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Table 1 is a list of core research questions assimilated from the following sources (see below for full citation and description starting on page 6):
I. The 2005 Knowledge assessment Workshop (Melis 2006);

II. Science Plan for Future Experimental Beach/Habitat Building Flows (Melis et al. 2007);

III. USGS workshop on scientific aspects of a long-term experimental plan (USGS 2007);

IV. High-Flow Experimental Protocol EA (Department of the Interior 2011a);

V. General Science Plan, HFE EA (Department of the Interior 2011b);

VI. Non-Native Fish Control EA (Department of the Interior 2011c); and
VII. Science Plan, Non-Native Fish Control EA (Department of the Interior 2011d).
Table 1. Assimilated list of core research questions related to Glen Canyon Dam operations.
	Question by Resource Category
	Source (see below for full citation and description)

	Sand and Sediment
	

	1. Is there a “Flow-Only” operation (i.e. a strategy for dam releases, including managing tributary inputs with BHBFs, without sediment augmentation) that will restore and maintain sandbar habitats over decadal time scales?
	I. Melis et al. 2006

	2. Given that sandbars are naturally dynamic and go through cycles of building and eroding, can a protocol of frequent high flows under sediment-enriched conditions be effective in sustaining these dynamic habitat features?
	IV. Dept. of Interior (2011a)

	3. Are there optimal times to conduct high flows in regard to sediment building, humpback chub survivability, and ecosystem response?
	IV. Dept. of Interior (2011a)

	4. Is sediment conservation more effective following a sediment enrichment period in the context of multi-year, multi-event experiments?
	IV. Dept. of Interior (2011a)

	5. Is sediment conservation more effective when an HFE is held in rapid response to sediment input from the Paria River?
	IV. Dept. of Interior (2011a)

	6. How can erosion of sandbars after an HFE be minimized or offset?
	IV. Dept. of Interior (2011a)

	7. Will multiple high flows conducted over a period of 10 years result in net increases in sandbar area and volume?
	V. Dept. of Interior (2011b)

	8. With the available sand supply that comes from tributary inputs, is the approach of using repeated floods to build sandbars sustainable?
	V. Dept. of Interior (2011b)

	9. Will multiple high flows conducted over a period of 10 years result in net increases in campable area along the Colorado River?
	V. Dept. of Interior (2011b)

	10. Will multiple high flows conducted over a period of 10 years improve archaeological site condition as reflected in increased sand deposition, increased site stability, and reduction in rates of erosion?
	VI. Dept. of Interior (2011c)

	11. Is there a “flow-only” operation that will restore and maintain sandbar habitats over decadal timescales?
	II. Melis et al. 2007

	12. What is the minimum duration for BHBFs needed to build and maintain sandbars under sand enrichment?
	II. Melis et al. 2007

	13. Do sandbars deposited by BHBFs contribute to preservation of archaeological sites in the river corridor?
	II. Melis et al. 2007

	14. How do post BHBF flows affect the persistence of sandbars and related backwater habitats?
	II. Melis et al. 2007

	15. Can the decline in sediment resources since 1990 be reversed using “flow” options with remaining downstream sand supplies from tributaries (Paria and Little Colorado Rivers and lesser tributaries)?
	III. USGS 2007

	Food Base
	

	1. What are the important pathways, and the rate of flux along them, that link lower trophic levels with fish?
	I. Melis et al. 2006

	2. How is invertebrate flux affected by water quality (e.g., temperature, nutrient concentrations, turbidity) and dam operations?
	I. Melis et al. 2006

	3. Are trends in the abundance of fish populations, or indicators from fish such as growth, condition, and body composition (e.g., lipids), correlated with patterns in invertebrate flux?
	I. Melis et al. 2006

	4. What is the effect of a fall HFE on the foodbase at Lees Ferry?
	IV. Dept. of Interior (2011a)

	5. What is the relationship of high-release magnitude and duration on the extent of foodbase scouring in the Lees Ferry reach?
	IV. Dept. of Interior (2011a)

	6. Will high flow experiments promote conservation of high priority AMP biological resources (e.g., native fishes, native riparian vegetation, aquatic food base, rainbow trout)?
	III. USGS 2007

	Humpback Chub and Native Fish
	

	1. What is the effect of HFEs on humpback chub and native fish populations located downstream from Glen Canyon Dam?
	IV. Dept. of Interior (2011a)

	2. To what extent are adult populations of native fish controlled by production of young fish from tributaries, spawning and incubation in the mainstem, survival of YoY and juvenile stages in the mainstem, or by changes in growth and maturation in the adult population as influenced by mainstem conditions?
	I. Melis et al. 2006

	3. To what extent does temperature and fluctuations in flow limit spawning and incubation success for native fish?
	I. Melis et al. 2006

	4. What is the relative importance of increased water temperature, shoreline stability, and food availability on the survival and growth of YoY and juvenile native fish?
	I. Melis et al. 2006

	5. How important are backwaters and vegetated shoreline habitats to the overall growth and survival of YoY and juvenile native fish? Does the long-term benefit of increasing these habitats outweigh short-term potential costs (displacement and possibly mortality) associated with high flows?
	I. Melis et al. 2006

	6. Will increased water temperatures increase the incidence of Asian Tapeworm in humpback chub or the magnitude of infestation, and if so, what is the impact on survival and growth rates?
	I. Melis et al. 2006

	7. Do the potential benefits of improved rearing habitat (warmer, more stable, more backwater and vegetated shorelines, more food) outweigh negative impacts due to increases in nonnative fish abundance? To what extent could predation impacts by nonnative fish be mitigated by higher turbidities?
	I. Melis et al. 2006

	8. Which tributary and mainstem habitats are most important to native fishes and how can these habitats best be made useable and maintained?
	I. Melis et al. 2006

	9. How can native and nonnative fishes best be monitored while minimizing impacts from capture and handling or sampling?
	I. Melis et al. 2006

	10. Can a decrease in the abundance of rainbow trout and other cold- and warm- water non-natives in Marble and eastern Grand canyons be linked to a higher recruitment rate of juvenile humpback chub in the adult population relative to other potential sources of mortality? Or conversely, can an increase in numbers of non-native fish predators be linked to a decrease in adult humpback chub?
	V. Dept. of Interior (2011b)

	11. What is the importance of mainstem habitats to humpback chub recruitment relative to the LCR?
	VI. Dept. of Interior (2011c)

	12. Understand the role of the Little Colorado River and the mainstem Colorado River in juvenile humpback chub survival rates and recruitment to the adult humpback chub population
	VII. Dept. of Interior (2011d)

	13. Determine the linkage between nonnative fish abundance and juvenile humpback chub abundance and survival rates in the LCR reach and elsewhere in Grand Canyon.
	VII. Dept. of Interior (2011d)

	14. Do BHBFs result in creation of nearshore habitats (i.e. backwaters) that can offer physical benefits to humpback chub and other native fishes?
	II. Melis et al. 2007

	15. Do BHBFs affect the distribution and movement of nonnative fishes?
	II. Melis et al. 2007

	16. What are the effects of BHBFs on aquatic food production? How do these effects impact native fishes?
	II. Melis et al. 2007

	17. What are the factors limiting humpback chub (HBC) reproduction and rearing in the main channel of the Colorado River below Glen Canyon Dam?
	III. USGS 2007

	18. Have humpback chub population estimates stabilized or increased recently, and if so, why (warm water, non-native control, other factors)?
	III. USGS 2007

	19. Will warming dam releases positively affect listed or special status species in the Colorado River ecosystem (including HBC and effects of non-native species)?
	III. USGS 2007

	20. What effect do power plant releases (ramp rates, fluctuating and steady) have on listed or special status species (including HBC) in the Colorado River ecosystem?
	III. USGS 2007

	21. Can the decline of HBC be reversed by expanding the current range of HBC into suitable unused historic habitat within GRCA/GLCA (tributaries/mainstem)?
	III. USGS 2007

	22. Will dam operations, including temperature changes, diel fluctuations, and high experimental flows affect razorback sucker in Lake Mead and Grand Canyon?
	III. USGS 2007

