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Preface

This document was prepared by the Bureau of Reclamation’s Upper Colorado Regional Office
and the U.S. Geological Survey’s Grand Canyon Monitoring and Research Center (GCMRC) in
cooperation with members of the Glen Canyon Dam Adaptive Management Program’s Adaptive
Management Work Group (AMWG) and Technical Work Group.

[to be completed later]
Grand Canyon Monitoring and Research Center

June 11, 2010
U.S. Geological Survey
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Chapter 1. Bureau of Reclamation, Upper Colorado Region
Biennial Budget and Work Plan—Fiscal Years 2011-12

Introduction

The Glen Canyon Dam Adaptive Management Program (GCDAMP) is a science-based process for
continually improving management practices related to the operation of Glen Canyon Dam (GCD) by
emphasizing learning through monitoring, research, and experimentation. The Bureau of Reclamation’s
(Reclamation) Upper Colorado Region (BRUC) is responsible for administering funds for the GCDAMP
and providing those funds for monitoring, research, and stakeholder involvement. The majority of program
funding is derived from hydropower revenues; however, supplemental funding is provided by various
Department of the Interior (DOI) agencies that receive appropriations. These agencies include Reclamation,
the U.S. Geological Survey (USGS), the National Park Service (NPS), the U.S. Fish and Wildlife Service
(USFWS), and the Bureau of Indian Affairs (BIA).

The budget and work plan for fiscal years (FY) 2011-12 was developed on the basis of previous
budgets and work plans, the Grand Canyon Monitoring and Research Center (GCMRC) Strategic Plan, and
the GCMRC Monitoring and Research Plan—all of which have been approved by the Adaptive
Management Work Group (AMWG). In FY2011-12, additional consideration was given to meeting the
commitments outlined in the conservation measures sections of two biological opinions issued by the
USFWS: (1) the 2007 Biological Opinion for the Proposed Adoption of Colorado River Interim Guidelines
for Lower Basin Shortages and Coordinated Operations for Lake Powell and Lake Mead (known as the
shortage criteria biological opinion) and (2) the 2008 Final Biological Opinion for the Operation of Glen
Canyon Dam.

The process used to arrive at the FY2011-12 budget and work plan was adopted by the AMWG in
2004 and revised in 2010 to a 2-year fixed budget. In summary, the Budget Ad Hoc Group (BAHG) of the
Technical Work Group (TWG), with input from the Cultural Resources Ad Hoc Group (CRAHG), worked
with the BRUC and the GCMRC to develop a proposal for the TWG. The TWG then reviews the proposed
budget and work plan and develops a recommendation to the AMWG (this document).

The projected hydrograph for Lake Powell release (fig. 1) for water year (WY) 2010 is based on
forecasted inflows to Lake Powell and GCD releases determined by the 1996 Record of Decision on the
operation of Glen Canyon Dam, the 2007 Record of Decision on interim guidelines for coordinated
operation of Lake Mead and Lake Powell, and the 2008 Finding of No Significant Impact on the
environmental assessment of experimental releases for the period 2008—12. It also observes commitments
made in the 2007 and 2008 biological opinions. The projected hydrograph is based on best estimates
available from Reclamation’s 24-month study released in June 2010; however, the forecast is subject to
change as further data becomes available.

This document consists of two chapters: Chapter 1, the BRUC budget and work plan, and Chapter 2,
the GCMRC budget and work plan. A comprehensive budget spreadsheet is provided in Appendix E.



A.1. Personnel Costs

General Project Description

This project represents Reclamation staff costs to perform the daily activities required to support the
AMWG. The work includes completing assignments resulting from AMWG meetings, consulting with
stakeholders on a variety of GCDAMP issues relating to the operation of GCD, disseminating pertinent
information to the AMWG, preparing and tracking budget expenses, and updating Reclamation’s Web page.
Reclamation also responds to regular requests from the General Services Administration (GSA) to complete
Federal Advisory Committee Act (FACA) reports and incorporate meeting and member information into the
FACA database. Reclamation is now required to complete all stakeholder travel, activities that range from
preparing travel authorizations to completing travel vouchers. Additionally, Upper Colorado Region staff
must provide documentation related to litigation involving the Department of the Interior’s operation of
Glen Canyon Dam to various solicitors; these efforts often require many hours of work not programmed into
the fiscal year budget(s).

Project Goals and Objectives

The primary goal is to perform all work associated with the AMWG in a timely and efficient
manner, while using the funds available as prudently as possible. Secondary goals include increasing each
stakeholder’s awareness of significant budget and legislative issues related to the GCDAMP, improving
working relationships with the AMWG members/alternates, finding constructive ways to resolve
differences, and addressing individual concerns in an open and accepting forum of discussion.

Expected Results

Personnel costs will not exceed what has been proposed in the budget unless Federal employee
salaries are increased above the consumer price index (CPI). Reclamation staff will provide budget
information to the AMWG on a regular basis. Completed work products will be of high quality and
promptly distributed to AMWG members/alternates and interested parties. Budget reports will be presented
in a format conducive to AMWG needs.

