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EXECUTIVE SUMMARY

In 1994, the U.S. Fish and Wildlife Service issued a Biological Opinion (Opinion) on the operation
of Glen Canyon Dam stating that the modified low fluctuating flow (MLFF), the preferred alternative
of the Fina Environmental Impact Statement on the operation of the dam, islikely to jeopardize the
continued existence of two endangered Colorado River fishes (i.e., humpback chub [Gila cypha] and
razorback sucker [ Xyrauchen texanus] and islikely to destroy or adversely modify designated critical
habitat. Contained in that Opinion is a reasonable and prudent aternative (RPA), one element of
which directstheU.S. Bureau of Reclamation (Reclamation) toinitiate a program of experimental dam
releases consisting of high steady spring flows and low steady summer flows. The purpose for
implementing this and other elements of the RPA is to remove the risk of further jeopardizing these
endangered fishes. The experimental flows would be released only in low-water years, when
approximately 8.23 million acre-feet (maf) of water is forecast to be delivered at the compact point
near Lees Ferry, located 24 km downstream of Glen Canyon Dam.

This document contains a description of a proposed 3-year program of experimental flows (EF) that
will satisfy thiselement of the RPA. The program consistsof 1 year of MLFF at 8.23 maf (MLFF; ,,),
as a baseline, followed by 2 years of the EF hydrograph at 8.23 maf (EF;,;), as independent
trestments. The EF hydrograph for each treatment extends for 1 year and consists of a high steady
release of 21,400 cubic feet per second (cfs) from mid-March through May with a 4-day spike of
33,000 cfsin late April. Thisisfollowed by alow steady release of 8,000 cfs from June through
February with a4-day spike of 33,000 cfsin late September. Ramping rates of 4,000 cfs/hr up and
1,500 cfs’hr down are applied to the two spike releases. Based on the pattern of dam releases from
1964 to 1998, the probability of a release of 8.5 maf, or less, is about 46%, and the probability of
consecutiveyearsof 8.5 maf, or less, is only about 26%. Hence, consecutive years of approximately
8.23 maf releases are unlikely to occur, and the study design considers each EF ,; as an independent
treatment for comparison against the 1-year baseline of MLFF,,;, supplemented with data from
previous studies. The MLFF,,, must precede the treatments of EF; ,;, and if Glen Canyon Dam is
modified to control downstream temperatures before the program of experimental flows is
implemented, the temperature control device must be implemented equally during both the baseline
and treatment years. Other experimental rel easesfrom Glen Canyon Dam (e.g., beach/habitat building
flows, test floods) should not be implemented during the 3-year program of EF in order to avoid
confounding resultsof theEF. However, if water volumeisavailable, the 4-day spike can be allowed
to exceed 33,000 cfs.

The EF hydrograph targets life history requirements of primarily the humpback chub, with the
ecological perspective of providing suitable conditions for native fishes in general, and unsuitable
conditions for non-native fishes to minimize the adverse effects of predation and competition. The
native fish species, in addition to humpback chub, are flannelmouth sucker (Catostomus latipinnis),
bluehead sucker (C. discobolus), and speckled dace (Rhinichthysosculus). The razorback sucker is
very rare, and possibly extirpated from Grand Canyon. The two primary hypothesesto betested are
that no significant changes will occur in life history parameters (growth, survival, recruitment, and
condition) of native fishes (Ho I) or life history parameters of non-native fishes (Ho 1) asaresult of
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the experimental flows. Other parameters to be tested under these hypotheses include density and
distribution of sub-adults and adults. These hypotheseswill test the response of these parameters, as
measured near the beginning, middle, and end of each treatment. Causal relationships will be more
difficult to evaluate because of alack of replication and controls. The Grand Canyon conceptual
model and a “weight-of-evidence’ approach (causal inference based on aseriesof logical arguments)
will be used to better understand cause-and-effect relationships.

The hydrograph is expected, or hypothesized, to have severa ecological benefits and risks, when
compared to present dam operations of MLFF. Anticipated benefits of the high steady release are
ponding of tributary inflowsas warm refuges for recently hatched larval native fishes descending to
thecolder mainstemn, and flooded and destabilized shorelinehabitatsto di sadvantage non-nativefishes.
The April spike is expected to redistribute nutrients and may scour eddy return-current channels,
which form backwater habitats used as nurseries and rearing areas by native fishes during subsequent
lower flows. The low steady summer flow isexpected to provide stable, warm, sheltered shorelines
and backwatersfor young native fishes with potential increasesin growth, surviva, recruitment, and
condition. The low flow may increase primary and secondary production as food resources for fish
by increasing water clarity and nearshore water temperatures, but it is aso expected to increase
numbers of non-native fishesthat will profit from the same conditionsthat benefit native species. The
September spike is designed and timed to counter the expected increase of non-native fishes by
displacing them from sheltered shoreline habitats into more unfavorable mid-channel conditions,
particularly newly hatched young and small-bodied forms. This spike may also resuspend and store
sediment and sand from recent monsoonal storm eventsfrom tributaries; this sediment can providethe
foundation for future devel opment of fish habitat associated with sand bars and eddy complexes, and
is laden with organic materia that will spiral through the food chain.

The principa risk of the EF is reproductive success and increased abundance of non-native fishes
which may result in increased competition and predation on native fishes. Other risks include
desiccation of productiveshorelinesand reduction in wetted perimeter, which could reducetheaquatic
food base, particularly for the tailwater trout population, as well as decreased drift of food materials
for fish. Reduced flows will result in aloss of thermal plume entrainment at an aggregation of
humpback chub that appear to have spawned successfully inariverside spring (but with no evidence
of recruitment) in past years about 72 km downstream of Glen Canyon Dam.

Recommended field sampling to evaluate the EF includes tripsin late June, October, and February,
al at adam release of 8,000 cfs to minimize sampling variability from high or variable river flows.
Each sample trip would be about 20 days long and would require guides, support boats, food packs,
and logistical support. Six biologists are recommended per trip together with two motorized sample
boats(1 e ectrofishing, 1 netting) and sample gear. Sampletripsare recommended for Juneto measure
parameters immediately following the high steady release and at the beginning of the low steady
release; for October to measureparametersimmediately foll owing thespike flow and midway through
the experiment and to evaluate the effectiveness of the spike in reducing non-native fishes; and for
February as the measurement of parameters at the end of the experiment. This sample schedule
eva uates short-term responses and assumes that an ongoing monitoring program will be in place to
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measure parameters during years between treatments and to evaluate the long-term effects of this
program of experimental flows within the context of dam operations.

Safeguards and criteria for terminating a treatment or for discontinuing the program of experimental
flowsarerecommended. It may be necessary to terminate atreatment if human safety (i.e., increased
rafting accidents) and/or human health (i.e., water quality) of recreationists are compromised. A
treatment may al so be terminated if an undesirable biological response (e.g., massiveinvasion of non-
native predatory fish, widespread disease outbreak with potentially significant population loss) is
observed or measured that is considered to be irreversible and ecologically damaging. It may also be
necessary to discontinue the program of experimental flowsif negative biological responsesoutweigh
positive responses or if no significant positive responses occur. The decision to either terminate a
trestment or discontinue the program should be made as part of the adaptive management process.
This program should be viewed as an experiment that should be allowed to run through at least the
1-year MLFF; ,, baseline and two 1-year EF, ,, treatments.

Estimated cost of the experimenta flows program (baseline and two treatments) is $400,000-450,000
peryear. Thisincludesdevel oping requestsfor proposals, reviewing proposals, conducting threefield
sampletrips per year, dataentry and analysis, andreports. The program of experimental flowsconsists
of aminimum of 1 year of baseline and 2 years of treatments. Although baseline and treatments are
not likely to occur in consecutive years, evauation studies should be conducted by the same
researchers to provide continuity and reduce samplevariability. These costsinclude only evaluation
of fish assemblages. Studiesto evaluate other resources will constitute additional costs, and loss of
power revenues are not included in this estimate.

vi
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1.0 INTRODUCTION

Thisdocument describes aprogram of experimenta flows (EF) for releases from Glen Canyon Dam
designed to benefit endangered and other native fishes. These flows potentially affect 470 km of the
Colorado River from the dam downstream to the Lake Mead inflow in northwestern Arizona (Figure
1). The program was developed to fulfill an agreement between the U.S. Bureau of Reclamation
(Reclamation) and SWCA, Inc., Environmental Consultants (see Appendix A for the Request for
Proposals that initiated this project). This document is organized into the following sections:

. 1.0 Introduction — describes the judtification and need for the program, purpose and
objectives, a paradigm for EF, the fishes, and Glen Canyon Dam operations.

. 2.0 TheExperimental Flows—identifies specific components of an EF hydrograph and
therationalefor each component, coordination with related actions, and compliancewith
the law of theriver.

. 3.0 Benefits and Risks of the Experimental Flows— describes benefitsand risks of the
three hydrographic periods for abiotic and biotic resources.

. 4.0 Evaluation and Monitoring — presents and describes an experimental study design,
primary hypotheses to be tested, sample frequency and analysis, role of monitoring, non-
native fish control strategy, and safeguard measures and criteria for either short-term
termination of atreatment or long-term discontinuation of the experiment.

. 5.0 Implementation and Estimated Costs—outlines implementation steps, contingency
actions, costs, and logigtics.

11 JUSTIFICATION AND NEED FOR A PROGRAM OF EXPERIMENTAL
FLOWS

The Adaptive Management Work Group (AMWG) of the Glen Canyon Adaptive Management
Program has directed the development of a program of experimental flows, which is to be
implemented and eval uated by the Grand Canyon Monitoring and Research Center (GCMRC) and/or
contractors. Theprogramisdescribed in e ement 1A of the reasonable and prudent alternative (RPA)
of the 1994 Final Biological Opinion (Opinion; U.S. Fish and Wildlife Service [FWS] 1994) for the
Final Environmental Impact Statement on the Operation of Glen Canyon Dam (GCDEIS;
Reclamation1995). The Opinion, which was issued by the FWS on behalf of the Secretary of the
Interior (Secretary), determined that the modified low fluctuating flow (MLFF), the preferred
aternative of the GCDEIS, “. . . islikely to jeopardize the continued existence of the humpback chub
[Gila cypha] and razorback sucker [ Xyrauchen texanus| andis likely to destroy or adversaly modify
designated critical habitat” (FWS 1994). The Opinion requires Reclamation to execute the elements
of the RPA to eventually remove the likelihood of further jeopardizing the two endangered fishes.
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The concept of experimental flowswasfirst identified aselement 1aof the RPA of the Draft Opinion
of 19 May 1993 (FWS 1993), which stated that “. . . Reclamation shall pattern water releases
comparable with the natural hydrograph. . . during low release years (8.23 maf) .. ..” The purpose
of therelease patternwas . . . to facilitate natural ecosystem processeswhichincludeaccommodat-ing
the needs of endangered and other native fishes.” The Final Opinion of 21 December 1994 (FWS
1994) retained the concept of a natural hydrograph and identified a program of experimental flows
as one of four elements of an RPA:

A program of experimental flows will be carried out to include high steady
flows in the spring and low steady flowsin summer and fall during low water
years (releases of approximately 8.23 maf) to verify an effective flow regime
and to quantify, to the extent possible, effects on endangered and native fish.
Sudies of high steady flows in the spring may include studies of habitat
building and habitat maintenance flows. Research design and hypothesesto
be tested will be based on a flow pattern that resembles the natural
hydrograph, as described for those seasonsin the SASF.

The proposed program of experimental flows rests on the premise that steady flows are more likely
to benefit the endangered and other native fishes than the MLFF. Asidentified in the Opinion, the
program would be based on rel ease patterns described for the seasonally adjusted steady flow (SASF)
alternative of the GCDEI S, which consistsof high steady rel easesfrom Glen Canyon Dam in spring
and early summer, low steady releases in late summer and autumn, and moderate steady releases
through winter (Table 1). Clarkson et al. (1994) discussed the rationale for the SASF alternative,
which was intended to approximate the hydrologic pattern under which the native Colorado River
fishes evolved.