	Trout and Non-Native Fish
	

	1. What is the effect of a fall HFE on the trout population at Lees Ferry?
	IV. Dept. of Interior (2011a)

	2. What effect would consecutive HFEs (spring followed by fall, or fall followed by spring) have on the foodbase and trout population at Lees Ferry?
	IV. Dept. of Interior (2011a)

	3. Is it possible to manage the Lees Ferry trout population with a spring HFE held at slightly different times than previous spring HFEs?
	IV. Dept. of Interior (2011a)

	4. Does a decrease in the abundance of rainbow trout and other coldwater and warmwater nonnatives in Marble and eastern Grand Canyons result in an improvement in the recruitment rate of juvenile humpback chub to the adult population?
	I. Melis et al. 2006

	5. Will a limited number of years of mechanical removal of rainbow trout in Marble and eastern Grand Canyons result in a long-term decrease in abundance or will recolonization from tributaries and from below and above the removal reach require that mechanical removal be an ongoing management action?
	I. Melis et al. 2006

	6. Can removal efforts focused in the PBR reach (e.g., interception fishery) be effective in reducing downstream movement of trout such that trout levels in the LCR reach remain low? Will recolonization from tributaries, from downstream and upstream of the removal reach, or local production require that removal be an ongoing management action in the LCR reach?
	VI. Dept. of Interior (2011c)

	7. Can non-native fish control offset any increases in rainbow trout from multiple HFEs?
	VI. Dept. of Interior (2011c)

	8. Determine the natal origins of rainbow trout found in Marble Canyon and the LCR reach.
	VII. Dept. of Interior (2011d)

	9. Assess the efficacy of nonnative fish removal in the PBR reach for rainbow trout and Upper Granite Gorge for brown trout. This objective will be addressed through two projects described below.

1. The Paria River to Badger Rapid Sampling and Removal Project.

2. The Brown Trout Sampling and Removal Project.
	VII. Dept. of Interior (2011d)

	10. Assess the efficacy of experimental flow manipulations (through dam operations) to manage trout populations in the mainstem Colorado River from Lees Ferry to the LCR reach.
	VII. Dept. of Interior (2011d)

	11. Are individual rainbow trout displaced from the Lees Ferry reach as a result of a BHBF? If so, do displaced rainbow trout return to the reach, or do they establish residence elsewhere?
	II. Melis et al. 2007

	12. How can the Lees Ferry trout fishery be improved?
	III. USGS 2007

	Water Quality
	

	1. How do dam release temperatures, flows (average and fluctuating component), meteorology, canyon orientation and geometry, and reach morphology interact to determine mainstem and nearshore water temperatures throughout the Colorado River ecosystem (CRE)?
	I. Melis et al. 2006

	2. Will high flow experiments affect the water quality released from Glen Canyon Dam?
	III. USGS 2007

	Hydropower
	

	1. What are the hydropower replacements costs of the MLFF (annually, since 1996)?
	I. Melis et al. 2006

	2. What are the projected costs associated with the various alternative flow regimes being discussed for future experimental science (as defined in the next phase experimental design)?
	I. Melis et al. 2006

	Riparian Habitat
	

	1. How do processes occurring at a variety of spatial scales (i.e., population level to community to landscape scales) interface to influence riparian habitat?
	I. Melis et al. 2006

	2. What is the nature and timing of terrestrial — aquatic linkages and what is their influence on the recipient habitat?
	I. Melis et al. 2006

	3. How do terrestrial habitat and cultural/recreation resources interface?

i. What are the rates of vegetation encroachment (trees vs. shrubs) on camp sites?
	I. Melis et al. 2006

	4. How do flows, including the absence of flows (e.g., predam high water zone), affect productivity and decomposition rates of riparian vegetation including the absence of flows (e.g., OHWZ)?
	I. Melis et al. 2006

	5. How do warmer releases affect viability and productivity of native/nonnative vegetation?
	I. Melis et al. 2006

	6. To what extent and in what respects can BHBF’s (magnitude and frequency) achieve reduction of exotic species?
	I. Melis et al. 2006

	7. How could monthly volumes be changed to beneficially affect riparian habitat?
	I. Melis et al. 2006

	Recreation and Lees Ferry Angling
	

	1. Assuming a trade-off between trout density and size, what is the preferred combination for anglers?
	I. Melis et al. 2006

	2. What GCD flow constraints (ramping rates, daily flow range, etc.) maximize fishing opportunities and catchability?
	I. Melis et al. 2006

	3. How do dam controlled flows affect visitors’ recreational experiences, and what is/are the optimal flows for maintaining a high quality recreational experience in the CRE?
	I. Melis et al. 2006

	4. What are the drivers for recreational experience in the CRE, and how important are flows relative to other drivers in shaping recreational experience outcomes?
	I. Melis et al. 2006

	5. How do varying flows positively or negatively affect campsite attributes that are important to visitor experience?
	I. Melis et al. 2006

	6. What are the minimum size, quantity, distribution and quality of campsites to meet NPS goals for visitor experience?
	I. Melis et al. 2006

	7. Can changes in quality of recreational experience be quantified for single event opportunities (e.g., white water rafting, angling, and camping) vs. multi-opportunity experiences (e.g. white water rafting with overnight camping)?
	I. Melis et al. 2006

	8. How can safety & navigability be reliably measured relative to flows?
	I. Melis et al. 2006

	9. How do varying flows positively or negatively affect visitor safety, health, and navigability of the rapids?
	I. Melis et al. 2006

	10. How do varying flows positively or negatively affect group encounter rates, campsite competition, and other social parameters that are known to be important variables of visitor experience?
	I. Melis et al. 2006

	11. Can visitor experience (boating, camping, sightseeing, safety) be enhanced through alteration of the MLFF flow regime?
	III. USGS 2007

	Cultural Resources
	

	1. Do dam controlled flows affect (increase or decrease) rates of erosion and vegetation growth at arch sites and Traditional Cultural Property (TCP) sites, and if so, how?
	I. Melis et al. 2006

	2. How do flows impact the sedimentary matrix of the higher terrace deposits, and what kinds of important historical/legacy information about the CRE ecosystem is being lost due to ongoing erosion of these older Holocene sedimentary deposits?
	I. Melis et al. 2006

	3. If dam controlled flows are contributing to (influencing rates of) arch site/TCP erosion, what are the optimal flows for minimizing future impacts to historic properties?
	I. Melis et al. 2006

	4. How effective are check dams in slowing rates of erosion at archaeological sites over the long term?
	I. Melis et al. 2006

	5. What are the TCPs in the CRE, and where are they located?
	I. Melis et al. 2006

	6. How can tribal values/data/analyses be appropriately incorporated into a western science-driven adaptive management process in order to evaluate the effects of flow operations and management actions on TCPs?
	I. Melis et al. 2006

	7. Are dam controlled flows affecting TCPs and other tribally-valued resources in the CRE, and if so, in what respects are they being affected, and are those effects considered positive or negative by the tribes who value these resources?
	I. Melis et al. 2006

	8. Do sandbars deposited by BHBFs contribute to preservation of archaeological sites in the river corridor?
	II. Melis et al. 2007

	9. Do BHBFs contribute to added stability or erosion of archaeological sites located in close proximity to the river?
	II. Melis et al. 2007

	10. How does the abundance and distribution of native and nonnative riparian species important to Native American tribes change in response to a BHBF?
	II. Melis et al. 2007


I.  Melis, T.S., Wright, S.A., Ralston, B.E., Fairley, H.C., Kennedy, T.A., Andersen, M.E., Coggins, L.G. Jr., and Korman, J., 2006. 2005 Knowledge assessment of the effects of Glen Canyon Dam on the Colorado River ecosystem: an experimental planning support document, U.S. Geological Survey, Flagstaff, Ariz., 82 p.

Science Questions (revised after comment by the Science Advisors)

4.1
Physical Resources (fine sediment and downstream quality of water)

Fine Sediment (sandbars and related habitats):

1.
Is there a “Flow-Only” operation (i.e. a strategy for dam releases, including managing tributary inputs with BHBFs, without sediment augmentation) that will restore and maintain sandbar habitats over decadal time scales?

Several related, but subordinate questions related to fine sediment were also identified by participating sediment researchers during the workshop:

· What are the short-term responses of sandbars to BHBFs?

