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Non-Native Fish Control below Glen Canyon Dam—
Report from a Structured Decision-Making Project

By Michael C. Runge?, Ellen Bean4, David R. Smith®, and Sonja Kokos®

1. Abstract

This report describes the results of a structured decision-making project by the U.S. Geological
Survey to provide substantive input to the Bureau of Reclamation (Reclamation) for use in the
preparation of an Environmental Assessment concerning control of non-native fish below Glen Canyon
Dam. A forum was created to allow the diverse cooperating agencies and Tribes to discuss, expand, and
articulate their respective values; to develop and evaluate a broad set of potential control alternatives
using the best available science; and to define individual preferences of each group on how to manage
the inherent trade-offs in this non-native fish control problem.

This project consisted of two face-to-face workshops, held in Mesa, Arizona, October 18-20 and
November 8-10, 2010. At the first workshop, a diverse set of objectives was discussed, which
represented the range of concerns of those agencies and Tribes present. A set of non-native fish control
alternatives (“hybrid portfolios) was also developed. Over the 2-week period between the two
workshops, four assessment teams worked to evaluate the control alternatives against the array of
objectives. At the second workshop, the results of the assessment teams were presented. Multi-criteria
decision analysis methods were used to examine the trade-offs inherent in the problem, and allowed the
participating agencies and Tribes to express their individual judgments about how those trade-offs
should best be managed in Reclamation’s selection of a preferred alternative.

A broad array of objectives was identified and defined, and an effort was made to understand
how these objectives are likely to be achieved by a variety of strategies. In general, the objectives
reflected desired future conditions over 30 years. A rich set of alternative approaches was developed,
and the complex structure of those alternatives was documented. Multi-criteria decision analysis
methods allowed the evaluation of those alternatives against the array of objectives, with the values of
individual agencies and tribes deliberately preserved.

Trout removal strategies aimed at the Paria to Badger Rapid reach (PBR), with a variety of
permutations in deference to cultural values, and with backup removal at the Little Colorado River reach
(LCR) if necessary, were identified as top-ranking portfolios for all agencies and Tribes. These
PBR/LCR removal portfolios outperformed LCR-only removal portfolios, for cultural reasons and for
effectiveness—the probability of keeping the humpback chub population above a desired threshold was
estimated to be higher under the PBR/LCR portfolios than the LCR-only portfolios. The PBR/LCR
removal portfolios also outperformed portfolios based on flow manipulations, primarily because of the

*U.S. Geological Survey, Patuxent Wildlife Research Center, 12100 Beech Forest Rd., Laurel, MD 20708.
mrunge@usgs.gov.

® U.S. Geological Survey, Leetown Science Center, 11649 Leetown Rd, Kearneysville, WV 25430.

® Bureau of Reclamation, Lower Colorado Region MSCP, Boulder City, NV 61470.
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effect of sport fishery and wilderness recreation objectives, as well as cultural objectives. The preference
for the PBR/LCR removal portfolios was quite robust to variation in the objective weights and to
uncertainty about the underlying dynamics, at least over the ranges of uncertainty investigated.

Examination of the effect of uncertainty on the recommended outcomes allowed us to complete a
“value of information” analysis. The results of this analysis led to an adaptive strategy that includes
three possible long-term management actions (no action; LCR removal; or PBR removal) and seeks to
reduce uncertainty about the following two issues: the degree to which rainbow trout limit chub
populations, and the effectiveness of PBR removal to reduce trout emigration downstream into Marble
and eastern Grand Canyons, where the largest population of humpback chub exist. In the face of
uncertainty about the effectiveness of PBR removal, a case might be made for including flow
manipulations in an adaptive strategy, but formal analysis of this case was not conducted.

The full set of conclusions described above is not definitive, however. This analysis described in
this report is a simplified depiction of the true decision; it is only meant to aid decision-makers by
helping them see the structure of the problem, not to make the decision for them. This analysis can best
be used as a starting point for the deliberative consultations that will lead to the final decision. In
particular, this structured decision-making process will be useful to the Department of the Interior (DOI)
as it undertakes an analysis of removal strategies under the National Environmental Policy Act.

2. Introduction

The Glen Canyon Dam is located on the Colorado River in Arizona, USA, upstream of Grand
Canyon National Park (fig. 1), and is managed by the Bureau of Reclamation (Reclamation). The Glen
Canyon Dam Adaptive Management Program (GCDAMP) was established in 1997 to provide input to
Reclamation and the DOI on the effects to the downstream ecosystem resulting from operation of the
dam. The GCDAMP project area stretches along the Colorado River from the forebay of Glen Canyon
Dam to the westernmost boundary of Grand Canyon National Park (this area is henceforth referred to as
“the Canyon”). Locations along the river are indexed by river miles (RM), with a reference point at Lees
Ferry (RM 0). The dam itself is at RM —15.5 (15.5 mi upstream of Lees Ferry). Other important
locations that are referenced in this report include the following: Paria River (RM 1.0), Badger River
(RM 8.0), Little Colorado River (RM 61.4), and Bright Angel Creek (RM 87.8). The reach from Lees
Ferry to the Little Colorado River is known as Marble Canyon; Grand Canyon proper begins at the Little
Colorado River.
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Figure 1. Location map of the Colorado River ecosystem below Glen Canyon Dam, depicting the Glen Canyon
Dam Adaptive Management Program project area. The analysis described in this report focuses primarily on the
Colorado River from Glen Canyon Dam to Bright Angel Creek. Map credit: Thomas Gushue, U.S. Geological
Survey.