The RPA was developed with the stated objective of attaining “. . . riverine conditions that support
all life stages of endangered and native fishes . . .” (FWS 1994). Although the Opinion expressed
concern for al native fishes, elements of the RPA focused on the humpback chub. Accordingtothe
RPA, the 470-km reach of the Colorado River downstream of Glen Canyon Dam does not appear to
provide suitable conditionsfor all life stages of this species. In particular, thisreach doesnot provide
an environment for successful spawning and recruitment. The Opinion aso noted that only marginal
habitat for adult razorback suckers had been identified in the mainstem downstream of Glen Canyon
Dam. The Opinion recognized that the razorback sucker israre in Grand Canyon, and that riverine
conditions that support recruiting populations of the species have not been found. Nevertheless, the
FWS maintained that the stretch of the Colorado River through Grand Canyon provides one of the
few remaining opportunities for recovering the razorback sucker because of its “. . . length,
management direction, and limited number of non-nativefish species. . .” and its” connection to Lake
Mead” (FWS 1994).
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Table 1. Release characteristics of the GCDEIS No Action, MLFF, and SASF alternatives," compared to the Experimental Flow (EF).
Discharge is given in cubic feet per second (cfs).

Alternative Minimum Release (cfs) Maximum Release (cfs) Daily Fluctuations (cfs/24 hrs) Ramp Rate
No Action 1,000 Labor Day-Easter 31,5000 30,500 Labor Day-Easter Unrestricted

3,000 Easter-Labor Day 28,500 Easter-Labor Day
Modified Low 8,000 7 am.-7 p.m. 25,000 5,000; 6,000; or 8,000 4,000 cfs/hr up
Fluctuating Flow 5,000 7 p.m.-7 am. depending on monthly release 1,500 cfs’hr down
(MLFF; Preferred volume
Alternative)
Seasonally 8,000 Oct—Nov 18,000 + 1,000 2,000 cfs/day when releases are changed
Adjusted 8,500 Dec between steady flow periods
Steady Flow 11,000 Jan-Mar
(SASF) 12,500 Apr

18,000 May—Jun

12,500 Jul

9,000 Aug-Sep
Experimental Flow 21,400 15 Mar-18 May 33,000 spike for 4 days +1,000 1,000 cfs/day (8,000 to 21,400 cfs,
(EF): High Steady 8,000 Jun-Feb last week Apr 1-14 March)
Spring, Low 33,000 spike for 4 days 1,000 cfs/day (21,400-8,000, 18-31 May)
Steady Summer last week Sep 4,000 cfg/hr up, 1,500 cfs’hr down for
spikes

1 Source: U.S. Bureau of Reclamation (1995)
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Benefitsof steady flows on the aquatic ecosystem were further identified in the Opinion (FWS 1994):

Fluctuating flows limit solar warming of backwaters, flush organisms and
nutrients important as food resources, and force earlier life stages of
endangered and other native fishes out of quiet protected waters into
unfavorable mainstem conditions. These conditions might include increased
exposure to predation and debilitating effects of cold water and increased
velocities.

The program of experimental flows was designed to begin as soon as possible with scheduling
dependent on annua river volume (FWS 1994):

Design of the experimental flows and associated studies will begin assoon as
possible and be targeted for completion by October 1996. Unlessthe Service
determines information provided seriously questions the validity of
experimental designsdeveloped or contribution of theresultingdata to remove
jeopardy to the federally-listed aquatic fauna of the Grand Canyon,
experimental flowswill beinitiated in April 1997. If sufficient progress and
good faith effort is occurring towards initiating experimental flows,
implementation of experimental flowsmay occur later in 1997. Ifthe Service
believesthereisnot sufficient progress, Glen Canyon Dam would be operated
as SASF flows during spring through fall (April to October) beginning in
1998. If the Service determines a study design can not be developed that is
expected to provided [sic] information to support removal of jeopardy to the
razorback sucker and humpback chub populationsinthe Grand Canyon and
associated tributaries, such will be considered new information and may be
grounds for reinitiating formal consultation.

The flows would be implemented only in low-water years, or years with releases of approximately
8.23 million acre feet (maf), and begin before or coincident with issuance of the Record of Decision
(ROD) for the GCDEIS (9 October 1996; Reclamation 1996). Experimental flows were not
implemented in spring 1997, 1998, or 1999 becausethese yearswere forecast as moderate water years
(>8.23 maf). According to the RPA, low-water years (<8.23 maf) have occurred about 50% of the
time since the dam became operational in 1963 (FWS1994). Thus, the experimental flowswould be
expected only about 50% of the time over the long term, with no control over the sequence of years
in which the experiment could be conducted. The RPA described the duration (number of years) of
theexperiment as“. . . asufficient period of timetoallow for experimental design, biological processes
tofunction and for variability inherent in riverine ecosystemsto be expressed. The number of years
is, therefore, indeterminate” (FWS 1994).
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1.2 PURPOSE AND OBJECTIVES

The purpose of the program of experimental flows, as presented in this document, is to test the
overriding hypothesisthat high spring releases and low steady summer/fall flowsin low water years
will benefit the endangered and other native fish species of the Colorado River through Grand
Canyon. Thedesign of this program emphasi zes an ecosystem perspective that benefits native fishes
while controlling populations of non-native fishes that compete with and prey on the native species.
The objectives of this program of experimental flows are to:

. enhancesurviva andgrowth of young native fishes by providing stable, warm, productive
shoreline nursery habitats;

. increase recruitment of native fishes;

. minimize adverse effects of non-native fishes; and

. contribute toward recovery of endangered humpback chub.
13 PARADIGM FOR EXPERIMENTAL FLOWS

Restoring elements of the natural hydrograph has been identified as a cornerstone in restoration of
riverine ecosystems and recovery of native biota, including threatened and endangered species(Bain
et al. 1988, Minckley and Meffe 1987, Tyus 1992, Stanford 1994, Poff et a. 1997, Schmidt et al.
1998). Natural hydrograph restoration of western rivers hastwo basic cause and effect elements. The
first is restoring natural physical processes and habitat, including reestablishing sediment transport
patternsand channel geomorphol ogy and floodplainsthat characterized theriver beforehuman-caused
modifications(Webbetal. 1989, Schmidt and Rubin 1995, Van Steeter and Pitlick 1998). The second
element isrestoring biota, including, but not limited to, benefitting primary and secondary production
by increasing nutrient loads and benefitting fish popul ations by providing spawning cues (John 1963;
Nedler et al. 1988; Stevens et al. 1995, 1997; Webb et a. 1999). Floods may aso benefit native
species by suppressing non-native species. Minckley and Meffe (1987) found that fish communities
in canyon-bound reaches of unregulated southwestern streams invariably shifted from a mixture of
native and non-native species to predominantly, and in some cases, exclusively native forms after
floods approaching or exceeding two orders of magnitude greater than mean discharge.!

Limited testing of natural hydrographic elements has taken placein recent years, but experiments of
the magnitude and duration described in this plan have not been conducted in other magjor mainstem
dams in the United States. Flow recommendations for reoperation of both Flaming Gorge Dam on
the Green River, Utah (Muth et al. 2000), and Navajo Dam on the San Juan River, New Mexico
(Holden 1999), identify areturn to high spring flows and low summer flows. Theduration of the high

1 Minckl ey and Meffe studied seven unregul ated reaches of southwestern streamswhose mean dischargesranged from 17.7
cfs (Bonita Creek) to 872.3 cfs (Salt River above Roosevelt Dam).

6
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releases varies from 5-21 days at Navajo Dam to 3-8 weeks at Flaming Gorge Dam, depending on
the volume of water availablefor theyear. Inthe case of Navgjo Dam, the objectiveisto “ mimic the
natural hydrograph” with arecommended 5-day peak releaseof 10,000 cfsor 83% of historic average
peak flow of about 12,000 cfs. At Flaming Gorge Dam, therecommended 3-8 week release of 10,500
cfsis 59% of historic average peak flow of about 17,650 cfs. These flows have not been fully
implemented and evaluated. A 7-day controlled flood of 45,000 cfs from Glen Canyon Dam in
March-April 1996 was short-term and focused on ahighreleasedesignedtoredistributeand storesand
and sediments(Andrews et a. 1999), recycle organic e ementsand nutrients (Parnell etal. 1999), reset
primary and secondary production (Blinn et al. 1999), and temporarily reduce numbers of non-native
fishes (Hoffnagle et a. 1999). The experiment was considered a moderate success relative to
ecosystem benefits, but was highly valuable for better understanding resource response (Valdez et al.
19993, Webb et a. 1999).

The concept of alow steady summer flow to maximize backwater formation was introduced in the
upper Colorado River basin in about 1990, when the FWS (Tyus and Karp 1991) recommended
summer and autumn flows of 1,800 cfs (25% fluctuation below target on aweekly or greater basis)
for the primary nursery reaches of Colorado pikeminnow (Ptychocheiluslucius) inthe Green River.
The recommendationwasbased on aeria photography and mapping of backwater habitats at different
flows (Pucherdlli and Clark 1989). Colorado pikeminnow hatch during late June through July and
require stable, sheltered, warm, and productive backwater habitats during their first 8-10 months of
life(Tyus1991). Preliminary resultsfromthelnteragency Standardized M onitoring Program (McAda
1999) show a steady increase in catch rate of age-0O Colorado pikeminnow, as well as population
estimates of adults indicating that the management action may have increased survival of the young
in nursery backwaters and hence, recruitment to the adult life stage.

14 THE FISHES

The present assemblage of fishesin the Colorado River through Grand Canyon (between LeesFerry
and Diamond Creek) consists of approximately 18 species, including 5 native and at least 13 non-
native species (Vadez and Ryel 1997, Hoffnagle et al. 1999). The native speciesare the endangered
humpback chub and razorback sucker, as well as the flannelmouth sucker (Catostomus latipinnis),
bluehead sucker (C. discobolus), and speckled dace (Rhinichthys osculus). A description of the status
andlifehistory of these speciesin Grand Canyon ispresented by Vadez and Carothers (1998). Three
additional speciesthat are native to the Colorado River—bonytail (G. elegans), roundtail chub (G.
robusta), and Colorado pikeminnow—have been extirpated from Grand Canyon (Minckley and
Deacon 1991). Primary limiting factors have been identified as cold dam releases that preclude
mainstem spawning, blocked passage by the dam, fragmented habitat, non-nativefishes, and possibly
fluctuating flows from hydropower releases (Minckley 1991, Vadez and Ryel 1997).

The humpback chub, which is endemic to the Colorado River Basin, waslisted asendangered on 11
March 1967 (32 FR 4001) because of fragmented and degraded habitat, degraded water quaity, and
non-native fish predators and competitors (FWS 1990). This species remainsasonly six populations
inthe statesof Colorado, Utah, and Arizona (Vadez and Clemmer 1982). Five of these populations



PROGRAM OF EXPERIMENTAL FLOWS FINAL

are found in the upper Colorado River basin and one occupies Grand Canyon inthe lower basin. In
Grand Canyon, the species occurs as eight non-spawning aggregations in the mainstem Colorado
River, and one spawning aggregation that inhabitsthe Little Colorado River (L CR) and the mainstem
near the inflow of the LCR (Figure 1; Douglas and Marsh 1996, Valdez and Ryel 1997). The
razorback sucker was listed as endangered on 23 October 1991 (56 FR 54957). The species was
probably never abundantin Grand Canyon, possibly occurring only asatransient (Douglasand Marsh
1998), and is extremely rare today with fewer than 10 confirmed specimens captured in the last 55
years (Vadez 1996). The speciesmay now be extirpated from Grand Canyon. Critical habitat was
designated for the humpback chub, razorback sucker, bonytail, and Colorado pikeminnow on 21
March 1994 (50 FR 13374). In Grand Canyon, humpback chub critical habitat includesthe Colorado
River from Nautiloid Canyon (RM 34.0, 80 km downstream from Glen Canyon Dam) to Granite Park
(360 km downstream from the dam), as well as the lower 12.9 km of the LCR. Razorback sucker
critical habitat in Grand Canyon includes the Colorado River from the Paria River to Hoover Dam.