Budget

FY2011 =$178,810 FY2012 =§$184,175
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Reclamation Project A.1. Personnel Costs—Funding History

Activity 2006 2007 2008 2009 2010 2011 2012
Outside Reclamation
science/labor - - - B - - B
Logistics field support — — — — — — —
Project-related
travel/training B B B B - - B
Operations/supplies — — — — — — —
Reclamation salaries 116,375 | 119,866 | 123,223 | 132,892 | 131,165 | 134,443 | 138,477
Subtotal 116,375 | 119,866 | 123,223 | 132,892 | 131,165 | 134,443 | 138,477
DOI Customer burden
(33% for FY09-12) 40,043 34,762 35,735 43,855 43,284 44,367 45,698
Project total 159418 | 154,628 | 158,958 | 176,747 | 174,449 | 178,810 | 184,175

Total outsourced (%)

12




A.2. AMWG Member Travel Reimbursement

General Project Description

This project covers the costs to reimburse AMWG members or alternates to attend regularly
scheduled AMWG meetings.

Project Goals and Objectives

Reimbursing AMWG members or alternates for travel expenses is done to encourage their
attendance at all meetings. Many members live outside of Phoenix, Ariz., where meetings are often held. As
a result, many members must incur travel costs. Having Reclamation provide reimbursement to AMWG
members or alternates for air travel or mileage for the use of private vehicles, as well as other related travel
costs such as hotel, per diem, and rental car increases opportunities for members to participate in a variety of
AMWG assignments. Because Reclamation can purchase airline tickets at the Federal Government rate,
there are additional cost savings to the program.

Expected Results

The GCDAMP benefits from having all AMWG members participating in regularly scheduled
meetings. As a collective body, they address and resolve concerns associated with the operation of GCD and
make recommendations to the Secretary of the Interior for continued science efforts performed below the
GCD.

Budget

FY2011 =$17,671 FY2012 = §$18,201

Reclamation Project A.2. AMWG Travel Reimbursement—Funding History

Activity 2006 2007 2008 2009 2010 20Mm 2012

Outside Reclamation
science/labor

Logistics field support — — — — — — _

Project-related 15,725 | 16,197 | 16.651 | 17.467 | 17.240| 17.671 | 18201
travel/training

Operations/supplies — — — — — — _

Reclamation salaries — — — _ _ _ _

Subtotal 15,725 | 16,197 | 16,651 | 17,467 | 17,240 | 17,671 | 18,201

DOI Customer burden
(33% for FY09-12)

Project total 15,725 | 16,197 | 16,651 | 17,467 | 17,240 | 17,671 | 18,201

Total outsourced (%) — — — — — — _
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A.3. Reclamation Travel

General Project Description

This project supports travel expenses Reclamation staff incur to attend AMWG and ad hoc group
meetings. In order to work on AMWG/ad hoc assignments, the meetings are often held in Phoenix, Ariz. As
such, Reclamation staff must make additional trips throughout the year in completion of those assignments.

Project Goals and Objectives

The primary goal is for Reclamation staff to be able to travel to meetings and participate in
completing AMWG/TWG assignments. By doing so, the program benefits from greater interaction among
its members as well as continued improvement and commitment to operating GCD in the best manner
possible and obtaining the results from science being conducted in the study area.

Expected Results

Reclamation staff will be involved with AMWG/TWG members in completing work assignments and
resolving issues that affect the GCDAMP. They will develop better working relationships with all involved
and work toward consensus on a variety of sensitive issues.

Budget

FY2011 = $14,344 FY2012 = $14,774

Reclamation Project A.3. Reclamation Travel—Funding History

Activity 2006 2007 2008 2009 2010 2011 2012

Outside Reclamation
science/labor

Logistics field support — — — — — — _

Project-related
travel/training

Operations/supplies — — — — — _ _

Reclamation salaries — — _ _ _ _ _

Subtotal 13,000 | 13,390 | 13,765 | 14,178 | 13,994 | 14,344 | 14,774

DOI Customer burden
(33% for FY09-12)

Project total 13,000 | 13,390 | 13,765 | 14,178 | 13,994 | 14,344 | 14,774

Total outsourced (%) — — — — — — _
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A.4. Facilitation Contract

General Project Description

This project supports a facilitator who is under contract to Reclamation to provide facilitations services for
AMWG meetings. This person may also assist AMWG ad hoc groups in completing assignments.
Project Goals and Objectives

The facilitator’s primary responsibility is to keep the AMWG meetings organized and help the
members reach consensus on important issues. The facilitator creates a setting that allows all members and
the public to express their views.

Expected Results

The facilitator will create an atmosphere in which the members and other participants at AMWG meetings
feel comfortable expressing their individual viewpoints. The facilitator will help bring the AMWG members
to consensus on pertinent issues affecting the GCDAMP when possible.