· What is the rate of change in eddy storage (erosion) during time intervals between BHBFs?

· How does the grain-size distribution of the deposits affect sandbar stability? Main channel turbidity?

· What are the effects of ramping rates on sediment transport and sandbar stability?

· Can we develop a relationship between suspended sediment concentration and turbidity to support fisheries research?

Downstream Quality of Water:

2.
How do dam release temperatures, flows (average and fluctuating component), meteorology, canyon orientation and geometry, and reach morphology interact to determine mainstem and nearshore water temperatures throughout the Colorado River ecosystem (CRE)?

4.2
Hydropower

1.
What are the hydropower replacements costs of the MLFF (annually, since 1996)?

2.
What are the projected costs associated with the various alternative flow regimes being discussed for future experimental science (as defined in the next phase experimental design)?

4.3 
Food Base, Fish, and Lees Ferry Angling

Food Base

1.
What are the important pathways, and the rate of flux along them, that link lower trophic levels with fish?

2.
How is invertebrate flux affected by water quality (e.g., temperature, nutrient concentrations, turbidity) and dam operations?

3.
Are trends in the abundance of fish populations, or indicators from fish such as growth, condition, and body composition (e.g., lipids), correlated with patterns in invertebrate flux?

Native Fish

1.
To what extent are adult populations of native fish controlled by production of young fish from tributaries, spawning and incubation in the mainstem, survival of YoY and juvenile stages in the mainstem, or by changes in growth and maturation in the adult population as influenced by mainstem conditions?

2.
To what extent does temperature and fluctuations in flow limit spawning and incubation success for native fish?

3.
What is the relative importance of increased water temperature, shoreline stability, and food availability on the survival and growth of YoY and juvenile native fish?

4.
How important are backwaters and vegetated shoreline habitats to the overall growth and survival of YoY and juvenile native fish? Does the long-term benefit of increasing these habitats outweigh short-term potential costs (displacement and possibly mortality) associated with high flows?

5.
Will increased water temperatures increase the incidence of Asian Tapeworm in humpback chub or the magnitude of infestation, and if so, what is the impact on survival and growth rates?

6.
Do the potential benefits of improved rearing habitat (warmer, more stable, more backwater and vegetated shorelines, more food) outweigh negative impacts due to increases in nonnative fish abundance? To what extent could predation impacts by nonnative fish be mitigated by higher turbidities?

7.
Which tributary and mainstem habitats are most important to native fishes and how can these habitats best be made useable and maintained?

8.
How can native and nonnative fishes best be monitored while minimizing impacts from capture and handling or sampling?

GCMRC Science Advisors synthetic questions:

SA HBC 1: What are the most limiting factors to successful HBC adult recruitment in the mainstem: spawning success, predation on YoY and juveniles, habitat (water, temperature), pathogens, adult maturation, food availability, competition?

SA HBC 2: What are the most probable positive and negative impacts of warming the Colorado River on HBC adults and juveniles?

Rainbow Trout in Glen Canyon

1.
To what extent is the adult population of rainbow trout controlled by survival rates during incubation and YoY/juvenile rearing stages, or by changes in growth and maturation in the adult population influencing egg deposition?

2.
To what extent is the size of rainbow trout in Glen Canyon controlled by density and food availability?

3.
Does increased water temperature result in the occurrence of whirling disease in rainbow trout and if so, what affect will this have on population size and adult growth and condition?

4.
Do rainbow trout immigrate from Glen to Marble and eastern Grand Canyons, and if so, during what life stages? To what extent to Glen Canyon immigrants support the population in Marble and eastern Grand Canyons?

NonNative Fish in Marble and Eastern Grand Canyons

1.
Does a decrease in the abundance of rainbow trout and other coldwater and warmwater nonnatives in Marble and eastern Grand Canyons result in an improvement in the recruitment rate of juvenile humpback chub to the adult population?

2.
Will a limited number of years of mechanical removal of rainbow trout in Marble and eastern Grand Canyons result in a long-term decrease in abundance or will recolonization from tributaries and from below and above the removal reach require that mechanical removal be an ongoing management action? This question also applies to future removal programs targeting other nonnative species.

Lees Ferry Angling

1.
Assuming a trade-off between trout density and size, what is the preferred combination for anglers?

2.
What GCD flow constraints (ramping rates, daily flow range, etc.) maximize fishing opportunities and catchability?

Riparian Habitat

1.
How do processes occurring at a variety of spatial scales (i.e., population level to community to landscape scales) interface to influence riparian habitat?

2.
What is the nature and timing of terrestrial — aquatic linkages and what is their influence on the recipient habitat?

3.
How do terrestrial habitat and cultural/recreation resources interface?

i. What are the rates of vegetation encroachment (trees vs. shrubs) on camp sites?

4.
How do flows, including the absence of flows (e.g., predam high water zone), affect productivity and decomposition rates of riparian vegetation including the absence of flows (e.g., OHWZ)?

5.
How do warmer releases affect viability and productivity of native/nonnative vegetation?

6.
To what extent and in what respects can BHBF’s (magnitude and frequency) achieve reduction of exotic species?

7.
How could monthly volumes be changed to beneficially affect riparian habitat?

Recreation

1.
How do dam controlled flows affect visitors’ recreational experiences, and what is/are the optimal flows for maintaining a high quality recreational experience in the CRE?

2.
What are the drivers for recreational experience in the CRE, and how important are flows relative to other drivers in shaping recreational experience outcomes?

3.
How do varying flows positively or negatively affect campsite attributes that are important to visitor experience?

4.
What are the minimum size, quantity, distribution and quality of campsites to meet NPS goals for visitor experience?

5.
Can changes in quality of recreational experience be quantified for single event opportunities (e.g., white water rafting, angling, and camping) vs. multi-opportunity experiences (e.g. white water rafting with overnight camping)?

6.
How can safety & navigability be reliably measured relative to flows?

7.
How do varying flows positively or negatively affect visitor safety, health, and navigability of the rapids?

8.
How do varying flows positively or negatively affect group encounter rates, campsite competition, and other social parameters that are known to be important variables of visitor experience?

GCMRC Science Advisors synthetic questions:

R1.0
What are the drivers for recreational experience in the CRE, and how important are flows and campsite beaches relative to other drivers in shaping this experience?

R2.0
How do dam controlled flows affect visitors’ recreational experience, and what are optimal flows for maintaining a high quality recreational experience?

Cultural Resources

1.
Do dam controlled flows affect (increase or decrease) rates of erosion and vegetation growth at arch sites and Traditional Cultural Property (TCP) sites, and if so, how?

2.
How do flows impact the sedimentary matrix of the higher terrace deposits, and what kinds of important historical/legacy information about the CRE ecosystem is being lost due to ongoing erosion of these older Holocene sedimentary deposits?

3.
If dam controlled flows are contributing to (influencing rates of) arch site/TCP erosion, what are the optimal flows for minimizing future impacts to historic properties?

4.
How effective are check dams in slowing rates of erosion at archaeological sites over the long term?

5.
What are the TCPs in the CRE, and where are they located?

6.
How can tribal values/data/analyses be appropriately incorporated into a western science-driven adaptive management process in order to evaluate the effects of flow operations and management actions on TCPs?

7.
Are dam controlled flows affecting TCPs and other tribally-valued resources in the CRE, and if so, in what respects are they being affected, and are those effects considered positive or negative by the tribes who value these resources?
II. Melis, T.S., Hamill, J.F., Andersen, M.E., Fairley, H.C., Topping, D.J, Draut, A.E., Rubin, D.M., Wright, S.A., Coggins, L.G., Gwinn, D.C., Ralston, B.E., Kennedy, T.A., Cross, W., Hall, R., Rosi-Marshall, E., and Vernieu W.S. 2007. Science Plan for Future Experimental Beach/Habitat Building Flows Released from Glen Canyon Dam. Technical Work Group Review. Grand Canyon Monitoring and Research Center, Flagstaff, AZ. Draft: May 14, 2007

Table 1.1 Scientific questions identified as a priority by the Adaptive Management Work Group

SEDIMENT

· Is there a “flow-only” operation that will restore and maintain sandbar habitats over decadal timescales?