Twenty-four non-native fish species have been reported from the Grand Canyon region since 1956,
including 17 warm-water, 1 cool-water, and 6 cold-water forms (Vadez and Ryel 1997). Recent
surveysrevea ed 13 non-native species (Arizona Game and Fish Department 1996, Vadez and Ryel
1997). Of the 24 species, 17 (71%) were reported before Glen Canyon Dam was completed in 1963.
Thefirst non-native fishesin Grand Canyonwerecommon carp (Cyprinuscar pio) and channel catfish
(Ictaluruspunctatus), whichwereintroducedintothe lower Colorado River basininabout 1890 (FWS
1980, Miller and Alcorn 1943). By the end of the 19" century, these species were widespread
throughout the Colorado River Basin (Carothers and Brown 1991). Shortly after establishment of
Grand Canyon National Park in 1919, brook trout (Salvelinus fontinalis), rainbow trout
(Oncorhynchus mykiss), and brown trout (Salmo trutta) were introduced into Bright Angel Creek,
Tapesats Creek, and Shinumo Creek in 1920, 1923, and 1926, respectively. Black bullheads
(Ameiurus melas) were reported in the region in 1904 (U.S. Fish and Wildlife Service 1980);
mosquitofish (Gambusia affinis) were common by about 1920 (Miller and Lowe 1967); and plains
killifish (Fundulus zebrinus) were reported in about 1938 (Miller and Lowe 1967), but their origins
areunknown. By the 1940s catfish dominated the catches of fishermen in the Colorado River in both
Glen and Grand canyons (Webb and Melis 1994), and scientists began to express concerns about the
decline of the native fishes (Miller 1961).

With completion of Hoover Dam in 1935 and formation of Lake Mead, many game fishes were
introduced into the region, including largemouth bass (Micropterus salmoides), black crappie
(Pomoxis nigromaculatus), bluegill (Lepomis macrochirus), and green sunfish (Lepomis cyanellus)
(Wdllis1951, McDonaldand Dotson 1960, McCall 1979). Fathead minnows (Pimephal es promel as)
and red shiners (Cyprinella lutrensis) were sold locally in bait shops (Hubbs 1954). Threadfin shad
(Dorosoma petenense) wereintroduced into Lakes Mead and Powell in 1954 and 1968, respectively,
primarily asforagefor striped bass (Morone saxatilis), which wereintroduced into thesereservoirsin
1969 and 1974, respectively (McCal 1979; Gustaveson et al. 1985, 1990). Yellow perch (Perca
flavescens) and walleye (Stizostedion vitreum) were released into the lower Colorado River in the
early 1960s (Minckley 1973; Gustaveson et a. 1985, 1990), and kokanee salmon (O. nerka
kennerlyi), coho salmon (O. kisutch), and cutthroat trout (O. clarki) were released near Lees Ferry in
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1967, 1970-71, and 1978, respectively (Stone and Rathbun 1968, McCall 1979, Haden 1992). Utah
chub (Gila atraria) and golden shiner (Notemigonus crysoleucas) were probably imported into the
region by bait anglers (McDonald and Dotson 1960, Suttkus et al. 1976).

1.5 OPERATION OF GLEN CANYON DAM

Flow of the Colorado River through Grand Canyon has been regulated by Glen Canyon Dam since
the dam was completed in 1963 (Figure 2). That regulation has atered the annual hydrograph by
decreasing spring peak flows and increasing summer, fall, and winter baseflows. Regulation hasaso
increased the frequency of daily flow fluctuationsasaresult of hydropower generation. Sediment |oad
has been greatly reduced and river temperature has changed from seasonally variable (0-25°C) to a
nearly constant regime of 8-11°C, reflective of hypolimnetic withdrawals from deep in the reservoir
(Vadez and Carothers1998). Present operationsare described asthe ML FF, which wasthepreferred
aternative of the GCDEIS (Table 1). The MLFF was chosen by 11 of the 12 cooperating agencies
as the draft GCDEIS preferred alternative (unpublished minutes, GCDEIS Cooperating Agencies
meeting 27-29 January 1993, Reclamation, Colorado River Studies Office, Salt Lake City, Utah).
Thisaternative was thought by itssupportersto be the most balanced approach, benefitting the widest
range of resources (including the aquatic food base and fish) when compared to historic dam
operations. While the MLFF would result in asignificant loss of hydropower benefits, compared to
historic dam operations, thoselosseswould be lessthan incurred under the SASF. Thedissentingvote
was cast by the FWS, which felt that the ML FF would not provide sufficient benefit to humpback
chub to remove jeopardy (Reclamation 1994).

20 THE EXPERIMENTAL FLOWS
21 PROCESS FOR DEVELOPMENT

The following is a program of experimental flows that was developed during two 2-day workshops
by ateam of scientists (the authors of this document) consisting of biologists, population ecologists,
andbio-satisticians. The hydrograph wasdesigned and devel oped to match variousflow periodswith
the life history needs of the endangered and nativefishes of Grand Canyon. Life history phenologies
werefirst developedfor each of thefour native fishes, including humpback chub, flannelmouth sucker,
bluehead sucker, and speckled dace (Figures 3a-3d), based on data and information collected for the
species from Grand Canyon (Kaeding and Zimmerman 1983; Marsh and Douglas 1997; Vadez and
Ryd 1997; Vadez and Carothers 1998; Douglas and Marsh 1996, 1998; Gorman and Stone 1999).
A phenology was not developed for the razorback sucker because of its rarity and the lack of life
history information from Grand Canyon.
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Figure 3a. Life history phenologies for the native fishes in the mainstem Colorado River and the Little Colorado River (LCR) in Grand

Canyon.
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A comparison was made of optimal temperature ranges for spawning/hatching and rearing of native
fishes and warm-water non-native fishes (i.e., fathead minnow, red shiner, common carp, plains
killifish, channel catfish, black bullhead) with temperatures of the Colorado River at Glen Canyon
Dam, the Little Colorado River inflow, and Diamond Creek, under MLFF and EF (Figure 4).
Maximum midsummer temperatures are expected to reach nearly 20°C at Diamond Creek with EF
and benefit newly hatched native fishes. However, the occurrence of these warm temperatures is
likely to coincide with spawning, hatching, and rearing of warm-water non-native fishes, possibly
resulting in increases and expansions of these competitors and predators of the native fishes.

Life stages were identified as pre-spawning aggregations, spawning cues, spawning and egg
incubation, larvae, juvenile, and adult. Juvenile life stages of humpback chub, flannelmouth sucker,
and bluehead sucker were divided into two phases (I and I1) to reflect distinctly different habitat uses,
where juvenile | fish use shallow, nearshore habitats, and juvenilell fish use deeper, offshore habitats
(Arizona Game and Fish Department 1996, Valdez and Ryel 1995, Converse et al. 1998). Life
history phenologieswereidentified for both the mainstem Colorado River and the LCR sinceall four
native fishes rely on seasonally warmed tributaries. Life histories for these species are 1-2 months
earlier in the LCR than in the historic mainstem because of earlier seasonal warming in the LCR
(Kaeding and Zimmerman 1983; Douglas and Marsh 1996, 1998; Valdez and Ryel 1997). These
phenologies reflect periods of time when the mgjority of fish of that speciesarein agiven life stage.
For example, spawning by humpback chub in the LCR is identified as mid-March to mid-June,
although somespawning activity occursthroughout summer (K aeding and Zimmerman 1983, Gorman
and Stone 1999).

Asaresult of theselife history phenologies, the hydrograph was divided into three periods. March-
May, June-September, and October-February. For each hydrographic period, the most critical life
history needs of the native fishes were identified (Table 2). For example, larval humpback chub are
expected to drift down the LCR and into the mainstem Colorado River during March-May, and
juvenilesphase | occupy shorelines and backwaters during June-September, whilejuveniles phasell
occur along deeper shorelinesduring October-February. Sincethelifehistory phenologiesfor thefour
native fish species are similar, division of the annual hydrograph approximately corresponds to the
various life stages of the four native fish species.

15
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Table 2. Important life stages of the four native fishes by hydrographic period.

FINAL

Fish Species

Period I: March-May

Period I1: June-September

Period I11: October-February

Humpback
Chub

Flannelmouth
Sucker

Bluehead
Sucker

Speckled

Dace

—pre-spawning aggregations at mouth of LCR in

March-April
—adults ascend LCR for spawning

—gpawning in LCR and drift of larvae to mainstem
—larvae and early juveniles rearing along shallow

shorelines and backwaters, mainly in LCR

—adults in pre-spawning aggregations at tributary

inflows
—adults ascend tributaries for spawning
—larvae drift into mainstem

—arvae and early juveniles rearing along shallow

shorelines and backwaters

—adults in loose pre-spawning aggregations at

tributary inflowsin April
—adults ascend tributaries for spawning
—larvae drift into mainstem

—larvae and early juveniles rearing along shallow

shordlines and backwaters

—adultsin loose pre-spawning aggregations at
tributary inflows and mainstem in April-May

—adults use tributary inflows and mainstem
shorelines for spawning
—arvae drift in mainstem

—arvae and early juveniles rearing along shallow

shorelines and backwaters

—larvae and juvenile | swept into
mainstem during summer spates

—juvenilel rearing aong shallow
shorelines and backwatersin LCR

and mainstem
—adults in mainstem eddies

—juvenile| rearing aong shallow
shorelines and backwaters
—adults dispersed through mainstem

—juvenilel rearing aong shallow
shorelines and backwaters

—adults dispersed through mainstem,
mainly near tributary inflows

—juvenilesrearing along shallow
shorelines and backwaters
—adults dispersed along shoreline
debris fans, cobbleriffles, and in
tributary inflows

—adults need food resources for maximum
accumulation of fats leading to spawning

—adults in pre-spawning aggregationsin
mainstem eddiesin February

—juvenilell rearing along deep shorelines
and backwaters

—adults need food resources for maximum
accumulation of fats leading to spawning

—juvenilell rearing along deep shorelines
and backwaters

—adults need food resources for maximum
accumulation of fats leading to spawning

—juvenilell rearing along deep shorelines
and backwaters

—adults need food resources for maximum
accumulation of fats leading to spawning

—adults dispersed along shorelines and in
tributary inflows

17
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22 THEHYDROGRAPH

The EF hydrograph extends for 1 year, from 1 March through 28 February (Table 1, Figure5). The
hydrograph consists of a relatively high steady spring release of 21,400 cfs during March-May,
interrupted by a spike release of 33,000 cfsfor 4 daysduring the last week of April. The high steady
releaseisfollowed by alow steady summer/fal release of 8,000 cfs during June-September with a
spike release of 33,000 cfs for 4 days during the last week of September. The period October-
February consistsof alow steady winter release of 8,000 cfs. The minimum release of 8,000 cfsand
ramping rates for spike releases of 4,000 cfs/hr up and 1,500 cfg’hr down are consistent with
requirements of Glen Canyon Dam operationsasestablished by the GCDEI S (Reclamation 1995) and
implemented through the ROD (Reclamation 1996). The spike releases are equivalent to habitat
maintenance flows in the GCDEIS and do not exceed the power plant capacity of 33,000 cfs. The
volume of thisexperimental flow isapproximately 8.5 maf, asidentified inthe Opinion. Thisincludes
about 4,260,960 af for 269 days at 8,000 cfs; 3,722,528 af for 88 days of 21,400 cfs, and 516,512 af
for 8 days at 33,000 cfs.

The EF hydrograph has elements characteristic of a natural hydrograph, with some important
exceptions. From 1921 to 1961 (pre-dam), therewere 10 yearsin which flow volume of the Colorado
River a Lees Ferry was less than 8.5 maf (i.e., approximately 8.23 maf; U.S. Geological Survey
[USGS] stream gage data, Lees Ferry, Arizona). For these dry years, the average spring pesk of
40,290 cfs (range, 25,300-50,400 cfs) typicaly occurred on 5 June and flows were typically above
20,000 cfsfor 1-2 months during May and June. The high steady release of the EF during March-
May and the spikereleaseinlate April are about 1 month earlier than historic high flowsto correspond
with spawning and downstream movement of young nativefishesfrom seasonally warmed tributaries,
such as the LCR (see section 2.3.1). The 33,000 cfs spring spike of the EF is about 82% of the
average historic peak magnitude during dry years.

Historic flows (i.e., 1921-1961) also revea one to three late summer spikesin 9 of the 10 dry years
(one year had no spikes). The average peak of 18 late summer spikes during this period was 14,494
cfs (range, 4,390-24,700 cfs), and the average day of occurrence was 15 September for an average
duration of 2.1 days (maintained within 10% of peak). Hence, the 33,000 cfsof the EF isabout 228%
of average historic late summer spike magnitude. The late summer spike of the EF was set as high
as possible to have the maximum adverse effect on non-native fishes (see section 2.3.1).