In the 2008 Biological Opinion on Reclamation’s proposed experimental dam operations for
Glen Canyon Dam, the U.S. Fish and Wildlife Service (Service) found that the actions may affect
humpback chub (Gila cypha), an endangered fish, and Kanab ambersnail (Oxyloma haydeni
kanabensis), an endangered land snail. As part of this Biological Opinion, the Service included non-
native fish control as a conservation measure, to address the threat to humpback chub posed by rainbow
trout (Onchorhynchus mykiss) and brown trout (Salmo trutta). Mechanical removal of trout at the
confluence of the Colorado River and Little Colorado River (LCR) was experimentally implemented in
2003-06, and was shown to be effective at controlling trout populations (Coggins, 2008; Coggins and
Yard, 2010; Coggins and Yard, in press). An increase in humpback chub adult abundance was observed
over the same period of time, but the causal connection is in dispute. In accordance with the 2008
Biological Opinion, one additional mechanical removal trip in the LCR treatment reach occurred in
spring 2009.
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Several Native American Tribes raised serious concerns about the lethal removal of thousands of
fish from the treatment reach, an area sacred to the Tribes and fundamental to their religious beliefs and
ceremonies. In response to this concern, Reclamation decided to forego planned mechanical removal in
2010 and initiated a National Environmental Protection Act (NEPA) process that would use an
Environmental Assessment (EA) to evaluate alternative methods for non-native fish control.

There are a number of cooperating agencies and Tribes interested in this EA process.
Reclamation is responsible for operation of Glen Canyon Dam and is the decision-making agency for
this non-native fish control EA. The Service is responsible for administering the Endangered Species
Act (ESA), including recovery of the humpback chub; and the Fish and Wildlife Coordination Act for
conservation of fish and wildlife resources. The National Park Service (NPS) administers both the Grand
Canyon National Park (GCNP) and the Glen Canyon National Recreation Area (GCNRA), and is
responsible for trust resources and public recreation in those areas. The Bureau of Indian Affairs (BIA)
has a trust responsibility to the Tribes. The Western Area Power Administration (WAPA) is responsible
for marketing and delivery of power generated by the dam. The Arizona Game and Fish Department
(AZGF) regulates sport fishing statewide, including rainbow trout in the Lees Ferry tailwaters reach and
rainbow and brown trout throughout the Canyon. For the Pueblo of Zuni, the LCR, and its confluence
with the Colorado River, are sacred places and tied to their accounts of creation. The non-beneficial
destruction of life is of grave concern to them. For the Hopi Tribe, the entire Grand Canyon and
especially the LCR are deeply sacred areas. Further, they agreed, when they emerged into this world, to
be caretakers of the Canyon. Lands of the Navajo Nation and the Hualapai Tribe border the Colorado
River, with the reservations of the two Kaibab Bands of Paiute Indians nearby. All of these Tribes have
an interest in the management of resources. The U.S. Geological Survey (USGS) Grand Canyon
Monitoring and Research Center (GCMRC) is responsible for scientific investigations that provide
information to the GCDAMP about the status of key resources of the river below the dam, as well as
ecosystem modeling that serves to help guide monitoring and experimental design decisions.

The problems related to non-native fish control are multi-faceted and complex. One problem is
the many competing objectives within and among agencies and Tribes. Other problems are that all the
management options have not been clearly defined and the ecological science about the effects of
potential management alternatives on the natural resources is uncertain. Also there is uncertainty about
the effects of potential management alternatives on cultural resources.

The Assistant Secretary of the Interior for Water and Science, in a letter to the Adaptive
Management Working Group dated September 17, 2010, asked that Reclamation undertake a Structured
Decision Making (SDM) process to evaluate options for non-native fish control, as an additional means
by which the cooperating agencies and Tribes could submit their input to Reclamation as it prepares its
EA (appendix 1).

2.1. Purpose

The purpose of this report is to describe a structured approach developed by the U.S. Geological
Surevey (USGS), to develop and provide substantive input to Reclamation for use in preparation of an
EA concerning management of non-native fish below Glen Canyon Dam. The structured approach
provided a forum for the diverse cooperating agencies and Tribes to discuss, expand, and express their
respective values; to develop and evaluate a broad set of potential non-native fish control alternatives
using the best available science; and to indicate how they would individually prefer to manage the
inherent trade-offs in this resource management problem.



This structured approach has two important facets: it promotes value-focused thinking, that is,
an emphasis on the values that underlie a decision; and it uses problem decomposition to disentangle the
complicated scientific and policy elements of a decision. The intended methods for this structured
approach include multi-criteria decision analysis (Hammond and others, 1999), an approach for
understanding how decision alternatives affect the achievement of an array of multiple objectives.

Two workshops were held in Mesa, Arizona prior to release of the draft EA for public comment.
At the first workshop, objectives were defined and alternative fish control strategies (called “portfolios”
throughout this report) created. Between the first and second workshops, four assessment teams
evaluated the portfolios against the individual objectives. At the second workshop, representatives from
the agencies and tribes weighted objectives, and a preliminary analysis of the decision was completed.
This preliminary analysis led to insights about objectives, alternatives, and consequences; as a result, a
number of modifications to the analysis were requested. A consolidated list of alternatives was carried
forward in the final analysis.

2.2. Legal and Regulatory Context

Reclamation proposes to control non-native fish in the Colorado River downstream of Glen
Canyon Dam to ensure that its operations do not jeopardize the continued existence of endangered
native species. Since passage of the ESA and its implementing regulations (50 CFR 402), Reclamation
has consulted with the Service to ensure that its operation of Glen Canyon Dam does not jeopardize the
continued existence of the endangered endemic Colorado River fishes—humpback chub and razorback
sucker (Xyrauchen texanus)—or destroy or adversely modify their designated critical habitat. Colorado
pikeminnow (Ptychocheilus lucius) and bonytail chub (Gila elegans) are no longer found in this reach of
the Colorado River and are not included in this assessment. One of six populations of humpback chub
occurs in the GCDAMP project area (fig. 1) and the razorback sucker occurs immediately downstream
of the project area.

Critical habitat for these fishes was designated by the Service in 1994 (50 CFR 17) and includes
areas in Marble and Grand Canyons. For humpback chub, critical habitat extends for 175 mi of the
Colorado River from Nautiloid Canyon (RM 34) to Granite Park (RM 209) and the lower 8 mi of the
LCR. Critical habitat for razorback sucker extends for 234 mi of the Colorado River from the Paria
River confluence (RM 1) to the Lake Mead inflow at maximum pool (RM 235). These reaches of
designated critical habitat lie within the boundaries of GCNRA and GCNP and are managed by NPS.

