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Sanctuary Quest 2002, NOAA/OER - https://oceanexplorer.noaa.gov/explorations/02quest/background/upwelling/media/Fig2_map.html

Oceanographic and geographic setting

https://oceanexplorer.noaa.gov/explorations/02quest/background/upwelling/media/Fig2_map.html


https://mavensnotebook.com/2017/07/12/california-water-commission-a-primer-on-state-water-project-operations/

Salmon conservation has been a challenge 
for as long as California has been a state

SFEI



CV salmon are the most vulnerable to changing climate



Life history diversity in CV Chinook salmon
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Redrawn from Vogel and Marine, 1991.



a: Natural Production (N)

c: Fitness (F)

b: Hatchery Production (H)

d: Climate Effect (C)

e: Salmon Abundance (S = C F (N + H))

Time

1
2

3

A conceptual model of salmon declines

PFMC 2022



Smolt-to-adult survival depends strongly on flow, but not on ocean measures

Michel, CJFAS 76: 1398 (2019)



Salmon survival in the river is a strong, 
nonlinear function of flow

Michel et al, Ecosphere e03498 (2021)



Michel et al, Ecosphere e03168 (2020)

Salmon survival in the Delta is related to predator distribution and physical 
features that increase salmon vulnerability to predators



Life history diversity in spring-run Chinook
Diversity in timing Diversity rearing habitat

Diversity among years Yearlings Rule Dry years

Life history diversity is spreading risk in time & space

2018 [2015 BY] = CD
2012 [2009 BY] = D

Cordoleani et al. Nature Climate Change
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b: Hatchery Production (H)

d: Climate Effect (C)
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What can be done?

1. Improve and restore access to diverse 
and functional habitats

2. Reform hatchery practices

3: 1 and 2, and limit or mitigate GG 
emmissions



https://commons.wikimedia.org/wiki/Category:Keswick_Dam#/m
edia/File:Photograph_of_an_aerial_view_of_Keswick_Dam_water
_release._(51172449316).jpg

Photo: Randy Beckwith, CDWRhttps://en.wikipedia.org/wiki/Pit_River#/media/File:Pit_River_basin_map.png

Reintroduction: passage past permanent 
barriers (Upper Sacramento R.)



Improving water management
Conserve cold water for fish: 46% mortality Deliver more water to farms: 86% mortality 



Floodplain restoration

https://www.buttecounty.net

Water Education Foundation

https://www.buttecounty.net/wrcdocs/WC/Agenda/140903/WCAgenda140903item5.pdf


Species Newly Accessible Habitat 
(rkm) 

Chinook 672

Coho 93

Steelhead 672

Reintroduction: dam removal on Klamath River



https://swfsc-publications.fisheries.noaa.gov/publications/CR/2012/2012California.pdf

14 findings and recommendations (here are 4):

• Serious loss and degradation of habitat limits natural production 
of salmon and steelhead in California

• Off-site releases promote unacceptable levels of straying
• Marking/tagging programs are needed for real-time identification 

of all  hatchery-origin Chinook salmon returning to hatchery 
facilities

• Harvest management of Sacramento River Fall Chinook should  
account for the productivity of naturally-spawning adults



According to model projections, if we reduce greenhouse gas emissions, there will be about a degree of warming over this century (the purple line). If we do not 
reduce greenhouse gases as much, Earth will warm much more (orange line). The area around the lines indicates the range of model results from these two 
scenarios. Credit: L.S. Gardiner/UCAR with IPCC (2013) data





Chinook ESUs

Not Warranted

Threatened or 
Endangered
Candidate

OR

CA

Data for California are primarily from Yoshiyama et al. 2001, Titus et al. in 
press., and Jones 2001.
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Historical range of 
chinook salmon in 
California and 
southern Oregon
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Environmentally driven mortality modulated by 
predator distribution, population and diet
Predation Mortality =  Size-Based Mortality x Sightings x Population x Diet 
Predation Mortality by Year Predation Mortality by Year and Age 
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Kelly Vasbinder, UCSC and NMFS SWFSC, unpublished
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Weighting by Murre Abundance
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Cold water for yearlings in the climate future
May 2005-2015 May 2080

Cordoleani et al. 2021


