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Study Plan—Biological Resource Responses to Fall
Steady Experimental Flows Released from Glen Canyon
Dam, 2009-12

Executive Summary

Experimental steady releases from Glen Canyon Dam in September and October 2008 through 2012
(fall steady experimental flows, FSEF) were prescribed by a 2008 environmental assessment and an
associated biological opinion. The Grand Canyon Monitoring and Research Center (GCMRC) prepared
this science plan at the request of the Glen Canyon Dam Adaptive Management Work Group to examine
the effects of FSEF on downstream resources. Four ongoing projects are collecting data that will be
used to assess possible impacts of these flows on biological resources: (1) the nearshore ecology project,
(2) stock assessment of native fish populations, (3) aquatic food base monitoring, and (4) monitoring of
early life stages of rainbow trout. Given uncertainties regarding the extent and degree of nearshore
warming that will occur as the result of fall steady flow operations, we propose the collection of new
water temperature data in association with these flows. Physical and biological data will be integrated
and synthesized using an ecosystem model to evaluate whether this management action had impacts on
the ecosystem as a whole. A description of the sediment-monitoring program is not included in this
document. However, the effects of the discharge regime on sediment resources are well understood, and
the GCMRC Physical Sciences and Modeling Program could evaluate and report on the response of
sediment resources to fall steady flows, should it be of interest to managers.

The GCMRC also has been asked to recommend flow parameters because the environmental assessment
and biological opinion did not establish specific release rates for FSEF. Findings from recent studies
indicate that lower flows result in greater abundance of backwater habitats, which are thought to be used
by juvenile native fish, including the endangered humpback chub (Gila cypha). Thus, steady flows of
about 8,000 cubic feet per second (cfs) for the remainder of the experiment (2010 through 2012) would
likely maximize backwater habitat in addition to maximizing the potential for nearshore warming, also
thought to benefit native fish. If water releases must be moved into other months of the year to
accommodate these steady flows, it is recommended that releases in July and August not be increased.
Daily peak discharges during July and August are already relatively high and further increases will
increase sediment transport and sandbar erosion, which are undesirable side effects.






Study Plan—Biological Resource Responses to Fall
Steady Experimental Flows Released from Glen Canyon
Dam, 2009-12

Background

Need for Study

Regulation of the Colorado River by Glen Canyon Dam has eliminated spring snowmelt flood peaks,
which historically occurred from April through early July, and increased discharge in summer, fall, and
winter (Topping and others, 2003). The Bureau of Reclamation (Reclamation) has released or will
release experimental steady flows from Glen Canyon Dam in September and October of 2008 through
2012 (fall steady experimental flows, FSEF) to partially mimic the steady and low flows that
historically occurred annually from July to March. It is hypothesized that steady flows during the fall
will benefit native fishes by stabilizing and warming the nearshore habitats that are occupied by juvenile
(less than 150 mm total length) life stages of endangered humpback chub (Gila cypha) (Stone and
Gorman, 2006). Fall steady flows may also affect other downstream biological resources, including the
food base for native and nonnative fish.

The Glen Canyon Dam Adaptive Management Work Group (AMWG) requested that the Grand Canyon
Monitoring and Research Center (GCMRC) develop a science plan for investigating the effects of
FSEF. Glen Canyon Dam Adaptive Management Program participants, including natural resource
managers and other stakeholders, want to know if the 2008—12 fall steady flows will affect humpback
chub and other biological resources. One of the tenets of adaptive management is that learning about
managed ecosystems can and should be gained by monitoring ecosystem responses to management
actions (Williams and others, 2007; Souchon and others, 2008). Additionally, evaluation of natural
resource responses to the 2008—12 FSEF is required by a 2008 environmental assessment (EA) (U.S.
Department of the Interior, 2008). The studies outlined here will examine the effects of FSEF on
downstream biological resources to advance adaptive management and ensure compliance with Federal
environmental regulations.

Provisions of the Environmental Assessment and Biological Opinion

In February 2008, Reclamation released an EA (U.S. Department of the Interior, 2008) that built upon
an earlier environmental impact statement for Glen Canyon Dam operations (U.S. Department of the
Interior, 1995). The 2008 EA describes two flow experiments: (1) a 60-hour experimental high-flow
release from Glen Canyon Dam in March 2008 and (2) steady releases in September and October of
2008 through 2012. The exact release volumes of the second experiment (FSEF) were not specified in
the 2008 EA. As a result, in addition to examining the effects of the FSEF on biological resources, the
GCMRC was asked by the AMWG to make recommendations for the volume of the fall steady flows,
which are presented here. Recommendations for flows needed to evaluate whether a change in the lower
limit of discharge, which, since 1996, has occurred between August and September, are also provided.



Evaluating the impacts of changing the lower limit of discharge on biological resources also was raised
in the EA.

A 2008 biological opinion (BO) released by the U.S. Fish and Wildlife Service (U.S. Fish and Wildlife
Service, 2008) called for two conservation measures that are addressed in this plan in response to the
experimental flows. The conservation measures under the 2008 BO include the nearshore ecology
project and a study of the impacts of flow transition, that is, the impacts of the flows fluctuating in
August followed by reduced, steady flows in September during the experimental period. The BO
suggested that the long-term impacts of the experimental flows would benefit humpback chub by
creating and improving rearing habitats and increasing growth and survival. The BO also calls for
monitoring the impacts of the March 2008 HFE and the fall steady flows on humpback chub.

There was not sufficient time to prepare this plan and implement the activities described herein during
the 2008 FSEF; the GCMRC and its cooperators were preparing to undertake a substantial body of
research associated with the March 2008 high-flow experiment (HFE) in February when the EA was
released. However, there were ongoing studies during the 2008 FSEF, including a pilot project to start
collecting data for the nearshore ecology project. Additionally, select biological resources were studied
in association with the March 2008 HFE, and final reporting for all projects is nearly complete (Melis
and others, 2010). Some baseline data from these studies are available and will be incorporated into the
longer term studies.

Previous Experiments and Studies

Stable and low discharge is expected to benefit native fish in the Colorado River below Glen Canyon
Dam by improving the quality of nearshore habitats that are occupied by juvenile life stages of native
fish. Warming of nearshore water temperatures, stability of nearshore environments, and increases in
food resources are the main habitat parameters that are hypothesized to improve with stable and low
discharge. A number of these hypotheses have been investigated and the findings are summarized
below.