Budget
FY2011 = $27,274 FY2012 = $28,092

Reclamation Project A.4. Facilitation Contract—Funding History

Activity 2006 2007 2008 2009 2010 2011 2012

Outside Reclamation
science/labor

Logistics field support — — — — — — _

Project-related travel/training 25,000 | 25,000 | 25,700 | 26,959 | 26,609 | 27,274 | 28,092

Operations/supplies — — — — — —_ _

Reclamation salaries — — — _ _ _ _

Subtotal 25,000 | 25,000 | 25,700 | 26,959 | 26,609 | 27,274 | 28,092

DOI Customer burden
(33% for FY09-12)

Project total 25,000 | 25,000 | 25,700 | 26,959 | 26,0609 | 27,274 | 28,092
Total outsourced (%) — — — — — — _
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A.5. Public Outreach

General Project Description

This project covers the expenses for Reclamation staff and the Public Outreach Ad Hoc Group
(POAHG) to develop materials for the GCDAMP public outreach efforts.

Project Goals and Objectives

Reclamation public affairs staff and the POAHG will work jointly in developing materials to inform
and educate the public on the goals and administration of the GCDAMP. They will keep other GCDAMP
members advised of progress and expenditures.

Expected Results

Products will include fact sheets, Web site information, tribal outreach materials, video B-roll,
special events, conference participation, and other pertinent means of advising the public and program
members on the achievements of the GCDAMP. The POAHG will maintain accurate records of payments
made against the contracts and will keep Reclamation staff informed of discrepancies or concerns.

Budget
FY2011=% 56,184 FY2012 =$57,870

Reclamation Project A.5. Public Outreach—Funding History

Activity 2006 2007 2008 2009 2010 2011 2012

Outside Reclamation science/labor — — — — — — —

Logistics field support — — — — - — —

Project-related travel/training 2,000 2,000 2,000 2,000
Operations/supplies — — — — 2,500 2,500 2,500
Reclamation salaries 50,000 | 51,500 | 41,040 | 38,846 | 36,714 | 37,744 | 39,011
Subtotal 50,000 | 51,500 | 41,040 | 40,846 | 41,214 2,244 | 43,511
DOI Customer burden

(33% for FY09-12) 11,902 | 13,684 | 13,600 | 13,940 | 14,359
Project total 50,000 | 51,500 | 52,942 | 55536 | 54,814 | 56,184 | 57,870

Total outsourced (%)

16




A.6. Other

General Project Description

This project represents some of the other “miscellaneous” expenses incurred in operation of the
AMWG, including the following expenses:

e Overnight mailings of AMWG meeting packets
e Copying of reports

e Purchasing meeting materials (cassette tapes, markers, paper, software upgrades for GCDAMP Web
site posting, etc.)

e Purchasing equipment (audio recording/transcribing machines)

In addition to the expenses noted above, training courses are often required for staff to keep current
on environmental issues, FACA changes, computer technology improvements, etc. Also included in this
category are monetary awards given to Reclamation staff who have contributed significantly to the success
of the GCDAMP.

Project Goals and Objectives
The primary goal is to limit spending on “other” items as much as possible. By doing so, more

money can be applied to science and research.

Expected Results

Other expenses will be kept to a minimum in an effort to reduce the administrative portion of the
GCDAMP budget.

Budget
FY2011 = $8,062 FY2012 = $8,303

Reclamation Project A.6. Other—Funding History

Activity 2006 2007 2008 2009 2010 2011 2012
Outside Reclamation
science/labor o o o o o B B
Logistics field support — — — — — — —
Project-related travel/training 5,000 | 5,390 | 5,597 | 5,969 | 5865 | 6,062 | 6,303
Operations/supplies 2,175 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000
Reclamation salaries — — — — — — —
Subtotal 7,175 | 7,390 | 7,597 | 7,969 | 7,865| 8,062 | 8,303
DOI Customer burden
(33% for FY09-12) N N N N N B B
Project total 7,175 | 7,390 | 7,597 | 7969 | 7,865 | 8,062 | 8,303
Total outsourced (%) — — — — — — —
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B.1. Personnel Costs

General Project Description

This project represents Reclamation staff costs to perform the daily activities required to support the

TWG, a subgroup of the AMWG. The work includes completing assignments resulting from TWG

meetings, consulting with stakeholders on a variety of GCDAMP issues relating to the operation of GCD,

disseminating pertinent information to TWG members, preparing and tracking budget expenses, and

updating the Web pages Reclamation maintains for the program. Reclamation also completes all stakeholder
travel activities, which range from preparing travel authorizations to completing travel vouchers.

Project Goals and Objectives

This project represents Reclamation staff costs to perform the daily activities required to support the
TWG. The work includes completing assignments resulting from AMWG or TWG meetings, consulting
with stakeholders on a variety of GCDAMP issues relating to the operation of GCD, disseminating pertinent

information to TWG members, preparing and tracking budget expenses, and updating the Web pages

Reclamation maintains for the program.

Expected Results

Personnel costs will not exceed what has been proposed in the budget unless Federal employee
salaries are increased above the CPI. Reclamation staff will provide budget information to the TWG on a

regular basis. Completed work products will be promptly distributed to TWG members/alternates and

interested parties.

