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Why Bug Flows?

From Kennedy and others 2016, Bioscience

Year-round hydropower 
fluctuations do not support 
natural processes essential to 
diverse and resilient 
invertebrate assemblages

~80% of aquatic insects
have cementing egg laying
strategies that are 
vulnerable to artificial tides

Photos of aquatic insects (top) and eggs cemented on various substrates (bottom).
From Miller and others 2020, Freshwater Science



Why Bug Flows?

Not enough insect prey for fish
Low diversity, inherently unstable
Food webs built on algae

Colorado River downstream of Glen Canyon Dam 
only 1/3 the invertebrate genera of other tailwaters.
From Kennedy and others 2016 BioScience. 

Food webs of the Colorado River circa 2006-2009.
From Kennedy and others 2014 USGS Fact-Sheet. 



What is a Bug Flow?
Give bugs the weekends off
Weekend stable low flows from May-August
 34-36 days/years
 Tested 2018-2020

Eggs laid on weekends never dry
Unpublished data, subject to change, do not cite.

May-August

https://waterdata.usgs.gov/az/nwis/uv?site_no=09380000



Science Advisor Review
Timeline

 October 12-GCMRC submits Bug Flow synthesis
 October 28-Bug Flow workshop #1
 November 4-Bug Flow workshop #2
 January 4-Science Advisor review completed
 January 11-ARM presentation w/ 2021 light trap data
 January 13-TWG meeting
 February 9-AMWG meeting (today)

By the numbers:
4-number of coauthors on synthesis
37-number of pages in synthesis
149-number of pages of comments on synthesis (SA + stakeholder)

Unpublished data, subject to change, do not cite.



Unpublished data, subject to change, 
do not cite.

Bug Flows Synthesis
Key Findings
Enhanced natural processes 
and improved food base
 More egg laying substrates
 More insect emergence
 More caddisflies (but not midges)
 More GPP

Enhanced rainbow trout fishery
 Higher catch rates

“Objective: Improve food base productivity 
and abundance or diversity of mayflies, stoneflies,
and caddisflies” LTEMP Table 4.



Take Homes from Science Advisors

Bug Flows were successful
 Ruhi: “…Bug Flows were successful, overall, in enhancing natural 

processes…”

 Downes: “Experiment successfully met proximate and ultimate 
objectives”

 Kroll: “…high likelihood the experiment has worked…”

 Colvin: “The Bug Flows are meeting primary and proximate 
objectives and the science being conducted is cutting edge.”



Take Homes

 National Park Service:

 Fly fishers: 

 Hopi:



Take Homes

 WAPA:

 CREDA: 

 California



Take Homes from Science Advisors

Report should include more details
 More statistics 
 Include summary table 
 Better link to hypotheses and objectives
 Separate direct vs. indirect effects

Michael Colvin

Albert Ruhi

Barbara Downes



11Unpublished data, subject to change, 
do not cite.

UPDATED RESULTS

Cessation of Bug Flows 
associated with ~50% 
decline in midges



12Unpublished data, subject to change, 
do not cite.

UPDATED RESULTS

Cessation of Bug Flows 
associated with ~25%
decline in caddisflies



Next steps
-Revise report based on SA and 
stakeholder feedback
-Continue analyzing food base data to 
squeeze more insight

Conclusion
The best available science continues 
to indicate that Bug Flows were 
successful at enhancing Natural 
Processes

Conceptual Model

From Kennedy and others 2016 BioScience. 
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