Nearshore Water Temperature

The water temperature of nearshore habitats in the Colorado River is influenced by a variety of factors,
especially the temperature of releases, air temperatures, the residence time of water in the mainstem, and
the residence time of water in the nearshore environment (Korman and others, 2006; Wright and others,
2008). The elevation of Lake Powell and the thickness of the epilimnion have a major influence on
release temperatures. In particular, the temperature of water discharged from Glen Canyon Dam during
the summer of 2005 was 4°C warmer relative to the summertime average from 1989 to 2000 because of
low Lake Powell elevations. The mainstem water temperatures observed between Glen Canyon Dam
and the Little Colorado River in 2005 were warmer than temperatures observed in 2000, despite
fluctuating flows in 2005 and steady flows in 2000, because of the lower elevation of Lake Powell in
2005 (B. Ralston, U.S. Geological Survey, written commun., 2009).



If air temperatures are warmer than water temperatures, heat energy is transferred from air to water and
the water warms. Since 1994, water temperatures at Diamond Creek (river mile' (RM) 226, or 386 km
below the dam) averaged 7.5°C warmer relative to releases in July but only 4°C warmer in October
(Voichick and Wright, 2007; Wright and others, 2008). If air temperatures are cooler than water
temperatures, then heat energy is transferred from water to air and the water cools; in December, water
temperatures at Diamond Creek are on average slightly cooler (<1°C) than dam release temperatures.
The amount of mainstem warming or cooling that occurs is positively related to water residence time,
and the primary determinant of residence time is discharge volume (residence time decreases as
discharge volume and average velocity increase). For example, water temperatures at Diamond Creek
were 10°C warmer relative to releases in June 2000, when discharge was a constant 8,000 cubic feet per

second (cfs), but only 5°C warmer during June of 1997, when discharge was a relatively constant
25,000 cfs (Vernieu and others, 2005).

If the residence time of water is sufficiently long, water temperatures of nearshore habitats can be
different from the mainstem. For example, Korman and others (2006) found that water temperatures
along high-angle shorelines—where water velocity is fast and residence time is short—were no different
than the mainstem river across all months studied (mid-August through mid-November of 2004; three
reaches were sampled: RM -3.5, RM 44.6, and RM 64.5). In contrast, daytime water temperatures in
backwaters (longest water residence time) and low-angle shorelines (intermediate residence time) were
about 2 and 1°C warmer, respectively, relative to mainstem temperatures in August. In September,
when air temperatures were cooler but water residence time presumably was longer because of lower
discharge volume and fluctuation range (10,000 to 18,000 cfs in August versus 5,000 to 10,000 cfs in
September and October), water temperatures in backwaters and low-angle shorelines were about 3 and
2°C warmer than mainstem temperatures, respectively. However, in October, average daily air
temperatures were cooler than water temperatures, and, as a result, water temperatures in these habitats
were the same or slightly cooler than the mainstem. Thus, September and October represent a period of
transition during which nearshore warming declines and eventually ceases, at least when discharge is
fluctuating.

Mainstem and nearshore water temperatures for 42 miles of the Colorado River (RM 30 to 72) were
measured using an aerially deployed thermal infrared sensor on July 21, 2000, around 1 p.m. local time
as part of the low summer steady flow (LSSF) experiment (B. Ralston, U.S. Geological Survey, written
commun., 2009). Resolution of these data were 1 m? and the total area of habitat within 2 and 4 m of
shore were 446 ha and 804 ha, respectively. Water temperatures were warmer closer to the shore and
ranged from 9 to 30°C (mainstem temperatures in this reach were about 13°C at the time), indicating
significant nearshore warming can occur during the summer months when discharge is constant.
However, 67 percent and 75 percent of the nearshore habitat within 2 and 4 meters of the shoreline,
respectively, had water temperatures that were actually the same or slightly cooler than the mainstem.
Unfortunately, thermal infrared images providing a comprehensive picture of nearshore water
temperatures have not been collected during fluctuating operations at the same time of year as the low
summer steady flow experiment, so it is difficult to put these data into context. That is, it is unclear
whether nearshore habitats will gain increased water temperatures during steady flows relative to
fluctuating flows.

! By convention, river mile (RM) is used to describe distance along the Colorado River in Grand
Canyon: Lees Ferry (located 15.7 miles downstream of Glen Canyon Dam) is the starting point, as RM
0, with mileage measured for both upstream (-) and downstream directions.



Stability of Nearshore Habitats

Constant and low discharge might benefit fish by stabilizing nearshore habitats, if, for example, daily
fluctuations in discharge, stage, and/or velocity makes foraging/feeding less profitable relative to when
discharge is stable (for example, more energy is expended foraging during fluctuations). The 2000 low
summer steady flow experiment (constant discharge of 8,000 cfs from June through August) warmed
and stabilized nearshore environments (B. Ralston, U.S. Geological Survey, written commun., 2009),
but there is no evidence that this management action is responsible for the decade-long increasing trend
in adult humpback chub (Coggins and Walters 2009). The Grand Canyon humpback chub population
began its current uptick as the result of increasing recruitment of the cohorts spawned after about 1998.
Inferences with respect to the native fish response to the 2000 experiment are weak because of reduced
sampling efforts in the years before 2000 and low numbers of native fish present in the system in 2000,
limitations that reduce the statistical power of comparisons that were made (B. Ralston, U.S. Geological
Survey, written commun., 2009). Further, no process-level measurements of fish growth, such as otolith
daily increments or RNA/DNA ratios, were made during this experiment, so the fish response was only
evaluated by comparing catch rate data in 2000 with the years before and after, and by comparing the
strength of the 1998-2000 cohorts after they recruited into the adult population relative to the strength
of cohorts from years before or after.

There was no clear response of biological parameters to short-duration flow treatments that were
implemented in 2005. During September and October 2005 fluctuating (7,000 to 9,000 cfs) and steady
releases (8,000 cfs) were alternated on 2-week intervals. Backwater and mainstem habitats throughout
the Colorado River ecosystem were sampled for water-quality parameters, invertebrate biomass, and
fish relative abundance in early September (fluctuating) and again in late September (stable). Turbidity,
which is negatively related to primary production, was significantly lower during the steady discharge
treatment, but this decrease was likely because of tributary spates during the fluctuating treatment rather
than the stable discharge treatment itself. Zooplankton concentrations were higher during the fluctuating
treatment while relative abundance of bluehead suckers (Catostomus discobolus) was higher during the
steady treatment. There were no statistically significant differences across flow treatments for biomass
of the 11 benthic macroinvertebrate taxa collected, and there were no treatment effects on the relative
abundance of the other 10 fish species collected (Ralston and others, 2007). This sampling effort was
not repeated during the second pair of fluctuating-stable discharge treatments that occurred in October
2005, so it is tenuous to ascribe the differences that were observed in biological parameters to the flow
treatments. Further, no process-level measurements, such as rates of primary production or fish growth,
were made during this experiment.

