Close Encounters With a Fish Screen
Talls From the Fish Treadmill
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Fish Treadmill

UC Davis Hydraulics
Laboratory

* Observe and
measure fish
performance and
behavior in two-vector
flows near a fish
screen

* Identify which factors
influence successful
fish protection and

passage

* Provide information
needed to design and
operate effective fish
screens
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Approach and Sweeping velocities are
independently controlled in the Fish Treadmill
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Measurements

Fish — FiIsh screen interactions

screen contact rate (total and body contact rates)
Impingement rate

Injuries and Survival
Injury index (injury rate and severity)
48-h post-exposure survival

Behavior
swimming velocity
distance from screen
screen passage velocity



Delta smelt

RESEARCH
and

APPLICATIONS

FIELD VALIDATION Chinook salmon
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RESEARCH

Effects of Flow on Screen Contact Rates

Body Contact Rate

(contacts/fish*min)
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RESEARCH

Effects of Screen Contact on Injuries

Injury Index
(rate and severity)
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RESEARCH
Effects of Injury on Mortality

48 h Mortality

(#dead/20fish)
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RESEARCH
Effects of Flow on Screen Impact Velocity
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Using Fish Treadmill Results

Multiple measurements

v

Statistical models

\

Predictions
Behavior (swimming velocity, passage velocity)
Exposure duration
Probability of screen contact
Survival

—> Go to Excel spreadsheet



Approach velocity (cm/s)
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APPLICATIONS

Effects of Flow
on Survival



Approach velocity (cm/s)
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APPLICATIONS

Predicting
Screen Length

Target exposure
duration:

10 contact/fish



FIELD VALIDATION

Linking Laboratory and Field Studies
on Juvenile Chinook Salmon
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Christina Swanson, Paciencia S. Young, and Joseph J. Cech, Jr.
Department of Wildlife, Fish, and Conservation Biology
University of California, Davis

Richard Wantuck and Dan B. Odenweller
NOAA Fisheries



RESEARCH
Screen contact rates decrease with water velocity

Screen Contact Rate
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RESEARCH

Swimming velocity increases with water velocity
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RESEARCH

Positive rheotaxis increases with water velocity

Rheotaxis
(angle to flow, degrees)
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RESEARCH
Movement past the screen is lowest
at intermediate water velocities

Velocity Past Screen (cm/s)

20

O O Upstream
movement

Chinook salmon Downstream
1 12°C. 6-8cm SL ®®  movement
0 10 20 30 40 50 60

Resultant Water Velocity (cm/s)




RESEARCH FINDINGS

I nter pretations and Potential Applicationsfor Fish Screen
Flow and Operational Criteria from the Fish Treadmill Project

Anadromous Fish Screen Program, Cooper ative Agreement No.
1142013075

Prepared by
Christina Swanson, Paciencia S. Y oung, and Joseph J. Cech, Jr.
Department of Wildlife, Fish, and Conservation Biology
University of California, Davis, CA 95616
Species: Chinook salmon, Oncor hynchus tshawytscha

Size (Age):4-6 cm standard length (SL), “parr”
6-8 cm SL, “smolt”

Environmental Conditions: 12°C, winter and spring
Day (light conditions) and Night (dark conditions)

Submitted to
The Anadromous Fish Screen Program

U. S. Fish and Wildlife Service
Sacramento, CA

FIELD
VALIDATION

How does
performance and
behavior observed
In the Fish
Treadmill compare
with that of fish in
the field near an
operational water
diversion?



VALIDATION TOOLS: Videotape and research results
Tailbeat frequency increases linearly
with swimming velocity

LD 14 4 TBF = 1.3 + 0.23(swimming velocity)

4 p<0.001, r?=0.789, n=34
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Parrott - Phelan Fish Screen
Butte Creek, CA

FIELD RESULTS

Water velocity
30-38 cm/s

Swimming velocity EEEERECREE
32.7+4.7 (SD) cm/s =
(range: 25-39 cm/s)

Rheotaxis
generally positive

Passage
no net downstream
movement in 2 h




GCID Fish Screen

Sacramento River, CA

FIELD RESULTS

Water velocity
67-7/8 cm/s =)

Swimming velocity
38.3+4.4 (SD) cm/s
(range: 32-47 cm/s)

Rheotaxis
positive

Passage
net downstream
movement

Some fish diverted
iInto bypass




Conclusions

Behavior of juvenile chinook salmon in the Fish
Treadmill is similar to that of fish observed near two

screened water diversions in the field

This supports the applicability of Fish Treadmill results
for refining and developing fish screen flow and
exposure duration criteria
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Future Applied Research

Alternative fish passage strategies
Effects of debris and “hot spots”
Fish screen detection, visual vs mechanoreception
Alternative screen types

Multiple screen exposures
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