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DECLINE IN MARINE SURVIVAL



DOWNWARD TRENDS WITH HIGH VARIATION



ECOSYSTEM INDICATORS ACROSS THE SEASCAPE

What factors influence marine 
survival in coho and Chinook 
salmon and steelhead trout?



SALMON AS ECOSYSTEM INTEGRATORS

https://www.fisheries.noaa.gov/west-coast/science-data/pacific-salmon-life-history-research



OVERARCHING HYPOTHESES ABOUT SALMON SURVIVAL

1. Bottom-Up
2. Top-Down

3. Anthropogenic and 
Cumulative Effects



POTENTIAL INDICATORS



Sobocinski et al. 2017, Environmental Conservation



INDICATORS

H1: Predation
-Increases in marine mammals 
increase early marine mortality e.g. Seal Abundance 
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Indicators should be:

• Theoretically sound
• Respond predictably to ecosystem 

change
• Integrative
• Relevant to management concerns

(Niemeijer and de Groot 2008, O’Neill et al. 2008, Kershner et al. 2011)

Hypothesis-driven



Y=β0+ β 1X1+ β2X2 +…βnXn + ε

e.g. Seal Abundance 
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e.g. Herring 
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e.g. Hatchery Releases
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e.g. Human Pop.

CONCEPTUAL FRAMEWORK AND HYPOTHESES



https://faculty.washington.edu/pmacc/LO/LiveOcean.html

RELEVANT SCALES FOR POTENTIAL INDICATORS
Local, Regional, and Global* Indicators

*Global=N. Pacific Ocean



Estuaries and inland waters, like the Salish Sea, 
are influenced by larger scale ocean processes 
that are continually changing

Anthropogenic impacts locally can impact fish 
beyond the inland waters

From Peterson et al. 2013

GLOBAL AND REGIONAL CONDITIONS INFLUENCE LOCAL 
CONDITIONS





H5: Water Quality
-Salish Sea and ocean conditions may be 
unfavorable
H6: Water Delivery Timing
-The timing of FW delivery to the nearshore 
and the spring transition on the coast 
determine year class success
H7: Anthropogenic Impacts
- Impacts of human population, including 
harvest, negatively impact survival

COHO AND CHINOOK HYPOTHESES



Example

H1: Indicators
Seals Abundance
Orca Abundance
SOG Herring Abundance
PS Herring Spawning Stock Biomass
PS Pink Salmon Abundance (Outmigrating)
Fraser Pink Salmon Abundance (Outmigrating)
Yearling Chinook Hatchery Release Abundance
Subyearling Chinook Hatchery Release Abundance
Yearling Coho Hatchery Release Abundance
Index of Ocean Salmon

Total Small Fish Abundance
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TIME SERIES OF POTENTIAL INDICATORS

Evaluate Candidate Indicators:
Correlations with SAR
Collinearity with other covars.
Lags
Time period of aggregation



GENERALIZED ADDITIVE MODELING





Best Models:  Explained variance = 41%
Best Hypotheses: All >30%, except H6
Worst Hypothesis: H6, FW Discharge

COHO RESULTS



Red=Abiotic
Cyan=Biotic





SUMMARY

• All best performing models explained 30-40% of variation in dataset
• FW input indicators typically did the worst at explaining variance
• Seal abundance was supported (correlates with time series, also 

mechanistic work supporting predation hypotheses)
• Hatchery release timing and abundance should be considered more 

fully—some negative relationships with survival; protracted release 
timing indicated higher survival

• Same suite of indicators may not perform well over entire time series
• Forecasting models might be able to take into account newer data 

streams (zooplankton, ocean sampling)



CHALLENGES

• Indicators are based on hypotheses, but there are limitations to a 
purely statistical approach

• Correlated variables can explain variance, but may not be the most 
important factors to consider—mechanisms are not articulated

• Indirect and interaction effects are not captured well
• Potentially important data streams don’t exist (e.g. forage fish, 

zooplankton, fish predators) limiting model quality
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