· What is the minimum duration for BHBFs needed to build and maintain sandbars under sand enrichment?

· Do sandbars deposited by BHBFs contribute to preservation of archaeological sites in the river corridor?

· How do post BHBF flows affect the persistence of sandbars and related backwater habitats?

HUMPBACK CHUB

· Do BHBFs result in creation of nearshore habitats (i.e. backwaters) that can offer physical benefits to humpback chub and other native fishes?

· Do BHBFs affect the distribution and movement of nonnative fishes?

· What are the effects of BHBFs on aquatic food production? How do these effects impact native fishes?

CULTURAL RESOURCES

· Do sandbars deposited by BHBFs contribute to preservation of archaeological sites in the river corridor?

· Do BHBFs contribute to added stability or erosion of archaeological sites located in close proximity to the river?

· How does the abundance and distribution of native and nonnative riparian species important to Native American tribes change in response to a BHBF?

RAINBOW TROUT

· Are individual rainbow trout displaced from the Lees Ferry reach as a result of a BHBF? If so, do displaced rainbow trout return to the reach, or do they establish residence elsewhere?

OTHER PRIORITY ISSUES

· Food base: How do BHBFs affect food production and availability for rainbow trout in the Lees Ferry reach?

· Lake Powell: Will BHBFs result in higher nutrient releases and shrinking of the hypolimnion? Will the operation of the river outlet works and the penstocks at capacity measurably alter Lake Powell hydrodynamics or stratification, or alter release water quality?

· Riparian vegetation: Are open patches more susceptible to exotic species colonization and establishment than sites with existing vegetation following a disturbance?

· Kanab ambersnail: Will BHBFs reduce habitat at Vaseys Paradise in a way that impacts the ambersnail population?

· Camping beaches associated with sandbars: Can BHBFs increase campable areas at sandbars on a sustainable basis?

Strategic Science Question(s)

· 1.3 Do rainbow trout immigrate from Glen to Marble and eastern Grand Canyons, and, if so, during what life stages? To what extent do Glen Canyon immigrants support the population in Marble and eastern Grand Canyons?

· 1.4 Can long-term decreases in the abundance of rainbow trout in Marble and eastern Grand canyons be sustained with a reduced level of effort of mechanical removal or will recolonization from tributaries and from downstream and upstream of the removal reach require that mechanical removal be an ongoing management action?

· 3.2 To what extent could predation impacts by nonnative fish be mitigated by higher turbidity or dam-controlled high-flow releases?

· 3.6 What Glen Canyon Dam operations (ramping rates, daily flow range, etc.) maximize trout fishing opportunities and catchability?

III. U.S. Geological Survey. 2007. Grand Canyon Monitoring and Research Center, USGS workshop on scientific aspects of a long-term experimental plan for Glen Canyon Dam, April 10–11, 2007, Flagstaff, Arizona: U.S. Geological Survey Scientific Investigations Report 2007–xxx, 60 p.

14 Core Science Questions for Experimental Design Workshop

Item No. 4– June 13, 2007

1 – What are the factors limiting humpback chub (HBC) reproduction and rearing in the main channel of the Colorado River below Glen Canyon Dam?

2 – Have humpback chub population estimates stabilized or increased recently, and if so, why (warm water, non-native control, other factors)?

3 – Will warming dam releases positively affect listed or special status species in the Colorado River ecosystem (including HBC and effects of non-native species)?

4 – Can the decline in sediment resources since 1990 be reversed using “flow” options with remaining downstream sand supplies from tributaries (Paria and Little Colorado Rivers and lesser tributaries)?

5 – Will high flow experiments promote conservation of high priority AMP biological resources (e.g., native fishes, native riparian vegetation, aquatic food base, rainbow trout)?

6 – What effect do power plant releases (ramp rates, fluctuating and steady) have on listed or special status species (including HBC) in the Colorado River ecosystem?

7 – Can the decline of HBC be reversed by expanding the current range of HBC into suitable unused historic habitat within GRCA/GLCA (tributaries/mainstem)?

8 – If the answer to Core Question #5 is yes, then will such enhanced sediment conservation promote in-situ preservation of archeological sites?

9 – How can invasive or non-native species be eliminated, reduced or controlled in the Colorado River ecosystem?

10 – If the answer to Core Question #5 is yes, then will such enhanced sediment conservation promote conservation of recreation beaches and campable area?

11 – How can the Lees Ferry trout fishery be improved?

12 – Will dam operations, including temperature changes, diel fluctuations, and high experimental flows affect razorback sucker in Lake Mead and Grand Canyon?

13 – Will high flow experiments affect the water quality released from Glen Canyon Dam?

14 – Can visitor experience (boating, camping, sightseeing, safety) be enhanced through alteration of the MLFF flow regime?

14 Core Questions with Ranked Hypotheses Under Each Core Question

Item No. 5 – June 13, 2007

LTEP Draft Hypotheses, Ranked March 28, 2007

1 = High, 2 = Med, 3 = Low

Endangered Fish:

1. Have humpback chub population estimates stabilized or increased recently, and if so, why (warm water, nonnative control, other factors)?

Hypotheses:

· 1.2 Ho–Flow fluctuations or stability have no effect on HBC reproduction or recruitment.

· 1.5 Ho–Mainstem Colorado River flows have no effect on survival of young-of-year HBC emerging from the Little Colorado River.

· 1.4 Ho–Non-native control has no effect on HBC reproduction or recruitment.

· 1.1 Ho–Increased water temperatures in HBC habitat have no effect on HBC reproduction and recruitment.

· 1.3 Ho–Increased water temperatures have no effect on the proliferation of non-native fish species or on fish parasites and diseases.

2. What are the factors limiting humpback chub reproduction and rearing in the main channel of the Colorado River below Glen Canyon Dam?

Hypotheses:

· 2.6 Ho–Flow fluctuations or stability has no effect on HBC survival, reproduction or recruitment (1).

· 2.21 Ho–Changes in temperature and flow have no effect on spawning of humpback chub in the mainstem (2).

· 2.1 Ho–Increased water temperatures in HBC habitat will have no effect on HBC reproduction and recruitment (3).

· 2.2 Ho–Flow stability has no effect on HBC reproduction or recruitment (4).

· 2.12 Ho–Control of nonnative fishes in the mainstem has no affect on survivorship and recruitment of humpback chub (5).

· 2.4 Ho–Non-native fish have no effect on HBC survival, reproduction or recruitment (6).

· 2.22 Ho–Changes in temperature and flow have no effect on over-winter survival of humpback chub in the mainstem (7).

· 2.25 Ho-Re-colonization of RBT from tributaries and from below and above the LCR removal reach will not require that mechanical removal be an ongoing management action (8).

· 2.32 Ho-Flow stability will have no effect on the aquatic food base upon which HBC depend (9).

· 2.3 Ho–Increased water temperatures have no effect on the proliferation of non-native fish species or on fish parasites and diseases (10).

· 2.20 Ho–Flow fluctuations have no affect on conditions in nearshore margin and backwater habitats used by nonnative fishes that serve as predators and competitors of juvenile humpback chub (11).

· 2.24 Ho-Maintenance of the Lees Ferry trout fishery (target population levels) has no effect on downstream trout populations or on HBC recruitment in Grand Canyon (12).

· 2.11 Ho–Loss of all humpback chub young-of-year flushed into the mainstem has no affect on overall humpback chub recruitment (13).

· 2.15 Ho–Mainstem Colorado River flows have no effect on survival of young-of-year HBC emerging from the Little Colorado River (14).

· 2.5 Ho–Hydraulic impoundment of the LCR by mainstem Colorado River flows has no effect on survival of YOY HBC emerging from the LCR (15).

· 2.9 Ho–Providing seasonally available steady flows in the summer and autumn to create more stable near-shore habitats for young-of-year humpback chub has no affect on humpback chub recruitment (16).

· 2.16 Ho–Changes in temperature and flow have no effect on aquatic food base that are significant to fish populations (17). 

· 2.19 Ho–Flow fluctuations have no affect on conditions in nearshore margin and backwater habitats (e.g., backwater size and geometry, temperature regimes, and food availability) used by juvenile humpback chub (18).