2.3 COORDINATION WITH RELATED ACTIONS
2.3.1 Beach/Habitat-Building Flows

The concept of beach/habitat-building flows (BHBF), a common element of alternatives in the
GCDEIS, involves arelease greater than powerplant capacity. Originally, it wasto be consideredin
low reservoir storage years to rejuvenate beaches and backwater fish habitats. In the ROD on the
GCDEIS, however, the Secretary determined that the objectives of aBHBF were to be accomplished
instead in high reservoir storage years using releases greater than powerplant capacity required for

18



CET FCR SCCOMD

CUGIZ

PC=IGENE

I II 111
S0
= =
. w |
o= L=
sE 5
=1 L O o
E ﬁ = =
AQCI0 i
, 4-DAY SPIKE ,
CF 33,000 cfs 4-OAY SPIFRE OF
23,000 cf= 1
33270 4
21,400 cfs
20000 -
i
1
I
i
139.520 4 8,000 ofs 8,000 cfs
|
i
t } i i i i i f i
JAR FEE MAR AFR LRy JUM JuL A5 SEP T (al%; = JAP, FER VAR

Tieure 5. lvdroeraph of experimental flows desioned to release a volume of approximately .23 maf.




PROGRAM OF EXPERIMENTAL FLOWS FINAL

dam safety purposes (Reclamation 1996). A Spike Flow Subgroup was established by the TWG to
evaluate adternative spill avoidance operations and risk thresholds in order to recommend specific
triggering criteria when a BHBF can be prescribed (Pers. Comm., Bill Persons, Chair, Spike Flow
Subgroup, GCMRC 1998). Since a BHBF is to be prescribed only during high reservoir storage
years, it is unlikely that an EF hydrograph, which requires low steady summer releases, would be
implemented in the same year. Hence, a BHBF and an EF hydrograph should not conflict.
Coordination will be required by the Spike Flow Subgroup to ensure that a conflict does not occur.

2.3.2. Long-Term Monitoring Program

A formal long-term monitoring program for fishisneeded in Grand Canyon. Pastinvestigationsunder
the Glen Canyon Environmental Studies (GCES) were primarily research efforts, and monitoring of
fish populations has tended to be fragmented (Valdez and Ryel 1995; Arizona Game and Fish
Department 1996; Douglas and Marsh 1996, 1998; Gorman and Bramblett 1999). Anongoing, long-
term monitoring program with formal protocolsis vital to understanding the statusand trends of fish
popul ations and to establishing abaselineof informationthat will hel p to evaluate long-term biological
responses to a program of experimental flows. Evaluation of an EF hydrograph would have to be
done as a hypothesis-driven research element, specifically designed to evaluate resource responses,
and incorporated as a component of along-term monitoring program.

2.3.3 Dam Moadificationsto Control Downstream Temper atures

InJanuary of 1999, Reclamation issued a Plan and Draft Environmental Assessment for Glen Canyon
Dam Modifications to Control Downstream Temperatures (Reclamation 1999). This proposal is
discussed in this program of experimental flows because implementation of this temperature control
device could enhancethe beneficial effects of alow steady release by ensuring warm temperaturesin
mainstem reaches occupied by humpback chub aggregations. Under MLFF, longitudina warming
(1°C/51 km; Vadez and Ryd 1995) provides maximum summer temperatures of about 16°C at 30-
Mile, 17.5°C at the LCR confluence, and 19.4°C in Middle Granite Gorge (Table 3), which are
suitable temperaturesfor spawning, egg incubation, hatching, and growth of humpback chub and the
three other species of native fishes in Grand Canyon. The combination of a low steady release of
8,000 cfs and atemperature control deviceisexpected to provide maximum summer temperatures of
about 17.0°C at 30-Mile, 18.2°C at the LCR confluence, and 21.0°C in Middle Granite Gorge.
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Table 3. Predicted maximum water temperatures at locations of mainstem aggregations of humpback chub in the Colorado River downstream
of Glen Canyon Dam under present operation of modified low fluctuating flow (MLFF), experimental flow (EF), the proposed temperature
modification (TM) on Glen Canyon Dam, and TM with EF.

Aggregation Distance From MLFF (10°C at EF (10°C at dam)? MLFF with TM EF with TM (15°C
Dam (km) dam)?! (15°C at dam)? at dam)?
30-Mile 75 115 12.0 16.5 17.0
LCR Inflow 124 125 13.2 17.5 18.2
LavaTo Hance 131 12.6 134 17.6 184
Bright Angel Inflow 167 133 14.3 18.3 19.3
Shinumo Inflow 200 14.0 15.2 19.0 20.2
Stephen Aide 214 14.2 15.6 19.3 20.6
Middle Granite Gorge 230 14.6 16.0 19.6 21.0
Havasu Inflow 278 15.6 17.2 20.6 22.2
Pumpkin Spring 368 17.4 19.6 22.4 24.6

L Longitudinal warming rate of 1°C/50 km
2 Longitudinal warming rate of 1.3°C/50 km
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The plan to control downstream temperatures was prompted by element 1B of the RPA, which
identified the need for Reclamation to implement a“ selective withdrawal program for Lake Powell
waters’ to warm dam releases for the benefit of native and endangered fishes. The plan identifiesan
aternative that would cost an estimated $15 million to modify dl eight water intakes and allow for
testing of the thermal modification (Reclamation 1999). If the modification provesto be beneficial to
thefishes, amoreflexiblebut expensive dternative would be considered, such asthat constructed and
implemented on Flaming Gorge Dam on 30 June 1978.

One planunder considerationinvol vesremoving thetop of thetrashrack structure and installing agate
at each penstock intake to allow withdrawal of warmer waters closer to the lake's surface. This
maodification could increase summer and fall release temperatures from about 8-11°C to about 18°C
when warm water is available from about mid-May to November (Pers. Comm., Susan Hueftle,
GCMRC 1999). Although warmer water is available during this period, the maximum water
temperature of releases is proposed at 15°C, as the optima temperature for growth of trout in the
tailwater fishery. Thistemperaturewould benefit thetailwater trout fishery, and longitudinal warming
would provide suitable temperatures for native fish populations further downstream.

24 COMPLIANCEWITH THE LAW OF THE RIVER

The proposed EF hydrograph must and does comply with the Law of the River, that body of law
comprising statutes, regul ations, court rulings, international treati es, and interstate compactsthat govern
use of the Colorado River. Most important, the hydrograph complies with the minimum annual
delivery of 8.23 maf of water from the upper Colorado River basinto thelower Colorado River basin,
as described in the Annual Operating Plan for Colorado River Reservoirs (U.S. Department of the
Interior 1998) and mandated by thetenets of the Colorado River Compact of 1922 and the 1944 Water
Treaty with Mexico (Ingram et a. 1991). Restricting the EF to low-water years ensures that
Reclamation will not compromise reservoir operations designed to guarantee dam safety and the need
to make downstream deliveries.

3.0 BENEFITSAND RISKSOF THE EXPERIMENTAL FLOWS

The three periods of the EF hydrograph have anticipated benefits and risks to abiotic and biotic
resources, based on available data (Table 4). These are evaluated and described in the following
sections.
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Table 4. Anticipated benefits and risks for abiotic and biotic resources by hydrographic period.

Fish Species Period I: March-May Period I1: June-September Period 111: October-February
Benefitsto —possibly scour backwaters —{ow steady flows may store sand and sediment —{ow steady flows may store sand
Abiotic —mobilize and store sands and sediments in river channel and sediment in river channel
Resources —spike flow may resuspend and store sand and
sediment from tributary monsoonal floods
Risksto —transport sediments from system —spike flow may transport sand and sediment —No significant risks
Abiotic from system instead of storing it
Resources
Benefitsto —ponded tributary inflows as thermal refuges —increased growth and surviva of young native —increased survival of young native
Bictic for drifting larvae and young fish fishes fishes
Resources —ponded tributary inflows ease access for —increased autotrophic algal and —maintain stable winter conditions
spawning runs of native fish macroinvertebrate production to minimize energy expenditure
—destabilized habitats to disadvantage non- —possible mainstem egg incubation and hatching —maintain overwinter autotrophic
native fishes success production in mainstem,
—edistributed nutrients —gpike flows flush non-native fish from shorelines, backwaters
—reset community production backwaters and shorelines
—Cue mainstem spawning
—spike flows flush non-native fish from
backwaters and shorelines
Risksto —warm ponded tributary inflows attract non- —mainstem reproduction by non-native fishes —possible overwinter survival and
Biotic native fish predators/competitors —increased growth and survival of non-native expansion of non-native fishes
Resources fishes —possible greater spawning success

—increased infestation of parasites and diseases

—decreased drift of food for fish

—minimize thermal plume at 30-mile may reduce
survival of young humpback chub

—increased water clarity may lead to increased
predation of native fish by sight feeders
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3.1

311

312

3.1.3

PERIOD |: HIGH STEADY SPRING RELEASE WITH SPIKE (MARCH-MAY)

Benefitsto Abiotic Resour ces

Scour and maintain backwaters — The April spike release of 33,000 cfs may deepen some
backwater habitats by increasing velocitiesin return current channels (backwaters) that form
in association with large recirculating eddies (Rubin et al. 1990); however, areas of smdler
recirculation zones may actualy fill more than scour (Hazel et al. 1999). Overal, the effects
of a 33,000 cfs release on sediment resources for the proposed duration (i.e., 4 days) are
presently unknown.

M obilize and store sands and sediments— Depending on the availability of sand and sediment
in the river channel, the spike may resuspend and store some sand and sediments in eddy
complexes and along channel margins (Wiele 1998, Wiele et al. 1996).

Risksto Abiotic Resour ces

Transport sedimentsfrom the system — The high steady flow and spike may serveto transport
sediment from the system instead of storingit, further depleting thisresource in Grand Canyon
(Wiele et al. 1996). High flowswill generate high velocities that suspend sediment and may
transport this materia downstream if eddy complexes become flow-through systemsand lose
thelr storage capabilities.

Benefits to Biotic Resour ces

Ponded tributary inflows as thermal refuges for young fish — The primary benefit of a high
steady spring release of 21,400 cfsis ponding of tributary inflows to provide thermal refuges
for recently hatched native fishes that might otherwise descend from warm tributariesinto the
cold mainstem (Clarkson et a. 1994, Mclvor and Thieme 1999). The release of 21,400 cfs
extendsfrom mid-March to theend of May during the period of highest larval transport from
tributaries such asthe LCR (Robinson et al. 1998). Valdez and Rye (1995) surmised from
examination of scalesthat most humpback chub lessthan about 52 mm TL were not surviving
thetransition from the L CR to the colder mainstem. Measured water temperaturesinthelower
LCR over this period were 14-21°C (Gorman 1994) compared with mainstem temperatures
of about 10°C. Flowsgreater than 17,000 cfseffectively ponded the LCR, when at base flow
of 230 cfs(Wegner and Protiva1994). During the 1996 experimental flood of 45,000 cfs, the
LCR was ponded for nearly 1 km, and large numbers of humpback chub staged in the
dackwater (Valdez and Hoffnagle 1999). The flood of late March lasted only 7 days and
occurred before larval transport. The 1996 flood also increased the area of the Paria River
mouth by 8-fold and formed a dlackwater pool 0.76 km long, which was used extensively by
adult flannelmouth suckers staging to ascend and spawn in thistributary (Mclvor and Thieme
1999).
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Dedtabilized habitats to disadvantage non-native fishes— The late April spike of 33,000 cfs
isintended to flood and destabilize shorelines and backwaters, and reduce numbers of non-
nativefishes. Significantly lower densities of non-native fishes were observed in backwaters
and aong shorelines following the 45,000 cfs controlled flood of 1996, but these returned to
former dengities 2-5 months after theflood (Hoffnagleet a. 1999). Thisshort-term reduction
in non-native fishes may provide a window of opportunity during which early life stages of
native fishes can escape predation and competition.