Juvenile humpback chub catch rates measured by the nearshore ecology project’s pilot study in August
2008 during fluctuating flows were higher relative to catch rates from September 2008 during steady
flows. However, large numbers of humpback chub, especially 2- and 3-year-old fish, were captured on
both trips, likely because of flooding in the Little Colorado River from July to September that moved
humpback chub into the mainstem (discharge of the Little Colorado River at Cameron, Arizona, was
above 1,000 cfs for a duration of least 2 days on five different occasions from July to September 2008).
Little Colorado River spates, which periodically move humpback chub into the mainstem, will likely
complicate interpretation of catch rate/abundance data collected by the nearshore ecology project
throughout the remainder of the FSEF.



Otolith (inner ear bone) data highlights the importance of using process-level measurements to
document biological responses to the FSEF. Korman and Campana (2009) found that steady flow
releases conducted 1 day/week (Sunday) in January through March of 2003 through 2005 led to
measurable increases in growth (presumed to correlate with measured otolith responses) of young-of-
year rainbow trout (Oncorhynchus mykiss) below Glen Canyon Dam. Because this was documented in
the Glen Canyon Dam tailwaters reach (RM 0 to -15) in winter when nearshore temperatures were likely
no different from the mainstem, this study indicates that stability of nearshore habitats without
concomitant warming can benefit rainbow trout. It is possible that steady flows in September and
October, a time when nearshore warming is likely modest, will also benefit juvenile humpback chub
simply by stabilizing nearshore environments. However, results obtained from trout may not be directly
comparable to other fishes, including humpback chub.

Food Resources

Constant discharge will increase available food resources if algae and invertebrate growth rates are
higher when discharge is constant or if accumulation of algae and invertebrate biomass is higher during
steady flows relative to fluctuating flows (Production is total biomass accumulation per unit time,
P=Growth Rate*Biomass). The two most likely mechanisms whereby stable discharge could increase
algae and invertebrate growth rates are through (1) warming nearshore habitats and/or (2) delivering
nutrients to algae and food particles to invertebrates should constant water velocities support higher
growth rates relative to water velocities that fluctuate on a daily basis. Experiments at the Artificial
Stream and Pond Research Facility at the Loyola University Chicago directly evaluated these two
mechanisms and found strong support for mechanism 1 (temperature), but results were actually contrary
to mechanism 2 (stable water velocity) (Kennedy and others, U.S. Geological Survey, written commun.,
2009).

Net primary production of Colorado River algae and individual growth rates of larval black flies were
more than twice as high in 15°C streams relative to 10°C streams, indicating minor increases in the
amount of nearshore warming (that is, 5°C) can lead to substantial increases in algae and invertebrate
growth rates (see figs. 1a and 2a). In contrast, net primary production was about 50 percent lower in
streams with constant daily velocity (15 cm/second) relative to streams with either low (velocities of 22
to 44 cm/second within a day) or high daily velocity fluctuations (11 to 67 cm/second within a day; see
figs. 1b and 2b). Individual growth rates of larval black flies were lowest in the stable flow streams on
the two occasions these measurements were made, but the differences were not statistically significant.
There were no significant interactions between water velocity and temperature for any of the response
variables evaluated. Growth and production in stable flow streams was likely lower than fluctuating
streams because the rate of nutrient and food delivery was lower in stable streams. That is, the water
velocity of the stable treatment streams was lower than the average water velocity of fluctuating
treatment streams. This aspect of the experimental design is similar to the FSEF, with stable discharge
(velocity) in September and October being lower than discharge (velocity) in July and August. It should
be noted that the water velocities evaluated are lower than reach-average velocities in the Colorado
River. Regardless, these results indicate water temperature has a strong and positive effect on algae and
invertebrate growth rates while stable water velocities do not (Kennedy and others, U.S. Geological
Survey, written commun., 2009).
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Figure 1. The effect of water temperature (a) and flow treatments (b) on net production.
LFV = Low Fluctuating Velocity and HFV = High Fluctuating Velocity. Different letters
above bars in panel b denote significant differences among treatment levels based on
Tukey's HSD test. Data are preliminary and have not been peer-reviewed.
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Figure 2. The effect of Water Temperature (a) and Flow Treatments (b) on the Individual
Growth Rates of black fly larvae. LFV = Low Fluctuating Velocity and HFV = High
Fluctuating Velocity. Black flies were left in streams for 10 days. Data are preliminary
and have not been peer-reviewed.

Accumulation of algae and invertebrate biomass might be higher during steady flows if rates of
sloughing and downstream export are higher when discharge is fluctuating. However, rainbow trout and
humpback chub have been documented to forage on drifting food items (Valdez and Ryel, 1995;
McKinney and Speas, 2001), so increases in benthic biomass because of a decrease in sloughing may
actually reduce the quantity of drifting food items that are available to these species. Benthic biomass
data are inherently variable (Stevens and others, 1997) and it seems unlikely that 2 months of steady
flows in the fall, a time when primary production is decreasing and steady-flow mediated increases in
nearshore warming are likely minimal (Korman and others, 2006), will lead to a detectable



accumulation of algae or invertebrate biomass. However, algae and invertebrate drift data are less
variable and easier to collect than benthic biomass data, so we propose evaluating drift response to the
FSEF and using these data to make inferences about potential biomass accumulation.

Experimental Design

Fall Steady Flows

Selecting a discharge for the FSEF and determining whether discharge should vary across years of the
experiment depends on what science questions are of greatest interest to managers. Our assumption is
that managers are most interested in determining whether steady flows in the fall have a positive impact
on the recruitment of juvenile humpback chub into the adult population. Varying the discharge of stable
flows across years would allow scientists to evaluate whether discharge volume affects the degree of
nearshore warming or habitat selection by juvenile humpback chub. However, identical steady discharge
across the remaining years of this experiment would simplify interpretation of humpback chub
recruitment data. That is, having the same stable discharge across the remaining years of the experiment
would make it easier for scientists to attribute any trends in humpback chub recruitment observed in
subsequent years to the steady flow experiment.

We believe managers are also interested in maximizing the amount of backwater habitat available
during the steady flows, and recently published findings based on data collected in 2008 demonstrate
that there is generally greater abundance of backwater habitat at lower flows (Grams and others, 2010).
In October 2008, there was about 26 percent greater area of backwater habitat at 10,000 cfs than at
12,000 cfs and an additional 50 percent more habitat at 8,000 cfs than 10,000 cfs. Based on these
results, there may be reason to implement the lowest possible discharge of 8,000 cfs, if there is a desire
to maximize the quantity of backwater habitat. It is important to recognize that the amount of backwater
habitat available in fall 2010 and thereafter will depend on the morphology of the sandbars that create
the habitat. The results of Grams and others (2010) are based on morphology measured in October 2008
and, therefore, cannot be used to predict the amount of habitat that will be available. However, because
the relation between habitat quantity and discharge was similar in February 2008, before the HFE, and
October 2008, 6 months after the HFE, we believe that it is reasonable to assume that the relation will
be similar in 2010 through 2012. In other words, we believe that there should still be more habitat at
8,000 cfs than higher discharges, even if the total amount of habitat is different in 2010 than it was in
2008. The only time the relation is expected to be different is for the first few months following a high
flow, when backwater habitat size is not expected to vary as a function of discharge (Grams and others,
2010).