· 2.29 Ho-Recreational and scientific activities have no effect on HBC survival, reproduction or recruitment (19).

· 2.8 Ho–Daily fluctuations of 5 Kcfs have no affect on survival and recruitment of juvenile humpback chub (20)

· 2.10 Ho–Differences in mainstem turbidity have no affect on humpback chub survival and recruitment (21).

· 2.13 Ho–Control of nonnative fishes in tributaries in Grand Canyon and throughout the tributary basins has no affect on survivorship and recruitment of humpback chub (22).

· 2.26 Ho-Increased water temperatures will not increase the incidence or magnitude of infestation of Asian Tapeworm in HBC or impact survival and growth rates (23).

· 2.30 Ho-Habitat improvements in the LCR will have no effect on HBC survival, reproduction or recruitment (24).

· 2.7 Ho–Mimicking a natural hydrograph, in both annual and daily fluctuations, has no affect on the aquatic ecosystem including native and nonnative fishes (25).

· 2.14 Ho–Control of nonnative Asian fish tapeworm in the mainstem and tributaries has no affect on survivorship and recruitment of humpback chub (26).

· 2.23 Ho–Dam operations do not interact with other factors affecting humpback chub population status (such as the presence and abundance of nonnative species) (27).

· 2.17 Ho–Modeling can determine if thermal conditions can be modified over a 10-year continuous period of operational management (assuming a TCD) that will result in positive effects to humpback chub and other native fishes and the Lees Ferry trout fishery, despite ancillary effects from nonnative fishes and parasites (28).

· 2.18 Ho–Modeling can determine what combinations of flow and temperature over a 10-year period would be most beneficial to hbc based on cost/benefit (29).

· 2.31 Ho-The aquatic food base in the Lees Ferry reach is not critical to HBC survival, reproduction or recruitment (30).

· 2.27 Ho-Entrainment of non-native fish in GCD releases will have no effect on HBC survival, reproduction or recruitment (31).

· 2.28 Ho-Water quality parameters in the LCR do not negatively affect HBC survival, reproduction or recruitment (32).

3. Will dam operations, including temperature changes, diel fluctuations, and BHBFs affect the movement of razorback sucker from Lake Mead into Grand Canyon?

Hypothesis:

· 3.1 Ho–Changes in dam operations will have no effect on razorback sucker. 

Expanding HBC Range:

Core Question:

4. Can the decline of HBC be reversed by expanding the current range of HBC into suitable unused historic habitat within GRCA/GLCA (tributaries/mainstem)?

Hypothesis:

· 4.2 Ho–Non-native fish have no effect on HBC survival, reproduction or recruitment (1).

· 4.1 Ho–Control of nonnative fishes in tributaries in Grand Canyon and throughout the tributary basins has no affect on survivorship and recruitment of humpback chub (2).

Fine Sediment:

5. Can the decline in sediment resources since 1990 be reversed using “flow” options with remaining downstream sand supplies from tributaries (Paria and Little Colorado Rivers and lesser tributaries)?

Hypotheses:

· 5.5 Ho–The duration of BHBF events has no effect on the conservation of sediment (1 ).

· 5.6 Ho– BHBF magnitude has no effect on conservation of sediment (2).

· 5.7 Ho–BHBF flows will have no effect on the number, size (area), and location of beaches (> 8K cfs) in Glen and Grand canyons (3).

· 5.1 Ho–Releasing BHBFs with each significant Paria River sediment input will not reverse the negative trend of sediment storage in Grand Canyon (4).

· 5.2 Ho–The duration of BHBF events has no effect on the conservation of sediment (5).

· 5.3 Ho–Dam releases subsequent to BHBF events have no effect on sandbars formed by the BHBF (6).

· 5.8 Ho–BHBFs will not result in persistent changes to sandbars used as campsites (7).

· 5.4 Ho–Releasing BHBFs with each significant Paria River sediment input will not reverse the negative trend of sediment storage in Grand Canyon (8).

· 5.9 Ho–Flow regimes occurring between BHBF events will not diminish campable area. (9).

Archeological Sites:

Core Question:

6. If the answer to Core Question #5 is yes, then will such enhanced sediment conservation promote in-situ preservation of archeological sites?

Hypothesis:

· 6.1 Ho–Aeolian transport of sand will not change as beach area and volume change (1).

· 6.2 Ho–Aeolian transport of sand will not alter gully formation or erosion rates of gullies tributary to the Colorado River in Grand Canyon (2).

Recreation and Camping:

Core Question:

7. If the answer to Core Question #5 is yes, then will such enhanced sediment conservation promote conservation of recreation beaches and campable area?

Hypotheses:

· 7.2 Ho–BHBFs will not result in persistent (>1 year) changes in area and volume of sandbars used for camping (1).

· 7.1 Ho–BHBFs will not result in changes to area and volume of sandbars used for camping (2).

· 7.3 Ho – Flow regimes occurring between BHBF events will not diminish campable area (3). 

Effects of BHBFs:

Core Question:

8. Will high flow experiments promote conservation of high priority AMP biological resources (e.g., native fishes, native riparian vegetation, aquatic food base, rainbow trout)?

Hypotheses:

· 8.9 Ho–BHBFs will do not result in displacement and loss (mortality) of young-or-year/juvenile humpback chub (1).

· 8.1 Ho-Backwaters created by BHBFs will not result in increased survival and recruitment of humpback chub and other native fishes in Marble and Grand Canyon (2).

· 8.3 Ho – BHBFs will not measurably impact distribution and abundance of native fishes in Grand Canyon (3).

· 8.8 Ho–Changes in fish habitat caused by BHBFs will have no affect on humpback chub survivorship and recruitment (4).

· 8.2 Ho–BHBFs will not measurably impact distribution and abundance of non-native fishes in Grand Canyon (5).

· 8.4 Ho–BHBFs will not result in a measurable change in the aquatic food base below Glen Canyon Dam (6).

· 8.7 Ho–BHBFs will not materially impact distribution and abundance of native fish habitat, including backwaters, vegetated shoreline, and rock overhangs (bedrock undercut banks) (7).

· 8.5 Ho–BHBFs will not result in measurable changes in the composition and areal extent of native and nonnative riparian vegetation (8).

· 8.6 Ho–BHBFs will not have a measurable impact on the Lees Ferry rainbow trout population size or downstream displacement (9).

Water Quality:

Core Question:

9. Will high flow experiments affect the water quality released from Glen Canyon Dam?

Hypotheses:

· 9.1 Ho–Operation of the river outlet works and the penstocks will not alter Lake Powell hydrodynamics or stratification or alter release water quality (1).

· 9.2 Ho–Operation of the river outlet works and the penstocks will not alter Lake Powell hydrodynamics or stratification or alter release water quality (2).

Dam Operations:

Core Question:

10. Will warming dam releases positively affect listed or special status species in the Colorado River ecosystem (including HBC and effects of non-native species)?

Hypotheses:

· (Many of the hypotheses listed above address warming Colorado River water)

Visitor Experience:

Core Question:

11. Can visitor experience (boating, camping, sightseeing, safety) be enhanced through alteration of the MLFF flow regime?

Hypotheses:

Power Plant Hourly Releases:

Core Question:

12. What effect do power plant releases (ramp rates, fluctuating and steady) have on listed or special status species (including HBC) in the Colorado River ecosystem?

Hypotheses:

· (Many of the hypotheses listed above address power plant operations)

· 12.1 Ho–Changes in dam operations will have no affect on downstream vegetation (1).

· 12.5 Ho–Changes in dam operations will have no affect on flannelmouth sucker and bluehead sucker (2).

· 12.4 Ho–Changes in dam operations will have no affect on Kanab ambersnail (3).

· 12.2 Ho–Changes in dam operations will have no affect on southwestern willow flycatcher (4).

· 12.3 Ho–Changes in dam operations will have no affect on bald eagle (5).

· 12.6 Ho–Changes in dam operations will have no affect on northern leopard frog (6).

Trout Fishery:

Core Question:

13. How can the Lees Ferry trout fishery be improved?

Hypotheses:

· 13.1 Ho-The adult population of rainbow trout is not controlled by survival rates during incubation and YoY/juvenile rearing stages, or by changes in growth and maturation in the adult population influencing egg deposition (1).