Reclamation and the Service have agreed that controlling the numbers of non-native fish would
serve as a conservation measure for Reclamation’s dam operations. Non-native fish control was
identified as a conservation measure in the February 27, 2008, Final Biological Opinion on the
Operation of Glen Canyon Dam (U.S. Fish and Wildlife Service, 2008, consultation number 22410-
1993-F-167R1), and the October 29, 2009, Supplement to the 2008 Final Biological Opinion for the
Operation of Glen Canyon Dam (U.S. Fish and Wildlife Service, 2009, consultation number 22410-
1993-F-167R1). Control of non-native fish species in Marble and Grand Canyons is also part of the
conservation measures identified in the 2007 Biological Opinion for the Proposed Adoption of Colorado
River Interim Guidelines for Lower Basin Shortages and Coordinated Operation for Lake Powell and
Lake Mead (U.S. Fish and Wildlife Service, 2007, consultation number 22410-2006-F-0224). A fourth
biological opinion on the cancellation of nonnative mechanical removal trips in 2010 was issued on
November 9, 2010 (U.S. Fish and Wildlife Service, 2010, consultation number 22410-1993-F-167R2),
and required as a term and condition that Reclamation
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“Resume nonnative control at the mouth of the LCR in 2011. Attempt to implement the program in
a manner compatible with the interests of Tribes and other interested stakeholders.

“AND/OR

“Work with interested Tribes and other parties, expeditiously, to develop options that would move
nonnative removal outside of LCR confluence tribal sacred areas in 2011, with the goal that
nonnative removal of trout in sacred areas will be reserved for use only to ensure the upper
incidental take level is not exceeded.”

Once Reclamation accepted these conservation measures, implementation of non-native fish control
became a part of proposed action, although there is discretion in exactly where, when, and how non-
native fish control is conducted.

Reclamation is serving as the lead Federal agency in this action because it has operational
authority over Glen Canyon Dam and it has agreed to the terms of the biological opinions issued by the
Service. Reclamation’s implementation of additional non-native control measures during 2011-12 (and
potentially additional periods) will be analyzed through the ongoing NEPA process and subsequent
further ESA consultation. However, Reclamation’s legal authority does not include direct management
of Colorado River fishes. Agencies with such authority include AZGF, the state resource agency
responsible for managing sport fish; NPS, the Federal land management agency responsible for the
multitude of resources within GCNRA and GCNP; and the Service, under the ESA. In the biological
opinions to Reclamation, these control actions need to be coordinated with other agencies, such as the
Service, AZGF, and NPS, because of their responsibilities for managing aquatic and fishery resources in
the Glen, Marble, and Grand Canyons.

Laws that govern Reclamation’s actions and convey some of the values of the people of the
United States as they pertain to ecological and cultural resources are numerous. The following
paragraphs include a partial list of those laws.

The ESA of 1973, as amended (16 USC 1531 et seq.), requires that all U.S. Federal agencies shall
seek to conserve threatened and endangered species, and utilize their authorities in furtherance of
the purposes of the ESA. Action agencies must implement Section 7 consultations with the Service
to ensure that “...any action authorized, funded, or carried out by such an agency...is not likely to
jeopardize the continued existence of any endangered or threatened species or result in the
destruction or adverse modification of habitat of such species.”

The National Historic Preservation Act of 1966, as amended (NHPA, 16 USC 470 et seq.), requires
Federal agencies to take into account the effects of their undertakings on historic properties. Historic
properties are those that are included in, or eligible for inclusion in, the National Register of Historic
Places. The NHPA makes specific provisions for inclusion of places of religious and cultural
significance to Native American Tribes on the National Register.

The Grand Canyon Protection Act of 1992 (GCPA, Pub. L. 102-575, title XVI11) requires the
Secretary of Interior to operate Glen Canyon Dam “...in accordance with the additional criteria and
operating plans specified in section 1804 and exercise other authorities under existing law in such a
manner as to protect, mitigate adverse impacts to, and improve the values for which GCNP and
GCNRA were established, including, but not limited to natural and cultural resources and visitor
use.”



As part of its ongoing implementation of the GCDAMP, which serves to implement obligations
established by the GCPA, in late 2010 Reclamation was in the process of developing an EA for a high-
flow experimental release protocol (separate from the non-native fish control EA), the purpose of which
is to improve the natural resources of the Canyon through sandbar-building flows.

2.3. Ecological Context

Two goals of the Glen Canyon Dam Adaptive Management Working Group (AMWG) are to
conserve endangered aquatic species, and to preserve native communities and ecological processes
within the Colorado River. Ensuring the persistence of humpback chub is a core component of this
mission, and requires a dual purpose research program to better understand humpback chub ecology and
threats to the species persistence.

The presence of non-native fish is an acknowledged primary threat to native fish, and two
introduced predatory species, rainbow trout and brown trout, are of particular concern. These species
also may have indirect negative effects on humpback chub persistence by competing for resources and
habitat. Dietary research (Yard and others, in press; Coggins and Yard, 2010) demonstrates that non-
native trout prey upon humpback chub, with brown trout displaying higher rates of predation than
rainbow trout. However, the potential benefit of reduced predation by rainbow trout is attenuated given
the abundance of that species below the dam in Grand Canyon National Park (Makinster and others,
2010). Whereas preliminary evidence indicates that predation is an important limiting factor, the full
extent to which trout limit humpback chub population growth and affect age-structure is unknown.

Beginning in January 2003, and continuing through August 2006, in response to a
recommendation by the AMWG, Reclamation initiated an experimental research program to examine
the potential effect on humpback chub recovery of reducing the population size of non-native fish. The
site of the removal, the confluence of the LCR with the main stem of the Colorado River (fig. 1), is an
important spawning and rearing area for humpback chub and other native species. All captured non-
native fish were removed from the system. Results of the removal experiment are detailed in Coggins
(2008), Coggins and Yard (2010), and Coggins and others (in press), but two key findings are relevant to
the decision analysis, particularly to the impact of uncertainty on the decision process. Trout removals
may have been effective in altering community level dynamics and in causing a simultaneous increase in
native abundance along with juvenile survival and recruitment. The results are inconclusive, however,
owing to a concurrent natural increase in river-wide temperatures resulting from drought in the Upper
Colorado River Basin and decreased storage in Lake Powell that benefitted native fish ecology, and a
system-wide decrease in rainbow trout abundance, possibly linked to changes in the aquatic food base.
Another important factor that confounded the removal experiment is the high degree to which naturally
occurring turbidity varies in the main channel in response to infrequent, but large tributary flooding from
the Paria River (RM 1).

