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Problem Statement 
• Disturbance is essential natural process in rivers 

– maintains biological diversity 
– native species life cycles often tuned to disturbance 
– high flows only tool for rebuilding sandbars 

• Disturbance was historically most common in spring/early 
summer Lees Ferry 

Preliminary results Natural Flows-1937 Conceptual Model subject to review and revision 



  
   

 

LEGEND___ 

Spring Disturbance Flow 

Fall HFE 

Sediment trigger, 
but no fall HFE 

Spring HFE 

Preliminary results 
subject to review and revision 

    
 

  

 
   

Problem Statement 
• 2012 HFE Protocol favors fall HFEs 

• Good for sandbars 
• But role of spring HFE in achieving goals remains unclear 

• Most recent spring HFE was 2008 
• Many biology projects didn’t exist in 2008 
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March 2021-Spring Disturbance Flow 

Apron repair is unique 
opportunity 
– 5 days of 4,000 cfs needed 

for dam maintenance 
– low flow = disturbance 

Combine with pulse flow 
– potential synergistic effect 
– low + pulse >> low OR 

pulse alone 

apron repair 

pulse flow 
LEES FERRY 

https://www.gcmrc.gov/discharge_qw_sediment/station/GCDAMP/09380000 

• 

• 

https://www.gcmrc.gov/discharge_qw_sediment/station/GCDAMP/09380000


    
  

 

 
   

   

Project O.1- Nutrient Dynamics During the 
Spring Disturbance Flow 

Background: Nutrients are important 
control of food base productivity and 
natural processes 

Objective: Quantify nutrient dynamics 
during spring disturbance flow. 

Bridget Deemer- bdeemer@usgs.gov 

U.S. Department of the Interior 
U.S. Geological Survey 

mailto:Deemer-bdeemer@usgs.gov


  
   

 

    
  

Results: River Chemistry 

Huge bump in total 
phosphorus at Diamond Creek 

can be explained by silt and
clay concentrations 

0.08 TP 
@ 100 
mg/L Fines 

U.S. Department of the Interior 
U.S. Geological Survey 

Preliminary results 
subject to review and revision 



    
  

 
 

  

  
   

Results: River Chemistry 

Elevated ammonium 
levels in the river 

suggest that in-stream
mineralization is 

releasing nutrients 

U.S. Department of the Interior 
U.S. Geological Survey 

Preliminary results 
subject to review and revision 



 

   
 

     
  

 
        

     
 

Project O.1-Aquatic invertebrate 
community models 

David A. Lytle and Angelika Kurthen 
Oregon State University 

Background: Flow regimes can play major role in determining production and 
diveristy of food base taxa 

Objective: Develop population models for Grand Canyon food base species (scuds, 
mudsnails, midges, blackfies, mayflies, etc.) to quantify role of flow event types 
(high, low, hydropeaking) and environmental conditions (seasonal temperatures, 
GPP) on invertebrate populations. 



 

  

   
 

    

Population models for food base communities 

1. Construct matrix population models for each relevant species 

2. Parameterize with vital rates according to major event types: mortality and growth 
rates in response to floods, low flows, hydropeaking, etc. 

3. Use model to ask “what if” questions about future flow scenarios 



 U.S. Department of the Interior 
U.S. Geological Survey 

Sediment  Dynamics in Western Grand 
Canyon During 2021 Spring Disturbance Flow 

Background: Sediment  accumulation and constantly changing  channel in  
western  Grand Canyon  makes navigation challenging,  affects recreational 
experience  and economy. 
Objective:   Understand  and  quantify relation  between  changes  in bed  
configuration  in Western Grand Canyon  and dam releases. Do  certain dam 
operations  reduce, exacerbate or  mitigate sediment accumulation in this  reach? 

Paul Grams 
U.S. Geological Survey 
Grand Canyon Monitoring  and Research Center 



  

  

 

  

 

Project O.2:   Field  surveys around  2021  Spring Pulse Flow 

March 10: Survey 1 

March 26: Survey 2 

April 22: Survey 4 

March 28: Survey 3 

Sept. 15: Survey 5 

https://www.gcmrc.gov/discharge_qw_sediment/station/GCDAMP/09380000 

https://www.gcmrc.gov/discharge_qw_sediment/station/GCDAMP/09380000


 

  

    

   
  

 
  
  

 

     

Columbine Reach Bed erosion and deposition 

March 10 to March 26 
(pre-pulse to during pulse) 

• Alternating red and yellow show dune 
movement. 

• Dark red areas of sediment accumulation. 
• Blue-green are areas of sediment erosion. 