If water releases must be moved into other months of the year to accommodate these steady flow levels,
then it is recommended that releases in July and August not be increased, as daily peak discharges
during these months are already relatively high. Further increases will increase sediment transport and
sandbar erosion, an undesirable side effect because it would reduce backwater area.

August to September Transition in Discharge

Determining whether the transition from the high discharges of August to lower discharges of
September has a negative impact on organisms downstream is of longstanding interest to managers. The
BO calls for study of this topic, stating the following:



...transitions from August to September in some years have consisted of a transition from a lower
limit of 10,000 cfs in August to an upper limit of 10,000 cfs in September. Such a transition results
in a river stage level that is below the varial zone of the previous month’s flow, and may be
detrimental to fishes and food base for fish. Reclamation has committed to adjusting daily flows
between months to attempt to attenuate these transitions such that they are more gradual, and to
studying the biological effects of these transitions, in particular to humpback chub.

However, studying potential effects of these transitions on food base or fish would require a series of
experimental transition flows that would confound and complicate interpretation of data from the
ongoing FSEF. Previous research on stranding in Grand Canyon, which was conducted during the 1980s
when daily changes in discharge were much greater than presently allowed (that is, change from 25,000
to 5,000 cfs in roughly 6 hours), revealed that only a small percentage of backwaters contain isolated
pools when discharge is drastically reduced over a short time period (Maddux and others, Arizona Game
and Fish Department, written commun., 1987). Humpback chub (0.2 percent) and native fishes
collectively (4 percent) represented a small percentage of the 1,923 fish that were stranded in isolated
pools during a systemwide survey conducted from October 19-21, 1984 (Maddux and others, Arizona
Game and Fish Department, written commun., 1987). The average size of native fish stranded was also
small (<55 mm), indicating that adult native fish are not susceptible to stranding. The GCMRC has
concluded that the comprehensive study by the Arizona Game and Fish Department (Maddux and
others, Arizona Game and Fish Department, written commun., 1987) provides sufficient information for
managers to make an informed decision about whether transitions should be gradual (to reduce potential
stranding of native fish) or if transitions can be abrupt (because changes in monthly volume are much
more gradual now than during Maddux study). As a result, the GCMRC concludes that additional study
of stranding is not warranted.

If managers are interested in studying the effects of abrupt transitions in monthly volume on food base
or fish growth, the GCMRC is ready to help design the necessary experimental hydrographs. But any
transition experiments and associated studies should be conducted after 2012 when the FSEF will be
completed. Conducting this research after 2012 would allow transition studies to benefit from the
experience and insights gained by FSEF studies (that is, what techniques worked, whether process-level
measurements sensitive enough to detect transition effects, etc.). Further, designing transition
experiments would not be constrained by the ongoing FSEF.

High-Flow Experiments

The number and size of backwaters has greatly diminished since the March 2008 HFE (T. Kennedy,
U.S. Geological Survey, personal observations, 2008, 2009). In April 2008, immediately after the HFE,
there were at least six large backwaters between the Little Colorado River and Lava Chuar (the reach for
the nearshore ecology project), and they were all present across the full range of April flow fluctuations.
A year later, there was only one backwater in this reach that was present across the full range of flow
fluctuations in July 2009 (M. Yard, U.S. Geological Survey, personal observations, 2009). There are
three other backwaters in this reach, but they are only isolated during the night when discharge is low;
however, during the day when discharge is high, the return-current channel bar is overtopped. As such,
the nearshore ecology project is evaluating the interactions between flows, fish growth, and habitat type
in a reach where the amount of backwater habitat is minimal. If managers are interested in having more
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and larger backwaters available for the nearshore ecology project to evaluate, a HFE could be conducted
should the sediment trigger be reached before October 2011, when fieldwork for the nearshore ecology
project is scheduled to end. We propose consulting with Reclamation on this issue in early 2010 after
the results of the March 2008 HFE have been reported and the effects of experiment on backwater
habitat are known.

Ongoing and Proposed Studies

Objectives

Collectively, the studies we describe in the next section will evaluate the components and linkages of
the Colorado River ecosystem that managers are most interested in evaluating with respect to stable
discharge (see especially daily flow variation and nearshore habitat stability components of fig. 3).
These studies are as follows:

Nearshore ecology project (see appendix A for the complete project description)
Stock assessment of Grand Canyon native fish

Aquatic food base monitoring

Rainbow trout monitoring

Supplemental water-temperature data collection

Ecosystem modeling efforts

A S

Projects 1 through 5 emphasize process-level measurements because previous studies focusing on static
measurements, with the exception of HFEs, have had minimal success detecting impacts of short-
duration flow experiments (that is, fall steady flow experiments of 2005, see Ralston and others, 2007).
Finally, under Project 6, ecosystem-modeling efforts will incorporate much of these data and allow for
comparison with different flow scenarios.
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Data Synthesis and Integration

We will use several lines of evidence to determine whether humpback chub benefit from stable flows in
September and October because of the significance and importance of this issue. Over the next 5 years,
there will be hourly variation in flow rates (related to diel variations in energy demand) during summer
months (modified low fluctuating flows, MLFF, June through August) and lower, steady experimental
flows during the fall (FSEF, September and October).

The centerpiece of this data synthesis and integration is the nearshore ecology project (Project 1), which
seeks to determine the use and relative importance of nearshore habitat to humpback chub and other
fishes and addresses strategic science questions (SSQs) 1.1, 1.7, 4.2, 5.4, and 5.6. This project will
quantify abundance, survival, habitat use, growth, and natal source of selected native and nonnative
juvenile fish over two flow periods (summer MLFF and FSEF). This project will evaluate humpback
chub response by measuring differences in static measurements (catch rate, abundance, and occupancy
data) and process-level measurements (proxies for fish growth—otolith daily increments, RNA/DNA
ratios) during fluctuating flows of July and August relative to these same measurements during stable
discharge in September and October. These measurements will evaluate the short-term effect of
interactions between flow, fish habitat selection, and growth, and will help inform analysis of humpback
chub recruitment trends. Because of the importance of the nearshore ecology project, a complete project
description is presented in appendix A.