· 13.8 Ho-Flow stability will have no effect on the Lees Ferry aquatic food base (2).

· 13.4 Ho-Rainbow trout do not migrate from Glen to Marble and eastern Grand Canyons, nor do Glen Canyon migrants support the population in Marble and eastern Grand Canyons (3).

· 13.3 Ho-Increased water temperature will not result in the occurrence of whirling disease in rainbow trout (4).

· 13.5 Ho-A limited number of years of mechanical removal of rainbow trout in Marble and eastern Grand Canyons will not result in a long-term decrease in abundance (5).

· 13.2 Ho-The size of rainbow trout in Glen Canyon is not controlled by density and food availability (6).

· 13.9 Ho-Increased turbidity will have no effect on the aquatic food base (7).

· 13.7 Ho-There is no correlation between GCD flow constraints (ramping rates, daily flow range, etc.) and maximize fishing opportunities and catchability (8).

· 13.6 Ho-There is no angler preference between trout density and size (9).

Invasive Species:

Core Question:

14. How can invasive species be eliminated, reduced or controlled in the Colorado River ecosystem?

Hypotheses:

· 14.1 Ho-There is no effective means for reducing or eliminating Asian tapeworm in the CRE (1).

· 14.2 Ho-Tamarisk poses no significant threat to the CRE ().2

· 14.3 Ho-There is no effective means for reducing or eliminating tamarisk in the CRE (3).

Strategic Science Questions from the Knowledge Assessment workshop:

4.
How important are backwaters and vegetated shoreline habitats to the overall growth and survival of YoY and juvenile native fish? Does the long-term benefit of increasing these habitats outweigh short-term potential costs (displacement and possibly mortality) associated with high flows? (1).

1.
To what extent are adult populations of native fish controlled by production of young fish from tributaries, spawning and incubation in the mainstem, survival of YoY and juvenile stages in the mainstem, or by changes in growth and maturation in the adult population as influenced by mainstem conditions? (2).

2 
To what extent does temperature and fluctuations in flow limit spawning and incubation success for native fish? (3).

3.
What is the relative importance of increased water temperature, shoreline stability, and food availability on the survival and growth of YoY and juvenile native fish? (4).

5.
Do the potential benefits of improved rearing habitat (warmer, more stable, more backwater and vegetated shorelines, more food) outweigh negative impacts due to increases in non-native fish abundance? To what extent could predation impacts by non-native fish be mitigated by higher turbidities? (5).

IV. Department of the Interior. 2011a. Environmental Assessment—Development and Implementation of a Protocol for High-Flow Experimental Releases from Glen Canyon Dam, Arizona, 2011 through 2020 (12/30/2011). U.S. Department of the Interior, Bureau of Reclamation, Salt Lake City, UT.
Over-arching Questions:

· #1: Is there a “Flow Only” operation (that is, a strategy for dam releases, including managing tributary inputs with HFEs, without sediment augmentation) that will rebuild and maintain sandbar habitats over decadal timescales (USGS 2007a, 2009)?

· #2: How can an HFE Protocol be implemented without causing significant impacts to other resources?

Key research questions tiered from over-arching questions:

1. Given that sandbars are naturally dynamic and go through cycles of building and eroding, can a protocol of frequent high flows under sediment-enriched conditions be effective in sustaining these dynamic habitat features?

2. Are there optimal times to conduct high flows in regard to sediment building, humpback chub survivability, and ecosystem response?

Summary: The goal of this experimental protocol is to identify a long-term program of high flows under sediment-enriched conditions for improving downstream resource conditions.

3. What is the effect of HFEs on humpback chub and native fish populations located downstream from Glen Canyon Dam?

Summary: Ongoing research and monitoring of humpback chub and native fish populations downstream from Glen Canyon Dam have shown that the status and trends of these populations are influenced by complex interactions of river flows, temperature, water clarity, tributary influences, and non-native predators and competitors. The humpback chub population declined from about 11,000 adults in 1989 to about 5,050 adults in 2001, and subsequently stabilized and increased to 7,650 adults in 2008 (Coggins and Walters 2009). Focused investigations are needed to better understand how aspects of an HFE (timing, magnitude, duration, frequency) affect these native fish populations, including nearshore habitat, dispersal of young from the Little Colorado River, foodbase, and predation and competition by non-native fish species.

4. Is sediment conservation more effective following a sediment enrichment period in the context of multi-year, multi-event experiments?

Summary: Previous high-flow tests were conducted under depleted to enriched sediment conditions, and there is a strong need to determine if sediment conservation is more effective when releases are made under an established HFE Protocol during sediment-enriched conditions.

5. Is sediment conservation more effective when an HFE is held in rapid response to sediment input from the Paria River?

Summary: A rapid response HFE has not been tested, in which a high-flow release is made during a sediment-laden flood from the Paria River. This approach is hypothesized to redeposit a range of sediment sizes, from coarse sand and fine organic matter, that will help to build sandbars and beaches and provide nutrients for riparian plants and backwaters. A rapid response HFE will require real-time monitoring of the Paria River to accurately determine the sediment load, protocols for timely responses by dam operators to Paria River inputs, and public notices to ensure safety for recreational users and property owners. At this time, these requirements have not been met.

6. How can erosion of sandbars after an HFE be minimized or offset?

Summary: Sandbars and beaches rebuilt with previous high-flow tests eroded shortly afterward, and a better strategy is needed to conserve sediment and protect and enhance other key resources.

7. What is the effect of a fall HFE on the foodbase at Lees Ferry?

Summary: Monitoring of the spring 1996 and 2008 HFEs showed scouring of a large portion of the foodbase that was followed by from 4 to 15 months of biomass recovery during spring and summer. Designed effects monitoring was not conducted before, during, and after the November 2004 HFE. There is concern that a fall HFE would scour the foodbase at a time when photoperiodicity and hence, photosynthesis are reduced, and recovery of the foodbase would be delayed until the following spring.

8. What is the effect of a fall HFE on the trout population at Lees Ferry?

Summary: Fish monitoring around the November 2004 HFE showed lower than normal survival and condition of rainbow trout, although there were many confounding factors at the time (warm dam releases from low reservoir, low dissolved oxygen, trout suppression flows, downstream mechanical removal of trout). Fall HFEs should be tested for their effects on the rainbow trout population.

9. What effect would consecutive HFEs (spring followed by fall, or fall followed by spring) have on the foodbase and trout population at Lees Ferry?

Summary: Consecutive HFEs at intervals of a year or less have not been conducted. The 1996, 2004, and 2008 HFEs were spaced several years apart. The interval between HFEs was sufficient time for the system to recover. Impacts of a consecutive fall and spring event could be severe on the foodbase and trout population and needs to be tested.

10. What is the relationship of high-release magnitude and duration on the extent of foodbase scouring in the Lees Ferry reach?

Summary: High-flow releases of 41,000 to 45,000 cfs were shown to scour about 90 percent of the foodbase on sediments and much of the foodbase on rock substrates in the Lees Ferry reach. The relationship of the extent of scouring and flow magnitude is important information as a potential management tool for stimulating production. Hence, flow magnitude of less than 41,000 cfs should be evaluated to determine the scouring effect on the foodbase.

11. Is it possible to manage the Lees Ferry trout population with a spring HFE held at slightly different times than previous spring HFEs?

Summary: The peak of rainbow trout spawning in Lees Ferry is early March. High-flow releases prior to spawning can cleanse the spawning beds of fines and increase survival of eggs and alevins, whereas high flows during the latter stages of incubation can potentially negatively affect incubation rates and survival of eggs and alevins. The effect of high releases timed to trout incubation is important information as a potential management tool for the trout population. A healthy trout population in the Lees Ferry reach is a desirable resource. Conditions that encourage emigration downstream and rainbow trout population increase at the mouth of the Little Colorado River are not desirable, because rainbow trout are documented predators of the endangered humpback chub and other native fish.