Budget
FY2011 = $87,201

FY2012 = $89,817

Reclamation Project B.1. Personnel Costs—Funding History

Activity 2006 2007 2008 2009 2010 2011 2012
Outside Reclamation science/labor — — — — — — —
Logistics field support — — — — — — —
Project-related travel/training — — — — — — —
Operations/supplies — — — — — — —
Reclamation salaries 53,178 | 54,773 | 56,306 | 64,808 | 63,965 | 65,565 | 67,532
Subtotal 53,178 | 54,773 | 56,306 | 64,808 | 63,965 | 65,565 | 67,532
DOI Customer burden
(33% for FY09-12) 19,669 | 15,884 | 16,329 | 21,387 | 21,109 | 21,636 | 22,285
Project total 72,847 | 70,657 | 72,635 | 86,195 | 85,074 | 87,201 | 89,817

Total outsourced (%)
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B.2. TWG Member Travel Reimbursement

General Project Description

This project provides funds to reimburse TWG members or alternates for expenses incurred to
attend regularly scheduled TWG meetings.

Project Goals and Objectives

Reimbursing TWG members or alternates for travel expenses is done to encourage their attendance
at all meetings. Many members live outside of Phoenix, Ariz., where meetings are often held. As a result,
many members must incur travel costs. Having Reclamation provide reimbursement to TWG members or
alternates for air travel or mileage for the use of private vehicles, as well as other related travel costs such as
hotel, per diem, and rental car increases opportunities for members to participate in a variety of TWG
assignments. Because Reclamation can purchase airline tickets at the Federal Government rate, there are
additional cost savings to the program.

Expected Results
The GCDAMP will benefit from having all the TWG members participate in regularly scheduled

meetings. As a collective body, TWG members address and resolve concerns associated with the operation
of GCD and make recommendations to the AMWG for continued research.

Budget
FY2011 = $24,232 FY2012 = $24,959

Reclamation Project B.2. TWG Member Travel Reimbursement—Funding History

Activity 2006 2007 2008 2009 2010 2011 2012

Outside Reclamation
science/labor

Logistics field support — — — — - — —

Project-related travel/training 20,836 | 22,211 | 22,833 | 23,952 | 23,641 | 24,232 | 24,959

Operations/supplies — — — — — _ _

Reclamation salaries — — — _ _ _ _

Subtotal 20,836 | 22,211 | 22,833 | 23,952 | 23,641 | 24,232 | 24,959

DOI Customer burden
(33% for FY09-12)

Project total 20,836 | 22,211 | 22,833 | 23,952 | 23,641 | 24,232 | 24,959

Total outsourced (%) — — — — — _ _
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B.3. Reclamation Travel

General Project Description

This project covers travel expenses that Reclamation staff will incur to prepare for and attend TWG
meetings and ad hoc group meetings resulting from AMWG/TWG assignments. Meetings needed to
advance AMWG/TWG efforts are often held in Phoenix, Ariz., because it is centrally located to those
entities/States represented on the AMWG/TWG. As a result, Reclamation staff members who are not
located in Phoenix are required to make additional trips throughout the year in completion of AMWG/TWG
assignments.

Project Goals and Objectives

The primary goal is for Reclamation staff to be able to travel to meetings and participate in
completing AMWG/TWG assignments. By doing so the program benefits from greater interaction among its
members as well as continued improvement and commitment to operating GCD in the best manner possible
and for obtaining the necessary results from science being conducted in the study area.

Expected Results

Reclamation staff will continue to be involved in meeting with AMWG/TWG members to complete
work assignments and resolve issues that affect the operation of GCD. They will develop better working
relationships with all involved and work toward consensus on a variety of GCDAMP issues.
Budget
FY2011 = $17,864 FY2012 = $18,400

Reclamation Project B.3. Reclamation Travel—Funding History

Activity 2006 2007 2008 2009 2010 2011 2012

Outside Reclamation
science/labor

Logistics field support — — — — — _ _

Project-related
travel/training

Operations/supplies — — — — - — —

Reclamation salaries — — — — _ _ _

Subtotal 15,898 | 16,375 | 16,834 | 17,658 | 17,428 | 17,864 | 18,400

DOI Customer burden
(33% for FY09-12)

Project total 15,898 | 16,375 | 16,834 | 17,658 | 17,428 | 17,864 | 18,400

Total outsourced (%) — — — — — — _
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B.4. TWG Chair Reimbursement/Facilitation

General Project Description

This project supports a person who is under contract to Reclamation to serve as the chairperson for
TWG meetings. This person may also assist AMWG/TWG ad hoc groups in completing assignments. In the
event that the TWG chair salary is covered through funding outside the GCDAMP, these funds can be used
by Reclamation for administrative purposes or to cover professional facilitation of TWG issues.

Project Goals and Objectives

The chairperson’s primary responsibility is to conduct regularly scheduled TWG meetings. The
chairperson also participates in ad hoc group assignments and works closely with Reclamation and GCMRC
staff in setting meeting agendas. The chairperson follows up on TWG and ad hoc group assignments and
ensures that information is shared with the members and alternates in a timely manner.

