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The elephant in the room: 
smolt freshwater survival and apparent carryover effects
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It’s spill
(powerhouse 
encounters)

It’s fish 
size

It’s 
predation It’s 

migration 
timing
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How do we know 
what we think we 
know about smolt 

survival?

Space-for-Time
CJS Survival Models
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N Released = 321,704

N Detect = 
68,410

N Detect = 
9,459

N Detect = 
4,724

N Detect = 
7,014

N Detect = 
9,369
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The Traditional Approach to 
Evaluating Time Varying Survival: 
Virtual Release Cohorts

Not Detected
at LWG

Transported
at LWG

N Used = 
58,268

92% GRS

N Used = 
2,338 (25%)

N Used = 
1,216 (26%)

N Used = 
1,960 (28%)

N Used = 
2,496 (27%)
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https://cbbulletin.com/

High Spill = Low Detection = 
Increased Uncertainty

• Traditional virtual release cohort methods 
have struggled with flex spill operations

• Has led to calls to increase detection 
capabilities and/or increase sample sizes

• What do increased detection and/or sample 
sizes buy us?
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Transported Fish
Not used for VR

A thought experiment: how does the precision of survival 
estimates change with increased detection at Lower Granite 
and/or more PIT tagged fish? 

• 2020 Snake River hatchery yearling Chinook Salmon 
• Overall survival from Lower Granite to McNary Dam
• Detections at GRJ/GRS, GOJ, LMJ, MCJ, JDJ
• 9 weekly cohorts starting April 1
• Baseline: Ignore GRS detections, randomly sample 50% of tags released
• Models estimated using CJS in Stan

• Parameters constrained to 0 – 1 interval
• Uniform priors
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Widest Possible 90% CI, 
i.e., No Information
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Option A Cost:
+160,000 tags @ 
$3.50 ea. (tag + labor)

$560,000
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Option B Cost:
Lower Granite 

Spillway Detector
$7,000,000
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Option A+B Cost:
$7,560,000
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Option C Cost:
$0
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Option C: Time as a “state”
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Option C: Time as a “state”
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Option C as depicted fit in Stan with uniform/non-informative priors.
Could be fit using MLE.
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I am not saying we shouldn’t increase sample sizes or improve detection. 
I am saying we should extract the most value from these expensive data.

*Similar plots for 
2021 – 2023 are at 
the end of 
presentation
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The Perils of Aggregation
• A common management goal is to relate survival to 

environmental/operational conditions
• Using the VR cohort approach covariates are typically summarized 

over the temporal window
• For assessing survival over multiple reaches (e.g. LWG – MCN), 

summary covariates are usually applied based on detection date at 
LWG
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Differences within cohorts can be greater than differences between cohorts
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Fish don’t stay within their assigned cohort
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Modelling Time as State
Advantages
• Increased precision at no additional 

cost for data collection
• Supports any level of stratification, 

mitigating the perils of aggregation
• Jointly models travel time and 

survival 
• Inference on travel time not

conditioned on detected fish

• Many options in parameterization
• Relatively simple and assumption light 

models do well

Disadvantages
• Many options in parameterization

• Analysis paralysis is an occupational 
hazard

• Currently no plug and play software 
available

• Come talk to me. What would be 
useful?
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We’d like more and better data, yes, 
but we can also do more and better with the data we have

Results from Hance et al. 
in review

2021
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Questions?
Dalton Hance
Research Statistician
dhance@usgs.gov
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Widest Possible 90% CI, 
i.e., No Information

Transported Fish
Not used for VR
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Option A Cost:
+160,000 tags @ 

$3.50 ea.
$560,000
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Option B Cost:
Lower Granite 

Spillway Detector
$7,000,000
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Option A+B Cost:
$7,560,000
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Option C Cost:
$0
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