook!

• Only 4 salmon found in 
predator stomachs in the 
Delta since 2020

Bass are Everywhere in the Delta - What about the Salmon? 

Old River

Middle River

Grant Line Canal
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Where are the Salmon Being Consumed?

Patterns in Salmon Consumption 21



Knowledge of Predation Impacts

What do we know 
about the impacts 

of predation?
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Predator Abundance Salmon Consumption Ratex = # salmon eaten

• Significant effort over to 
collect data on predator 
populations, consumption 
rates, and salmon 
abundance
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________________
# salmon available

= Predation impact

Predator Abundance Salmon Consumption Ratex = # salmon eaten

# salmon eaten

• Data from a small portion 
of the San Joaquin Basin 
suggests that predation is 
a major factor precluding 
recovery of salmonids



Knowledge of Predation Impacts

What do we know 
about the impacts 

of predation?
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________________
# salmon available

= Predation impact

Predator Abundance Salmon Consumption Ratex = # salmon eaten

# salmon eaten

• Data needed from the wider 
Central Valley to understand 
complete picture of predation 
impacts

• Sacramento Basin contains 
majority of listed species 
driving water operations

• Eradication not possible, but 
predator management is 
achievable

?
??? ?



Take Home

• Multiple factors influencing salmon abundance
• Management solutions focused primarily on flow and 

habitat
• Flow alone is not enough to recover listed species 
• Nonnative fish have substantial impacts to native 

species survival
• Coordinated long-term data collection needed 

across Central Valley
• Overall goal is recovery of salmonids and other 

native fish
• Management of nonnative species necessary to 

prevent extinction 

Take Home Messages

Ecological

Response

Management

Research and Monitoring
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Distribution of 
Predators and Prey

29



Salmon 
Abundance and 

Flow
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