Expected Results

The chairperson creates an atmosphere in which the members and other participants at TWG
meetings feel comfortable expressing their individual viewpoints. The chairperson will bring the TWG
members to consensus on sensitive issues with the ultimate goal of making recommendations to the AMWG
that incorporate the best scientific information available to the GCDAMP. The chairperson will follow up on
action items and make assignments as necessary to accomplish TWG objectives.

Budget
FY2011 = $24,305 FY2012 = $25,660

Reclamation Project B.4. TWG Chair Reimbursement—Funding History

Activity 2006 2007 2008 2009 2010 2011 2012

Outside Reclamation
science/labor

Logistics field support — — — — — — _

Project-related
travel/training

Operations/supplies — — — — - — —

Reclamation salaries — — _ — _ _ _

Subtotal 22,171 | 22,836 | 23,474 | 24,625 | 24,305 | 24913 | 25,660

DOI Customer burden
(33% for FY09-12)

Project total 22,171 | 22,836 | 23,474 | 24,625 | 24,305 | 24913 | 25,660

Total outsourced (%) — — — — — — _
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B.5. Other

General Project Description

This project represents some of the other “miscellaneous” expenses incurred in support of the TWG,
including the following expenses:

e Overnight mailings of TWG meeting packets
e Copying of reports
e Purchasing meeting materials (cassette tapes, markers, paper, etc.)

¢ Purchasing equipment (audio recording/transcribing machines)

Project Goals and Objectives

The primary goal is to limit spending on “other” items as much as possible. By doing so, more
money can be spent on science and research.

Expected Results
Other expenses will be kept to a minimum in an effort to keep within the GCDAMP budget.

Budget
FY2011 = $2,303 FY2012 = $2,372

Reclamation Project B.5. Other—Funding History

Activity 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012

Outside Reclamation
science/labor

Logistics field support — — — — — — _

Project-related travel/training 2,050 | 2,112 | 2,171 | 2277 | 2,247 | 2,303 | 2,372
Operations/supplies — — — —

Reclamation salaries — — — _ _ _ _

Subtotal 2,050 | 2,112 | 2,171 | 2277 | 2,247 | 2,303 | 2,372

DOI Customer burden
(33% for FY09-12)

Project total 2,050 | 2,112 | 2,171 | 2,277 | 2,247 | 2,303 | 2,372

Total outsourced (%) — — — — — — _
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C.1. Compliance Documents

General Project Description

This project covers the costs for preparing documents for GCDAMP-proposed actions required to
comply with the Endangered Species Act (ESA), National Environmental Policy Act (NEPA), and National
Historic Preservation Act (NHPA). In FY2010 funds not expended were carried forward and FY2011 funds
will be carried forward for anticipated use in FY2012, unless the Secretary of the Interior agrees to a
recommendation for a large-scale experiment.

Project Goals and Objectives

Reclamation staff will keep informed on changes to the ESA, NEPA, and NHPA and will consult
with AMWG stakeholders to ensure appropriate compliance is undertaken for actions taken in support of the
GCDAMP.
Expected Results

Reclamation staff will be involved in all compliance issues related to the GCDAMP, using travel
expenses to meet with the GCDAMP stakeholders to resolve any differences.
Budget
FY2011 =$399.933* FY2012 = $52,101

Reclamation Project C.1. Compliance Documents—Funding History

Activity 2006 2007 2008 2009 2010 2011 2012
Outside Reclamation
science/labor B B B B B o
Logistics field support — — — — — —
Project-related travel/training — — — — — —
Operations/supplies — — — — — —
Reclamation salaries 22,450 | 263,622 | 210,080 | 37,594 | 37,105 300.701 | 39,174
Subtotal 60,923 | 37,594 | 37,105 300,701 | 39,174
DOI Customer burden
(33% for FY09-12) 12,406 | 12,245 99,232 | 12,927
Project total 22,450 | 263,622 | 271,003 | 50,000 | 49,350 399.933 | 52,101
Total outsourced (%) — — — — — — —

*Reclamation anticipates there will be $300,000 available from Canyon Treatment Plan and implementation

unexpended funds. In addition, the funds allocated for FY 10 ($49,350) and FY'11 ($50,583) are being

included for a total of $399,933.
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C.2. Administrative Support for NPS Permitting

General Project Description

This project provides funding to support the Grand Canyon National Park permitting of research and
monitoring projects conducted under the GCDAMP. Grand Canyon National Park employs a permitting
specialist and staff who review all proposals for projects to be completed in the park under the auspices of
the GCDAMP. The program provides these funds to offset the park’s administrative burden in providing

these services.

Project Goals and Objectives

The primary goal is to ensure that projects conducted under the GCDAMP are reviewed and

permitted by the NPS.

Expected Results

Projects conducted under the GCDAMP will receive permits from the NPS in a timely manner.