V. Department of the Interior. 2011b. General Science Plan for Monitoring and Research of a High-Flow Experiment Protocol at Glen Canyon Dam (GCMRC, December 22, 2011; Appendix B to HFE EA, 12/30/2011). U.S. Department of the Interior, Bureau of Reclamation, Salt Lake City, UT.
Strategic Science Questions:
· Can sandbar building during HFEs exceed sandbar erosion during periods between HFEs, such that sandbar size can be increased and maintained over several years?

· Does the seasonal timing of HFEs influence the rainbow trout response?
HFE Protocol science questions:
A.
Sandbars, Camping Beaches, and Archaeological Sites

1. Will multiple high flows conducted over a period of 10 years result in net increases in sandbar area and volume?

2. With the available sand supply that comes from tributary inputs, is the approach of using repeated floods to build sandbars sustainable?

3. Will multiple high flows conducted over a period of 10 years result in net increases in campable area along the Colorado River?

4. Will multiple high flows conducted over a period of 10 years improve archaeological site condition as reflected in increased sand deposition, increased site stability, and reduction in rates of erosion?

B.
Aquatic Food Base

5. What is the effect of a fall HFE on the aquatic food base of the Lees Ferry reach, defined as the Glen Canyon Dam tailwater reach extending approximately 15 miles downstream from the dam?

C.
Riparian Vegetation and Spring Habitats

6. How does HFE timing and frequency affect woody riparian and marsh vegetation composition?

7. How does riparian vegetation influence sandbar building, campable area, and windblown transport of sand?

8. How do Kanab ambersnail populations and habitat vary over a 10-year period of repeated high flows?

D.
Water Quality

9. How do high flow experiments affect water quality (especially dissolved oxygen and temperature) in the forebay of Lake Powell and in the Colorado River between Glen Canyon Dam and Lees Ferry?

E.
Hydropower

10. What are the effects of repeated HFEs on hydropower production and marketable capacity at Glen Canyon Dam?
VI. Department of the Interior. 2011c. Environmental Assessment—Non-Native Fish Control Downstream from Glen Canyon Dam (12/30/2011). U.S. Department of the Interior, Bureau of Reclamation, Salt Lake City, UT.
Key research questions:

1. Can a decrease in the abundance of rainbow trout and other cold- and warm- water non-natives in Marble and eastern Grand canyons be linked to a higher recruitment rate of juvenile humpback chub in the adult population relative to other potential sources of mortality? Or conversely, can an increase in numbers of non-native fish predators be linked to a decrease in adult humpback chub?

Rationale: The goal of the proposed action is, in part, to determine if humpback chub recruitment can be improved by controlling non-native fish species, and in particular, rainbow and brown trout.

2. Can removal efforts focused in the PBR reach (e.g., interception fishery) be effective in reducing downstream movement of trout such that trout levels in the LCR reach remain low? Will recolonization from tributaries, from downstream and upstream of the removal reach, or local production require that removal be an ongoing management action in the LCR reach?

Rationale: Although previous efforts to reduce trout numbers in the LCR reach were effective, they were conducted during a period of decreasing trout abundance throughout the system. This control effort would assess whether reductions in numbers of trout, and other non-native fish species, can be sustained while also reducing effort and cost of control actions.

3. Can non-native fish control offset any increases in rainbow trout from multiple HFEs?

Rationale: Ongoing research and monitoring of fish populations downstream from Glen Canyon Dam have shown that the status and trends of these populations are influenced by complex interactions of river flows, water temperature, water clarity, and tributary influences. The humpback chub population declined from about 11,000 adults in 1989 to about 5,050 adults 2001, and has subsequently stabilized and increased to 7,650 adults in 2008. Korman et al. (2011) found that the March 2008 HFE resulted in increased productivity of trout in Lees Ferry, and Makinster et al. (2010) found that this appeared to be linked to increased emigration rates, and ultimately contributed to higher numbers of trout in the LCR reach. Wright and Kennedy (2011) also reported that the 2008 HFE appears to have contributed to an increase in rainbow trout numbers in the LCR reach. Focused investigations are needed to better understand how aspects of an HFE (timing, magnitude, duration, and frequency) affect fish populations, including nearshore habitat, movement of young native fish from the Little Colorado River, recruitment of young, and food base. Due to the proposed HFE Protocol and the potential for future HFEs, non-native fish control efforts would need to be evaluated with regard to their efficacy at offsetting increases in rainbow trout that result from HFEs.

4. What is the importance of mainstem habitats to humpback chub recruitment relative to the LCR?

Rationale: A long standing question of humpback chub recovery has been what is the relative importance of mainstem habitats to humpback chub recruitment? Much of the recruitment of humpback chub is thought to occur in the LCR. Non-native fish control actions would improve survivorship of humpback chub predominantly in the mainstem. However, if a vast majority of recruitment is occurring in the LCR, potential improvements in survivorship in the mainstem through non-native fish control may have relatively little effect on overall recruitment of humpback chub. Better estimates of juvenile humpback chub abundance and survivorship in both the LCR and the mainstem would be required to answer this question.

VII. Department of the Interior. 2011d. Science Plan: Research and Monitoring Plan in Support of the Environmental Assessment—Non-Native Fish Control Downstream from Glen Canyon Dam (December 22, 2011). U.S. Department of the Interior, Bureau of Reclamation, Salt Lake City, UT.
Monitoring and Research Activities—Five science support objectives identified by GCMRC:

Objective 1 – Understand the role of the Little Colorado River and the mainstem Colorado River in juvenile humpback chub survival rates and recruitment to the adult humpback chub population.

Justification: Although juvenile humpback chub are found in the LCR reach and elsewhere in Grand Canyon, it is not known to what degree those fish contribute to the reproducing population in the LCR. If juvenile humpback chub rearing in the mainstem recruit to the adult population in low numbers relative to juvenile humpback chub rearing in the LCR, then determining the best approach for managing nonnative fish abundance in the mainstem is potentially irrelevant. Thus, understanding the relative contribution of the LCR rearing environment versus the mainstem rearing environment in sustaining humpback chub populations would help managers to determine whether nonnative fish removal from the LCR reach provides a measurable benefit to humpback chub.

Objective 2 – Determine the linkage between nonnative fish abundance and juvenile humpback chub abundance and survival rates in the LCR reach and elsewhere in Grand Canyon.

Justification: Predation of juvenile humpback chub by rainbow trout and brown trout (Yard and others, 2011) clearly demonstrates a negative effect of nonnative fishes on native species at the level of the individual. What remains uncertain is if trout have population level effects on humpback chub. Quantifying population level effects of trout on humpback chub will require continuation and/or expansion of existing monitoring efforts as well as initiation of new research projects.

Objective 3 – Determine the natal origins of rainbow trout found in Marble Canyon and the LCR reach.
Justification: Rainbow trout abundance is greatest in the Lees Ferry reach and generally decline downstream, reaching their lowest abundance in western Grand Canyon (Makinster and others, 2010). Sources of rainbow trout in the mainstem downstream from Lees Ferry could include downstream migration of trout from the Lees Ferry reach, trout that spawn in tributaries such as Nankoweap, Bright Angel or Tapeats Creek, or local reproduction in the mainstem. The relative contribution of each of these potential sources to the mainstem population is sufficiently uncertain as to warrant further study. Of particular interest to managers is whether changes in the Lees Ferry reach trout population affect downstream rainbow trout abundance. Though there is not conclusive evidence linking high rainbow trout abundance in the Lees Ferry reach with high mainstem trout abundance, the patterns of increase between these areas are similar, with generally a one-year lag between pronounced spikes in rainbow trout abundance in the Lees Ferry reach and a comparable increase in rainbow trout abundance downstream (Makinster and others, 2010; Makinster and others, 2011). Analysis of size-frequency data for rainbow trout captured in Marble Canyon indicate an absence of small-sized fish, which suggests these populations are supported by individuals that migrated from the Lees Ferry reach. Alternatively, it is possible that scattered local reproduction in Marble Canyon, combined with relatively high growth and survival of juvenile rainbow trout in Marble Canyon, may also contribute sufficient numbers of trout to support observed adult densities (J. Korman, personal communication, 2011). Resolving these competing hypotheses is important to determining the viability of removing rainbow trout from the PBR reach as a way to manage the trout population in the LCR reach.