Whereas the results of the removal trials may have demonstrated a clear, direct link between
trout abundance and humpback chub population persistence, further experimentation would be needed to
tease apart other system level dynamics that could have contributed to adult humpback chub population
increases observed since 2000 (Coggins and Walters, 2009). The predictive models used to assess
consequences of the proposed portfolios incorporate this uncertainty. Other key areas of uncertainty
considered relate to the effects of artificial floods released from the dam (high flow experiments
intended to rebuild and maintain sandbars) on rainbow trout spawning; recruitment and adult population
growth (Korman and others, 2010; Korman and others, in press; Makinster and others, 2010); and the
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efficacy of manipulating flow regimes to reduce trout survival and downstream emigration into Marble
and Grand Canyons.

2.4. Cultural Context

The motivation for broadening the scope of the discussion of non-native fish control is to address
concerns expressed by members of the AMWG, specifically its Tribal partners. Through formal and
informal consultation, some Tribes have indicated that current practices that result in the massive taking
of life present an unnecessary emotional, psychological, and spiritual burden on their communities.

As described by the Governor of Zuni,

“the Grand Canyon figures as an extremely important place in the history, religion and culture of the
Zuni people. The Grand Canyon is a vital component of the Zuni cultural landscape that contributes
to the definition of who we are as a people.”

This sentiment has also been expressed by other participating Tribes, and highlights the profound
relationship with, and deep respect for, the landscape that includes the Colorado River and its tributaries.
Because of this relationship, some Tribes possess a strong sense of stewardship for the life found within
the Canyon, including both native and non-native fish species. Large-scale lethal removal, especially in
the face of perceived uncertainty regarding the effects of non-native fish on native fish, is a violation of
this stewardship ethic.

Further, the location of the prescribed removal is primarily at the confluence of the LCR with the
mainstem of the Colorado River, a place of great power and life-sustaining properties for many Tribal
partners. Actions taken here, especially if coupled with lethal or otherwise disrespectful methods, can
result in a disruption of the balance and interconnectedness within the universe.

3. Decision Framework

Reclamation’s Upper Colorado River Regional office is the sole decision-maker for this EA.
Several agencies and Tribes are formal Cooperating Agencies for this EA (BIA, Service, NPS, WAPA,
AZGD, GCMRC, Pueblo of Zuni, and Hualapai Tribe), and several additional Tribes have a strong
vested interest (Hopi Tribe, Southern Paiute Consortium, and Navajo Nation). The decision analysis
developed at these SDM workshops, and described in this report, is meant to allow the Cooperating
Agencies and Tribes to provide substantive input to Reclamation as it considers its decision about a
preferred alternative for non-native fish control below Glen Canyon Dam. This future action is being
considered particularly in order to reduce the threat posed by non-native fish to humpback chub. The
methods ultimately employed need to be within the jurisdiction of Reclamation.

Reclamation desires to release a draft EA to the public in January 2011, with consultation under
section 7 of the ESA and a decision notice to be completed by March 1, 2011. The time frame of the
actions proposed in the EA will be on the order of 5 years, but there is some recognition that the strategy
employed may have longevity beyond that time. DOI is also in the process of conducting government-
to-government tribal consultation on this action.

The decision in the EA is a one-time decision and a single preferred alternative needs to be
identified and implemented for the period of time specified. But there is strong recognition that the
preferred alternative may have state-dependent features in which certain components of the strategy may
only be implemented if and when certain conditions are met. Further, the preferred alternative may also



be adaptive, in that a range of strategies may need to be experimentally tested, to reduce uncertainty
about the most effective strategies.

Thus, the decision problem can be characterized as one of multiple-objective trade-offs in the
face of uncertainty, where the management actions are multi-faceted and possibly state-dependent, and
where there may also be opportunities to reduce uncertainty early and improve management later
through adaptive implementation.

4. Objectives

Defining values that affect a decision is an important first step in decision analysis. A commonly
understood and comprehensive vision about the underlying values to guide future steps was an important
first step for this project. This includes defining a set of standards that could be used to measure progress
for each objective.

The first SDM workshop provided a structured framework for listening to all voices and
incorporating each stakeholder’s values into the decision process. Taken together, the objectives
represent a range of values and perspectives that apply to the control of non-native fish in the lower
Colorado River. For Federal and State agencies, these values arise from their respective missions,
enabling legislation, regulatory responsibilities, and constituent concerns. For the Tribes, the values arise
more directly from their cultural and spiritual traditions. The combined set of values provides, in part,
the necessary guidance for making an informed and defensible choice of a preferred alternative for non-
native fish control and underscores the aspects of the decision that matter.

Four main categories of decision-making objectives were identified (Keeney, 2007).
Fundamental objectives are sometimes described as the “bottom line,” or core concern, and can be
identified when the question of “why is this important” concludes with “simply because” or “it just is”.
Means objectives are often methodological and describe an intermediary step in reaching a fundamental
objective, in other words they address the “how.” Means objectives are not important in and of
themselves, but only insofar as they help achieve the fundamental objectives. Process objectives
describe the ground rules for the decision process itself. For example, within the context of this
workshop, we established open and consultative communication as an objective that would be adhered
to throughout. Similarly, any proposed objectives or actions would need to comply with the large
regulatory framework under which all the cooperating agencies and Tribes operate. Strategic objectives
are objectives that are fundamental to a broader set of decisions than the one in question; they cannot be
solely attained by the decision at hand, but there can be a contribution to them. Often strategic objectives
are tied to linked decisions and broader mandates of the decision makers.