Budget
FY2011 = $120,240

FY2012 = $123,847

Reclamation Project C.2. Administrative Support for NPS Permitting—Funding History

Activity

2006

2007

2008

2009

2010

2011

2012

Outside Reclamation
science/labor

Logistics field support

Project-related travel/training

Operations/supplies

Reclamation salaries

Subtotal

100,000

110,000

113,300

118,852

117,307

120,240

123,847

DOI Customer burden
(33% for FY09-12)

Project total

100,000

110,000

113,300

118,852

117,307

120,240

123,847

Total outsourced (%)
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C.3. Contract Administration

General Project Description

This project covers the expenses for Reclamation staff to prepare and monitor contracts associated
with the GCDAMP. Specifically, these contracts are for AMWG facilitation, TWG chairperson
reimbursement, Tribal participation, Tribal resource monitoring, and programmatic agreement (PA) work.

Project Goals and Objectives

Reclamation contract specialists will accurately apply funds spent on individual contracts to ensure
costs do not exceed contract limits. They will keep other Reclamation staff informed as to those charges so
accurate reporting can be made to both AMWG and TWG members.

Expected Results

Contract specialists will ensure that individual contractors are fulfilling the requirements of their
contracts. They will maintain accurate records of payments made against the contracts and will keep
Reclamation staff informed of discrepancies or concerns. Work will be completed on time and within the
limits of the contract.

Budget
FY2011 = $40,420 FY2012 = $41,632

Reclamation Project C.3. Contract Administration—Funding History

Activity 2006 2007 2008 2009 2010 2011 2012

Outside Reclamation
science/labor

Logistics field support — — — — — — _

Project-related

travel/training

Operations/supplies — — — — — — —
Reclamation salaries 24,394 | 32,413 | 25,830 | 30,040 | 29,650 | 30,391 | 31,302
Subtotal 24,394 | 32,413 | 25,830 | 30,040 | 29,650 | 30,391 | 31,302

DOI Customer burden
(33% for FY09-12) 7,491 9,913 9,784 | 10,029 | 10,330

Project total 24,394 | 32413 | 33,321 | 39,953 | 39,434 | 40,420 | 41,632
Total outsourced (%) — — — — — — _
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C.4. Experimental Carryover Funds

General Project Description

This budget item reserves funds for conducting experiments under the GCDAMP. Given previous
experience, the estimated cost of large-scale experiment, or high-flow experiment (HFE), is approximately
$1.5 million. This amount will be reserved over the course of several years to minimize the budgetary
impacts of conducting a large-scale experiment on any individual annual budget.

Project Goals and Objectives

See above.

Expected Results

The funds will be available to conduct a large-scale experiment when conditions are appropriate.

Budget
FY2011 = $493,500

FY2012 = $21,013

Reclamation Project C.4. Experimental Carryover Funds—Funding History

Activity

2006

2007

2008

2009

2010

2011

2012

Outside Reclamation
science/labor

Logistics field support

Project-related
travel/training

Operations/supplies

Reclamation salaries

Subtotal

424,675

500,000

500,000

500,000

493,500

505,838

521,013

DOI Customer burden
(33% for FY09-12)

Project total

424,675

500,000

500,000

500,000

493,500

505,838

521,013

Total outsourced (%)
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C.5. Integrated Tribal Resources Monitoring

General Project Description

This budget item provides funds to identify traditional cultural properties (TCPs) and implement
Native American monitoring protocols that were developed in FY2007 and recommended by the TWG as
part of efforts to develop a core-monitoring program.

In addition, the five GCDAMP Tribes (Hopi Tribe, Hualapai Tribe, Kaibab-Paiute Tribe, Pueblo of
Zuni, Navajo Nation) will work with Reclamation and the NPS to implement monitoring of historic
properties in Glen and Grand Canyons. This will be accomplished by adding an additional 3 days to the
annual GCDAMP monitoring trips.

Project Goals and Objectives

The primary goal of this activity is to evaluate the effects of dam operations and other actions under
the authority of the Secretary of the Interior on resources of value to Native American Tribes. A secondary
goal is to conduct condition monitoring of historic properties to assist Reclamation in compliance with
Section 106 of the National Historic Preservation Act.

Expected Results

Annual reports will be prepared detailing activities, findings, and monitoring data that result from
implementing core-monitoring protocols for historic properties. Condition monitoring data will be provided
to Reclamation to assist in prioritization of historic properties for treatment in subsequent years. In addition,
monitoring data will be used to update NPS databases.