If stock-assessment analysis (Project 2) finds that humpback chub recruitment trends from cohorts
spawned during 2008 through 2012 are strongly positive, this may provide support that steady flows in
September and October benefit humpback chub. During the remaining years of the experiment there are
likely to be differences in annual volumes, tributary activity, and other factors that will affect humpback
chub recruitment success and may confound data interpretation. As such, we propose that the same
stable discharge occur the remaining years of the experiment to minimize the number of confounding
factors that will complicate interpretation of these recruitment data. We are not evaluating interactions
between native and nonnative fish (that is, competition and predation) because previous studies have
evaluated these interactions (Yard and others, in press; Kennedy and others, U.S. Geological Survey,
unpub. data, 2010), and we do not expect there to be a strong interaction between the proposed July—
October flows and competition or predation. Yard and others (in press) found turbidity had a strong
influence on the degree of piscivory by rainbow trout, and tributary activity will have a far greater
impact on turbidity than steady flows. Further, the nearshore ecology project pilot study attempted to
quantify differences in predation risk among habitat types and across flows in August and September
2008, but the results were inconclusive and the work was extremely time consuming. Thus, our
humpback chub projects focus on studying the short-term interactions between flows, habitat use, and
fish growth, and the long-term effect of these interactions on recruitment.

Food base data (Project 3) will provide additional insights into mechanisms underlying any native fish
response and seeks to determine whether and to what degree flow regimes impact the rates of primary
production and/or invertebrate drift. Project 3 specifically relates to SSQ 3.5. The food base project
focuses on process-level measurements at locations that are easy to access (Lees Ferry and Diamond
Creek). Frequent measurement of these parameters, which is only possible at easy to access locations,
will greatly increase the strength of our inferences with respect to flow. Work in Lees Ferry will be
especially informative because tributary sediment and carbon inputs, which have a far greater impact on
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algae production and organic drift than do the proposed flows, are minimal in this reach. We are not
proposing food base data collection in association with the nearshore ecology project because fieldwork
for food base was reduced starting in 2009 to complete sample processing, data analysis, and reporting.

Monitoring of rainbow trout populations (Project 4) will provide insights into the impacts of flow on
fish and addresses, in part, SSQs 3.6, 4.2, 5.4, and 5.6. Work by Korman (Gloss and Coggins, 2005;
Korman and Campana, 2009) has provided the most conclusive evidence to date of the relationship
between dam operations and fish vital rates (that is, growth and survival). Frequent and low-cost
measurements, and the lack of tributary activity and other complicating factors, make it easier to
identify the nature of flow/trout interactions in Lees Ferry relative to sites downstream. This work will
be continued because understanding the rainbow trout response to experimental flows will help inform
scientists about native fish response at downstream locations, where tributary activity will make it
harder to separate the effects of flow.

We propose additional water temperature data collection (Project 5) because one of the primary
mechanisms whereby stable flows might benefit native fish is by increasing nearshore warming. This
project is not in GCMRC’s fiscal years 2010 to 2011 work plan and would require supplemental
funding. These data will be critical for evaluating the degree of nearshore warming that occurs with
stable flows across summer and fall and for informing analysis of native fish growth rates among habitat

types.

Finally, we propose that ecosystem-modeling efforts (Project 6) underway in 2011 and 2012 will
include data analysis methods and integration of physical and biological research data into models for
response of aquatic ecosystem indicator variables to possible management actions. The goal of this
modeling effort is to provide screening of alternative adaptive management proposals for improving
responses of performance indicators such as abundance of humpback chub. These models are likely to
be developed in an Ecopath with Ecosim (EwE) platform in cooperation with Carl Walters (University
of British Columbia) and Josh Korman (Ecometric Research, Inc.). We believe that this project provides
a good framework for separating the effects of flow from other variables such as nonnative fish
abundance, changes in food resources, or tributary hydrology.

The ecosystem modeling effort will focus and integrate key SSQs and Science Advisor (SA) questions,
including indentifying linkages between food web changes and fish population changes in response to
flow actions below Glen Canyon Dam:

SSQ 3-5 How is invertebrate flux affected by water quality (for example, temperature, nutrient
concentrations, turbidity) and dam operations?

SA 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?

In addition, modeling efforts will address responses of native fish to mechanical removal of nonnative
fish, fall steady flows, and backwaters created by experimental high flows:
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SSQ 1-2 Does a decrease in the abundance of rainbow trout and other cold- and warmwater
nonnatives in Marble and eastern Grand Canyons result in an improvement in the recruitment rate of
juvenile HBC to the adult population?

SSQ 5-1 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 CRE?

Development and testing of EWE models for food web interactions in the aquatic communities will
occur in the Lees Ferry and Little Colorado reaches of Grand Canyon. This will involve continued
development and fitting to historical abundance trend data of EWE models developed during FY2009 in
cooperation with GCMRC scientists. Model parameter estimates will be refined using information
provided by GCMRC cooperators, and formal parameter estimation procedures will be applied to
estimate key production parameters by fitting the models to historical fish population trend data for
1990 through 2009.

The Grand Canyon Ecosystem Model (GCEM), developed in the late 1990s through collaboration
between Ecometric Research and the GCMRC (see Walters and others, 2000), will be used to
reconstruct historical changes in the Colorado River food base for native and nonnative fish associated
with changes in diurnal flow regimes and turbidity conditions caused by tributary sediment inputs. The
EwE food web models need to be fitted to historical abundance trend data, and that model fitting will be
misleading unless the EWE models are provided with realistic time forcing data on past changes in
primary and secondary (insect, amphipod) production owing to change in turbidity. The GCEM model
will be run with historical tributary sediment inputs and refined estimates of regrowth rates of primary
producers following periods of low productivity because of high turbidity to provide monthly estimates
for 1990 through 2009 of food biomass likely to have been available to native and nonnative fish in
reaches of Grand Canyon near and below the Little Colorado River.

Ongoing collaboration with University of Florida and State University of New York at Syracuse will
evaluate pilot study results from flannelmouth sucker (Catostomus latipinnis) otolith analyses and
employ geochemical signatures in water and native fish otoliths to infer natal origin, tributary habitat
use, and migration patterns. The project will conduct pilot analyses of flannelmouth sucker otoliths and
water samples collected in fiscal year 2008. Preliminary analyses of the water samples suggest
promising uniqueness among Colorado River tributaries for describing patterns in flannelmouth sucker
otoliths associated with ontogenetic shifts in tributary versus Colorado River occupancy. These analyses
above will tie into the nearshore ecology project with the objective of troubleshooting field methods and
data analysis procedures, with particular emphasis on assessment of changes in native fish dispersal and
survival rates in relation to changes from fluctuating to fall steady flows.

