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Hatchery Winter-run
River survival among years and release groups
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Predator swamping = since there is always a limit to the 
number of prey a predator can catch and handle per unit of 
time, a sudden mass appearance of prey in the vulnerable 
stage may swamp or satiate the predator population, 
thereby reducing the fraction of prey taken by the predator 
(Darling 1938)



• High risk landscape

• Discrete groups with varying 
density and ability to 
measure density

• Estimate survival of groups 
with acoustic telemetry



Is predator swamping happening with 
hatchery fish in the Sacramento River?

• Predation pressure thought to be high for 
outmigrating smolts

• Multiple releases of large groups of fish 
(unique for 2015 and 2016)

• Groups have some acoustic tagged fish, 
so survival can be estimated.



Year N Date Released Ave Weight (g) Ave FL (mm)

2013 148 07-Feb-13 10.3 98

2014 358 10-Feb-14 9.4 95

2015 251 04-Feb-15 10.6 100

2015 321 06-Feb-15 10.5 100

2016 285 17-Feb-16 9.4 95

2016 285 18-Feb-16 9.2 95

Livingston Stone National Fish Hatchery Winter Run Acoustic Telemetry
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Hatchery releases 2015 Feb 4,5,6 

• Hatchery released 200K fish each day for 
three days

• Acoustic tagged fish in first and third day
• Assumption: Density of fish migrating 

past a given location is higher for third 
release group

• Hypothesis: Reach survival will be higher 
for third release group compared to first 
release group



Distribution of arrival time by release group
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Migration behaviors

• Fast migrators – steady and rapid 
movement downstream “migrators”
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Migration behaviors

• Fast migrators – steady and rapid 
movement downstream “migrators”

• Stop and hold – at some point in 
migration, slow down or stop for several 
days “holders”
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Migration behaviors

• Fast migrators – steady and rapid 
movement downstream = “migrators”

• Stop and hold – at some point in 
migration, slow down or stop for several 
days = “holders”

• Only migrators would be affected by 
predator swamping if effect exists –
because swamping is time dependent
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Cormack-Jolly-Seber modeling 
using program Mark

Model AICc Delta AICc AICc 
Weights

Model 
Likelihood

Num. 
Par Deviance

Surv(reach) Detect Prob(grp + reach) 5097.479 0 0.62688 1 62 4971.315

Surv(grp + reach) Detect Prob(grp + reach) 5098.517 1.0377 0.37312 0.5952 82 4930.7251

Surv(.) Detect Prob(grp + reach) 5252.947 155.4682 0 0 43 5165.9045

Surv(grp) Detect Prob(grp + reach) 5254.761 157.2819 0 0 44 5165.6694

Surv(grp + reach) Detect Prob(grp) 6715.922 1618.4432 0 0 44 6626.8307
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Summary

Predator Swamping
• Not supported
• Preliminary analysis
• Assumptions incorrect

• Density of conspecifics
• Predation relatively low



Summary

Movement patterns
• Migrators 70% and Holders 30%

• Ratio same for both releases 
• Movement during low flow

• Less variation in arrival times 
• Movement during high flow

• More variation in arrival times



Future Work

Look at 2016
• Also had two releases
• Flows more moderate 

Different method to estimate density
• Use acoustic data to estimate density of 

fish entering reaches instead of release 
group as proxy for density
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