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Basic Trout Management Flow (TMF) Concept

Normal daily max Q

TMF high flow

Normal daily min Q

1) Location of young-of-
year under normal 
operations prior to TMF

Timing
Peak spawn in March-April

Peak emergence in May-June

Young trout most vulnerable 
to flow changes shortly after 
emergence = May-July

2) Colonization of 
upslope habitat during 
TMF flow peak

3) Stranding during 
rapid flow recession



Outline for Talk

• Objective and rationale for TMFs as defined in the Glen Canyon Dam Long-Term 
Experimental and Management Plan

• Potential negative effects of TMFs

• Conceptual model describing factors regulating trout recruitment, abundance, 
and dispersal

• History of flows that have controlled, or attempted to control, trout recruitment

• Data on trout recruitment in Glen Canyon and dispersal to LCR

• TMF Design (conceptual framework and uncertainties)

• Preliminary Results (Hypsometric Analyses)



Objectives of TMFs in Glen Canyon Dam Long-Term 
Experimental and Management Plan 

Trout Management Flows (TMF) are intended to reduce the 
probability of large recruitment events of young Rainbow Trout 
in Glen Canyon. 

• High levels of recruitment can contribute to poor growth and population 
collapse which has negative effects on the trout fishery in Glen Canyon (e.g., 
’05-’06, ’14-’15). 

• High levels of recruitment in Glen Canyon can increase the number of trout 
dispersing into Marble Canyon and lead to higher trout abundance at the Little 
Colorado River and potential negative effects on humpback chub (e.g., ’07-’09, 
’11-’14).

Presenter
Presentation Notes
Is the purpose of TMFs to control over recruitment into the Glen Canyon population or is it to control reproductive excess and outmigration into Grand Canyon? These are different purposes, and regulating these two different processes may not be as easily accomplished by a prescriptive flow. 



Negative Effects of TMFs

1. Tribal  & Angler concerns about 
intentional killing

2. Costs to hydropower

3. Increased beach erosion
4. Concerns about stranding native 

fish

Preliminary data.  Do not cite.

Presenter
Presentation Notes
What are the benefits, essentially the tradeoffs between resource concerns and the uncertainties surrounding the efficacy of using this approach



Conceptual Model
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Trends in Abundance, Recruitment, and Condition

Preliminary data.  Do not cite.

1) 2011 equalization flows led to high 
recruitment and abundance. Condition 
factor deteriorates due to low
reservoir inflows and phosphorous,
leading to low drift.

2) Very low growth, 
poor condition,
die-off

3) Recovery of growth,
condition, recruitment,
and abundance

Presenter
Presentation Notes
Likely due to stable equalization flows the 2011 cohort attained large recruit densities that influenced the later population dynamics of the trout fishery.  Although 2017 was similar to other years in flow release patterns it was an exceptionally large and unpredictable recruit year. It appears that density dependent factors at Lees Ferry may have contributed to this cohort dispersing downstream between July and September.



Relationship between Lake Powell Reservoir and 
Abundance of Trout in Glen Canyon

Korman and Yard , 2017
Korman, Yard, Kennedy 2017
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Preliminary data.  Do not cite.

Downstream Dispersal of Young of Year (YoY) into Marble Canyon

YoY in Upper Marble Canyon (UMC) 
very rare in July but can be present 
In September (’16 and ’17). 

Suggests majority of dispersal from 
Glen – UMC occurs Jul-Sep.

# of YoY in Upper Marble well 
predicted by recruitment in Lees 
Ferry in Jul-Sep.

Suggests that reducing 
recruitment in Glen Canyon can 
limit downstream dispersal



Trout Management Flows pre-MLFF
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Preliminary data.  
Do not cite.

the original TMF the anti-TMF



PRE-MODIFIED LOW 
FLUCTUATING FLOW

(1963 – 1991)

MODIFIED LOW 
FLUCTUATING FLOW

(MLFF : 1992 – P)

1965 1980 1983
1984

1985
1986

1996 2004 2008 2012
2013

2014
2016

2018

Preliminary data.  Do not cite.

History of Flows Potentially 
Effecting Trout Recruitment

Presenter
Presentation Notes
High flows occurred numerous times during both Pre- and MLFF periods. Historically, pre-MLFF flow period had insufficient recruitment from natural reproduction to maintain rainbow trout population. Based on Maddux et al. 1987, naturally reproduced trout were estimated to make up 27% of population, notably this was in the mid-80’s during a period of high but seasonally sustained flows more like MLFF years with equalization that are high and sustained. 



TMF Design Uncertainties

• Recruitment forecasting (Triggering mechanism) 
• Status of trout population (# of fish old/large enough to potentially spawn)
• Condition factor (% of population that will spawn and fecundity)
• Survival of juveniles (flow, phosphorous, drift)

• Flow Design
• Maximum peak discharge of the TMF cycle
• Time interval between max flow level and beginning flow recession
• Downward ramp rate of flow recession
• Minimum discharge at the peak of the TMF cycle
• Number of TMF cycles per year (1, 2, 3, …….)
• Triggering Mechanism
• When to begin implementing TMF cycle 

Preliminary data.  Do not cite.



Young of Year Trout are Likely Most Vulnerable to Stranding 
May-June. Efficacy of TMFs in July and August Uncertain

Korman et al. 2011
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Presenter
Presentation Notes
TMF trigger in the LTEMP is based on a recruit abundance of 200,000 age-0 for July. Using age-0 abundance as a trigger limits when and how many TMF cycles are used and may not be effective due to density dependent compensation. In most cases with the exception of 2011, high densities of age-0 trout do not result in large numbers of recruits at the end of the year even though mid-summer densities exceed LTEMP trigger threshold.