Reporting and Synthesis

Results of individual projects will be presented in the various reports or publications that are listed in
each project description. We will also produce an overall summary report to be delivered by January
2013 that summarizes and synthesizes the results of all projects with respect to the FSEF. The cost to
produce this report (workshop with relevant scientists and managers, 2 to 3 months salary for one GS-12
to GS-14 scientist to lead writing, and publication costs) is estimated to be about $50,000.
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Proposed Studies

Project 1—Nearshore Ecology (Bio 2.R15.09)

Start Date
October 2008

End Date
September 2012

Principal Investigators

W.E. Pine, III (University of Florida), J. Korman (Ecometric Research, Inc.), K. Limburg (State
University of New York, Syracuse), M. Allen (University of Florida), T.K. Frazer (University of
Florida), in cooperation with M.D. Yard, L.G. Coggins, Jr., and C.J. Walters (GCMRC)

Geographic Scope

The mainstem Colorado River in Grand Canyon below the mouth of the Little Colorado River.

Project Goals

The primary goal of the nearshore fish ecology study is to relate river flow variables and ecological
attributes of nearshore habitats to better understand the relative importance of the biotic and abiotic
attributes of these habitats to juvenile (less than 200 mm total length) native and nonnative fishes.

The fall steady experimental flow (FSEF) related objectives that are addressed by this project are:

* Develop sampling approaches and analytical methods to use for determining abundance, density, or
occurrence of native and nonnative fishes among different nearshore habitat types.

* Assess past and current data and integrate data across multiple sources and disciplines to determine
small-bodied and juvenile fish nearshore habitat selection at local, geomorphic, and landscape
scales.

* Determine whether discharge regime (i.e., fluctuating vs. steady discharge) affects nearshore habitat
selection, movement, growth, and survival of native and nonnative fishes.

Need for Project

The life history requirements of HBC in the mainstem Colorado River are not well understood. Habitat
selection by HBC and whether those habitats are affected by dam operations are of particular interest to
the GCDAMP and managers. To help meet these information needs, this project will determine whether
native fish vital rates (i.e., survival and growth) differ among habitat types and/or flow regimes.
Findings from this project will provide information on native fish habitat requirements and guide future
GCDAMP recommendations for the Department of the Interior to consider as management or
experimental actions.
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Strategic Science Questions
Primary SSQs addressed:

SSQ 1-7 Which tributary and mainstem habitats are most important to native fishes and how can
these habitats best be made useable and maintained?

SSQ 4-2 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 of young humpback chub)
associated with high flows?

SSQ 5-4 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?

SSQ 5-6 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?

Information Needs Addressed

RIN 2.1.3 What is the relationship between size of HBC and mortality in the LCR and the
mainstem? What are the sources of mortality (that is, predation, cannibalism, other) in the LCR and
the mainstem?

RIN 2.1.4 What habitats enhance recruitment of native fish in the LCR and mainstem? What are the
physical and biological characteristics of those habitats?

RIN 2.4.3 To what degree, which species, and where in the system are exotic fish a detriment to the
existence of native fish through predation or competition?

RIN 4.2.6 To what extent are RBT below the Paria River predators of native fish, primarily HBC?
At what size do they become predators of native fish, especially HBC, that is, how do the trophic
interactions between RBT and native fish change with size of fish?

RIN 2.4.4 What are the target population levels, body size and age structure for nonnative fish in
the Colorado River ecosystem that limit their levels to those commensurate with the viability of
native fish populations?

RIN 12.9.1 What is the impact on downstream resources of short-term increases to maximum flow,
daily fluctuations, and downramp limits?

RIN 2.6.6 How is the rate of mortality for flannelmouth sucker, bluehead sucker, and speckled dace
in the Colorado River ecosystem related to individual body size? What are the sources of mortality

for flannelmouth sucker, bluehead sucker, and speckled dace in the Colorado River ecosystem?

RIN 4.2.5 To what extent is there overlap in the Colorado River ecosystem below the Paria River
of RBT habitat and native fish habitat?
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RIN 7.4.1 What is the desired range of seasonal and annual flow dynamics associated with
powerplant operations, BHBFs, and habitat maintenance flows, or other flows that meet GCDAMP
goals and objectives?

EIN 2.1.1 How does the abundance and distribution of all size classes of HBC in the LCR and
mainstem change in response to an experiment performed under the Record of Decision,
unanticipated event, or other management action?

EIN 2.1.2 How does the year class strength of HBC (51 — 150 mm) in the LCR and mainstem
change in response to an experiment performed under the Record of Decision, unanticipated event,
or other management action?

EIN 2.4.1 How does the abundance and distribution of nonnative predatory fish species and their
impacts on native fish species in the Colorado River ecosystem change in response to an experiment
performed under the Record of Decision, unanticipated event, or other management action?

EIN 2.6.1 How does the abundance, distribution, recruitment and mortality of flannelmouth sucker,
bluehead sucker and speckled dace populations in the Colorado River ecosystem change in response
to an experiment performed under the Record of Decision, unanticipated event, or other
management action?

SIN 8.5.4 What is the role of turbidity and how can it be managed to achieve biological objectives?

Methods and Tasks

The nearshore ecology study will incorporate findings from ongoing studies and develop new sampling
and analytical approaches that examine the effects of the March 2008 high-flow experiment on
nearshore habitats and address the effects of modified low fluctuating flows (MLFF), including
September—October fall steady experimental flows (FSEF), on juvenile HBC and other native fishes.
The specific methods that the cooperator will use to address these issues are:

1. Investigate sampling methods to estimate fish habitat use, growth, and survival. Estimation of
juvenile abundance, survival rate, growth rate, and habitat use is fundamental to resolving
uncertainties in the conceptual model and the two key research questions outlined and identified
above. We propose sampling trips in late July and late August to characterize abundance, habitat
use, growth, and survival rate of juvenile fish over the summer under MLFF flow fluctuations.
These trips would be followed by sampling trips in early September and late October to
characterize juvenile fish responses during the MLFF-FSEF transition, and FSEF period.
Differences in abundance in each habitat type, between each sampling trips would be used to
estimate habitat specific, reach-wide survival rates across flow events. We propose two basic
sampling approaches for estimating these characteristics: (1) reach-wide abundance estimation
(RWAE); and (2) robust-design mark-recapture (RDMR) at replicate sites.

2. Site selection. We will use existing data and models from the GCMRC physical science program

to quantify habitat availability over the study reach that contains the RDMR sites, habitat
availability within the sites, and how habitat changes with flow. The existing GCMRC shoreline
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GIS database and other surveys will be used to stratify habitat into classes such as talus slopes,
open sand bars, vegetated sand bars, cobble bars, and backwaters. We hypothesize that unstable
habitat types (sand bar-mediated backwaters) will be used only minimally during the summer-
unsteady flow period, but that use of these habitats will increase during the fall-steady period
when flows are stabilized. If this difference in habitat use were ecologically important, we would
also predict increase in growth and survival during the fall-steady flow period relative to the
summer because habitats may offer more favorable conditions, such as food and higher
temperature.

