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Outline

• Challenges to effectively conserve native fishes in 
“novel” environments, including in Grand Canyon
• Focus on tributary* - case studies:
• Invasive trout control to conserve native fishes
• Translocations of humpback chub

• Discuss “lessons learned” and design considerations



Trends: Freshwater vs. Terrestrial 
Biodiversity
Freshwaters: 1% of global H20, 

≈ 40-43% of fishes



Conservation constraints

Sabo et al. 2010 –PNAS, Reclaiming freshwater…Cadillac desert



Colorado RiverColorado River: “America’s most endangered river”



Colorado River
Extensive water development:
• 15 large mainstem dams:
• Reservoirs store 7x mean annual flow!
• 100’s of water diversions

High Country News

Colorado River: “America’s most endangered river”



Colorado River

Photo by Tom Chart

Colorado River: “America’s most endangered river”

Joe Tomelleri Illustrations



75% are Endemic
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Colorado River – National Parks

• Potentially significant 
role in conservation



Colorado River – National Parks

• Potentially significant 
role in conservation

• 9 NPS units along 
Colorado River
• Mandate to conserve 

resources over 
recreation
• Organic Act, enabling 

legislation



Grand Canyon



Our Challenge:

Develop, test, and monitor management strategies 
to conserve native fish under novel conditions



Colorado 
River fishes 

• Evolved in disturbance-
prone environments
• Seasonally-warm thermal 

regime
• Life history strategies-

• Long-lived 
• High fecundity
• Migratory
• Unique morphology

Joe Tomelleri Illustrations

Havasu Creek at flood stage



Novel habitats – post “disturbance”

• Damming & diversions
• “Stable” and predictable
• Favors fishes evolved in 

stable environments

Pre-dam

Post-dam



• Damming & diversions
• “Stable” and predictable
• Favors fishes evolved in 

stable environments 
(e.g., salmonids)

Pre-dam

Post-dam

Photo:Michael Chow/The Republic

Novel habitats – post “disturbance”



Study area: Grand Canyon

Dam closure

Reproduction
Growth

Dam 
closure

Altered hydrology

Altered thermal regime
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Extirpated species
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How do we conserve riverine fishes?
Joe Tomelleri Illustrations



How do we conserve riverine fishes?

• Restore habitat

Joe Tomelleri Illustrations



How do we conserve riverine fishes?

• Restore habitat• Dam management:
• Outcomes difficult to predict
• Low summer steady flow cost >$23 million

Joe Tomelleri Illustrations



Colorado River – stakeholders



How do we conserve riverine fishes?

• Manipulate populations • Restore habitat

Joe Tomelleri Illustrations



Study area

Havasu 
Creek

Shinumo 
Creek Bright 

Angel 
Creek

Little 
Colorado

*Natural flow & thermal regimes



• Glen Canyon Dam operations 
Biological Opinions:
• Control of nonnative fish 

(rainbow and brown trout)
• Translocations to Grand Canyon 

tributaries

• NPS Comprehensive Fisheries 
Management Plan (2013)

Conservation measures- Humpback chub



Case study: Non-native trout control



• Trout were introduced by agencies, 
including NPS, into tributaries beginning in 
the 1920s.

• NPS stopped stocking in 1964, but AGFD 
continued to stock rainbow trout near Lees 
Ferry until the 1990s, also in 2018-19.

Nonnative fish introductions



Brown trout – a global invader

• Introductions both inadvertent and intentional
• Can thrive in altered habitats
• Impacts due to predation and competition



Brown trout – a global invader
• Survival of humpback chub: rainbow vs brown trout

• Temperature and size matters less to chub survival when faced 
with a brown trout!

