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A lot of infrastructure…and so many 

species…some context needed 

Behavior: depends on many variables, many will remain unknown 

 

Premise: stochastic processes dominate moment-to-moment 

decisions 

 …but behavior patterns emerge at larger scales 

 

Focus: relate behavior patterns to elements management most 

directly influences (quantity, quality, and structure of flow) 

 …at a scale resolution where future environmental pattern 

might be forecast 

 …stopping at a level of detail beyond which there is 

diminishing return 
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Point of View 

Fish Movement = physical (mean and turbulent/secondary flows) 

 + 

 behavioral (Markovian or non-Markovian) 

Past experience 

does not matter. 
Environment only at time t 

matters. 

Past experience 

does matter. 
Environment at time t, t-1, t-2, 

etc matters. 

Question of: 

 What is sufficient for management? 

 is quite different than 

 What is it theoretically? 

Factors Observations (example) 

•No method is complete. 

•Tradeoffs/approach often reflect 

researcher preferences. 

Take away 

see Jon Burau re: his presentation 
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Where we fit in… 

Fish Movement = physical (mean and turbulent/secondary flows) 
 + 
 behavioral (Markovian or non-Markovian) 

Past experience 

does not matter. 
Environment only at time t 

matters. 

Past experience 

does matter. 
Environment at time t, t-1, t-2, 

etc matters. 

• Most (not all) statistical 

approaches based on this 

assumption. 

• Sufficient in many (not all) 

scenarios. 

Sufficient ? 

• Our work: history, experience, 

or context can matter a lot. 

• Hypothesis: fish modulate their 

experience in the flow field. 

Past experience 

does matter. 
Environment at time t, t-1, t-2, 

etc matters. 

Sufficient ? + 

Sufficient ? + 
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• Tested with data on downstream 

migrating juvenile salmon. 

- at dams, because that’s where we had 

a lot of data. 

• Simple notion that animals sensitive to 

gravity are generally also sensitive to 

other acceleratory and inertial stimuli. 

• Work on fish sensitivity to relative water 

velocity and acceleration fields as well as 

inertial stimuli, includes: 
- Harden Jones (1956) Nature. 

- von Baumgarten et al. (1971) Space Life Sciences. 

- Arnold GP (1974) Biol. Rev. 

- Kalmijn AJ (1989) Book. 

- Kroese & Schellart (1992) J. Neurophysiol. 

- Bleckmann H (1994) Book. 

- Pavlov & Tjurjukov (1995) J. Fish Biology. 

- Montgomery et al. (1997) Nature. 

- Haro et al. (1998) Trans. Am. Fish. Soc. 

- …more 

Simple Hypothesis for 

Navigating Up- and Down-

Water & Wind Currents 
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We explored how water acceleration may shape fish 

movement and identify why fish avoid some flow field 

regions 

 

Example Setting 

Example flow field features: 

obstructions 

pile dikes 

habitat features 

dredge material 
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Flow 

Water Speed 

0.91 m sec-1 

Flow 

Water flow field contours: 

Fill Acceleration 

Lines Speed 

B{2} 

Downstream Navigation Strategy 

via attraction and repulsion responses triggered by 

perceived changes in water acceleration (contour fill) 

Idealized (Simplified) Setting 

B{1} 

B{2} B{3} 

B{2} 

Flow field feature: 

 obstruction 

 pile 

 habitat feature 

 dredge material 

Fish Navigate by Modulating Flow Field Experience 
where patterns in water acceleration and water speed arise predictably from river architecture 

B{2} can appear as if it is 

more than one distinct 

response since it depends 

on the flow field’s 

heterogeneity at the fish’s 

position in space and time 

Patterns in water acceleration and speed arise 

predictably in rivers from flow field features: 
 
 - form resistance (cube, woody debris) 

 - skin friction (water-boundary interface) 

B{1} correlated random walk biased (BCRW) in direction of water flow 

B{2} velocity attraction triggered by change in water acceleration 

B{3} flow repulsion  water acceleration 

B{4} vertical movement  water pressure (depth) 

…for instance, B{2} can 

appear as localized 

holding (milling) where 

faster water is located 

upstream 

B{3} B{1} 

B{2} 

Water Velocity Vector 

Water Velocity Vector 

B{1} orients swimming w/water flow 

in the absence of other behaviors 

B{2} orients swimming 

toward faster water. This 

orientation is often 

different from water flow 

B{3} orients prolonged swimming 

upstream, in the direction 

opposite the water flow vector 
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Natural (Complex) Setting 

Woody 

Debris 

Water Speed 

0.91 m sec-1 

B{2} B{2} 

B{1} 

B{3} 

B{2} Flow 

Fish Navigate by Modulating Flow Field Experience 
where patterns in water acceleration and water speed arise predictably from river architecture 
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…small changes in advective/exploratory 

processes may play big role 

Head of Old River Bifurcation: Simulated & Real Fish 
…may have apparent non-physical barrier 

guidance when it is not. 
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Head of Old River Bifurcation: Simulated & Real Fish 

m. ERDC 
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Sacramento - Georgiana Slough 

U2RANS (Yong Lai, USBR TSC) 
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Sacramento - Georgiana Slough 

llWIFl@i 
12:00:0Q AM 

m. ERDC 
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Sacramento - Georgiana Slough 

.... ,,. 
12:CO:OOAM 

m. ERDC 
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Sacramento - Georgiana Slough 

Iso-surface: gas volume fraction (0.01) 

Contour: acceleration magnitude 

University of Iowa - IIHR 
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Water Speed 

0.91 m sec-1 

Flow 

Hypothesis Reversal for: Upstream-migrating Fish 
 Resident Fish 
 Feeding Fish 

B{2} 

B{2} B{2} B{2} 

B{1} 

B{3} 

B{2} 
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Questions / Comments / Criticisms ??? 