3. Effects of Fall Steady Flows on Native Fish Habitat Use. Any mark-recapture approach to
estimating abundance and density depends on recapturing sufficient numbers of marked
individuals to draw inferences on the parameters of interest. Closed population models generally
have fewer parameters (and assumptions) than open models and are thus better able to estimate
parameters of interest (capture probability and abundance) when recaptures are low. We will
evaluate the closure assumption in our mark-recapture experiments using methods similar to
Korman and others (2009). Additionally, recaptures of fish marked on previous trips will
provide useful information on growth and movement (e.g., movement into backwaters during
periods of steady flow) between sampling trips and associated flow conditions. The nearshore
ecology project pilot sampling data from 2008 should provide some information on closure and
also provide information on capture probability which is necessary to fully assess how violation
of the closure assumption biases abundance estimates. This project will evaluate occupancy
models (MacKenzie and others, 2005) and sonic tags to support habitat use assessment. This
project will utilize otoliths (inner ear bones) from native fishes, such as flannelmouth sucker and
humpback chub to investigate habitat use and origin of fish by using microchemistry to identify
unique isotopes. Otoliths may also prove useful for determining growth and survival rates of
humpback chub and other fishes.

Links/Relationships to Other Projects

This project utilizes habitat information developed largely by the GCMRC Physical Sciences and
Modeling and the Data Acquisition, Storage, and Analysis (DASA) programs. The results of this project
will help evaluate responses of small size classes of fish to various dam release flows, and so will
provide some of the information needed to assess the status and trends of humpback chub in the
mainstem Colorado River.

Logistics

This project will utilize four trips, one each in July, August, September, and October, for three years
(2009-2011), subject to permit approval. All four trips are to be motor supported. The first three are
scheduled to launch in the motor season, but the October trip will require authority from Grand Canyon
National Park to use motors during the non-motor season. Sampling in October supports investigation of
the possible effects of steady flows on fish habitat use and so authority to conduct the trip has been
requested.

Products/Reports

Annual reports of project results will be delivered in December 15 of each year of the fieldwork, 2009-
2011. A final, synthetic report will be delivered by September 2012.
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Budget

FY 2010: $552,825
FY 2011: $556,911
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Project 2—Stock Assessment of Grand Canyon Native Fish (BIO 2.R7.10-11)

Start Date
2007

End Date
Ongoing

Principal Investigators

Fisheries Biologist, U.S. Geological Survey, Grand Canyon Monitoring and Research Center, and C.J.
Walters, University of British Columbia

Geographic Scope
Colorado and Little Colorado Rivers in Glen, Marble, and Grand Canyons

Project Goals

This project will provide annual updates of size composition and capture rates of humpback chub
(HBC) and other Grand Canyon fish to the Glen Canyon Dam Adaptive Management Program
(GCDAMP) and other managers. Reporting will include retrospective time series to allow for
comparison with previous years’ data. The assembled HBC data from the Grand Canyon fish
monitoring projects will be incorporated into updates of the Age-Structured Mark-Recapture (ASMR)
model every 3 years (the next ASMR update will be published in 2012).

This project will lead the analyses of existing fish capture information recommended by the 2009
Protocol Evaluation Panel (PEP) for Grand Canyon Fishes. The goal of these analyses is to evaluate
whether the fish monitoring project changes recommended by the PEP, especially to reduce some
efforts and increase others, are consistent with the available data.

This project will seek to develop and implement methods for making the HBC database available
electronically. Data serving must be done in a manner consistent with USGS Fundamental Science
Practices.

Need for Project

Native fish populations in Grand Canyon are key resources of concern influencing decisions on both the
operation of Glen Canyon Dam and other non-flow actions. To inform these decisions, it is imperative
that accurate and timely information on the status of native fish populations, particularly the endangered
HBC, be available to managers.

Several adaptive experimental management actions are being contemplated to better understand the
mechanisms controlling the population dynamics of native fish and to identify policies that are
consistent with management goals. The stock assessments generated from this project will support
assessment of implemented experimental actions. This information is therefore crucial to

* inform the program as to attainment of identified goals,
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* provide baseline status and trend information to be used as a backdrop to understand the
mechanisms controlling native fish population dynamics, and

* evaluate the efficacy of particular management policies in attaining program goals. Finally,
results from this project are potentially useful in assessing changes to Federal Endangered
Species Act listing status of HBC in the Colorado River.

Strategic Science Questions
Primary SSQ addressed:

SSQ 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?

Additional SSQ addressed:

SSQ 1-8 How can native and nonnative fishes best be monitored while minimizing impacts from
capture and handling or sampling?

The Adaptive Management Program Science Advisors have articulated the following science question,
which is partially addressed by this project:

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

Information Needs

RIN 2.2.8 What combination of dam release patterns and nonnative fish control facilitates
successful spawning and recruitment of humpback chub in the Colorado River ecosystem?

RIN 2.4.2 Determine if suppression of nonnative predators and competitors increases native fish
populations.

Methods and Tasks

To provide HBC status and trend information, the Grand Canyon Monitoring and Research Center
(GCMRC) mark-recapture database will be annually updated with the most recent data collected during
routine monitoring efforts including mainstem electrofishing and netting and the Little Colorado River
monitoring efforts (see GCMRC/AMP 2011-12 work plan for additional details). Following this update,
the HBC mark-recapture database will be reanalyzed using (where appropriate) both open and closed
mark-recapture-based abundance estimators to provide the most current information on HBC status and
trends. In particular, the ASMR models (Coggins and others, 2006a and 2006b; Coggins, 2007; Coggins
and Walters, 2009) will be used to determine trends in HBC abundance and recruitment over multiyear
time scales. Over annual time scales, this project will assemble and deliver summaries of annual catch
rate and size-class composition of HBC and other species from the Little Colorado River (LCR) and
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mainstem to the GCDAMP and managers. It will also deliver other species metrics, likely to include
results of closed population estimates and juvenile abundance from the LCR.

This project was reviewed by the 2009 PEP for Grand Canyon Fishes. The panel recommended that
because of the inherent variability in the ASMR (for example, estimates of growth and mortality rates
limit its ability to detect fine scale changes), preparing annual updates of the model was an inefficient
use of personnel time, especially for the long-lived HBC. The PEP also observed that the ASMR has
only limited sensitivity to detect small annual population changes, and that it requires tremendous
personnel and computer resources to generate. Based on these observations, the PEP recommended that
the ASMR be updated every 3 to 5 years. Because the GCMRC is planning to prepare the next State of
the Colorado River Ecosystem in Grand Canyon (SCORE) report in FY2011, the GCMRC will
accelerate this recommendation for the next iteration and include an update of ASMR in the FY2011
SCORE report. In the future, the GCMRC intends the next iteration of the ASMR following the FY2011
update will be scheduled for FY2014, consistent with the PEP recommendation. Updates will include
not only estimates of HBC abundance and recruitment from ASMR, but also summaries of annual
catch-rate and size composition estimates from LCR hoop net sampling, summaries of annual catch-rate
and size composition estimates from mainstem Colorado River hoop and trammel net sampling, and
closed population abundance estimates of HBC adults and rearing juveniles in the LCR as these data are
available. Finally, the applicability of similar techniques to those described above will be evaluated to
assess stocks of flannelmouth sucker and bluehead sucker.