Budget

FY2011 = $144,553 (Power revenues) FY2011 = $75,000 (Appropriated fund)*
FY2012 = $148,889 (Power revenues)

NOTE: FY10-11 $75k Appropriated Funds received in previous years were reallocated in both FY 10 and
FY11

* Appropriated funds for this project are unexpended Tribal funds from previous years.
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Reclamation Project C.5. Integrated Tribal Resources Monitoring—Funding History

Activity

2006

2007

2008

2009

2010

201

2012

Outside Reclamation
science/labor

Logistics field support

Project-related
travel/training

Operations/supplies

Reclamation salaries

Subtotal (power
revenues)

125,000

132,500

136,210

142,884

141,027

144,553

148,889

DOI Customer burden
(33% for FY09-12)

Appropriated Funds

75,000

75,000

Project total

Total outsourced (%)

125,000

132,500

136,210

142,884

216,027

219,553

148,889
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C.6. Nonnative Fish Suppression Contingency Fund

General Project Description

This budget item establishes a nonnative fish suppression contingency fund to ensure that funds are
available for the control of nonnative fish should the need arise. Efforts to control nonnative fish,
particularly warm water species that reproduce rapidly, may be required to protect native fish populations
more expeditiously than can be accommodated by the standard biennial budget process. The 2008 Final
Biological Opinion for the Operation of Glen Canyon Dam expressed concern about the threats posed to
native fish by nonnative fish species and called for planning to address the potential threat. This fund will be
incrementally increased with future carryover dollars when available. A plan of action for nonnative fish
control is being developed by the GCMRC and will be used to determine when and how these funds will be
used after the plan has been recommended by AMWG and accepted by the Secretary of the Interior.

Project Goals and Objectives

The goal of this budget item is to ensure that funds are available for nonnative fish control,
particularly the control of rapidly reproducing warm water species that can become problematic at time
scales unsuitable for addressing with the standard biennial GCDAMP process.

Expected Results

Funds will be available for nonnative fish control efforts as a contingency for addressing rapidly
developing populations of problematic species.

Budget
FY2011 = $49,049 FY2012 = $50,521

Reclamation Project C.6. Non-native Fish Suppression Contingency Fund—Funding History

Activity 2006 | 2007 | 2008 | 2009 2010 201 2012

Outside Reclamation science/labor — — — — — — —

Logistics field support — — — — — _ _

Project-related travel/training — — — — — — _

Operations/supplies — — — — — — _

Reclamation salaries - — — — _ _ _

Subtotal — — — | 48,483 | 47,853 | 49,049 | 50,521

DOI Customer burden
(33% for FY09-12)

Project total — — — | 48,483 | 47,853 | 49,049 | 50,521

Total outsourced (%) — — — — — — —
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D.1. Programmatic Agreement: Reclamation Administrative Costs

General Project Description

This project funds the salary and travel expenses of the PA program administrator and indirect costs
of PA program administration. Reclamation’s regional archeologist administers the PA program and tribal
contracts. The project integrates the PA and Tribal consultation into the larger GCDAMP.

Project Goals and Objectives

e Management of five tribal sole source contracts from appropriated funds for participation in the
GCDAMP and management of five tribal sole source contracts from power revenues to implement
Native American monitoring protocols.

e Management of the treatment plan including monitoring and data recovery of at-risk historic properties.

e Chair one PA meeting and attend TWG and AMWG meetings.

Expected Results

Compliance with the National Historic Preservation Act, Sec. 106 is the administration of the Glen
and Grand Canyon treatment plans is the primary outcome of this project, which also ensures accountability
for the ten tribal contracts and appropriate use of both appropriated dollars and power revenues.

Budget
FY2011 = $60,252 FY2012 = $62,060

Reclamation Project D.1. Programmatic Agreement: Reclamation Administrative Costs—Funding
History

Activity 2006 2007 2008 2009 2010 201 2012

Outside Reclamation science/labor — — — — — — —

Logistics field support — — — — — — _

Project-related travel/training — — — 3,000 3,000 3,000 3,000
Operations/supplies — — — — — — —
Reclamation salaries 54,107 | 71,892 | 57,354 | 42,236 | 41,633 | 42,302 | 43,662
Subtotal 54,107 | 71,892 | 57,354 | 45,236 | 44,633 | 45,302 | 46,662
DOI Customer burden

(33% for FY09-12) — — — | 14,928 | 14,729 | 14,950 | 15,398
Project total 54,107 | 71,892 | 57,354 | 60,164 | 59,362 | 60,252 | 62,060

Total outsourced (%)
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D.2. Canyon Treatment Plan and Implementation

General Project Description

In consultation with Grand Canyon National Park, the Arizona State Historic Preservation Office
(SHPO), and the remainder of the PA signatories, Reclamation completed a scope-of-work for the
development of a treatment plan for the cultural resources of Grand Canyon. A request for proposal based
on this scope-of-work was issued in FY2008 and the contract was awarded to Utah State University. Four
sites were targeted for data recovery in FY2008 and five were excavated in FY2009. A final report,
analyses of all recovered materials and curation at the GRCA museum facility will be completed in FY'10.
An in-depth assessment and reorientation of this project will be undertaken in FY2011.

Project Goals and Objectives

e Compliance with the National Historic Preservation act through execution of the 1994 PA.
Government-to-government consultation with Tribal councils regarding Glen and Grand Canyon
resources including archeological sites, traditional cultural properties and natural resources important to
the tribes.

e Completion of a historic preservation plan and research design. Collaboration with NPS archeologists
in carrying out field activities.

