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Evolved reciprocity between salmon and habitats

Ecosystem Engineers 
(Salmon move mountains)

Nutrient Cycling 
(Marine N feeds ecosystems)



Art by Blane Bellerud (NOAA West Coast Region) based on story from Chief Sisk, Spirituall leader of the Winnemem Wintu Tribe 

Evolved reciprocity between salmon, habitats… and people



California habitat diversity shapes salmon life histories 

Linda Glass Herbold et al. 2018 

Endangered

Threatened



Dams affect winter & spring-run the most

Then Now

Modified from Lindley et al. 2006



Reduced life history diversity and decline of CA salmon 
production system

Munsch et al. 2021 GCB
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Climate-resilient strategies

Lost high-elevation juvenile life history strategies

*

*
Leave Early

Leave Late

Rare yearlings are drought resilient strategy!



Lost low-elevation floodplains for juvenile rearing

Bell-Tilcock et  2021

Climate-resilient strategies
Reconstruction of floodplain rearing Winter run adults

>85% Winter run use off floodplain food resources!

River

Floodplain



Shasta Dam displaces Winnemem Wintu & their Nur [salmon]

Shasta Dam

XX X

X

Dancing Salmon Home

Drought Temperature Control 
Device Solution



Higher elevations provide thermal refuge to warming climate
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Figure courtesy of M. Daniels

Months



Fall-run eggs and temperature exposure
2014

Provided by Eric Danner, NOAA/NMFS/SWFSC
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Winter run Temperature-dependent Mortality Rates
Redd numberProb. Temperature-dependent mortality

Slide courtesy of Kohma Arai



Selection for spawn timing/ hatch date

• Estimated from otolith daily increments.

• Represents “successful” hatch dates of 
survivors collected at Redd Bluff Diversion Dam.

• Hatch Date = Collection Date − Age

“Otolith” Hatch Date

Otolith 
Micrograph

Hatch Date
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“Otolith” and “Modeled” Hatch Dates

• Based on timing, location, and exposed 
temperatures of redds observed in weekly aerial 
surveys (CDFW).

• Estimated from a degree-day model using an 
Accumulated Temperature of 526ºC.

Strength of selection 
associated with adult 
spawn timing

“Modeled” Hatch Date

Hatch Date

“Otolith”
“Modeled”

Survival related to adult spawn timing
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Two-sample KS test: 
p < 0.001 Otolith

Modeled

Two-sample KS test: 
p = 0.31

Selection for Earlier Spawners/Hatch Dates
• Otolith “successful” hatch dates occurred 

earlier.

• Early hatch dates were more represented in 
the “successful” otolith hatch dates.

• Greater survival for early-spawned cohorts.

Otolith-based 
(n = 99)

Otolith-based 
(n = 49)

Secondary Ion Mass Spectrometry 
(SIMS)

δ18O

Slide courtesy of Kohma Arai



Roadmap



Extinction risk criterion and status of winter run

Lindley et al. 2007

HATCHERY INFLUENCE

Hatcheries not a long-term solution

Johnson et al. 2023



Hatchery increases winter run risk of extinction
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Hatchery contribution over time

Johnson et al. 2023
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Thiamine (vitamin B1) deficiency (M74) has 
been documented in a wide variety of 
animals (mussles, birds, cod, eel, salmon) 
worldwide, including humans.  Fish and 
humans can’t make B1. Need it from diet. 
 

Normal

Deficient Thiamine Levels

Photo courtesy Dale Honeyfield, USGS

Photo courtesy Dale Honeyfield, USGS

SYMPTOMS Reduced Growth

Reproductive failure 

Neurological disorders 

Damage to blood-brain barrier

Immunosuppression

Increased parasitic infestation

New stressor to California salmon- 2020  
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https://oceanview.pfeg.noaa.gov/projects/salmon_thiamine/hatchery_ccv

Figure courtesy Miles Daniels (UCSC); Mantua et al. in prep
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Egg thiamine survival curve 

Broad Scale Egg Surveillance Chinook and Steelhead

33%

45%

TD Mortality

47%- 54%

Winter run hardest hit high thiamine-dependent mortality

Egg-to-fry survival model now accounts 
for temperature and thiamine-dependent 
mortality (multiplicative)



Winter run salmon return to ancestral waters after 80 years



Key Takeaways
Salmon evolved life history behaviors 
based on selection for local 
adaptation (co-evolved gene 
complexes); Can we expect same 
behaviors (winter, spring runs) with 
different habitat template? 

Eggs on life support.  Managing to 
non-linear temperature threshold is 
risky- back away from cliff; 
environmental stochasticity, new 
stressors, uncertainty

Dams have altered juvenile 
outmigration diversity that 
historically helped salmon through 
mega droughts/ floods; Process 
based habitat restoration and 
reintroduction for climate ready 
fisheries

Hatchery not a long-term solution.  
Places ESU at an increased risk of 
extinction due to fitness impacts

X

X

McCloud reintroduction is a hope 
spot for salmon and cold water 
salmon strong hold in CA; 
Emergence of yearlings in first year

Life cycle model critical to integrate 
stressors and management options 
(floodplain restoration, 
reintroduction) across the full life 
cycle of salmon





To learn more:  

Questions: Rachel.Johnson@noaa.gov https://www.fisheries.noaa.gov/feature-story/oceans-mysterious-vitamin-deficiency
https://www.fisheries.noaa.gov/west-coast/science-data/monitoring-thiamine-deficiency-california-salmon



McCloud Reintroduction

McCloud added to Winter-run 
Monitoring Network! 

Evaluation of Monitoring Network 



Sub-model Framework



Winter-run Monitoring Network 

Key Fish Metrics:

+ Presence
Timing
Abundance

Run Identification
Condition



Dangers of managing for “optimized” non-linear 
temperature thresholds



Climate-resilient strategies

Role of non-natal rearing and floodplains for winter run

*

*

Leave Early

Leave Late



Hatchery increases winter run risk of extinction
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Sacramento River Spawner Escapement

Johnson et al. 2023



Drought and Temperature-Dependent Mortality

Figure courtesy of M. Daniels



“Otolith” and “Modeled” Hatch Dates

• Estimated from otolith daily increments.

• Represents “successful” hatch dates of survivors 
collected at Redd Bluff Diversion Dam.

• Hatch Date = Collection Date − Age

“Otolith” Hatch Date

Otolith Micrograph

Hatch Date

“Otolith”
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Juvenile Chinook Salmon Collection

• Rotary Screw Traps  (USFWS)

• August to December 2021 and 2022

• Otoliths extracted from incidental mortalities

• Sample size: 2021 (n = 99) and 2022 (n = 49)

Rotary Screw Traps at RBDD

Credit: Steve Martarano/USFWS
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