The GCMRC fisheries biologist will work with agency and cooperative personnel to evaluate the utility
of the remote passive integrated transponder (PIT) tag antenna project to provide information useful in
determining movement rates of HBC into and out of the LCR, empirical capture probability estimates of
LCR hoop het sampling, and PIT tag recapture information for inclusion in ASMR.

The 2009 PEP for Grand Canyon Fishes made a series of recommendations that direct shifting
monitoring efforts to decrease efforts in the LCR and increase efforts in the mainstem of the Colorado
River, subject to an analysis of the existing data to see if their recommendations are consistent with the
data. The GCMRC fisheries biologist working on this project will be responsible for assembling and/or
conducting the analyses necessary to evaluate the recommendations. AZGFD and USFWS personnel to
support this effort will also conduct data analyses of individual projects. If the recommendations are
found to be warranted, the shift to different monitoring will be initiated in FY2011; these projects are
described elsewhere in Goal 2 of this work plan. If the data analyses are not found to support the
recommendations, projects will revert to the work plans described for FY2010. The full analysis of all
the data will not be required in FY2011, so there will be some shifting of the fisheries biologist time to
other projects.

Links/Relationships to Other Projects

The status and trend of the Grand Canyon HBC population are two of the key metrics utilized in
GCDAMP to evaluate the success of the GCDAMP and actions undertaken under the sponsorship of the
GCDAMP. Therefore, annually updating the HBC catch rates and size-class composition and updating
ASMR model runs every 3 years is related to many other GCDAMP work plan elements, especially
experimental actions such as the March 2008 High Flow Experiment (described in a separate science
plan) or removal of nonnative fish. The annual HBC population status will be important to projects
studying biotic and abiotic aspects of the system—including the aquatic food base, riparian vegetation
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mapping, and nearshore ecology projects—because changes in the parameters measured by these
projects can be compared to trends in the HBC population to search for relevant correlations.

Logistics

There are no logistical needs for this project.

Products/Reports

* This project will be the lead for retrospective analysis of the fish catch rate data, especially for
HBC. The analyses will also be supported by AZGFD and USFWS personnel as part of the
reporting for their respective projects. Under this project GCMRC will convene an annual fish
meeting to review these analyses and see if the 2009 PEP recommendations are consistent with
project changes in FY2011.

* The next scheduled update of the ASMR model will be in FY2011 to coincide with the next
SCORE report, with the next update to occur in FY2014.

* Annual reports of the status and trends of HBC will be delivered to the GCDAMP committees
by December 15 of each year. These updates will include summaries of annual catch-rate and
size composition estimates from LCR hoop net sampling, summaries of annual catch-rate and
size composition estimates from mainstem Colorado River hoop and trammel net sampling, and
closed population abundance estimates of HBC adults and rearing juveniles in the LCR as these
data are available.

* This project will pursue making the HBC data base information available electronically. This
will be done in a manner consistent with USGS Fundamental Science Practices.

Budget

FY 2010: $110,877
FY 2011: $103,776
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Project 3—Aquatic Food Base (Bio 1.R1 and 4)

Start Date
2006

End Date
2010

Principal Investigators

T.A. Kennedy (GCMRC), R. Hall (University of Wyoming), E. Rosi-Marshall (Cary Institute of
Ecosystem Studies), and C. Baxter (Idaho State University)

Geographic Scope
Systemwide, from Glen Canyon Dam to Diamond Creek (RM 225)

Project Goals

The aquatic food base project will answer the following fall steady flow related questions:
1. Does flow regime affect rates of primary production or organic and invertebrate drift?
2. Does flow regime affect the residence time of water in backwater habitats?

Need for Project

After habitat, food is the resource that most often limits the distribution or abundance of animal
populations (Krebs, 1994). Algae and aquatic invertebrates are two of the most common food types
consumed by native and nonnative fish in the Colorado River (McKinney and Speas, 2001; Valdez and
Ryel, 1995). Preliminary data indicate rates of algae drift are positively related to discharge, at least in
Lees Ferry. Further, aquatic invertebrates in the Colorado River actually use filamentous algae as habitat
(Shannon and others, 1994), so rates of invertebrate drift may also be positively related to discharge. If
steady flows of low discharge decrease algae and invertebrate drift, then this could lead to an
accumulation of algae and invertebrates on the river bottom. However, algae and invertebrate biomass
data are extremely variable (Stevens and others, 1997), so it is unlikely that any observed changes
would be statistically significant or could be ascribed to the short duration fall steady flows. The food
base project has developed methods for quantifying algae production in the Colorado River using diel
changes in dissolved oxygen concentration. Further, we have refined the invertebrate drift collection and
sampling processing methods developed by McKinney and others (1999). Both of these process-based
metrics (algae production, grams O, m™-d”'; invertebrate drift load, g AFDM-s™") should be more
sensitive to the subtle changes that are likely with fall steady flows compared to static measures of algae
and invertebrate biomass (g AF DM m™).

The degree of nearshore warming appears to be related to the degree of isolation of those habitats from
the mainstem river. Water temperature data indicate residence time of water in nearshore environments
is greater when discharge is stable relative to fluctuating. However, the magnitude of this increase in

residence time is uncertain. Water residence time in backwaters may also influence the productivity of
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these habitats because high residence time might allow for a water column food web to develop and
might also allow for benthic algae and invertebrates to accumulate.

Strategic Science Questions
Primary SSQ addressed:

SSQ 3-5. How is invertebrate flux affected by water quality (for example, temperature, nutrient
concentrations, turbidity) and dam operations?

Information Needs Addressed

CMIN 1.5.1 Determine and track the composition and biomass of drift in the Colorado River in
conjunction with measurements of flow, nutrients, water temperature, and light regime.

EIN 1.1.1 How does primary productivity in the reach between Glen Canyon Dam and the Paria
River change in response to an experiment performed under the Record of Decision, unanticipated
event, or other management action?

Methods and Tasks

Primary production is already being measured continuously in Lees Ferry and at Diamond Creek (RM 0
to 226). Primary production data collected during September and October 2008-2012 will be compared
with the months before and after to determine whether steady flows affect rates of in-stream primary
production. Organic and invertebrate drift is measured monthly at Lees Ferry. To determine whether
steady flows a