During pulse: 
• Lots of dune movement. 
• Two concentrated zones of deposition 
• Two concentrated zones of erosion 

Zones of erosion 

Zones of 
deposition 

Preliminary results, subject to review, do not cite 



   

 
 

      

      
      

Project O.3. Aeolian Response to a 
Spring Pulse Flow 

Joel B. Sankey, Joshua Caster, Helen Fairley 
U.S. Geological Survey, GCMRC 

Background: Large increases in exposed sand area adjacent to archaeological sites as flows drop below 8,000 cfs 
Objective: Quantify rates and factors controlling aeolian sediment transport during low flow 

U.S. Department of the Interior 
U.S. Geological Survey 



   
  

     
  

    

   
  

    
  

  
   

  
   

O.3 Fluvial-aeolian experiment in the Colorado
River in Grand Canyon 

• Experimental five-day drop in river flow exposed 
~ 26,154 m2 of sand per kilometer of Colorado 
River in Grand Canyon (Kasprak et al., 2021) 

• >100% increase in source area of potential 
windblown sediment supply for 57 aeolian 
dunefields and 60 additional areas of unvegetated 
high-elevation sand that contain archaeological 
sites along Colorado River in Grand Canyon 
National Park (Sankey et al., 2018) 

Figure from: Kasprak et al., 2021, "Future regulated flows of the Colorado River 
in Grand Canyon foretell decreased areal extent of sediment and increases in 
riparian vegetation." Environmental Research Letters 16.1 (2021): 014029. 



  

    

  

  
     

   

     

O.3 Fluvial-aeolian experiment: Results 

• Wind velocity required to initiate aeolian 
sediment transport (U*t) decreased as 
time since inundation increased 

• By third day of steady low river flow, U*t 
on the river sandbar was statistically 
similar to adjacent sand dune that hadn’t 
been previously inundated by river 

Preliminary results, subject to review, do not cite 



    
  

 
 

 
   

       
 

 
  

   
   

   
 

 

U.S. Department of the Interior 
U.S. Geological Survey 

Project O.4- Short-term Physiological Responses 
of Two Plant Species to the 2021 SDF 

Brad Butterfield1 and Emily Palmquist2 

1 Department of Biological Sciences, Northern Arizona University 

USGS, Flagstaff 

Background: Flow shapes plant 
communities primarily through 
its effects on plant physiology 
Objective: Quantify effects of 
low and high flow on physiology 
of a water-loving plant and a 
upland plant to inform modeling 

2 Grand Canyon Monitoring and Research Center, Southwest Biological Science Center, 

Schedonorus arundinaceae 



 

 
 

 

  

Daily Physiological
Measurements 
Stem water potential 
 Tension of the water column 

within a plant stem (more 
negative = more stressed) 

Stomatal conductance to 
water vapor 
 Gas exchange with the 

atmosphere (lower = more 
stressed) 

 Leaf relative water content 
 Leaf hydration (lower = more 

stressed) 

USGS/Freshwaters Illustrated 



  

    
      

     

     

Results: Both Species
Responded to SDF 
Stem water potential 

responded  positively to 
discharge 
 Tall fescue responded 

stronger  to dry-down 
 Arrowweed responded 

stronger  to the wet-up 
Take homes: 
-Not entirely capable of teasing apart flow and weather effects 
-Most species were not photosynthetically active at this time of 
year, so were unlikely to be affected by the SDF 

Preliminary results, subject to review, do not cite 



    
  

 

          
         
   

 

Project O.5- Aquatic vegetation in Glen Canyon: 
Observations following a Spring Disturbance Flow 

Kimberly Dibble, Mike Yard, Bob Tusso, Dan Buscombe 

Background: Large macrophyte beds in Glen Canyon may be favoring brown trout and undesirable food base taxa (mudsnails) 
Objective: Use underwater imagery in combination with machine learning models to quantify whether SDF reduces aquatic 
vegetation cover and alters species composition 

Freshwaters Illustrated, 2021 

U.S. Department of the Interior 
U.S. Geological Survey 



 

     

Project O.5: Methods 

 Field surveys 
 Photos taken  in August 2016 

and  June 2019 (Element E.2) 
 2021 SDF trips 

 Pre-flow:  March 9-11 
 Post-Flow:  March 29-31, July 21 -22 

 48,084 total images 
 Upper site (RM  -13.2 to  -14.2) 

and  lower site (RM-3.0 to  -4.2) 
 Overlaps  with TRGD 1A  & 1C 

 Model  development 
 Label images  to train  model 

(Dibble & Yard) 
 Create a machine learning  

model for image  segmentation  
of vegetation  and  substrate 
types (Buscombe) 

 Use model  to create vegetation  
maps 

ject to review, do not cite Preliminary results, sub



   

  

       

Project O.5: Observations at upper site 

J. Korman, unpub. maps 

Preliminary results, subject to review, do not cite Figure courtesy of Jeff Muehlbauer, USGS 



 

 

 

Project O.6- Nearshore habitat use and 
distribution of age-0  brown and rainbow trout 

Kimberly Dibble, Laura Tennant, and Clay Nelson 
(with collaborators Mike Yard and Josh Korman) 

Background: Increases in  brown  trout recruitment  
and abundance  in Glen  Canyon  is  inconsistent  with  
program goals 
Objective: Determine  the effect  of  the SDF on  
juvenile brown  and rainbow trout  (survival,  habitat  
use, hatch date,  etc).   

