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ELAM model: Peer-reviewed Fish Prediction



Passive ParticlesBlueback Herring

Habitat Selection / Species Distribution

CE-QUAL-W2

• Temperature

• Dissolved oxygen

• 2-D hydrodynamics



25 Years: Out-of-Sample Fish 3-D Movement Prediction
Hydraulic + Individual- (Agent-) based Modeling 

w/cognition for

engineering design
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Tidal Sacramento River at Georgiana Slough



Tidal Sacramento River at Georgiana Slough

• Updated cognitive-based algorithms for predicting fish 

movement, guidance, and entrainment

• Simplest formulation of many evaluated

• Behaviors emerge from animal’s recent past experience 

(environmental context)

• Selective tidal stream transport a superset of the 

behaviors at large hydropower dams – potential for 

unified prediction model
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U2RANS CFD – Yong Lai, USBR // Acoustic-tag Telemetry – USGS

Tidal Sacramento River at Georgiana Slough



Fish Behavior is Complex – Different Movement Modes



Hydrodynamic Behavioral Stimuli



Perceptual Decision-Making (Cognition)



Out-of-Sample Movement Prediction

𝐵 3 : gradient (𝐺𝑀) 
attraction

𝐵 2 : velocity (𝑉𝑀) 
attraction

𝐵 1 : flowline 
alignment

𝐵 4 : acceleration (𝐴𝑀) 
repulsion



Predicting Out-of-Sample Guidance/Entrainment

Calibration
data

(2009)

Out-of-sample
validation

(2014)
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Behavior
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“Off”
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What $65+ Million of Telemetry & CFD is Saying



Year 2014

Flood (reversing) flow
Ebb flows

Ebb + flood flows
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Behavioral particles Passive particles

Still in domain day 

after release
0.0%Sacramento
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Upriver Steamboat 

entrainment

Downriver entrainment

Predicting Out-of-Sample Guidance/Entrainment

Base case



Predicting Upstream-migrating Invasive Lamprey

Laurentian Great Lakes

Fish orientation

• 𝑉𝑀-dependent

• Conditional on lower 𝐺𝑀
while experiencing above a 

certain threshold

James Kerr

University of Guelph



River / Estuary Restoration
(Project & Reach Scales)

Particles

with

Behavior
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Tidal Estuary Renewable Energy



ELAM Theory-Informed Machine Learning
Real-time Fish Trajectory Prediction

Boardman River, Michigan

Great Lakes Fishery Commission

Bi-directional, selective fish passage

Seth A. Schweitzer

Cornell University


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