Recruitment forecasting (Triggering mechanism) 

Preliminary data.  Do not cite.
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C. Yackulic
Preliminary data. 
Do not cite.

r2=0.75



Relationship between Nutrients (SRP) and Trout Recruitment
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C. Yackulic, preliminary data.  Do not cite.
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TMF Design Considerations
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Location of young-of-
year under normal 
operations



FLOW ASCENSION - Dispersal
• Following inundation, what is the dispersal rate (m/da) upslope to the new minimum stage elevation?
• Are upslope movement rates by YOY into low angle habitat, fish size dependent?
• When there are changes in monthly discharge volumes or TMF’s or BUG flows, what proportion of young-

of-year (YOY) move upslope across this newly wetted habitat? 
• Are the YOY density distributions narrowly confined to the newly wetted edge or are fish densities 

unevenly distributed across the newly inundated zone?
• Are upslope movement rates by YOY into low angle habitat, food dependent?
• Does vegetation impede upslope movement?

FLOW RECESSION - Stranding
• What flow recession rates are effective at stranding?
• When flows recede, are there size-classes that are more or less vulnerable to stranding?
• What effect does night vs day have on YOY vulnerability to stranding?
• What effect does bare substrate vs. vegetation have on YOY vulnerability to stranding?
• What effect does shoreline slope have on YOY vulnerability to stranding?
• When flows recede, what is the minimum distance required to safely return down to the newly wetted 

edge?

AGE-0 RECRUIT RESPONSE – QUESTIONS AND UNCERTAINTIES



Current Approach Being Used to Assist in Designing TMF

Optimization approach being used to design and evaluate future flows
• Literature review (stranding studies)
• GIS and Hypsometric Analysis: Slope discharge relationships and other physical spatial 

attributes: hypsometric analysis to quantify the area of inundation, substrate types, 
vegetative cover, and velocity

• Development of TMF model to evaluate alternate flows
• TRGD study to assess annual recruitment of YOY (< 75 mm FL)

• Mesocosm experiments (model parameters)
• Field assessments (opportunistic sampling across monthly flow changes during 

summer)

TMF Experiment (Contingency Plans)
• Mark-recapture studies, pre- & post flood response to YOY
• TRGD Study to assess annual recruitment of YOY (inter- and intra-annual comparisons 

with and w/o TMF)

Presenter
Presentation Notes
Mesocosm experiments were cancelled due to unanticipated problems associated with hiring, availability of facilities, and technical issues. Field assessments were deemed impractical owing to the range of flows (monthly volume release differences were to small and bug flows) that would be encountered in the field.



Preliminary data.  Do not cite.

Hypsometric - TMF Model



Predicted 22 – 8 kcfs Flow Change Effect

• Useable habitat computation 
assumes that the high flow 
habitat is colonized

• Habitat ‘loss’ computation 
assumes that all fish in useable 
exposed habitat are lost (due to 
stranding or displacement-
related mortality), but this 
might only occur over very flat 
terrain. 

• More complicated dynamics are 
likely, but observations are 
lacking.

Preliminary data.  Do not cite.



Extent of Potential TMF-Related Loss Depends on 
Assumed Habitat Preferences of Young of Year Trout

Habitat Preference Assumption
A B

High Flow Max Depth (m) 1 2
(kcfs) Max Vel (m/s) 1 0.5

16 91 51
18 97 59
20 99 74
22 100 81
24 100 89

% Habitat Exposed

8 kcfs min flow

Preliminary data.  Do not cite.

Presenter
Presentation Notes
Under scenario at Depth = 1 m, vel = 1.0 m/s, habitat exposed decreases at high flows. But the rate of habitat reduction at high flow is less than the rate of the decrease in the amount of exposed high flow habitat, so % habitat exposed increases.Under scenario at Depth = 2 m, vel = 0.5 m/s, % habitat exposed is lower and increases more with increasing high flows, But those fish are more likely to get exposed when high flow is greater because the exposure width is greater.



Conclusions
• Sensible implementation strategy for TMFs is to first reduce some uncertainties via 

mesocosm studies or small-scale field experiments. 

• Evaluating population-level effects of TMFs can only be determined by doing them.

• The ideal circumstances for implementing TMFs (population status, condition factor, 
fecundity, limnology, and hydrology ) occurs infrequently (e.g. 2011)

• There are alternate means of addressing over-recruitment problems in Glen Canyon 
(harvest, bug flows, nutrient additions) and at high trout abundance at the LCR 
(mechanical removal).

• High trout abundance is not the only factor that limits HBC abundance at the LCR 
(Yackulic et al. 2018). The LCR HBC population has survived multiple periods of high 
trout abundance (’98-’01, ’08-’09, ’11-’14, ’17-’19).

• Relatively certain social, recreational, environmental, and hydropower costs may 
outweigh uncertain benefits of TMFs.

• Direction from TWG is needed to determine whether TMF-related studies are part of 
2021-2023 workplan.



Effects of Daily Variation in Flow on Young of Year 
Trout during the Summer

Distribution under Steady Flow

Distribution at Daily Max Flow

Daily max flow

Daily min flow

Korman and Campana, 2009

Higher growth and survival because 
fish experience optimal
habitat conditions (depth, velocity, 
and water temperatures)

Lower growth and survival
due to habitat limitations
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