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Introduced fishes do not pose equal risks

* NPS Risk Levels (2021 update):
e Smallmouth Bass (Very High)
* Walleye (Very High)

Brown Trout (Very High)

Green Sunfish (High)
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2023 Grand Canyon Nonnative Fishes
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Grand Canyon Nonnative Fishes

Nonnative species that have increased in catch more than 100% in last 3 years
compared to 2000-2019:
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Grand Canyon Nonnative Fishes

Nonnative species that have increased in catch more than 100% in last 3 years
compared to 2000-2019:

Potential for self-sustaining population
and high piscivory
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Routine, Interagency Monitoring
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Glen Canyon Dam

Lake Powell

Warmer Water Lees Ferry

3470 ft: Penstocks

Colder Water
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Glen Canyon Dam
Lake Powell
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Smallmouth bass modeling

1. Propagule Pressure from Lake Powell
-Entrainment (fish passage through dam)
Elevation dependent

2. Population Growth

-Reproduction, survival, recruitment
Thermal suitability

Elevation dependent
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Modeling: Smallmouth Bass Propagule Pressure
Conceptual Model of Entrainment Risk

# of SMIB Available Lake Powell

Fish Distribution by

Elevation

for Entrainment \ Depth
l Reservoir elevation drives
penstock depth

Penstock Entrainment
(numbers of fish passed through dam)

Survival
Rate

SMB Abundance in % SMB Abundance in
Lees Ferry at ate Lees Ferry at End of

year

Beginning of Year




Statistical Model of _ ..
Entrainment Risk : «-

Inflows
Outflows

40 —

20 —

) | — | | (Bank Storage,
3478 3490 3502 3513 3525 3537 Eva po ratio N )

10 20 30 40 50 '
Size of entrainable population (x 1,000) -

Penstock Entrainment 7 Gl

(numbers of fish passed through dam) - I "mhwhm

I I I 1
0.0 0.2 0.4 0.6 0.8 1.0

Relative suitabiliy

Survival through penstocks

Annual adult survival

SMB abundance in
Lees Ferry at end of
year

SMB abundance in

Lees Ferry at
beginning of year




Modeling: Smallmouth Bass Propagule Pressure
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Modeling: Smallmouth Bass Propagule Pressure
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Modeling: Smallmouth Bass Propagule Pressure
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Smallmouth bass modeling

1. Propagule Pressure from Lake Powell
-Entrainment (fish passage through dam)
Elevation dependent

2. Population Growth
-Reproduction, survival, recruitment
Thermal suitability

Elevation dependent



Modeling: Smallmouth Bass Population Growth

(Assumes Allee Effect threshold is surpassed)

Population Growth Rate (lambda)
Based on thermal suitability

Daily River Temperature (mainstem only)

-Lake Powell depth profiles

-Lake Powell elevation
-Downriver temp model (Dibble et al. 2021)

Smallmouth Bass and Temperature
-Spawn/hatch (16C spawning threshold)
-Age 0 growth
-Age 0 overwinter survival

Parameters were derived from Breton et al.
(2015) and Bruckerhoff et al. (in prep)
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Lake Powell temperature model

Example: 5 maf inflow
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Lake Powell temperature model

Example: 12 maf inflow
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Water Temperature (C)

Predicted vs observed water temperature
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Modeling: Smallmouth Bass Population Growth

(Assumes Allee Effect threshold is surpassed)

Population Growth Rate (lambda)
Based on thermal suitability

Daily River Temperature (mainstem only)

-Lake Powell depth profiles

-Lake Powell elevation
-Downriver temp model (Dibble et al. 2021)

Smallmouth Bass and Temperature
-Spawn/hatch (16C spawning threshold)

-Age 0 growth
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Parameters were derived from Breton et al.
(2015) and Bruckerhoff et al. (in prep)




Smallmouth Bass and temperature

Yampa River Data: Smallmouth Bass Hatch
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Smallmouth Bass and temperature

Age-0 Smallmouth Bass Growth
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Modeling: Smallmouth Bass Population Growth
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Modeling: Smallmouth Bass Population Growth
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Modeling: Smallmouth Bass Population Growth
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Downriver suitability?
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Modeling: Smallmouth Bass Population Growth

Downriver warming
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Testing assumptions and learning from two years of
data collection

e Suitable water temperatures

e Sufficient food
e Sufficient spawning habitat

e Suitable water turbidity
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Smallmouth Bass and temperature

Spawning initiation (observed eggs in nest)

Temperature (°C) Location Type Citation
15 Nagano, Japan Lake Peterson & Kitano, 2022
15 Oregon, USA River Rubenson & Olden, 2019
15.2 Ontario, CA Lake Turner & MacCrimmon, 1970
15.5 Saskatchewan, CA Lake Rawson, 1938
16.2 Oklahoma, USA River Dauwalter & Fisher, 2007
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Smallmouth Bass and temperature

Age-0 Smallmouth Bass Growth
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Smallmouth Bass and temperature
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Smallmouth Bass and temperature

Age-0 Smallmouth Bass Growth
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Testing assumptions and learning from two years of
data collection

e Suitable water temperatures

e Sufficient food

e Sufficient spawning habitat

e Suitable water turbidity
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2022 Fall Juvenile SMB from the mainstem
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2023 Summer Juvenile SMB from the mainstem
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2023 Summer Adult SMB (mainstem and slough)
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Testing assumptions and learning from two years of
data collection

e Suitable water temperatures
* Sufficient food

e Sufficient spawning habitat

e Suitable water turbidity
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’ Lake Powell

/ Discharge/Velocity model:
/' S.Wright, J. Korman, P. Grams

5x5m pixels

(Kaplinski et al., 2022a; 2022b;
Nelson et al., 2016)
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Lees Ferry Velocity Map
Baseline operations (6-12k CFS) N
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What about downriver spawning habitat?

No discharge-velocity model exists

Potential surrogate:
cobble, gravel, talus, or debris fan adjacent to an eddy

Analysis currently underway
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Testing assumptions and learning from two years of
data collection

e Suitable water temperatures
e Sufficient food
e Sufficient spawning habitat

e Suitable water turbidity

b
a
science for a changing world



Colorado River Turbidity
Ex: 2021-2022
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Conclusions

Smallmouth Bass entrainment model predicted catch of adults in 2022
and 2023 and suggests entrainment was only modestly elevated.

Smallmouth Bass lambda model predicted reproduction in 2022 and
2023, and growth was consistent with model assumptions.

Smallmouth bass diet are consistent with literature but have provided
some system specific surprises.

Studies to address uncertainties are ongoing.
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