The focus of this section of the report is on the fundamental objectives, as these make explicit the
key concerns of the lead and cooperating agencies as well as the Tribal groups. Although certain
stakeholder groups (for example, sport fisheries and recreational user groups) were not formally
represented within the official cooperating partners, their concerns were included by soliciting
information from knowledgeable agency partners (especially, AZGF and NPS). Plenary and small group
formats were implemented to discuss and craft the set of objectives. Through a deliberative process, the
group worked to distinguish between the various types of objectives, as well as to eliminate redundant
objectives and to consolidate similarly defined objectives.

Four broad classes of fundamental objectives were identified after much discussion. These
classes summarize (1) the cultural and spiritual dimensions of the non-native fish control issue, (2)
ecological aspects including both species and ecosystem level components, (3) recreational interests and
uses, and (4) operational and economic components of the issue (fig. 2). A fifth class of objectives was
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identified between the two workshops; these are strategic objectives that concern the authority,
jurisdiction, and legal responsibilities of Reclamation. In the analysis, these objectives will not be
traded-off against other objectives, rather, they will serve to screen for admissible non-native fish
control alternatives.

1. Manage resources to protect tribal sacred sites and spiritual values

C. Be respectful of )
A. Avoid the taking B. Be respectfgl of the relationships res?)ef:;c;giizzns?tes
of life non-human life between human I S —
and non-human
beings

2. Manage resources to promote ecological and native species integrity

D. Maintain native-
fish-management
goals, through
reduction of non-
native species
within GCNP

A. Contribute to HBC B. Minimize impact C. Minimize impact

recovery

of invasive species of disease
introduction introduction

S

Figure 2. Hierarchy of fundamental objectives for non-native fish control below Glen Canyon Dam. HBC,
humpback chub; GCNP, Grand Canyon National Park; GCNRA, Glen Canyon National Recreation Area;
Reclamation, Bureau of Reclamation; HFE, high-flow experiment; NHPA, National Historic Preservation Act.
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Figure 2. Hierarchy of fundamental objectives for non-native fish control below Glen Canyon Dam.—Continued
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5. Operate within the authority, capabilities and legal responsibility of the Bureau of

Reclamation
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Figure 2. Hierarchy of fundamental objectives for non-native fish control below Glen Canyon Dam.—Continued

With particular reference to the Tribal cooperating partners, each Tribe has a distinct voice and
perspective, and the proposed objectives and attributes may not fully reflect either the nuances within, or
diversity among, the Tribes. The full spectrum of concerns within a Tribe may not have been addressed
with these objectives, and will require further consultation with community members and elected
leaders. As of late 2010, DOI is in the process of conducting government-to-government tribal
consultation on this action, but this is not yet complete. The Hualapai Tribe had limited involvement in
this process owing to other engagements, and representatives from both the Southern Paiute Consortium
and Navajo Nation were unable to attend for the full duration of both workshops. This process and this
report, therefore, do not represent definitive statements of the objectives of the Tribes, merely an attempt
to identify the main features that are important.

4.1. Fundamental Objectives Hierarchy

The draft set of fundamental objectives is shown in the hierarchy below (and also in
fig. 2). Detailed descriptions of each of the objectives are found in Section 4.3. Note that the order of
presentation of the fundamental objectives is not meant to imply an order of preference.

1. Manage resources to protect tribal sacred sites and spiritual values

Avoid the taking of life

Be respectful of non-human life

Be respectful of the relationships between human and non-human beings
Protect and respect sacred sites within the Canyon

COow>
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2. Manage resources to promote ecological and native species integrity

A
B.

C.

D.

Contribute to humpback chub recovery

Minimize impact of invasive species introduction (including risk of introduction, impact
of spread, and opportunities for mitigation and treatment)

Minimize impact of disease introduction (including risk of introduction, impact of
spread, and opportunities for mitigation and treatment)

Maintain native-fish-management goals, through reduction of non-native species within
Grand Canyon National Park

3. Preserve and enhance recreational values and uses

A

B.

C.

D.

Maintain and enhance the rainbow trout fishery within the Lees Ferry tailwaters reach (RM —16
to RM 0) to provide a memorable experience for anglers

Minimize disturbance of the wilderness experience as a result of non-native fish management in
the wilderness-managed area of GCNP

Maximize safety, comfort, and convenience of recreational boating in the wilderness-managed
area of GCNP, as affected by flow regimes from Glen Canyon Dam

Maximize safety, comfort, and convenience of day-rafters, boaters, and anglers in the GCNRA,
as affect by flow regimes from Glen Canyon Dam

4. Maintain and promote local economies and public services

A

nmmoow

Maximize local economic benefits associated with angling in GCNRA (Lees Ferry tailwaters
reach)

Maximize local economic benefits associated with wilderness and park experiences
Minimize cost of non-native fish control measures

Minimize impacts to dam operations and maintenance

Maintain and improve the value of Glen Canyon Dam electrical hydropower

Maintain required water storage and delivery to downstream users

5. Operate within the authority, capabilities, and legal responsibility of the Bureau of Reclamation

A
B.
C.
D.

Maintain compliance with the Endangered Species Act

Remain within the authority and capability of Reclamation

Support the High-Flow Experimental (HFE) protocol

Recognize Trust responsibilities and maintain compliance with section 106 of the NHPA

4.2. Measurable Attributes

Measurable attributes are scales on which fundamental objectives can be evaluated. These are

sometimes also called performance measures. Measurable attributes evaluate how well a particular
alternative is likely to achieve the aspirations expressed by each objective. The measurable attributes are
shown in table 1, and described more fully in Section 4.3.
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Table 1. Measurable attributes for the fundamental objectives.

[HBC, humpback chub; LCR, Little Colorado River; GCNP, Grand Canyon National Park; RBT, rainbow trout; GCNRA,
Glen Canyon National Recreation Area; ESA, Endangered Species Act of 1973; NHPA, National Historic Preservation Act

of 1966; $/yr, dollars per year]

Fundamental objective

Measurable attribute

1. Manage resources to protect tribal sacred sites and spiritual values

A. Avoid the taking life

1A. Yes/No, life taken

B. Be respectful of non-human life

1B. Relative respectfulness of use, scale 1-10

C. Be respectful of the relationships between human and non-
human beings

1C. Yes/No, culturally appropriate

D. Protect and respect sacred sites within the Canyon

1D. Yes/No, interferes with sanctity of the canyon

2.

