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Evolved reciprocity between salmon and habitats

Ecosystem Engineers Nutrient Cycling
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Evolved reciprocity between salmon, habitats... and people

Art by Blane Bellerud (NOAA West Coast Region) based on story from Chief Sisk, Spirituall leader of the Winnemem Wintu Tribe
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California habitat diversity shapes salmon life histories
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Dams affect winter & spring-run the most

Modified from Lindley et al. 2006




Reduced life history diversity and decline of CA salmon
production system
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Lost low-elevation floodplains for juvenile rearing

Climate-resilient strategies

Reconstruction of floodplain rearing Winter run adults
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Seeing The World Through Salmon Eyes

dissecting eues is helping measure what fish eat—and the value of different habitats.

Bell-Tilcock et 2021




Shasta Dam displaces Winnemem Wintu & their Nur [salmon]

O)o on, Pv\’ -“ Yo
@95 in here. . what's

Upper Sacramento River A o ‘ T % “ e worst Hand could
McCloud River WL R ;' < : & lnappen?

Pit River o - g . TR ’ v R ! b
\ ' 2ok S T & 3 i 2 A
Shasta Daivi ¢ ’

"'\ Redding

Battle Creek

Toothpaste For Dinner.com

Bluff
40000

r-run Chinook Salmon
Current Rearing &/or Migration

Red Bluff Diversion Dam

Temperature Control
Device Solution

20000

Winie‘r run"Chinook salmoﬁ U

1970 1980 1990 2000 2010 2020
Year

Dancing Salmon Home



Higher elevations provide thermal refuge to warming climate
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Fall-run eggs and temperature exposure

California salmon fishing banned for second year in row
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Tier 5: Location U J N er River
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Winter run Temperature-dependent Mortality Rates
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Selection for spawn timing/ hatch date

“Otolith” Hatch Date
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Estimated from otolith daily increments.

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

Hatch Date = Collection Date — Age



“Otolith” and “Modeled” Hatch Dates
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Selection for Earlier Spawners/Hatch Dates
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Extinction risk criterion and status of winter run

Criterion

Risk of Extinction

High

Moderate

Low

Extinction risk
from PVA

Population size®

Population decline

Catastrophe, rate
and effectd

Hatchery influence

= 20% within
20 years

— or any ONE
of —

Ne =50

—Or—

Precipitous
decline®

Order of
magnitude
decline within
one generation
High

= 5% within
100 years

—or any ONE
of —

50 = Ne = 3500
—or—

250 = N =
2500

Chronic decline
or depression®

Smaller but
significant
decline®

Moderate

= 5% within
100 years
—or ALL of -

Ne = 500

No decline
apparent or
probable

not apparent

L ow

Hatcheries not a long-term solution

Viability assessment

2010 2015 2020

Population Size Low risk Low risk Low risk

Population Decline Low risk Moderate risk Low risk

Catastrophe, rate, and effect Low risk Low risk Low risk

Hatchery Influence Low risk Moderate risk

* Census size N can be used if direct estimates of effective size N, are not available,
assuming N,/N = 0.2.
Decline within last two generations to annual run size = 500 spawners, or run size
= 500 but declining at = 10% per year. Historically small but stable population not
included.

* Run size has declined to = 500, but now stable.

“ Catastrophes occuring within the last 10 years.

* Decline = 90% but biologically significant.

" See Figure 1 for assessing hatchery impacts.

Lindley et al. 2007

NOAA Technical Memorandum NMFS

AUGUST 2023

VIABILITY ASSESSMENT FOR PACIFIC SALMON
AND STEELHEAD LISTED UNDER THE
ENDANGERED SPECIES ACT: SOUTHWEST

Johnson et al. 2023
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New stressor to California salmon- 2020

Normal

Thiamine (vitamin B,) 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 B,. Need it from diet.

Photo courtesy Dale Honeyfield, USGS

SYMPTOMS Reduced Growth

Reproductive failure

Neurological disorders

Damage to blood-brain barrier

Immunosuppression

Increased parasitic infestation Photo courtesy Dale Honeyfield, USGS




Winter run hardest hit high thiamine-dependent mortality
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Winter run salmon return to ancestral waters after 80 years

$fSos Angeles Times
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- Endangered salmon will swim in California river for first time

@ 1n 30 years
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After 80 Year Absence | : :
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winter-run Chinook, but government scj
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Key Takeaways

I . AT
Salmon evolved life history behaviors Io s

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

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

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

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

Eggs on life support. Managing to
non-linear temperature threshold is
risky- back away from cliff;
environmental stochasticity, new
stressors, uncertainty
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Monitoring Thiamine Deficiency in California Salmon
' Something was killing baby salmon. Scientists traced it to a wetme
food-web mystery

e Seuiwest Fisheries Scisnce Genter’s Simon L Hiskry Team
Tabds of Contants

Scientists Ask for Anglers’ Help in Solving Salmon Mystery

-~ The Ocean’s Mysterious Vitamin Deficiency

A puzzling lack of thiamine is disrupting some marine

NOAA

@ . R by Alastair Bland
v FISHERIES Search NOAA Fisl
1500
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ecosystems.

Find A Species Fishing & Seafood Protecting Marine Life Environment

Disoriented little fish caught the attention of staff members at the Coleman

WS

Deficiency in Vitamin 81 linked to higher juvenile mortality in California fish hatcheries.

Feature Story | West Coast

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 added to Winter-run
Monitoring Network!

Evaluation of Monitoring Network
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Sub-model Framework

Winter-Run Life-Cycle Conceptual Model

Sub-Model Map
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Dangers of managing for “optimized” non-linear
temperature thresholds
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Role of non-natal rearing and floodplains for winter run

Climate-resilient strategies
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Hatchery increases winter run risk of extinction

Strays from outside ESU Sacramento River Spawner Escapement
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“Otolith” and “Modeled” Hatch Dates
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Juvenile Chinook Salmon Collection
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Shasta Dam “
Keswick Dam
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