
COLORADO RIVER BENTHIC FOODBASE STUDIES
IN GLEN AND GRAND CANYONS

Lawrence E. Stevens, Joseph Holway, and Courtney McDaniel 

Biology Department, Museum of Northern Arizona

and 

Craig Ellsworth

Western Area Power Administration
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Presenter
Presentation Notes
I will be presenting on two studies funded by WAPA that Larry Stevens’ program at the Museum of Northern Arizona conducted on the foodbase condition below Glen Canyon Dam. 



SCOPE OF WORK:
Year 1:  Benthic Hyporheic Anoxia (BHA)
Year 2:  Hofgnecht Transition in Tapeats Creek
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These two studies are:	1: the Benthic Hyporheic Anoxia study in the Lees Ferry Reach, and	2: the Hofgnecht Transition study at Tapeats Creek. Larry presented some preliminary information regarding the anoxia study at a previous TWG meeting, so I am going to be brief in reviewing this study and focus most of my time on the Tapeats Creek study. 



BENTHIC HYPORHEIC ANOXIA (BHA)
LAWRENCE E. STEVENS, COURTNEY MCDANIEL, AND JOSEPH HOLWAY

Objectives:
• Distribution
• Seasonal monitoring 
• Experimentally 

investigate 
development rate and 
contributing factors

• Effects on EPT
• Effects of the 2016 HFE
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The primary objectives of the BHA study was to describe the distribution of anoxic substrates in the Glen Canyon tailwater, to experimentally investigate why this develops, to describe its effect on benthic macroinvertebrates both those currently found below the dam and on more sensitive EPT species, and to monitor the effects of the 2016 HFE on its distribution and development.  



Distribution: BHA omnipresent 
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With regard to distribution, Larry’s crews found anoxic substrates developing everywhere between the dam and the Paria River inflow, particularly in low velocity areas dominated by Chara. They also found evidence of it developing in cobble bar habitats but not downstream of the Paria River confluence. 



Geochemistry and Macroinvertebrate Responses

• BHA and non-BHA water column 
geochemistry is ~similar

However
• BHA LD50 - Heptagenia 18.3 hrs
• Non-BHA LD50 - Heptagenia 562 hrs
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Larry’s group did several lab analyses on BHA geochemistry including looking at mercury and uranium mobilization, and releases of nitrates, nitrites, sulfates, and phosphorus from these anoxic sediments. The geochemical analysis indicated that BHA impacts on Colorado River water quality appear to be minimal with regard to what is happening in the water column. To see how anoxic sediments might be affecting the foodbase, Larry’s group ran several experiments on both the existing aquatic foodbase in Glen Canyon (Gammarus, mudsnails, and damselflies) and on Heptagenia which is part of that EPT group. As expected, BHA didn’t effect the existing aquatic foodbase, these species are known to tolerate these sort of conditions at the water-substrate interface, but when Heptagenia were exposed, they died rather quickly indicating that substrate conditions in Glen Canyon are not conducive to supporting more sensitive EPT species. 



CONCLUSIONS

• Located above and below Glen Canyon Dam
• Limited to above Paria River w-expansion downstream unlikely 
• Contributors: 

• TH2O 

• Q stability
• Low DO
• Chara

• Minor impacts to water quality (water column)
• Detrimental to sensitive macroinvertebrates (EPT) 
• Limits aquatic macroinvertebrate assemblage 
• Conceptual Model:

Predam Qflux+ Sedflux --> Dam -->
Daily Qflux & High PAR --> Cladophora --> 1996 ROD -->

MLFF Flows --> Chara dominance --> BHA

BHA Conceptual Model
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The experimental trials and field surveys indicated that BHA is likely a limiting factor for EPT colonization in the mainstem between Glen Canyon Dam and the Paria River. Larry thinks this is a relatively new phenomenon that came about as a result of reduced daily fluctuations prescribed by MLFF and from the river bed switching from a cladophora to a chara dominated macrophyte assemblage. 



Possible mitigation options to 
reduce the impact of BHA on EPT

• Increase mainstream 
DO concentration

• Decrease mainstream 
temperature 

• Increase scour or 
drying of substrates 
(flow or mechanical)

• Increase mainstream 
turbidity (limit Chara) 

• Other?