Manage resources to promote ecological and native species integrity

A. Contribute to humpback chub recovery

2A. Probability of HBC adult abundance at LCR
greater than 6,000 over the next 30 years

B. Minimize impact of invasive species introduction (including
risk of introduction, impact of spread, and opportunities for
mitigation and treatment)

2B1. Likelihood of introduction to Glen or Grand
Canyon: none, low, medium, high

2B2. Likelihood of introduction from Glen or Grand
Canyon: none, low, medium, high

C. Minimize impact of disease introduction (including risk of
introduction, impact of spread, and opportunities for mitigation
and treatment)

2C1. Likelihood of introduction to Glen or Grand
Canyon: none, low, medium, high

2C2. Likelihood of introduction from Glen or Grand
Canyon: none, low, medium, high

D. Maintain native-fish-management goals, through reduction of
non-native species within GCNP

2D1. RBT abundance within GCNP
2D2. Frequency of HBC adult abundance greater
than 10,000 over the next 30 years

3.

Preserve and enhance recreational values and uses

A. Maintain and enhance the rainbow trout fishery within the Lees
Ferry tailwaters reach to provide a memorable experience for
anglers

3A1. Catch rate (fish/hr)
3A2. Fraction of trout greater than 20 in.

B. Minimize disturbance of the wilderness experience as a result
of non-native fish management in the wilderness-managed area of
GCNP

3B. Penalized user-days

C. Maximize safety, comfort, and convenience of recreational
boating in the wilderness-managed area of GCNP, as affected by
flow regimes from Glen Canyon Dam

3C. Days/year that flow is within specifications

D. Maximize safety, comfort, and convenience of day-rafters,
boaters, and anglers in the GCNRA, as affected by flow regimes
from Glen Canyon Dam

3D. Dayslyear that flow is within specifications
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Fundamental objective Measurable attribute

4. Maintain and promote local economies and public services

A. Maximize local economic benefits associated with angling in

GCNRA (Lees Ferry tailwaters reach) 4A. Annual economic value (3)

B. Maximize local economic benefits associated with wilderness

and park experiences 4B. Annual economic value (3)

C. Minimize cost of non-native fish control measures 4C. Total cost of action ($)

D. Minimize impacts to dam operations and maintenance 4D. Yes/No, compatibility with schedule

E. Maintain and improve the value of Glen Canyon Dam electrical AE. Relative economic value ($/y)

hydropower
F. Maintain required water storage and delivery to downstream 4F. Yes/No, compatibility with specified
users responsibilities

5. Operate within the authority, capabilities, and legal responsibility of the Bureau of Reclamation
A. Maintain compliance with the ESA 5A. Relative efficacy of method, scale 0-2
B. Remain within the authority and capability of Reclamation 5B. Yes/No, with commentary

5C. Yes/No, provide robust non-native fish options

C. Support the High-Flow Experimental Protocol in the face of flow effects

D. Recognize Trust responsibilities and maintain compliance with

section 106 of the NHPA 5D. Three-point constructed scale

4.3. Narratives for Objectives and Attributes

Where not otherwise noted, the objectives were developed to reflect long-term desired
conditions, where “long-term” was interpreted as being 30 years or more.

Objective 1A. Avoid the taking of life. This reflects, in part, the belief in the sanctity of life and the role
that aquatic life plays in traditional belief systems and creation stories of the participating Tribal nations.
The taking of life is non-trivial and the relative acceptability of its occurrence is entirely dependent upon
the respect paid in its taking and its purposeful use. Within the context of the decision problem at hand,
the legitimacy and acceptability of the taking of non-native fish life depends upon the benefits to the
humpback chub population, and the final use of the trout lethally removed from the ecosystem.

Measurable attribute 1A: Utility scale (0-1), where a score of 0 indicates that life is taken under
the hybrid portfolio, and a score of 1 indicates that it is not.

Objective 1B. Be respectful of non-human life. This reflects a stewardship ethic, and states that the
taking of life should be purposeful and only done with good intent, and that in its taking, other life
should be sustained.
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Measureable attribute 1B: The 10-point constructed scale considers the relative degree of
respectfulness for the proposed end uses, with a score of 0 indicating a strong lack of respect and
a score of 10 indicating a strong respect for the lives of the fish taken. The value may differ
among the Tribes and other stakeholders.

Objective 1C. Be respectful of the relationships between human and non-human beings. This objective
reflects a world view recognizing that human and non-human lives are inter-connected and that no living
being is superior to another. Any action taken that affects one life form may have ripple effects that
radiate out and affect other life forms. Because of this, human interactions with the world must minimize
the disturbance and potential cause of harm, by being respectful of these relationships. Otherwise, these
interactions may lead to the loss of balance between living beings. This philosophy serves as a
foundation for traditional practices by the Tribes.

Measurable attribute 1C: Utility scale (0-1), where a score of 0 indicates that the method of
capture is not culturally appropriate, and a score of 1 indicates that it is culturally appropriate.
Intermediate values reflect the degree of appropriateness.

Objective 1D. Protect and respect sacred sites within the Canyon. This objective reflects the
importance of the Canyon in the traditional cultures, beliefs, and practices of the Tribes. Disturbance to
the Canyon, and to sites of historical and spiritual significance specifically, leads to the degradation of
the sanctity of the Canyon. This degradation in turn leads to the further alienation of Tribal communities
from the Canyon, and interferes with their ability to fulfill their role in maintaining ecological, cultural,
and social harmony within the world.

Measurable attribute 1D: Utility scale (0-1), where a score of 0 indicates the hybrid portfolio
negatively affects the sanctity of the Canyon and a score of 1 indicates the portfolio protects and
respects the sanctity of the Canyon. Intermediate values reflect the degree of protection of the
sanctity of the Canyon.

