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2Introduction

• Native species collapse in 
California’s Central Valley
• Why traditional management 

isn’t working

• Drivers of population 
abundance
• Habitat & hydrology

• Predation research
• Quantifying the missing factor

Today’s Talk



3Life Cycles

Delta Smelt Life Cycle

Life Cycles of Listed Species

• Native species have a variety of migratory 
behaviors and utilize a mosaic of habitats

• Management only possible during a short, 
freshwater portion of the life cycle Salmon 

Life Cycle
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Native Species at Risk
• Nearly all actions focused on restoring habitats and providing additional flow for fish
• No consistent improvement and most species remain imperiled

Native Species Declines 5

Delta Smelt Chinook salmon



Salmon Survival

Poor 
Outmigration 

Survival 
across the 

Central Valley
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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 
River1)

0-5% survival
UC Davis, CalFishTrack

1Rechisky et al. 2013



What Drives Fisheries Management in the 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

Fisheries Management

Delta Smelt

Steelhead 

Chinook Salmon

Green Sturgeon

Longfin Smelt
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Drivers of Salmon Abundance - the 4 H’s

Management Puzzle 8
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The Flow Disconnect - Salmon

Abundance and Flow 10



The Flow Disconnect - Salmon

Abundance and Flow 11



The Flow Disconnect - Delta Smelt
• Lack of Delta Smelt population response 

to high flows in 2017
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Source: Hobbs et al. 2019

IEP Review Results: 
• Other factors besides flow 

acting limiting population 
abundance
• e.g. high water temperatures

Delta Smelt & Flow



Managing for Non-Natives?

13Flow & Habitat

• High flows not consistently increasing 
native fish abundance

• Numerous impacts to the system have 
dampened the value of high flows 

• Static flows benefit non-native species 
• Fall X2 requirement keeps Delta salinity 

stationary 
• Models showed little/no benefit to Delta 

smelt
• Off-ramps for Fall X2 starting in 2024

Static
vs. 

Dynamic

Source: CCWD 2010



Hatchery

Drivers of Salmon Abundance - the 4 H’s

Management Puzzle 14



Fundamentally Altered Salmon Habitat

Salmon Habitat 15

• Restoration has primarily occurred on 
the valley floor, outside of historical 
rearing areas

• Recent efforts led by NMFS to get 
fish above dams 

• Trap and haul operations and poor 
habitat/survival below dams has not 
been addressed



Banking on Habitat

Flow & Habitat 16

Major investments: ~$5 to $8 
billion on habitat improvements Problems remaining:

• Current habitat is less functional 
• Channelized rivers and Delta

• Focus on floodplain restoration: 
• Minimal survival benefits from 

rearing in the Yolo Bypass2

• Restored areas create habitat for 
non-native species

• Restored wetland had more non-
native predators than surrounding 
waters3

Source: California Environmental Flows Framework Technical Team 2021

2Takata et al. 2017; Sommer et al. 2020
3Williamshen et al. 2021
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A Different Delta

Historical Habitat:
• High turbidity
• High primary productivity
• Habitat complexity
• Benefits for spawning/rearing 

Delta Habitat
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A Different Delta

Delta Habitat

Current Habitat:
• Food web collapse: 

invasive clams
• Invasive aquatic and 

riparian weeds
• low turbidity and primary 

productivity 
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A Different Delta

Result:
World-class 
bass fishery

Delta Habitat



Nonnative Introductions

Nonnative Introductions and Impacts to the Fish Community

• Long history of nonnative species 
introductions, primarily by CDFW

• Population explosions for most 
non-natives

• Management for non-natives 
focused on improving sportfishing 
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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 

1981-82

Natives

2009-10

Black Bass & Sunfish Other Non-natives

2020-2022

Nonnative Fish Introduction Timeline
Data from Cohen and Moyle 2004

1860 1880 1900 1920 1940 1960 1980 2000



Drivers of Salmon Abundance - the Missing Piece

Management Puzzle 21



22

Increasing evidence of non-native species impacts:
• Increasing research focus
• Nobriga and Smith 2020: Striped bass were major predators 

of Delta smelt historically, contributing to their decline
• Striped bass targeting delta smelt during temporary rebounds

• Predation impacts masked by habitat alterations

Efforts to manage non-native predators:
• Oregon/Washington - no limits/size restrictions for bass
• Disruption of bass spawning in the Colorado River
• Studies on predator and SAV removals in the Delta4

Time for a New Approach - Address Predation and Competition

Conclusions4Michel et al. 2020; Michel et al. 2026
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• Flows and habitat marginally help juvenile 
survival