Report and publication:          
Spring 2018
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We thought of several possible mitigation measures one might consider to reduce the impact of anoxic substrates on the aquatic macroinvertebrate assemblage in Glen Canyon. These could include increasing DO concentrations, decreasing temperature, scouring or drying substrates through flow or mechanical means, or increasing turbidity to limit the growth of Chara. Larry is prepping a report that will be provided to the TWG this spring and we are also working on a publication. 



Colorado River Aquatic Foodbase at the Mouth of Tapeats Creek,
Grand Canyon National Park, Arizona

L.E. Stevens, J.H. Holway, and C. Ellsworth

Presenter
Presentation Notes
The second project WAPA funded Larry’s group at the Museum of Northern Arizona to do was to look at the aquatic macroinvertebrate assemblage in Tapeats Creek further downstream in Grand Canyon. 



WHY TAPEATS CREEK?
Hofgnecht Transition (1981): 

• Discrepancy between tributary and mainstream 
benthic macroinvertebrate (BMI) biodiversity 
(esp. EPT)

• Marked riverward decline in species richness at 
stream confluences in Grand Canyon

Tapeats Creek is a water quality analog to Glen 
& Grand Canyons
Question: 

Can the rich BMI assemblage of Tapeats Creek 
be recreated in the regulated Colorado River 
tailwaters below Glen Canyon Dam?
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Back in 1981, Greg Hofgnecht described a riverward decline in macroinvertebrate diversity at stream confluences in Grand Canyon. This shift in species richness was especially pronounced with EPT with tributaries being very diverse but there being virtually no EPT found in the mainstem. So why Tapeats Creek? In past presentations it has been noted that Tapeats Creek is a virtual water quality analog to Glen Canyon which raises the question: Can the rich macroinvertebrate assemblage of Tapeats Creek be recreated below Glen Canyon Dam?



• 
UCR ~ 

0 25 50Meters 
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We sampled six microhabitats at Tapeats Creek of varying degrees of influence between the mainstem and the creek. These included:1) a site up in Tapeats Creek that is not influenced by flows in the mainstem, 2) the Upstream Varial Channel which stalls when flows exceed 15,000 cfs; 3) the Upper Outflow Channel which stalls daily by lower mainstem flows; 4) the Downstream Outflow Channel, which carries approximately two thirds of the Tapeats Creek outflow; 5) the Lower Colorado River mainstream site which is influenced by macroinvertebrate drift from Tapeats Creek; and 6) the Upper Colorado River mainstream site, a control lying upstream and is uninfluenced by the creek. 



Hess, drift, and substrate basket 
sampling to evaluate seasonality, 

water quality, flow variation, 
sedimentation, and habitat on 

benthic macroinvertebrates (BMI)
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We collected a variety of benthic macroinvertebrate data including Hess, drift, and substrate basket samples to evaluate the effects of water quality, flow variability, and habitat availability on benthic macroinvertebrates in this transitional zone. 



June-July transition Upper Outflow Channel (2017)
Low (~8,000 cfs) vs High (~17,000 cfs) 

10:00 a.m. on 29 May 2017 17:00 on 3 June 2017
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We also monitored the effects of daily and monthly flow fluctuations on stream velocities in the upper and lower outlet channels. You can see here the effects of the June-July transition and how the higher flow stalls stream velocity in the upper outlet channel but how the lower outlet channel over here keeps flowing. 



BMI Composition and Abundance Decreases 
Strongly from Tapeats Creek to the Mainstream

Circle size reflects density/m2
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We collected 276 Hess samples containing 17,805 macroinvertebrate specimens representing 15 families. Like in the mainstem, the macroinvertebrate assemblage was strongly dominated by midges (light blue) and black flies (darker blue) but some things to note are how macroinvertebrate and especially EPT abundances and diversity decrease across the transition from Tapeats Creek to the mainstem, as seen in the 1980’s by Hofgnecht. 