Obijective 2A. Contribute to humpback chub recovery. According to the Biological Opinion for the
Operation of Glen Canyon Dam (February 27, 2008), Reclamation is a primary contributor to the
development of the GCDAMP Comprehensive Plan for the management and conservation of humpback
chub in Grand Canyon, and continues to work with GCDAMP cooperators to develop a comprehensive
approach to management of humpback chub. Dam-controlled flow has the potential to affect humpback
chub directly or indirectly through effects on predator or competitor species abundances. Non-native
rainbow and brown trout, among other non-native fishes, are potential predators and competitors of
humpback chub and Reclamation has proposed measures to achieve conservation benefits for humpback
chub. The Service has used adult humpback chub abundance in recent biological opinions on Glen
Canyon Dam operations to gauge the efficacy of these measures against the adverse effects of dam
operations.

Measurable attribute 2A: Probability of the adult humpback chub population remaining above
6,000 over the next 30 years. Adult humpback chub in the LCR remaining above a threshold
(6,000) abundance over 30-years has been proposed as an attribute that links to population
viability and humpback chub population status. This attribute was predicted using a Population
Viability Analysis (PVA) model, and abundance has been estimated and monitored using an age-
structured mark recapture model (Coggins, 2007; Coggins and Walters, 2009).
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Objective 2B. Minimize impact of invasive species introduction (including risk of introduction, impact
of spread, and opportunities for mitigation and treatment). Introduction of invasive species can have far
reaching impacts on native species, impacts which are difficult or impossible to reverse. Opportunities
for mitigation or treatment depend on early detection of introductions, and preventing introduction could
be the most efficient approach to invasive species management. Several species are of primary concern
at present. The New Zealand mudsnail (Potamopyrgus antipodarum) currently inhabits the Colorado
River primarily in Glen Canyon (Cross and others, 2010). Prevalence is high and distribution is
throughout Glen and Grand Canyons. Trout consume mudsnails but they may pass through their
digestive system unaffected. Movement of live trout from Glen or Grand Canyons to other receiving
waters would be a likely vector for introduction to unaffected waters. There is some evidence that
Didymosphena geminata (didymo or rock snot) occurs in Glen and perhaps Grand Canyon. Prevalence
is low or suspect. Transport of water (with live trout) to other watersheds could be a vector for
introduction of didymo to unaffected waters or watersheds. Invasive species could be introduced to Glen
or Grand Canyon through stocking of trout at Lees Ferry.

Measurable attribute 2B1: Likelihood of introduction of invasive species to Glen or Grand
Canyon. This attribute is a 4-point constructed scale to measure the risk of impact. The attribute
has two components: (1) prevalence of invasive species and (2) frequency of vector events. Each
component ranges numerically from 3 (high prevalence or frequency) to 0 (no prevalence or
frequency). The component scores are assessed and multiplied, and then the product is converted
to the 4-point scale of none, low, medium, or high.

Measurable attribute 2B2: Likelihood of translocating invasive species from Glen or Grand
Canyon to an outside location. This attribute is a 4-point constructed scale to measure the risk of
impact. The attribute has two components: (1) prevalence of invasive species and (2) frequency
of vector events. Each component ranges numerically from 3 (high prevalence or frequency) to 0
(no prevalence or frequency). The component scores are assessed and multiplied, and then the
product is converted to the 4-point scale of none, low, medium, or high.

Objective 2C. Minimize impact of disease introduction (including risk of introduction, impact of spread,
and opportunities for mitigation and treatment). Introduction of disease to fish populations can reduce
productivity or lead to extirpation. Treatment options can be costly, impractical, or unavailable.
Preventing introduction of disease agents and controlling their spread is a basic management principle
among natural resource agencies. Several diseases are of concern in Glen and Grand Canyons. Disease
agents could be introduced to Glen or Grand Canyon through stocking of trout at Lees Ferry. The trout
in Glen and Grand Canyon are considered exposed to Whirling Disease, a virulent salmonid disease
detected in one lot of fish tested from Glen Canyon in 2003. Rainbow trout in Glen Canyon have not,
however, displayed symptoms of the disease. Prevalence is considered low. Transport of live trout, or
trout carcasses, to other receiving locations could result in introductions to unaffected waters and
watersheds. The trout in Glen and presumably Grand Canyon carry an intestinal nematode that, under
conditions of stress, can proliferate and affect the condition of individuals and populations. Transport of
live trout, or trout carcasses, to other receiving locations could be a vector for introductions to
unaffected waters and watersheds. Native fishes in Grand Canyon carry an intestinal parasite (Asian
tapeworm), which is readily spread to other fishes. Asian tapeworm is relatively broadly distributed
across Arizona. Transport of the parasite via this vector can be controlled through treatment, although
the treatment is complicated and carries some risk to the fish.
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Measurable attribute 2C1: Likelihood of introducing disease to Glen or Grand Canyon. This
attribute is a 4-point constructed scale to measure the risk of impact. The attribute has two
components: prevalence of disease and frequency of vector events. Each component ranges
numerically from 3 (high prevalence or frequency) to 0 (no prevalence or frequency). The
component scores are assessed and multiplied, and then the product is converted to the 4-point
scale of none, low, medium, or high.

Measurable attribute 2C2: Likelihood of transporting disease from Glen or Grand Canyon to an
outside location. This attribute is a 4-point constructed scale to measure the risk of impact. The
attribute has two components: prevalence of disease and frequency of vector events. Each
component ranges numerically from 3 (high prevalence or frequency) to 0 (no prevalence or
frequency). The component scores are assessed and multiplied, and then the product is converted
to the 4-point scale of none, low, medium, or high.

Objective 2D. Maintain native-fish-management goals, through reduction of non-native species within
GCNP. According to NPS Management Policies (National Park Service, 2006), the NPS will maintain,
as parts of the natural ecosystems of parks, all plants and animals native to park ecosystems. The NPS
will act to preserve and restore the natural abundances, diversities, dynamics, distributions, habitats, and
behaviors of native plant and animal populations and the communities and ecosystems in which they
occur. Furthermore, the NPS will remove, when possible, or otherwise contain, individuals or
populations of introduced or non-native species that have already become established in parks. High
priority will be given to managing exotic species that have, or potentially could have, a substantial
impact on park resources, and that can reasonably be expected to be successfully controlled. The NPS
will survey for, protect, and strive to recover all species native to national park system units that are
listed under the ESA.