Redistributed nutrients — The April spike is expected to resuspend organic materia stored
along the shoreline and redistribute it into the mainstem. Thismateria will provide nutrients
to the aquatic system through a cascade effect (Parnell et a. 1999).

Reset community production — The spike flow is expected to scour benthic periphyton and
possibly reset community production. The 1996 experimental flood in Grand Canyon scoured
large amounts of benthic periphyton (Marzolf et al. 1999, Brock et a. 1999), resultingin high
primary and secondary production following the flood (Blinn et a. 1999).

Cue mainstem spawning — The only evidence of mainstem spawning by native fishesis for
humpback chub at 30-Mile(Vadez and Masdlich 1999) and flannelmouth suckersinthe Lees
Ferry reach (Weiss, S.J., 1993; McKinney et al. 1998). Also, twenty-three small humpback
chub, including one only 23 mm long, were captured between RM 168 and 208, suggesting
spawning well downstream of the LCR, possibly in the mainstem (Arizona Game and Fish
Department 1996). The April spikemay provide acuefor mainstem spawning (although cold
mainstem temperatures are limiting) or for fish staging to spawn in tributaries. Evidence of
spawning cues from flow and temperature has been found for other Colorado River fishes,
including Colorado pikeminnow (Nedler et a. 1988) and razorback sucker (Minckley et al.
1991). Evidence of spawning cuesfor humpback chubisnot clear, but photoperiod, flow, and
temperature may affect gonadal maturation and timing of spawning individually or
synergisticaly (Valdez and Clemmer 1982, Kaeding et al. 1990, Valdez and Ryel 1995,
Gorman and Stone 1999).

Risksto Biotic Resources

Warm ponded tributary inflows attract non-nativefish predators—Theprimary risk of ponding
tributary inflows is that these sheltered habitats also attract non-native fishes, some of which
arepredatorsof young nativefishes. Non-nativefishes, such ascommon carp, channel catfish,
fathead minnows, and rainbow trout were numerous to abundant inthe ponded L CR inflow
during the 1996 experimental flood (Hoffnagle et a. 1999).
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PERIOD Il: LOW STEADY SUMMER/FALL RELEASE WITH SPIKE (JUNE-
SEPTEMBER)

Benefitsto Abiotic Resour ces

Sediment storage — The low steady summer/fal flow of 8,000 cfsisexpected to transport less
sand and sediment than the current operation, resulting in increased storage of this resource
in the river channel (Wiedle et a. 1996). Thisis beneficia to the system because the stored
sediment can be resuspended and deposited in eddy complexes and shoreline margins with
appropriate high flows.

Spike may resuspend and store sand and sediment — The short-term spike of 33,000 cfs,
scheduled for thelast week of September, could resuspend and store sand and sediment from
recent tributary monsoonal floods, which can deliver large volumes of sediment and sand to
the mainstem (Widle et a. 1996). This material is quickly eroded by the mainstem (Wiele
1998, Wiele et a. 1996) unless it is stored in high elevation eddy complexes and shoreline
margins. Thelong-term benefit of this spike would be to store sand and sediment above the
water linefor MLFF for resuspension and long-term storagewith a subsequent BHBF. These
fines contain valuable organic matter for primary and secondary producers in the agquatic
ecosystem.

Risksto Abiotic Resources

L oss of sand and sediment — The September spike could transport sand and sediment from the
system instead of storing it in eddy complexes and aong shorelines. Flow magnitude and
duration at which sediment transport and storage occurs is not well understood.

Benefits to Biotic Resour ces

Increased growth and survival of young nativefishes— The primary benefit expected fromthe
low steady summer/fall release of 8,000 cfsisincreased growth and survival of young native
fishes as aresult of the combination of stable nearshore and backwater habitats (Converse et
al. 1998) and longitudinal river warming. Vadez and Ryel (1995) and Converseet al. (1998)
hypothesized that changesin river stage from daily hydropower generation and differencesin
monthly release volumes created unstable shoreline habitats for young humpback chub,
leading to increased energy expenditure and predation by brown trout, channel catfish, and
rainbow trout. Similarly, Arizona Game and Fish Department (1996) reported extensive use
of eddy return channels (backwaters) by native fishes, but flow fluctuations and high releases
made these habitatsavailableirregularly. Maximum backwater habitat in studies during 1985
t0 1996 (Anderson et a. 1986; Weiss, J., 1993; M cGuinn-Robbins 1995; Brouder et al. 1999)
occurred at flowslower than 10,000 cfs, with flows of 5,000-8,000 cfsresulting inthegreatest
numbers of backwaters. During summer, water in these backwaters can be much warmer than
the mainstem, offering attractive thermal refuges for young fish. Use of backwatersby larval
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and juvenile humpback chub, flannelmouth suckers, bluehead suckers, and speckled dacein
Grand Canyon is documented (Arizona Game and Fish Department 1996), but talus, debris
fans, and vegetated shorelines are also used extensively (Valdez and Ryel 1997, Converse et
al. 1998). In contrast, young humpback chub in the upper basin do not use backwaters as
extensively, sincethe young hatch during and after spring runoff (Valdez and Clemmer 1982,
Kaedingetal. 1990, Valdez 1990, Vadez et a. 1990) when river flows are usually too high
for formation of low-elevation backwaters (Harvey et a. 1993, Andrews 1986). Juvenile
humpback chub use backwaters in the upper basin transiently (Valdez et a. 1990).

The low steady release is expected to increase longitudinal warming of the Colorado River during
summer months. Releases from Glen Canyon Dam during summer/fall are usually 8-11°C,
dependingonreservoir elevation. Existing temperaturemodel sshow maximum|ongitudinal warming
during summer ranges from 1°C/51 km under interim flows (Vadez and Ryel 1995) to 1°C/48 km
(Korn and Vernieu no date) and 1°C/46 km (Arizona Game and Fish Department 1996) under
MLFF. Low steady rel eases of 8,000 cfscould warmtheriver longitudinally by an additional 1°C/80
km or about 0.625°C/50 km (Valdez and Ryel 1995). Assuming a release temperature of 10°C,
maximum mainstem temperatures at the L CR and Middle Granite Gorgeareexpectedto be 13°C and
16°C, respectively. Low steady flows are expected to result in warm, more persistent backwaters
duringsummer. Under the ML FF, backwatersweresignificantly warmer than themainstem (Arizona
Game and Fish Department 1996). Maximum backwater temperature was 28°C in May and
September, and the highest average of 16.75°C occurred in August.

. Increased autotrophic algal and macroinvertebrate production — Autotrophic alga and
macroinvertebrate production in the mainstem, shorelines, and backwatersislikely toincrease
if water clarity and temperatures increase (Stevens et a. 1995, Benenati et al. 1998, Blinn et
al. 1998). Vadez and Ryel (1995) measured asignificant increasein water clarity whenflows
changed from fluctuating releases of 7,000-25,000 cfs to a steady 3-day release of 5,000 cfs.
Water clarity increased dramatically within 24 hoursfrom about 1.0 mto 5.5 m Secchi depth.
Water clarity decreased to about 2.0 m Secchi depth with a steady release of 15,000 cfs.

While warmer water temperatures are expected to enhance shoreline and backwater primary and
secondary production, a possible offsetting effect of warmer temperatures could be a change in
composition of the diatom epiphyte community from more upright taxa available to grazing
invertebrates, to more closely attached, unavailable taxa (Blinn et a. 1998).

. Mainstem egqg incubation and hatching success — In the lower reaches of the canyon,
longitudina warming is likely to produce suitable temperatures (16-22°C) for successful
mainstem egg incubation and hatching of native fishes. This temperature range is also
considered optimum for survival and growth of humpback chub (Hamman 1982, Marsh
1985). Stable flows will decrease susceptibility of eggs to exposure and desiccation.

. Spikeflow flushes non-native fishes from backwaters and shorelines — The main purposefor
the 4-day spikereleaseof 33,000 cfsin late September isto displace and disadvantage small
forms, especially early lifestagesof non-nativefishes, by flooding and destabilizing shorelines
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andbackwaters. Thisflooding isexpected to transport non-native fishesdownstream and into
high velocity environments, where their survival is expected to be low; many non-native
species in Grand Canyon are primarily slow-water inhabitants and are ill-adapted to swift
currents. The spikeis similar to natural late-summer rainstorm events and is not expected to
adversely affect yoy native fishes (Hoffnagle et al. 1999). The mgjority of these fish should
be a a juvenile Il stage, which have less dependence on shallow protected shorelines
(Converseetd.1998). The spike may also resuspend, transport, and store sand and sediment
from recent tributary monsoonal floods. These floods can deliver large volumes of sediment
and sand to themainstem (Widleet al. 1996, Wiele 1998). The long-term benefit of this spike
istemporarily to store sand and sediment for resuspension and more long-term storage with
a subsequent higher release. This sand helps to form eddy return-current channels, which
function asbackwater fish habitats. A spikerelease shortly after amonsoonal flood will serve
to resuspend and store fine sediments and organic matter that are usually transported from
Grand Canyon within weeks (Wiele et al. 1999).

Risksto Biotic Resources

Mainstem reproduction by non-native fishes — Of the 13 non-native fish species presently
found in Grand Canyon, 11 are warm-water forms with similar temperature requirements to
thefour native species. Low steady releasesarelikely to increase reproduction of warm-water
fishes, especialy along shorelines and in backwaters Increased abundance and distribution
of non-native species could result in increased competition and predation on native forms
(Minckley 1991).

Increased growth and survival of non-native fishes— The primary risk of alow steady release
isincreased numbersand distribution of warm-water, non-native fishes, which are competitors
and predators of native fishes (Minckley 1991). Of the 13 non-native speciesrecently found
inGrand Canyon, 11 are warm-water formswith smilar temperature requirementsto thefour
native species. Low steady releases are likely to allow for reproductive success and increase
growth and survival of non-nativefishesin the mainstem. The low steady release may result
in increased water clarity of the mainstem Colorado River, in the absence of tributary
sediment-laden floods, and possibly increasetherisk of predation by sight feeders (Vadez and
Ryd 1995, 1997). It isunderstood that, while a decrease in turbidity is expected, it may not
be biologically significant (Hoffnagle 1996).

Increased infestation of parasites and diseases — Warmer water is aso likely to increase the
incidence of parasites and diseases among fishes and increase stress and possibly mortality.
The Asian tapeworm (Bothriocephalus acheilognathi) requires 25°C for maturation and
reproduction (Grannath and Esch 1983), while the parasitic copepod (Lernaea cyprinacea)
requiresat least 25°C for parasitizing of fish (Marcogliese1991). Both parasitesare prominent
in fishes of Grand Canyon (Brouder and Hoffnagle 1997, Clarkson et al. 1997, Valdez and
Ryel 1995), and could reduce survival of fish through increased stress. Facultative fungal and
bacterial infectionsare also morelikely to occur at warmer temperatures(Stoskopf 1993). The
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protozoan parasiteMyxobolus cerebralis, known aswhirling disease, iswidespread andisalso
temperature dependent (Hoffman 1990); spores form and fish show symptomsin 52 days at
17°C, 3 months a 12°C, and 4 months at 7°C (Halliday 1973). This parasite is known
primarily from salmonids, which occur in the dam tailwaters, an area not likely to be
significantly affected by longitudinal warming, and further downstream near tributary mouths.
Whirling disease has not been reported in any fish speciesfrom Grand Canyon (Pers. Comm.,
Bill Persons, Arizona Game and Fish Department).

Decreased drift of food for fish — Low steady releases are likely to decrease drift of
macroinvertebrates and detritus as food for fish. Vadez and Ryel (1997) reported that the
higher macroinvertebrate drift rates during fluctuating flows than during steady flows was
reflected in diets of humpback chub.

Minimized thermal plume at 30-Mile — Post-larval humpback chub were reported from a
riversidewarm spring at 30-Mile (i.e., 72kmdownstream from Glen Canyon Dam) indicating
successful spawning in this warm spring (Vadez and Masslich 1999). The therma plume
from this spring becomes entrainedinarecirculating eddy at mainstemflows of 15,000-18,000
cfs, providing athermal refuge and a benefit to recently hatched humpback chub. Releases
lower than 15,000 cfs stop the recirculating eddy effect and wash the spring plume
downstream, quickly diluting the thermal effect. Humpback chub at the 30-Mile aggregation
are al adults, indicating little or no recruitment, and suggesting that these fish were hatched
before 1970 when mainstem temperatures were sufficiently warm (Vadez and Ryel 1995).