U.S.  Department  of  the I nterior 
U.S.  Geological  Survey 

Freshwaters Illustrated, 2021 

Freshwaters Illustrated, 2021 



 
    

  

  
 

     

Project O.6: Results 
Age-0 trout distribution and catch rates 

YOY trout utilize low and high angle 
habitats throughout Lees  Ferry 

Relatively consistent catch rates  except 
downstream from -4 mile bar 

Map Key 
Site location 
Size of circle 
indicates CPUE 

Brown trout 

Map Key 
Low angle site 

Size of circle 
indicates CPUE 

High angle site 

Rainbow trout 

Preliminary results, subject to review, do not cite 



 
     

 

   
         

 

        
    

 

     

Project O.6: Results 
Age-0 trout catch by trip and habitat use 

YOY catch in low angle sites steadily increases from Feb-April. 
Large increase in YOY in May in both low/high angle sites could 

be RBT, consistent with RTELSS data. 

The SDF does not appear to have affected YOY trout catch, but 
more analysis and clarity is needed on species identification. 

Pre-
Flow 

Post-
Flow 

Pre-
Flow 

Post-
Flow 

Freshwaters Illustrated, 2021 

Freshwaters Illustrated, 2021 

Preliminary results, subject to review, do not cite 



    
  

  
  

  
  

        
  

  
 

Project O.8-Lees Ferry angler's expectations 
and response to the Spring Disturbance Flow 

Lucas Bair, U.S. Geological Survey 
Chris Neher, University of Montana 

Background: Flow directly affects recreational experience 
Objective: improve understanding of recreational preferences for flow attributes (high vs low flow) 
using spring disturbance flow hydrograph. 

U.S Department of Interior 
U.S. Geological Survey 
U.S. Department of the Interior 
U.S. Geological Survey 



     

Project Element O.8: Methods 

 Angler choice  
experiment  survey 

 Modified  creel  survey 
that respondents 
completed and returned 
by mail 

 150 survey forms were 
distributed 

 79 completed for an 
overall response rate of 
52.7% 

Preliminary results, subject to review, do not cite 
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Project Element O.8: Results 

Preliminary results, subject to review, do not cite 



    
  

 
 

 
  

  
  

 
 

 
  

 
 

 
 

 

GCMRC U.S. Department of the Interior 
U.S. Geological Survey 

Project O.10- Effects of the March 2021 
Disturbance Flow on subaerial sandbars 

Background: Numerous 
studies show HFEs very 
effective at rebuilding 
sandbars while high 
flows within powerplant 
capacity do not. 
Objective: Compare 
sandbar building during 
representative HFE 
(2018) to SDF. 

RM 66.1 L 
Nov. 1, 2018 

RM 66.1 L 
Nov. 10, 2018 Robert Tusso 



    
  

  

U.S. Department of the Interior 
U.S. Geological Survey 

GCMRC 
Remote Camera 
Project 

- 44 cameras 

- 5 images daily 

- Lower quantitative precision than 
terrestrial surveys 

- Better temporal precision/resolution 



    
  

  

   

20212018 Spring Disturbance Flow (S DF) High Flow Experiment (HFE) 

U.S. Department of the Interior 
U.S. Geological Survey 

66% of sites 74% of sites 
increased unchanged 
in size 

Preliminary results, subject to review, do not cite. 



    
  

 

 

Lucas Bair 
U.S. Department of the Interior 
U.S. Geological Survey 

GCMRC 

Project O.11-Synthesis of the Spring 
Disturbance Flow 

Where do we go from here? 



 

Aeolian studies Food base, natural processes 

Take Homes 
Low Flow 

In a  nutshell 
-Magnitude  of low flow was  
consequential,  but longer 
duration would have increased 
resource benefits 

Underappreciated tool for achieving multiple resource 
objectives, especially 
Archaeological site preservation through aeolian transport 
Enhancing natural processes through benthic disturbance 
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Take Homes 
High Flow 

High flow  did some modest ecological work 
Scoured benthic substrates and undesirable food base taxa 
 Increased nutrients 

No meaningful sandbar building 
2021-SDF 

In a nutshell 
-Magnitude  of high flow was  
comparatively inconsequential,  
pulse  flows like this  appear to  
have only modest resource 
benefits 

Sandbars Nutrients Natural Processes Juvenile brown trout 

Preliminary results, subject to review, do not cite. 



    
  

 

 

Angler surveys Aeolian studies 
Nutrient dynamics 

Food base (invertebrates, macrophytes) 
Sediment dynamics 

Vegetation 

Trout habitat use 

Freshwaters Illustrated, 2021 
Sandbars U.S. Department of the Interior 

U.S. Geological Survey 
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