Measurable attribute 2D1: Rainbow and brown trout abundance within GCNP. These attributes
measure the level of non-native fish that could substantially impact the endangered humpback
chub and other native fish. Abundance can be estimated through monitoring programs. Predicted
abundance of rainbow trout in the LCR can be used as a proxy in decision analyses.

Measurable attribute 2D2: Frequency at which the adult humpback chub population in the LCR
confluence reach remains above threshold abundance (10,000). Different from Measurable
Attribute 2A, this attribute measures how often the annual population crosses this higher
threshold (10,000), and has been proposed to measure how well proposed actions maintain NPS
management goals for the endangered humpback chub.

Objective 3A. Maintain and enhance the rainbow trout fishery within the Lees Ferry tailwaters reach
(RM —16 to RM 0) to provide a memorable experience for anglers. At one time, when the tailwaters
provided a better food base, the Lees Ferry fishery was a national trophy rainbow trout fishery.
Currently (2010), the fishery provides a unique angling experience in a desert tailwater environment;
and this fishery could be enhanced to once again provide a high-quality, destination fishing experience
that is respected nationally and attracts both national and international visitors. Two important aspects of
the trout stock that would affect this experience are abundance and size-distribution. A larger population
size results in a higher catch rate. When the size-distribution contains a high fraction of “preferred” fish
(greater than 20 in.), anglers have more opportunity to catch large fish.
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Measurable attribute 3A1: Catch rate (fish/hour), as measured by creel surveys. In 2009, the
catch rate was 0.85 fish/hour (fish/hr), less than three-quarters of what it was in the late 1990s.
The desire is to see this returned to the levels of the late 1990s (1.2 fish/hr). The catch rate
predicted as part of this attribute should be the expected catch rate in the longer term
(approximately 10 years) after the stock has adjusted to the new management conditions.

Measureable attribute 3A2: Fraction of the trout stock that is of at least “preferred” size (greater
than 20 in.), as measured by electrofishing surveys. Currently, the stock is dominated by fish in
the 6-8 in. range, with less than 0.5 percent greater than 20 in. The desire is to see this fraction
increased to several percent, providing a non-negligible opportunity for anglers to catch a large
fish. As with attribute 3A1, the predicted attribute should be the expected size-distribution in the
long term after the stock has adjusted to the new management conditions.

Obijective 3B. Minimize disturbance of the wilderness experience as a result of non-native fish
management in the wilderness-managed area of GCNP. An important part of the recreational experience
enjoyed by visitors to GCNP is the opportunity to be in a wilderness setting with minimal contact with
other people and few sights and sounds associated with human activities. Non-native fish control
activities, whether on foot, by boat, or by helicopter, and any infrastructure associated with them,
however temporary, have the potential to undermine the wilderness experience for others (particularly
people rafting the river or backpacking at river camping areas) and may be inconsistent with NPS
wilderness policy. Effects of fish-control activities include the noise and lights associated with removal
actions (especially when at night), the competition for camping sites along the river, and the simple
presence of more people on the river.

Measurable attribute 3B: Penalized user-days per year in the GCNP wilderness during
administrative trips for the purpose of non-native fish management. The staff size times the
number of days in the wilderness is the basic measure; this is multiplied by a penalty factor for
activities that result in greater disturbance. Penalty factor for boat (motor) user-days during
motor season is 1; boat (motor) user-days during non-motor season, 2; helicopter trips, 2; and
nighttime management activities, 3. Thus, for example, a 14-day removal trip with a staff of
eight, conducted by boat during the non-motor season, with management activities primary at
night would have a score of 672 penalized user-days (14 days % 8 users x 2 [non-motor] x 3
[night]). If helicopter removal of live fish was required, with 2 trips daily for 8 of the 14 days, an
additional 32 penalized user-days (2 trips/day x 8 days x 2 [helicopter penalty]) would be added.
The number of boats is not included in the calculation; presumably the number of users is tied to
the number of boats.

Objective 3C. Maximize safety, comfort, and convenience of recreational boating in the wilderness-
managed area of GCNP, as affected by flow regimes from Glen Canyon Dam. Several aspects of the
flow regime from the dam can affect the experience of boaters in the Canyon. Low flows (under 8,000
cubic feet per second [ft%/s]) can make a number of sections of the river dangerous or even possibly
unnavigable. High flows (greater than 31,000 ft*/s) can create uncomfortable or dangerous whitewater
boating conditions in some places. Flows that fluctuate widely, particularly over a short period of time,
can create unpredictable conditions for boating, and inconvenient conditions for camping. Current
operating rules under the 1996 Record of Decision (ROD; U.S. Department of the Interior, 1996) specify
maximum daily flow fluctuation ranges of 5,000, 6,000, or 8,000 ft*/s (depending on the monthly release
volumes). Daytime fluctuating flow operations are limited to between 8,000 and 25,000 ft®/s under these
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daily operating rules, with hourly ramping rates restricted to 4,000 ft*/s per hour as flows increase and
no greater than 1,500 ft*/s per hour as flows are ramped down following daily peaks. Daily lows can go
to 5,000 ft*/s, but only between the hours of 07:00 pm and 07:00 am,

Measurable attribute 3C: Number of days per year during which the flow from the dam operates
inside of the following conditions that promote safety, comfort, and convenience for rafting in
the wilderness area of GCNP—flows greater than 8,000 ft*/s, flows less than 31,000 ft*/s, daily
fluctuations less than 5,000 ft*/s.

Objective 3D. Maximize safety, comfort, and convenience of day-rafters, boaters, and anglers in the
GCNRA, as affected by flow regimes from Glen Canyon Dam. Several aspects of the flow regime from
the dam can affect the experience of anglers, boaters, and rafters in the GCNRA. Extremely low flows
(under 3,000 ft*/s) can make a number of sections of the Lees Ferry tailwaters reach unnavigable,
particularly past 3-mile Bar (RM —3). High flows (greater than 30,000 ft*/s) can create uncomfortable or
dangerous conditions in some places. Flows that fluctuate widely, particularly high upramping rates, can
create unpredictable conditions for boaters and anglers.

Measurable attribute 3D: Number of days per year during which the flow from the dam operates
inside of the following conditions that promote safety, comfort, and convenience for angling and
boating in GCNRA—flo