Predation due to increased water clarity — A low steady release of 8,000 cfs may result in
increased water clarity of the mainstem Colorado River, in the absence of tributary sediment-
laden floods (Valdez and Ryel 1995). While increased water clarity is likely to increase
autotrophic production, it also increases the risk of predation by sight feeders, such asbrown
trout and rainbow trout, on native fishes.

PERIOD I11: LOW STEADY WINTER RELEASE (OCTOBER-FEBRUARY)
Benefitsto Abiotic Resour ces
Sediment storage — The low steady winter release of 8,000 cfsis expected to transport less

sand and sediment than the current operation, resulting in increased storage of this resource
(Wiele et al. 1996).
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Risksto Abiotic Resources

No significant risks are expected for abiotic resources.

Benefitsto Biotic Resour ces

Increased survival of young nativefishes— Surviva of young-of-the-year humpback chub in

the first year of lifeis estimated at 0.10 (Vadez and Ryel 1997). It ishypothesized that more
stable shorelines and backwaters will increase overwinter survival of native fishes.

Maintain stable winter conditions — Winter is one of the most stable periods for fish. Flows
are typicaly low and stable, and cold water temperatures reduce community and fish
metabolism (Schmidt et a. 1987). Low steady winter flows will simulate natural flows.

M aintain overwinter autotrophic production—Comparedto MLFF, low steady flowsarelikely
to produce greater overwinter autotrophic production of algae and macroinvertebratesin the
main channel, shorelines, and backwaters.

Risksto Biotic Resources

Overwinter survival and expansion of non-nativefish—Expansion of non-nativefishesduring
low winter releases of 8,000 cfs may occur. Thelate September 4-day spike of 33,000 cfsis
designed to disadvantage non-native fishes before winter.

Greater spawning success of downstream populations of trout — The primary risk of alow
steady winter release is increased mainstem and tributary inflow spawning by populations of
rainbow trout and brown trout downstream of Lees Ferry (Arizona Game and Fish
Department 1994). Local populations of rainbow trout at Vasey’'s Paradise, and inflows of
Nankoweap Creek, Bright Angel Creek, Deer Creek, and other tributaries are likely to have
higher reproductive success as a result of the steady flows, resulting in increased numbers of
trout. Rainbow and brown trout from these downstream populations are thought to be the
principal predators of young humpback chub (Valdez and Ryel 1997, Marsh and Douglas
1997). Mark-recapture studies show no significant downstream movement of tailwater trout
to areas inhabited by humpback chub (Valdez and Ryel 1995).

Increased predation by sight feeders — If water clarity increases, predation of native fish by
sight feeders such asrainbow and browntrout, known predators of native fishes, may increase
aswell (Vadez and Ryel 1995, Marsh and Douglas 1997). Rainbow trout are known to
significantly decrease reactive distanceto prey itemsat turbidity levels of >30 NTU, or about
<0.5 m Secchi depth (Barrett et a. 1992).
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. Expansion of non-native fish — Rainbow trout and brown trout and other non-native fishes
may disperse during low winter releases.  Significant downstream displacement of rainbow
trout was recorded as aresult of the 1996 experimental flood (Hoffnagle et a. 1999).

. Decreased drift of food for fish—Decreased drift islikely tooccur, but isnot expected to result
in asignificant loss of food for fish. October through February is an important period for
humpback chub to improvetheir fat level and body condition before spawning (Kaeding and
Zimmerman 1983, Meretsky et a. 1999).

4.0 EVALUATION AND MONITORING

We recommend a program of experimenta flows that will be evaluated by establishing a 1-year
baseline, supported by data of past studies, against which at least two 1-year treatments will be
independently compared. Lack of ongoing, long-term monitoring data and the low likelihood of
consecutive low watersyearsprecludetime seriesanalysis. Hypotheses should be tested to determine
the responses by fish to these treatments and compared with the baseline. We understand that one of
the primary limiting factorsfor thesuccessful evaluation of the effects of asteady flow experiment will
be climatic vagaries that render prediction of inflow into Lake Powdll difficult over any substantial
length of time. Low predictability makesit difficult to plan and implement dam rel ease regimes and
scientific evaluation of those regimes over multiple seasons and consecutive years. Still, we must
propose an experiment that includes as much scientific rigor as possible under the circumstances.

Since the purpose of the EF isto alter conditions such that native fishes will benefit more than non-
native fishes, the goa of the experimental design is to evaluate relevant life history parameters to
determinewhether native and endangered fishes respond favorably as shown by significant changes
in these parameters. Whilethe experimental study design eval uates short-term responses, an ongoing
program of monitoring is imperative for thorough evauation of long-term responses of EF. This
research plan isbroad in scope and intended to provide theframework for afinal detailed study design,
including the formulation of specificresearch hypotheses, that must be refined by the researcherswho
will be collecting and analyzing the field data.

41 THE EXPERIMENTAL STUDY DESIGN

Each 1-year experimental flow of approximately 8.23 maf (EF,,;) is considered an independent
treatment against which a 1-year baseline of MLFF with approximately 8.23 maf (MLFFg,;) is
compared (Figure 6). The treatments are compared against a baseline of similar flow volume to
minimizethe confounding effects of water volume. Theyear of MLFF, ,; must precede the EF ,; to
avoid ashiftinecological equilibrium and confounding of conditions created by the EF, ,; i.€., ffects
of atreatment could alter baseline conditions. Hence, thefirst year with an expected rel ease volume
of approximately 8.23 maf would be operated under current operations of MLFF to establish
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a baseline of information. Baseline data will be supplemented with information gathered in past
investigations (Kaeding and Zimmerman 1983; Maddux et al. 1987; Valdez and Ryel 1995, 1997;
ArizonaGame and Fish Department 1996; Douglas and Marsh 1996, 1998; Gorman and Brambl ett
1999).

Dam modifications to control downstream temperatures could have a significant effect on this
experimental study design if not implemented equally for the baseline MLFF ,; and at least 2 years
of the EFg ,, treatments. If dam modifications are not completed in time for the baseline MLFF, ,,,
then at least 2 years of EF; ,; must be conducted before implementation of temperature controls.
Since temperature and flow are the primary variables of thisexperiment, as much control as possible
should be maintained over these variables.

Since low-volume years of approximately 8.23 maf may not occur consecutively, each EF; ,; is
considered an individual treatment. A low-volume dam rel ease of approximately 8.23 maf (<8.5 maf)
has occurred in 16 of 35 water years (46%) for the post-dam period, 1964-99 (USGS stream gage
data, LeesFerry, Arizona). During that time, two or more consecutive rel eases of approximately 8.23
maf occurred five times with a 26% probability of a future occurrence. The last consecutive
occurrence of 8.23 maf releases was in water years 1988, 1989, and 1990, and the greatest number
of consecutive years of approximately 8.23 maf releaseswasin 1976, 1977, 1978, and 1979. Since
each EF; ., is considered an independent treatment, lack of consecutive order between the baseline
and treatment will not affect the experimental study design. Dam releases during 1988-1990 were
under high fluctuating releases and research flows (Valdez and Ryel 1997); therefore, some data
collected during 1989-1990 (no datawere collected in 1988) under GCES Phase Il (Valdez and Ryel
1995, Arizona Game and Fish Department 1996) may be useable as baseline information.

Although the program of experimental flows consistsof a1-year baseline of MLFF, . andat leasttwo
treatment years of EF ,,, lifehistory parameterswill be eval uated in time series within each treatment
and at the end of each treastment year. Significant negative responses (e.g., large numbers of non-
native fishesand low numbers of nativefishes) will be evaluated and the experiment either terminated
or re-evaluated and modified (see section 3.8). Monitoringisacritical part of evaluating thisprogram
of experimental flows sincetrestment evaluation isfor a short-term response that may have long-term
biological consequences.

This experimental study design imposes no restrictions on dam operations during yearswith rel eases
greater than approximately 8.23 maf. Nevertheless, it isimportant to understand that special releases,
such as a BHBF in an intervening year between the baseline and atrestment, or between treatments,
couldalter prior conditions and confound the experiment, possibly leading to faulty conclusionsabout
accepting or rgecting hypotheses. This situation points out the need for a monitoring program to
evaluate ongoing dam operations.
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4.2 PRIMARY HYPOTHESESTO BE TESTED
The two primary hypotheses to be tested are:
Ho I: No significant changes will occur in life history parameters of native fishes.
Ho I1: No significant changes will occur in life history parameters of non-native fishes.

The life history parameters to be tested under each of these hypotheses include growth, survival,
condition, recruitment, density, and distribution. Additional hypotheses should be devel oped for each
life history parameter for sub-adults and adults of each species of native and non-native fishin Grand
Canyon. The list of specific hypothesesislong and redundant, and only the hypothesis for growth
of pre-adult humpback chub is presented bel ow asan example. A list of potential detailed hypotheses
developed by GCMRC is provided as Appendix A.

Hol: Growth of pre-adult humpback chub during experimental flows (i.e., EFg ;) will not differ
significantly from growth under modified fluctuating flows (i.e., MLFF ;).

Growth is defined as the increase in length of sub-adult or adult fish during the 1-year baseline or
during each 1-year trestment, and ismeasured directly from cal culated mean lengths at the beginning
and end of each 1-year period. Surviva isthe number of fish of each cohort remaining at the end of
the baseline or each treatment, and can be assessed directly from decreased abundance or calculated
from survival models based on mark-recapture data (Brownie et al. 1985). Condition of adults can
be computed as relative condition factor from accurate field weights and lengths of individua fish
(Meretsky et al. 1999), while condition of sub-adults and small-bodied fishescan be better determined
by relativeweight (i.e., weight of samplesof fish; Murphy et al. 1991). Recruitment is defined asfish
surviving between subsequent age groups and can be based on relative density and/or population
estimates, or survival and recruitment models (Ricker 1975). Long-term recruitment of young fish
through more than one age group to adulthood must be evaluated through a long-term monitoring
program. Abundancewill be determined as population estimators (from multiple mark-recapture) and
catch rate indices (catch-per-unit-effort; CPE). Where possible, mark-recapture techniques will be
used to derive population estimates, since gear types vary in efficiency they may not be consistently
based on spatial or temporal sampleefforts. Population estimators (Chao 1987, 1989) similar to those
used by Douglas and Marsh (1996, 1998) and by Valdez and Ryel (1997) should be used.
Distribution will be determined as occurrence of fish longitudinally aswell as by habitat type.

Although in this document we focus on attempting to quantify fish responses to the EF, to identify
specific cause and effect relationships between dam releases and fish responses we fully expect
investigators to test hypotheses associated with responses in physical habitat parameters as well,
particularly effects of the EF on nearshore water temperature and vel ocity.
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43 SAMPLE FREQUENCY

Field sampling to evaluate life history parameters of native and non-native fishes will be conducted
in late-June, early October, and February of the baseline MLFF; ,; and each treatment EF, ,; (Figure
6). All sample periods occur during 8,000 cfsto reduce the effect of flow on sampling efficiency and
variability. The late-June sample follows the high steady release period and provides a baseline
measure of cohort abundance, distribution, and sizefor al native speciesin the system and most non-
natives. Juneisatimewhen sampling variability in Grand Canyonislesslikely to be exacerbated by
variableriver flows and turbidity brought on by monsoona storm events, which usually occur mid-
July to mid-September. The second sample period in early October isdesigned to provide an interim
measure of life history parameters and eva uate effects of the late September spike. October is also
a time when sampling variability in Grand Canyon is less likely to be exacerbated by flows and
turbidity. The third sample period in February provides data collection at the end of each treatment
and is designed to provide data for estimates of fish numbers, growth, survival, condition, and
recruitment. Since October occurs within the non-motorized season (15 September - 15 December),
awaiver for motorized support and sampling boats will be necessary to carry out the fish sampling.

