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Objectives
• Develop a mark-recapture model for juvenile steelhead

• Estimate age-specific survival
• Life history contributions to smolt abundance
• Relate survival to environmental and biotic factors
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Model details

• Mark-recapture model
• Observed data likelihood (Hance et al. 2020)
• Incorporates uncertainty in age using an age sub-model
• Includes covariates via GLM (generalized linear models)
• Bayesian (Stan)
• Flexible generalizability to other systems
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Age-1 survival = 𝜃ଵିଵ + 𝜃ଵିଶ+ 𝜃ଵିଷ+ 𝜃ଵିସ
Age-2 survival = 𝜃ଶିଶ + 𝜃ଶିଷ + 𝜃ଶିସ
Age-3 survival = 𝜃ଷିଷ + 𝜃ଷିସ
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What do you need

• Initial capture where fish are tagged (individually identifiable)

• At least two downstream recapture sites (i.e. PIT array)

• Auxiliary info on all fish (i.e. fork length)

• Ages for some fish
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Covariates

Biotic
• Female spawner abundance
• Juvenile abundance (at RST)

Environmental
• Peak flow (90% quantile of daily mean flow)
• Low flow (10% quantile of summer/fall flow)
• Stream temperature above RST
• Stream temperature below RST

Individual
• Fork length



Model selection (preliminary)

• Fitted the full mark-recapture model
• Fit covariates to the estimated cohort transition rates

• Evaluated a limited set of models with different combinations of 2 
or 3 covariates

• Best model included peak flow and juvenile abundance
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Implications

• Framework for estimating survival of 
emigrating juvenile steelhead

• Evaluate effects of conditions above 
and below traps on juvenile steelhead 
survival

• Watershed-specific limiting factors



Package

• Generalizable
• Workflow for Columbia River salmon and steelhead

Available on GitHub
• ryanvosbigian/space4time
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