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https://www.integratedecosystemassessment.noaa.gov/sites/default/files/2019-03/CCIEA-status-report-2018.pdf

https://www.integratedecosystemassessment.noaa.gov/regions/california-current/cc-ecosystem-components

Current ocean research application to management is currently limited in CA Current
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https://www.integratedecosystemassessment.noaa.gov/sites/default/files/2019-03/CCIEA-status-report-2018.pdf
https://www.integratedecosystemassessment.noaa.gov/regions/california-current/cc-ecosystem-components


Harvestable adults at sea = # of jacks returning
This assumes constant maturation and natural mortality rates – Solution: Ocean sampling of older fish. 

Sibling models to develop harvest rules
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Recently, ocean covariates have been brought forward for coho assessments

PFMC 2019, Preseason Report
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Recently, ocean covariates have been brought forward for coho assessments

PFMC 2019, Preseason Report

We need to consider including more process in this and previous examples
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Pink salmon assessments are exploring inclusion of ocean processes

Pink salmon abundance is estimated from juvenile at-
sea CPUE and at-sea abundance of predators.

Wertheimer et al 2017

Harvest = Ln(CPUE juvs) + Pred# + env2 +…envn
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Aspects of salmon life-cycle discoverable from ocean research
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Aspects of salmon life-cycle discoverable from ocean research

Carry-over effects (e.g., size 
at emigration, timing, 
diversity). Can be studied 
with early sampling.
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Aspects of salmon life-cycle discoverable from ocean research

Ocean life-history transitions. 
Ocean surveys of older fish 
provide parameterization

The ocean has influence on age 
and timing of spawning and can 
inform habitat management.
Sampling fish on return can be 
used here.

Carry-over effects (e.g., size 
at emigration, timing, 
diversity). Can be studied 
with early sampling.



Sensitivity analysis and management strategy evaluation

The key is that ocean influences were 
parameterized in the context of the full life 
cycle. Managerial decisions considered, such as 
flow-dependent emigration size or timing, can 
be evaluated properly in the context of 
predation at sea.

Friedman et al. 2019
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Years of good 
survival

Years of poor 
survival

Agent-based models based on ocean survey results

Survey data is used to parameterize 
ecosystem-level models where there 
is need to incorporate behavior, 
distribution, prey dynamics and 
ocean state.

To the left is modeled growth of 
salmon at sea and to the right is 
modeled early survival related to 
growth. 

Fiechter et al. 2015

Henderson et al. 2018
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Much of morality at sea is due to predation

Wells et al 2017

More process 
studies need to be 
conducted to 
understand the role 
of predators on 
salmon mortality.
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Conclusion: Managerial models that can be informed from ocean surveys

Stock assessment (i.e., forecast of abundance)
• Juvenile abundance and maturation

Life-cycle modeling
• Evaluation of carry-over effects on early, at-sea salmon dynamics.

• Sampling of older fish for estimation of transitional dynamics.

EBFM
• Behavioral studies to parameterize ecosystem models, including predators, salmon and prey. 
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