44  ANALYSES

Evaluation of the EF will be based on comparing data gathered on life history parameters (growth,
survival, conditions, recruitment, density and distribution) during treatments (EF; ,,) with baselinedata
(MLFFg,; and recent studies). Hypothesis testing will determine if a significant response has
occurred, based on alpha level of 0.05. Statistical analyses to be performed will depend on the
characterigtics of datadistributions. Datawill beevaluated for normality and kurtosis (Sokal and Rohlf
1987) to determine the most appropriate averaging statistic for mean comparisons. McAda (1989)
investigated several methods of dataanalysisfor the upper Colorado River basin monitoring program
and determined that for CPE, geometric-mean was more appropriate than standard arithmetic mean
because of the high occurrence of zero catches and non-normal distributions.

Causal relationships may not be as evident asbiological responses. A “weight-of-evidence” (Beyers
1998) approach recognizes the shortcomings of traditional statistical analyses with large field
experiments, such as this one, that lack randomization, replication, and controls. Statistical analyses
provide evidence of a change in resource parametersand arecritical for any objective understanding
of system response, but without replication, causal relationships can be difficult to establish. The
“weight-of-evidence” approach bases causal inference on a series of logical arguments based on
criteria established a priori and concordant with laboratory and field results. Causal inference with
theuse of logical argument, supported by available data and analyses, is consistent with therigors of
the scientific method. With the ecosystem perspective in mind, evaluation of the experiment would
be done by determining if the treatment caused a shift in the fish community/assemblage toward a
better situation for native fishes.
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45 ROLE OF MONITORING

An ongoing fish monitoring programin Grand Canyon is vital to successful and complete evaluation
of a program of experimental flows. Although the experimental study design described in this
program provides short-term evaluation of treatments, monitoring is important to evaluate responses
to treatments that may have long-term biological consequences. Long-term biological responses
require ongoing monitoringto better understand population cyclesand linkagesto physical, chemical,
and other environmental factors. Based on the longevity and generation time of the Colorado River
nativefishes, and inherent variability in populations, it isestimated that at least 10 years of monitoring
would be required to accurately evaluate long-term biological responsesto EF. This period may be
much longer, considering climatic variations and the frequency of occurrence of low-water years.

Ongoing, annual monitoring will also contribute substantially to baseline data and information.
Monitoring data should be compared on an ongoing basis to past data and to the 1-year MLFF; ,,
baseline for integration and congruence of data that represent the life history parameters of the fish
gpecies in Grand Canyon. These integrated baseline data will provide valuable information for
comparison of treatments under the program of experimenta flows.

Stock-recruitment models haverecently beenrecommended asavehiclefor assimilation and synthesis
of fishery data from Grand Canyon (Pers. Comm., Carl Walters, University of British Columbia,
2000). Mark-recapture data can be used in these model sto assess cohort strength and recruitment that
result from avariety of demographic and environmental conditions, such asreproductive success, and
growth, survival, and predation rates. During the years 2000 and 2001, stock recruitment modelswill
be devel oped for each of the native fish speciesaswell asthe more significant non-native fish species.
Data collected from past investigations will be used in these model s, and future data collection needs
will beidentified.

46 ROLE OF GRAND CANYON CONCEPTUAL MODEL

Development of the conceptua modd for the Colorado River ecosystemin Grand Canyon (Waltersand
Korman 1998, 1999) revealed major uncertainties about the aguatic ecosystem from a lack of linked
quantitativedata. Estimatesof fish life history parameters are scant and lack synthesisand integration
with other canyon resources. Thisprogram of experimental flowswill help tofill those datagaps, and
the model will help to provide abetter understanding of flow-related causal relationshipsand linkages
to other resources. The model can also be used to synthesize and integrate information and provide
insights into competition, predator-prey relationships, and responsesto EF. Time-seriesanaysescan
be used to test long-term resource responses and better understand resource linkages. The proposed
EF hydrograph will be evaluated with the conceptual model before implementation.

The successful evaluation of a program of experimenta flows will be measured by the information
gathered and the knowledge gai ned about the ecosystem. Theresults of thisEF program will provide
valuable information for the conceptual model and increase the accuracy and precision of predicting
aguatic resource response for given dam management scenarios.
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4.7 A NON-NATIVE FISH CONTROL STRATEGY

Non-native fishes are identified asamajor limiting factor for native fishes in the Colorado River in
Grand Canyon (Minckley 1991, Waltersand Korman 1999). A significant concern with thisprogram
of experimental flowsisapositive response by non-native fishes and a subsequent negative effect on
native species from increased predation and competition. Since many non-native fishes are warm-
water species with similar life history requirements to the native forms, the conditions of stable
shoreline habitats, warm backwaters, and enhanced production are likely also to benefit non-native
species. A non-nativefish control strategy isimperative before starting the EF (Valdez and Carothers
1998). That strategy must incorporateinstitutional, operational, and ecological considerationsrelative
to controlling non-nativefish. 1t must include efforts to determine the likelihood of response by each
of the non-native fish species in Grand Canyon, and methods and strategies for controlling these
species in case dendties and distributions increase significantly because of the EF (Valdez et al.
1999b). A non-native fish control strategy, devel oped for the upper Colorado River basin (Tyusand
Saunders 1996), may serve as amodel for a program in Grand Canyon.

48 ROLE OF ADAPTIVE MANAGEMENT

In the RPA, the FWS couches the experimental flows within the framework of the Adaptive
Management Program, a common element of al GCDEIS alternatives. The RPA (FWS 1994)
embraces the adaptive management approach as follows:

Werecognizethat theaquaticandterrestrial ecosystems below Glen Canyon Damare gtill adjusting
to impacts from dam operations that will continue into the future. Thus, the need for adaptive
management. Actions taken through this approach must be based on an integrated resource
approach, and, asdiscussed by Hilborn (1992), an activerather than a passive lear ning systemthat
includes deliberate experimental design.

Adaptive management usesscientific methods and information to help formul ate, adjust, and improve
management strategies (Holling 1978, Lee and Lawrence 1986, Walters 1986, Hilborn 1992). In
Grand Canyon, adaptive management:

. . .encompasses dam-operation experiments (such as controlled floods and daily flow regimes)
hypothesized to achieve downstream ecosystem benefits; monitoring effects of those experiments;
research to explain those effects;, design of new experiments to more fully achieve ecosystem
benefits; and stakehol der-guided policy experimentstoweighmonitoring andresearchresultswhen
recommending dam-operation experiments and adjustments to the Secretary of the Interior
(National Research Council 1999).

Adaptive management plays an important role in implementation and evaluation of the steady flow
experiment. Through adaptive management, information gathered from this experiment can be used
to determineif low steady summer flows, or some other component of the experiment, are beneficial
to the native fishes and should be incorporated into the annual operation plan for Glen Canyon Dam.
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Thisexperiment will also provide insights into responses by other resources in Grand Canyon to the
experimental flows, and the information gathered can be used to better manage the entire ecosystem.

49 SAFEGUARDS AND CRITERIA FOR TERMINATING OR DISCONTINUING
EXPERIMENTAL FLOWS

Thefollowingisarecommended saf eguard protocol for either terminating atreatment or discontinuing
the experiment. It may be necessary to terminate a treatment if an undesirable response is observed
or measured that isconsidered to be a risk to human safety, or irreversible and ecol ogically damaging,
such as a large invasion of non-native predatory fishes from Lake Mead or a sudden outbreak of
disease or parasites. It may aso be necessary to discontinue the program of experimental flows if
negative responses outweigh positive responsesor if no significant responses occur over areasonable
period of time. Thedecisionto either terminateatreatment or discontinuethe program should be made
as part of the adaptive management process, withtheunderstanding that this program isan experiment
inwhich achieving abalance between successful testing of flowsand averting ecologica disaster has
to be an ongoing process.

4.9.1 Immediate Termination of a Treatment

A safeguard methodisrecommended for implementationto avert possibledel eteriouslong-termeffects
from EF on the aquatic ecosystem. Using empirica data as definitive evidence of an adverse or
undesirable effect to justify terminating a treatment is tenuous, at best. Inherent natural and sampling
variability, as well as time required for analyses, preclude an immediate response and decision for
termination. Criteriathat may congtitute termination of atreatment are:

1. Unacceptable risks to human safety from rafting incidents because of low flows.
2. Unacceptable river water quality leading to human health risks.

3. Large numbersof large predatory species(e.g., striped bass, walleye, channel catfish) moving
from Lake Powell or Lake Mead into the region of the LCR.

4, Large outbreaks of fish diseases or parasites with substantial deaths of individuals.

5. Significant loss of the food base.

We recommend that the evaluation of termination criteria be the responsibility of GCMRC in
consultation with an Experimental Flows Committee formed before EF implementation. Members of
this committee would be appointed by the TWG and consist of the following seven individuals:

1. A representative of GCMRC, who would serve as Chairperson of this committee;

2. The Chairperson of the Technical Work Group;
3. A representative of the FWS,
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A representative of Reclamation;

A representative of the Arizona Game and Fish Department;
A representative of Grand Canyon Nationa Park; and

The Principal Investigator for fisheries investigations.

No gk

Werecommend thefollowing procedure (Figure 7): the Principal Investigator should notify GCMRC
of significant deleterious threats to humans or to the aguatic ecosystem within 10 days after afield
sampling trip. The GCMRC chairperson should then call an emergency meeting of the Experimental
Flows Committee (Committee) within 1 week of the notification. Because of the short notice, the
Chairperson may have to conduct the meeting viaa conference call. After the issues of concern are
discussed, GCM RC would decide whether to terminate atreatment based on arecommendation from
the Committee. The decision should be rendered within 1 week of the filing of concern. This
committee would also make recommendations to GCMRC for coordinating EF with other flow
requirements of Glen Canyon Dam (i.e., habitat/beach building flows, habitat maintenance flows).

4.9.2 Discontinuation of the Experiment

In addition to emergency termination of atreatment, procedures should bein placeto discontinuethe
program of experimental flowsif it fails to meet program objectives. We recommend that AMWG
havethe responsibility to discontinuethe program based on arecommendation from the Experimental
Flows Committee and consultation with the TWG and GMCRC, as appropriate. That decision may
be made if the following criteria are met:

1 The magjority of primary hypotheses do not result in desirable resource responses, or
2. Possible irreversible deleterious effects or damage to the aquatic ecosystem outweigh the
benefits or positive effects.

The decision to discontinue the program of experimental flows should be based on the results of the
evaluation studies. No significant improvement in target resources (e.g., growth and survival of
humpback chub), and deleterious measurable effects (e.g., significant increases in density and
distribution of non-native fishes) are grounds for ending the program of experimental flows.
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Principal Investigator Informs GCMRC of
Adverse/Undesirable Effect(s) of Experiment

GCMRC Convenes Experimental Flows
Committee within 1 Week of Receiving
Written Concern

Committee Recommends to GCMRC Committee Recommends to GCMRC
to Terminate Experiment to Continue Experiment

GCMRC Decidesto Terminate GCMRC Decides to Continue
Experiment and TWG is Advised of Experiment and TWG is Advised of
Action Action

Figure 7. Decision chart for immediate termination of a treatment.
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5.1

5.0 IMPLEMENTATION AND ESTIMATED COSTS

STEPSFOR IMPLEMENTATION

Implementing a program of experimental flows at Glen Canyon Dam requires concurrent action in
four genera areas: technical, administrative, political, and legal. Management of the Grand Canyon
has its own unique set of circumstances and requirements that are identified in each of the following
generd aress.

511

COoNT~WNE

5.1.2

Technical Steps— These steps describe a suggested approach to implementing the program
of experimental flows as described in this document.

Identification and prioritization of studiesto evaluate EF

Final Scopes of Work to the TWG

Development of Requests for Proposals (RFPs)

Review of proposals and cost estimates

Issuance of contracts and coordination meeting of researchers

Coordination and arrangement of logistical support

Implementation and coordination of field work

Receipt of progress, annual, and final reports into an integrated monitoring program
Progress Reportsto the TWG

Administrative Steps — These steps, which would be conducted concurrently, address
permitting and agency compliance and coordination.

National Environmental Policy Act

a Determine level of significant effects

b. Develop Environmental Assessment (EA) on the specific federal action
C. Integrate into Programmatic EA

d. Coordinate with State and Federal entities

Coordinate with Fish and Wildlife Service

a Ensure that program is consistent with Biological Opinion

b. Continue informal consultation through program evaluation
Coordinate with Reclamation

a Ensure that the EF hydrograph is part of Annual Operating Plan
b. Coordinate releases to correspond with the EF hydrograph
Coordinate with Arizona Game and Fish Department

a Obtain scientific collecting permits

b. Conduct ongoing liaison and coordination

Approval from Grand Canyon National Park

a EA approval

b. Research permits for each study and trip permits for field work
Approval from Glen Canyon National Recreation Area
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10.
11.