Objective 4 – Assess the efficacy of nonnative fish removal in the PBR reach for rainbow trout and Upper Granite Gorge for brown trout. This objective will be addressed through two projects described below.

1. The Paria River to Badger Rapid Sampling and Removal Project.
Justification: Understanding rainbow trout population dynamics and movement characteristics in the Lees Ferry reach and the PBR reach is an important first step in being able to assess the potential for successful system-wide control of rainbow trout through actions taken in these reaches. If fish from the Lees Ferry reach are found to be a primary source for rainbow trout downstream, then removing fish in the PBR reach may be less intrusive and more culturally acceptable than control efforts conducted at or near the LCR confluence. Uncertainty remains, however, as to the feasibility of conducting removal in the PBR reach to the degree that it can effectively control rainbow trout abundance in the PBR reach, Marble Canyon, and subsequently in the LCR reach.

2. The Brown Trout Sampling and Removal Project

Justification: Experimental reductions of brown trout populations in Bright Angel Creek and the mainstem Colorado River near its confluence could reduce predation pressure on humpback chub not only in areas where removal occurred, but also in the LCR reach. Bright Angel Creek appears to be the primary spawning area supporting brown trout populations in the mainstem Colorado River including the LCR reach. While brown trout are concentrated in Upper Granite Gorge nearest the confluence of Bright Angel Creek, high catch rates of this species in the LCR reach has corresponded with periods of high abundance in Upper Granite Gorge (Makinster and others, 2011). Any increase in abundance of this predatory fish in the LCR reach would be of concern given the high incidence of piscivory reported for this species (Yard and others, 2011). The concentration of brown trout in Upper Granite Gorge may also be a threat to humpback chub because high levels of predation in this reach may limit dispersion of humpback chub, particularly younger fish, into downstream aggregations, effectively limiting their range within Grand Canyon.

Science Activities

Objective 5 – Assess the efficacy of experimental flow manipulations (through dam operations) to manage trout populations in the mainstem Colorado River from Lees Ferry to the LCR reach.

Justification: Past efforts to control trout populations in the LCR reach by lethal removal appear to have resulted in temporary reductions that were likely only successful due to a concurrent systemwide decline in trout abundance (Coggins and others, 2011). Given that trout populations appear to be increasing (Korman and others, 2011; Makinster and others, 2011; GCMRC unpublished data) and the possible limitations of removal as a population control tool, future efforts at trout management should include experimentation to develop other approaches. One approach that warrants investigation is identifying flows or flow regimes that limit trout reproduction and/or survival of fertilized eggs, larvae, or juveniles in the Lees Ferry reach. Flow manipulation as a trout population control measure is attractive as it would target the most vulnerable life stages of rainbow trout at their likely source using a method that has the potential of affecting high proportions of the population. Some experimentation with flows to manage trout populations was conducted from 2003 through 2005 (Korman and others, 2011; also see USGS Fact Sheet 2011-3002 available at http://www.usgs.gov). The range of daily releases from Glen Canyon Dam was increased from January through March to promote rainbow trout spawning in high elevation areas that would subsequently be dewatered, thus increasing mortality rates of eggs and young fish. While survival rates of these early life stages were lowered, age 0 abundance did not decrease likely due to compensatory increases in survival rates among survivors (Korman and others, 2011). These results demonstrate flows can affect survival of some trout early life stages, but also make it clear that the factors controlling trout recruitment need to be understood and accounted for when designing future experiments.

Reclamation Power Point—2006 LTEP (no citation available)
1. Why have humpback chub population estimates increased recently? What are the limiting factors in HBC recruitment?

· Ho–Increased water temperatures in HBC habitat will have no effect on HBC recruitment.

· Ho–Flow fluctuations or stability have no effect on HBC reproduction or recruitment.

· Ho–Increased water temperatures have no effect on the proliferation of non-native fish species or on fish parasites and diseases.

· Ho–Non-native control has no effect on HBC recruitment.

· Ho–MainstemColorado River flows have no effect on survival of young-of-year HBC emerging from the Little Colorado River.

2. Can the decline in sediment resources since 1990 be reversed using Glen Canyon Dam releases to manage tributary sand inputs?

· Ho–Releasing BHBFs with each significant PariaRiver sediment input will not reverse the negative trend of sediment storage in Grand Canyon.

· Ho–The duration of BHBF events has no effect on the conservation of sediment.

· Ho–Dam releases subsequent to BHBF events have no effect on sandbars formed by the BHBF.

3. Will increased sediment conservation promote preservation of archeological sites or recreation campsites?

· Ho–Aeolian transport of sand will not change as beach area and volume change.

· Ho–Aeolian transport of sand will not alter gully formation or erosion rates of gullies that are tributary to the Colorado River in Grand Canyon.

· Ho–BHBFs will not result in persistent changes to sandbars used as campsites.

· Ho–Flow regimes occurring between BHBF events will not diminish campable area.

4. Will BHBFs promote conservation of high priority biological resources?

· Ho–BHBFs will not materially impact distribution and abundance of backwaters.

· Ho–BHBFs will not materially impact distribution and abundance of native and non-native fish.

· Ho–BHBFs will not change the aquatic food base below Glen Canyon Dam.

· Ho–BHBFs will not alter the water quality of Glen Canyon Dam releases.

Western Area Power Administration and Argonne National Laboratory. 2007. Strategy for a Proposed Long-Term Experimental Program for Flow and Non-Flow Management Actions Related To the Operation of Glen Canyon Dam. Prepared by Western Area Power Administration and Argonne National Laboratory (June 1, 2007).
Examples of uncertainties:
· Habitat use of YOY humpback chub in the mainstem Colorado River (relative importance of backwaters, talus slopes, and other nearshore habitats);

· Survival of humpback chub flushed into main channel during monsoonal flows from the Little Colorado River.

Examples of subjects that could be addressed by short-term experiments include:

· Effects of fluctuations/flow regimes/ramp rates on invertebrate drift rates, drift depletion rates;

· Effects of fluctuations/flow regimes/ramp rates on sediment transport/turbidity;

· Effect of short-term flow spike (steady below Little Colorado River) on drift availability;

· Effects of fluctuations/flow regimes/ramp rates on nearshore habitat water temperature;

· Effects of fluctuations/flow regimes/ramp rates on nonnative fish distributions; and

· Effects of ponding flows on movements of YOY humpback chub at the mouth of the Little Colorado River.

Examples of research activities that should be conducted include:

· Effects of fluctuations and flow magnitudes on survival rates for juvenile humpback chub and nonnative fish in various nearshore habitats (e.g., backwaters, and along talus slopes)

· Effects of flow regimes on water temperatures and potential impacts on habitat suitability for both nonnative fish and humpback chub.
Western Area Power Administration—Comments on Alternative A and Other Comments for the LTEP EIS (July 6, 2007)

TCD: We suggest language that makes the support of the TCD for Alternative A conditional: “Experimentation related to the control/management of non-native, warm-water fish species will be accomplished prior to construction of a TCD. This is to insure that the operation of the TCD will not result in significant habitat improvement for non-native fish species that may adversely impact efforts to recover the Grand Canyon HBC population”. Also, we suggest: “Attempts to add to the geological range (e.g. tributaries) of the Grand Canyon HBC population will be required prior to construction of a TCD to attempt to recover HBC populations without establishing additional populations of warm-water piscirvorous fish species in the mainstem”. 

Desired temperatures:

a. In the absence of significant populations of warm-water, non-native fish species ---  Mainstem @ Lee Ferry: up to 15 C. Mainstem in the Grand Canyon (below LCR): 18 C.
b. In the presence of significant populations of warm-water, non-native fish species ---  Mainstem @ Lee Ferry: 11 - 13 C. Mainstem in the Grand Canyon (below LCR): 13 - 15 C.

Narrative: The top set of temperatures has been repeated from the TCD Draft EA – published by USBR. They are intended to produce temperatures at Lee Ferry suitable for a Trout fishery and allow radiant warming of the water downstream to provide a temperature regime suitable for HBC spawning. 

The bottom set of temperatures are those of the current release (with a full reservoir). They are intended to prevent the establishment of piscivorous warm-water fish populations from expanding and becoming established in habitat that may be used by HBC.
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