• However, no corresponding adult returns
• Conflating issues: numerous factors 

affecting success of native fishes   
• Hatchery effects, harvest management

• Core problem: Non-natives masking any 
gains in native abundance

Take Home Messages

Conclusions
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27Introduction

• History of predation 
research in the Central 
Valley

• FISHBIO research in the 
San Joaquin Basin 
• Quantifying the missing factor

• Broader research needs

Today’s Talk



Increasing Evidence of Impacts

Predation Studies 28

• 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 

• Nobriga et al. (2021): Nearly 100% 
mortality of salmon in the Delta once 
temperatures reach 20℃

Juvenile salmon pumped from striped bass stomach
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Research Driver: Massive loss between screw traps

FISHBIO Studies – The Missing Salmon

2012 Tuolumne River Predation Study
• Only 4% of Chinook estimated to survive the 

25-mile migration

• Predator abundance and predation rates 
indicate potential for 96% loss due to 
predation

2019-2024 Stanislaus River Native Fish 
Plan
• Multi-year predation research program in the 

Stanislaus River

2020-2025 South Delta Predation Study
• Largest and most comprehensive nonnative 

research program in the CV

FISHBIO Predation Studies



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

30Stanislaus River Predator Impacts



Stanislaus River Predator Impacts 31

Nonnative 
Predators primarily 

responsible for 
Chinook 

Consumption



Stanislaus River Predator Impacts 32

Chinook Salmon 
Predation 

Observed in 
Stanislaus River 
across range of 

conditions



San Joaquin River 
and South Delta 

Research
• Electrofishing 

began in 2020 

• Project Goals:
• Estimate the 

abundance of 
nonnative predators

• Assess movement 
patterns of 
predators in the 
south Delta

• Assess population-
level impacts of 
predation

South Delta Predator Study 33



South Delta Predator Study

• Bass bass are everywhere 
• Abundance: ~4-12k in Study Area

• Unexpected result: <15 salmon 
found in 6 years of sampling

• First consumed salmon observed in 
2024

• 100x more predators than salmon
• Conclusion: Salmon consumed 

before reaching the Delta

South Delta – Where are the salmon?

Old River

Middle River

Grant Line Canal

34



• Native fish proportionally higher in diets than in catch
• 9-40% of all fish observed in diets are native

Predation on Native Fish Species

35South Delta Predator Study

Fish in the Stanislaus 
were 9x more likely to 

consume native prey vs 
nonnative prey



36Joint Manuscript

• Patterns of salmon 
consumption across 
migratory corridor

• Predation research 
not previously 
analyzed on this scale
• Benefits of 

coordinated long-
term research 

• Important 
management 
implications

Publication of the Joint Manuscript



Where are the Salmon Being Consumed?
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Salmonid 
Consumption 

primarily 
occurs in the 
Tributaries –

what was 
thought to be 
better habitat! 

Joint Manuscript



Distribution of 
Predators and Prey

38Joint Manuscript



What are the Predictors of Salmon Consumption?

39Joint Manuscript

• Modeling to assess 
different factors 
associated with 
consumption

• Distance from Goodwin 
Dam is best predictor of 
consumption

• Increased flow associated 
with increased 
consumption



Researching Predation Impacts

What do we know 
about the impacts 

of predation?

40

________________
# salmon available

= Predation impact

Predator Abundance Salmon Consumption Ratex = # salmon eaten

# salmon eaten



Researching Predation Impacts

What do we know 
about the impacts 

of predation?

41

________________
# salmon available

= Predation impact

Predator Abundance Salmon Consumption Ratex = # salmon eaten

# salmon eaten

• Significant effort to collect 
data on predator populations 
and consumption rates



Predation Research Needs

What do we know 
about the impacts 

of predation?

42

________________
# salmon available

= Predation impact

Predator Abundance Salmon Consumption Ratex = # salmon eaten

# salmon eaten

• Data needed from across CV 
to understand impacts

• Sacramento Basin is critical 
○ Majority of CV flow

○ Listed species driving 
water operations

○ High abundance of striped 
bass suspected 

• Eradication not possible, but 
predator research & 
management is achievable

?
? ? ??
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A Model for Statewide Research

• Need for increased understanding of nonnative 
population dynamics
• Abundance and Distribution
• Spawning and recruitment patterns 

• Numerous sources of mortality for juvenile salmon - new 
technology and modeling tools to identify culprits
• Quantify impacts of piscivores on survival
• Stranding/predation in floodplains & off-channel habitats
• Contributions of ‘hotspots’ and anthropogenic alterations

• Multistate modeling effort currently funded by SWC

Potential Research



Take Home

• Multiple factors influencing salmon abundance
• Nonnative fish have substantial impacts to native 

species survival

• Management solutions focused primarily on flow 
and habitat

• Integrated approach needed to recover listed 
species 

• Requires coordinated long-term data collection 
across Central Valley

• Overall goal is recovery of salmonids and 
other native fish

• Management of nonnative species may be 
necessary to prevent extinction 

Take Home Messages

Ecological
Response

Management

Research and Monitoring

44
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