5.1.3

s w

5.14

oSouhrwnN B

~

a EA approval

b. Research permits for appropriate studies and trip permits for field work

Cultural Resource considerations

a Grand Canyon National Park

b. Glen Canyon National Recreation Area

C. Triba groups

d. Coordinate with State Historic Preservation Officer

Funding approval from Reclamation, Western Area Power Administration, and power user
associations

Develop contracts and agreements for funding specific studies

Follow-up on funding with Reclamation and others

Coordinate field schedule with Grand Canyon Nationa Park to acquire all river permits and
obtain approval before issuing Work Ordersto contractors. Make sure al parties have river
permits and scientific collecting permits in hand before they get to Lees Ferry

Palitical Steps— The following are recommended political steps. Specific actionsat thetime
of the EF program would depend on current political circumstances.

Flow Releases outside of normal operations at Glen Canyon Dam
a Secretary of the Interior sign-off

b. Coordinate with the seven Colorado River basin states

Native American considerations

a Coordinate with the tribes on potentially impacted areas and resources - personal
meetings

Respond to conservation community and recreation group considerations
Contact and advise appropriate State and Federal offices of research flows. Work with the
public relations staff in each office. Provide new releases for usein interviews.

Legal Steps — These steps are best taken as an ongoing process. Lega issues can be
minimized or avoided with appropriate communications in advance of an EF program.

Respond as necessary to potential lawsuits (environmental groups, special interests, private
citizens)

Ensure all NEPA documentation are signed and filed

Ensure all ESA documents are signed and filed

Ensure all cultural compliance documents are signed and filed

Ensure all Grand Canyon National Park research permits are signed and filed

Ensure each biologica researchers have appropriate collection permits in hand before they
launch

Ensure that all river permits are signed and filed with Grand Canyon National Park before
launch
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52 CONTINGENCY ACTIONS

Itisimpossible to predict all situations and scenarios associated with developing and implementing a
program of experimental flows. The most effective contingency is to develop anetwork of contacts
that could be engaged as specific problems arise. These contacts include:

1 Grand Canyon Nationa Park
— Chief Scientist
— River Subdistrict Office/Rangers
2. U.S. Bureau of Reclamation
— Dam Operations Office
— Regiona Director
— Logistics Support (e.g., helicopter pilot)
3. U.S. Fish and Wildlife Service
— Endangered Species Coordinator
— Grand Canyon Coordinator
4, Arizona Game and Fish Department
— Grand Canyon Coordinator
— Permits Office
5. Native American Groups
— Tribal Contacts
— Tribal Chairs and Councils

53 COSTSAND LOGISTICS

Estimated costs for implementing the EF program described in this document are $400,000-$450,000.
These costsincludethreefield sampletripsper year, dataentry and analysis, and reports. Each sample
trip is estimated to be 20 days long and will require guides, support boats, food packs, and logistical
support. Costs are based on six biologists per trip together with two motorized sampling boats (1
electrofishing, 1 netting) and samplegear. The program of experimental flows consistsof aminimum
of 1 year of baseline and 2 years of trestments. Although baseline and treatments are not likely to
occur in consecutive years, evaluation studies should be conducted by the same group to provide
continuity and reduce sampling variability. Changes in power revenues resulting from program
implementation are not factored into these estimated costs, nor are costs to evaluate resources other
than fish assemblages.

54. RECOMMENDATIONSFORIMPLEMENTATION

Implementing aprogram of experimental flowsisasubstantial commitment in time and money for the
Grand Canyon Adaptive Management Program. Because of alow probability (26%) of consecutive
years with forecast releases of approximately 8.23 maf from Glen Canyon Dam, the program could
potentially span 10 years or more for completion of the 1-year baseline and the two subsequent
treatments. The high probability of discontinuity between the baseline and the treatments dictates
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implementation of atreatment study design over a more powerful time series analyses. Thisleadsto
a greater risk of faulty conclusions, particularly with the greater interval between the baseline and
treatments or between treatments, when other experimental management actions may beimplemented
(e.g., BHBF, temperature control device).

We recommend identification and prioritization of experimental management actions to minimize the
confounding interactive effects of multiple treatments. To truly test a given management action, it
should be allowed to run to its full conclusion under a set study design, before implementing other
actions that depart from the ML FF operations, as described in the GCDEIS. Because atemperature
control devicemay be3-5yearsfromenvironmental clearance, funding approval, design, construction,
and implementation, it would be prudent to implement the program of experimental flowsassoon as
possible. Wetherefore recommend refining the requirement of aprogram of experimental flowsfrom
“approximately 8.23 maf” to approximately 9.0 maf. Based on the period 1964-99, dam releases of
9.0 maf or lessoccurred in 26 of 35 years (74%), with a 67% probability of two or more consecutive
years. This places amuch higher probability that the program of experimental flows could beginin
the year 2000 and be conducted in consecutive years using time series analyses. A major weakness
in the long-term evaluation of this program is lack of aformal fish monitoring program.
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APPENDIX B
EVOLUTION OF EXPERIMENTAL FLOWS

B1.1 THE BIOLOGICAL OPINION

The concept of experimenta flows was firgt identified as element 1a. of the RPA of the Draft
Biological Opinion on the Operation of Glen Canyon Dam on 19 May 1993 (FWS 1993), which
statedthat “...Reclamation shall pattern water rel easescomparablewiththenatural hydrograph...during
low release years (8.23 maf)....” The purpose of the release pattern was “...to facilitate natural
ecosystem processeswhichinclude accommodating the needs of endangered and other native fishes.”
The Fina Biological Opinion of 21 December 1994 (FWS 1994) retained the concept of a natural
hydrograph and identified a program of experimental flows as part of an RPA:

A program of experimental flows will be carried out to include high steady flowsin
the spring and low steady flowsin summer and fall during low water years (releases
of approximately 8.23 maf) to verify an effective flow regime and to quantify, to the
extent possible, effects on endangered and nativefish. Sudies of high steady flowsin
the spring may include studies of habitat building and habitat maintenance flows.
Research design and hypotheses to be tested will be based on a flow pattern that
resembles the natural hydrograph, as described for those seasons in the SASF.

The RPA was developed with the stated objective of attaining “...riverine conditions that support all
life stages of endangered and native fishes...” (FWS 1994). Although the Biological Opinion
expressed concern for al native fishes, elements of the RPA focused on the humpback chub.
According to the RPA, the 470-km reach of the Colorado River downstream of Glen Canyon Dam
does not appear to provide suitableconditionsfor al life stages of thisspecies. In particular, thisreach
does not provide an environment for successful spawning and recruitment. The Biological Opinion
also noted that only marginal habitat for adult razorback suckers has been identified in the mainstem
downstream of Glen Canyon Dam. The opinion recognized that the razorback sucker israrein Grand
Canyon, and that riverine conditionsthat support recruiting populations of the species have not been
found. Nevertheless, the FWS maintained that the stretch of the Colorado River through Grand
Canyon provides one of thefew remaining opportunitiesfor recovering the razorback sucker because
of its “...length, management direction, and limited number of non-native fish species...” and its
“connection to Lake Mead” (FWS 1994).

Inthefinal opinion, the program of experimental flowswas designed to begin as soon aspossiblewith
scheduling dependent on annual river volume (FWS 1994):

Design of the experimental flows and associated studieswill begin assoonaspossible
and be targeted for completion by October 1996. Unless the Service determines
information provided serioudy questions the validity of experimental designs
developed or contribution of the resulting data to remove jeopardy to the federally-
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listed aquatic fauna of the Grand Canyon, experimental flowswill beinitiated in April
1997. If sufficient progress and good faith effort is occurring towards initiating
experimental flows, implementation of experimental flows may occur later in 1997.
If the Service believesthere is not sufficient progress, Glen Canyon Dam would be
operated as SASF flows during spring through fall (April to October) beginning in
1998. If the Service determines a study design can not be devel oped that is expected
to provided [sic] information to support removal of jeopardy to the razorback sucker
and humpback chub populations in the Grand Canyon and associated tributaries,
such will be considered new information and may be grounds for reinitiating formal
consultation.

The program of experimental steady flows identified in the opinion would be based on flow patterns
described for the seasonally adjusted steady flow (SASF); implemented only in low-water years, or
yearswith releases of approximately 8.23 million acrefeet (maf); and begin before or coincident with
issuance of the Record of Decison for the GCDEIS (9 October 1996; Reclamation 1996).
Experimental flows were not implemented in Spring 1997, 1998, or 1999 primarily because these
years were forecast as moderate water years (>8.23 maf), and the experiment can only be conducted
in low-water years.

B1.2 THE DATA INTEGRATION REPORT

During development of the RPA, Reclamation (1994) expressed concern that “...steady flows may
inadvertently benefit non-native fish species to the detriment of endangered and other native fish
gpecies...”. Reclamation indicated that, as the agency ultimately responsible for impacts of dam
operations on endangered fish and numerous other resources, it was not prepared to release steady
flows until an assessment of potentia risks to endangered and other native fishes had been prepared,
research and monitoring designs had been devel oped, and threshold criteria had been established for
adjusting or abandoning the flows if monitoring revealed that native fish were being adversely
affected.

In 1997, Reclamation contracted a data integration project to evauate the information available for
ng potential risks to endangered and native fishesfrom aprogram of experimenta flows. The
Grand Canyon Data I ntegration Report (\V aldez and Carothers 1998) addressed theuncertainty behind
the design and implementation of experimental flows through a comprehensive literature review and
aworkshop of biologists. The report concluded that asteady flow experiment would be valuablefor
testing response hypotheses, but that sufficient baseline data to fully evauate the steady flow
experiment, apriori, did not exist. The report a so stated that asteady flow experiment islikely to have
apositive effect on native fishes by warming and stabilizing nearshore habitats, including backwaters
and tributary mouths, and enhancing reproduction, growth, and survival. However, a steady flow
would simultaneoudy benefit warm-water non-native fishes, possibly reducedriftingfood availability,
and likely increase the incidence of fish parasites. The report noted that workshop biologistsbelieve
that positive effects of steady flowsto non-native predators and competitors could offset many of the
beneficia effects to native fishes, and recommended modifying the steady flow hydrograph to
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maximize benefitsto native fishes, while minimizing benefitsto non-nativefishes. The authors of the
report recommended implementation of a detailed study and evaluation design and anon-native fish
control strategy prior to experimental steady flows.

B1.3 ADAPTIVE MANAGEMENT

In the RPA, the FWS couches the experimental flows within the framework of the Adaptive
Management Program, a common element of al GCDEIS aternatives. The RPA (FWS 1994)
embraces the adaptive management approach as follows:

Werecognhizethat the aquatic and terrestrial ecosystemsbel ow Glen CanyonDamare
gill adjusting to impacts fromdam operationsthat will continueinto thefuture. Thus,
the need for adaptive management. Actions taken through this approach must be
based on an integrated resour ce approach, and, as discussed by Hilborn (1992), an
active rather than a passive learning system that includes deliberate experimental
design.

The GCDEIS and the Grand Canyon Protection Act of 1992 a so included theimplementation of an
adaptive management program to deal with resource protection and dam operations. The Grand
Canyon Adaptive Management Program was established under the Federal Advisory Committee Act
(FACA) to coordinate implementation of elements of the GCDEIS.

The Adaptive Management Program for the operation of Glen Canyon Dam uses scientific methods
andinformationto help formulate, adjust, and improve management strategies (Holling 1978; Leeand
Lawrence 1986; Walters 1986). Successful applications of adaptive management must be based on
sound science and a continuing process of action based on planning, monitoring, evaluation, and
adjustment. |If properly designed and effectively implemented, adaptive management will enable
managers to determine how well their actions achieve their objectives and what steps are needed to
improve the program’'s success. Sound scientific approaches require the use of a deliberate
experimental design, suitable controls, and replication that allow sufficient statistical power needed
to test hypotheses. A functional adaptive management processdemandsan understanding of sufficient
and adequate baseline information before experimentation.
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