Illustrations by Joseph 
Tomelleri



Study stream – Bright Angel Creek

Speas 
2003

Bright Angel Creek Inflow Joe Tomelleri Illustrations



Bright Angel- fish community

NAU/Cline Library photo

Joe Tomelleri Illustrations



Bright Angel- fish community

NAU/Cline Library photo

Joe Tomelleri Illustrations



Nonnative trout suppression –

• Goals:
• Enhance and restore native fish populations in Bright Angel 

Creek, to the extent possible
• Reduce risk of predation upon humpback chub in Colorado 

River
• Foster meaningful tribal relations and integrate perspectives 

into management
• Mechanical Removal Objectives:

• Reduce trout abundance by 80% 
• Maintain/improve native fish populations in Bright Angel 

Creek 
• When trout reduction objective met, translocate humpback 

chub



Native fishes ~ f (Invasive fishes, environmental 
variation, electrofishing, time, space)

Nonnative

Native

Response of a desert fish community to the suppression 
of invasive salmonids

Joe Tomelleri Illustrations



Native fishes ~ f (Invasive fishes, environmental 
variation, electrofishing, time, space)
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Native fishes ~ f (Invasive fishes, environmental 
variation, electrofishing, time, space)
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Native fishes ~ f (Invasive fishes, environmental 
variation, electrofishing, time, space)
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Research Objectives

1. Quantify temporal trends in abundance 
with stream-wide trout suppression

2. Assess importance of abiotic and biotic 
drivers of the distribution and abundance 
of native fishes



Sampling:
2012-2018
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Roaring Springs Creek Angel Springs 
Creek

3-pass depletion, ~15 km/year



Methods – Beneficial Use

• Section 106 Consultation: Tribes expressed concern related 
to taking life 
• Memorandum of Agreement Stipulation:
• “GCNP….will, to the greatest extent feasible, use 

euthanized trout for human consumption.”
• Avoided electrofishing sacred areas (100 m of stream) 

43



Methods – Data Analysis

1. Quantify temporal trends in 
abundance:
• Depletion models: 

• Trout, speckled dace
• Total catch (native suckers)

2. Assess drivers of distribution and 
abundance of native fishes*:
• Generalized linear mixed-effects models

• Predictors: 
• Trout density
• Monsoon and spring flooding 

indices
• Thermal variation
• Electrofishing effort

Joe Tomelleri Illustrations*Healy et al. in review. 



Results - overview

• 2012-2018 –
• Effort:

• 15 km/year
• N= 877 three-pass 

samples
• Removed:

• 42,830 brown trout
• 7,856 rainbow trout

• Native fishes:
• Increased recruitment
• Flannelmouth sucker 

rearing – first records

A. Bachelier photo



Results - trends

• Abundance:
• Rainbow trout:

• ≈80% decline
• Brown trout:

• ≈91% decline
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• Abundance:
• Rainbow trout:

• ≈80% decline
• Brown trout:

• ≈91% decline
• Size-structure shift
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Piscivorous size
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• Trends in native fishes:
• ≈480% total increase

• Primarily reaches 1-2
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• Top Model: Native fishes (aggregated)
• Distribution and Abundance ~ 

• Spatial-thermal (+)
• Trout density (-)

Trout Density

• Spring flooding index (+) 
• Monsoon flooding (-) 

Results - GLMM
Joe Tomelleri Illustrations



• Top Model: Native fishes (aggregated)
• Distribution and Abundance ~ 

• Spatial-thermal (+)
• Trout density (-)

Trout Density

• Spring flooding index (+) 
• Monsoon flooding (-) 

Results - GLMM
Joe Tomelleri Illustrations



Nonnative fish control - summary  
• Mechanical suppression proved to be effective -

• Trout abundance <80-90% of baseline
• Native fishes increased and expanded upstream with declines in trout
• Reductions in invasive trout outweigh potential negative effects of 

repeated electrofishing
• Brown trout catch at a 20-year low in the Colorado River in Grand Canyon

• Native fish abundance highest-
• In warmer sites, with fewer trout

• Temperature may mediate biotic interactions 
• During years with higher spring flows and weaker monsoons 

• Next steps –
• Translocations recommended by peer-reviewers (2018)



Nonnative trout suppression –
design considerations

• Target source population/stream
(if it can be identified)
• Find vulnerabilities - spawning areas
• “Go big or go home”
• Be realistic – set goals accordingly
• Define objectives – establish monitoring metrics 

ahead of time – what does success look like?



Conservation Implications

• Tributaries can provide opportunities for “large 
river fish” conservation
• Successful mechanical suppression of invasive 

fishes with sustained, widespread effort
• Understanding environmental drivers of native 

response to predator removal  
• Inform conservation under “novel” conditions
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Arthur L. & Elaine V. Johnson Foundation
National Park Foundation/Albright-Wirth GrantJoe Tomelleri Illustrations
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