Spatial Variation of BMI 
Among Zones
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These patterns were also seen seasonally. One interesting observation was that the decrease in EPT was observed in portions of the “Downstream Outlet Channel” that is minimally affected by daily flow fluctuations. In this figure you can see that abundances of EPT start to decline 30 meters upstream from the mainstem. So this started us thinking of possible reasons for this decline. The current prevailing hypothesis for the lack of EPT in the mainstem is egg desiccation but if egg desiccation was the primary factor for the lack of EPT in the mainstem, then we would expect to see high levels of EPT through the “Downstream Outlet Channel” and into the “Lower Colorado River” mainstem site considering that these areas are continually fed by EPT drifting out of Tapeats Creek.



Mean Velocity and Substrate Among Zones
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During our Hess sampling we collected velocity and substrate information and noted that water velocities declined across this transition until in the Upper and Lower mainstem sites, velocities were very low and many sites were in a wave-wash environment with no real directional flow. We also saw a large shift in substrate composition in the transition from Tapeats Creek to the mainstem with an increase in sand and silt in our Upper and Lower mainstem sites.



Tapeats Creek benthos (TC/UVC/DOC):
Little embeddedness
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Here are a couple of photos showing substrate conditions in our Tapeats Creek site. Note the presence of cobbles and gravels and not a lot of sand or finer sediments in the creek. 



Colorado River benthos (UCR/LCR):
High embeddedness, swash zone
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Contrast that with these photos of our mainstem sites which were dominated by large boulders embedded in fine sand and silt. Additionally the boulders were covered with this biofilm embedded with fine sand that virtually seals any nook or cranny that might provide habitat for EPT. 



BASKET SAMPLER RESULTS
• BMI and EPT abundance and diversity
• Mainstem = Tapeats Creek
• Quagga colonization
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So then the question comes up: well, what if there was suitable cobble habitats in the mainstem downstream from an EPT source area like Tapeats Creek? We used basket samplers to experimentally determine if macroinvertebrates, particularly EPT, would colonize suitable habitat in the mainstem if it was available. We found that macroinvertebrate and EPT abundances and species richness in the mainstem was essentially equivalent to that in Tapeats Creek indicating that if habitat was available, and an upstream source was provided, the mainstem could likely support EPT. We also collected the first quagga mussel from central Grand Canyon that had colonized one of our mainstem basket samplers showing the risk of quagga spreading down through Grand Canyon and possibly invading clear water streams like Tapeats Creek. 



CONCLUSIONS

• High densities and diversity of EPT and other BMI

• Hofgnecht Transition observed

• Transition occurs independent of daily fluctuations

• Water quality similar to mainstem

• Providing suitable habitat in the mainstem allows for colonization equal to Tapeats 
Creek

• Absence of EPT in the mainstem appears to be due to limitations in larval habitat 
(sedimentation, embeddedness, flow direction and velocity)

• Model for lack of EPT in the mainstem : 
Larval habitat limitation (embeddedness, anoxic substrata)
> Egg desiccation (flow fluctuation)
> Water quality (temp, DO, pH, cond, other geochemistry) 
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This study documents that there are high densities of EPT and other macroinvertebrates in Tapeats Creek. We were able to document the occurrence of the Hofgnecht Transition. We were able to determine that this transition occurs independent of daily fluctuations in the mainstem and does not appear to be related to any differences in water quality between the mainstem and Tapeats Creek. We did observe a difference in benthic habitat structure and when we experimentally tested the influence of habitat we found that we could get as high of concentration and diversity of EPT in the mainstem as in Tapeats Creek if the appropriate habitat was made available. Our model for why there is no EPT in the mainstem shows that larval habitat in terms of embeddedness and this anoxic substrate issue in Glen Canyon are likely the primary limitations for EPT in Glen and Grand Canyons and issues concerning egg desiccation and water quality are probably secondary. We will also point out that this model concerns EPT and may not hold for other macroinvertebrates such as midges and black flies because they are better able to deal with high embeddedness and anoxic substrates when compared to more sensitive EPT species. 
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In closing we would like to acknowledge all those that helped pull this project together, particularly Kirk and his staff at Argonne and the commercial rafting community who provided logistical support for this project. And we would especially want to acknowledge Joseph who spent 20 days straight at the mouth of Tapeats during the June-July transition tending cages during the flow fluctuation portion of this study. Again a report on this study will be provided to the TWG this spring and we are also prepping a publication on this as well.  
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