Expected Results

This effort will result in the prioritization, based on significance, of all affected Glen and Grand
Canyon properties and implementation of an MOA for treatment of adverse effects. Detailed and
comprehensive reports on consultant activities, results, and recommendations will be produced. Evaluation
and implementation of mitigative measures or total data recovery, following the Secretary of the Interior
Standards and Guidelines for Historic Preservation and guidance of the Advisory Council on Historic
Preservation, will be completed.
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Budget
FY2011 = $205,838

FY2012 = $521,013

Reclamation Project D.2. Canyon Treatment Plan and Implementation—Funding History

Activity

2006

2007

2008

2009

20107

201

2012

Outside Reclamation
science/labor

Logistics field support

Project-related travel/training

Operations/supplies

Reclamation salaries

Subtotal

300,000

500,000

493,500

205,838

521,013

DOI Customer burden
(33% for FY09-12)

Project total

300,000

500,000

493,500

205,838

521,013

Total outsourced (%)

100%

100%

100%

100%

*The FY2010 total is being negotiated based on a modified SOW. Reclamation estimates that $300,000 of
the $493,500 previously in that line item will be available for expenditure toward the long term experiment
and management plan EIF in FY2011, since the treatment plan is being revised to better include Native
American Tribal perspective. Therefore, $300,000 is being proposed to being moved to the Compliance

document line item.
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E. Tribal Participation in the GCDAMP: Sole-Source Reimbursable

Contracts with Tribes

General Project Description

As a result of this project, participation in GCDAMP meetings, resource monitoring, and
government-to-government consultation will be accomplished in concert with the five GCDAMP Tribes
(Hopi Tribe, Hualapai Tribe, Kaibab Paiute Tribe, Pueblo of Zuni, Navajo Nation) and five DOI agencies
(U.S. Geological Survey, National Park Service, Reclamation, U.S. Fish and Wildlife Service, and Bureau
of Indian Affairs), with Reclamation serving as lead agency.

Project Goals and Objectives

The purpose of funding of tribal contracts is to ensure tribal viewpoints are integrated into
continuing GCDAMP dialogs, votes, and in the final recommendations made to the Secretary of the Interior.

Expected Results

The most important product is the incorporation of tribal perspectives into the recommendations
forwarded to the Secretary. In addition, the Tribes prepare annual reports on activities funded under these
contracts. Continued funding of government-to-government consultation through the agreements ensures
enhanced communication and understanding of the GCDAMP issues and concerns.

Budget
FY2011 = $475,000

FY2012 = $475,000 (appropriated funds)

Reclamation Project E. Tribal Participation in the GCDAMP: Sole-Source Reimbursable Contracts

with Tribes—Funding History

Activity

Outside Reclamation
science/labor

2006

2007

2008

2009

2010

2011

2012

Logistics field support

Project-related travel/training

Operations/supplies

Reclamation salaries

Subtotal

477,375

475,000

475,000

475,000

475,000

475,000

475,000

DOI Customer burden
(33% for FY0-12)

Project total

477,375

475,000

475,000

475,000

475,000

475,000

475,000

Total outsourced (%)

100%

100%

100%

100%

100%

100%

100%
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Chapter 2. U.S. Geological Survey, Southwest Biological
Science Center, Grand Canyon Monitoring and Research
Center Biennial Budget and Work Plan—Fiscal Years
2011-12

Introduction

The Glen Canyon Dam Adaptive Management Program (GCDAMP) is a science-based process for
continually improving management practices related to the operation of Glen Canyon Dam (GCD) that
emphasizes learning through monitoring, research, and experimentation. The U.S. Geological Survey’s
(USGS) Grand Canyon Monitoring and Research Center (GCMRC) is responsible for the scientific
monitoring and research of the GCDAMP. GCMRC staff worked cooperatively with GCDAMP participants
and the Bureau of Reclamation (Reclamation) to develop this document, the Glen Canyon Dam Adaptive
Management Program Biennial Budget and Work Plan—Fiscal Years 2011-12 (hereafter BWP).

Purpose

This BWP describes the core-monitoring, long-term experimental, research and development, and
related activities by project that will be implemented in fiscal years (FY) 2011-12 to address priority goals,
questions, and information needs specified by the GCDAMP. This document also provides budget
information for each project.

Overview of the GCMRC Strategic Science Plan and Monitoring and Research Plan

This BWP is designed to implement and be consistent with the GCMRC SSP Strategic Science Plan
(SSP) and Monitoring and Research Plan (MRP) that have been approved by the AMWG and the Secretary
of the Interior. The primary elements of the MRP and SSP addressed by this BWP include

e employing the adaptive environmental assessment and management approach to resources management
that was developed by Holling (1978) and Walters (1986), and articulated in the Adaptive Management
Program Strategic Plan (AMPSP);

e using GCDAMP priority questions and associated strategic science questions (SSQs) to provide the
primary (but not exclusive) basis for designing the science program (appendix A);

e implementing an interdisciplinary, integrated river science approach to better understand the factors
contributing to native fish population status and trends, and updating key elements of the Grand Canyon
Ecosystem Model (GCEM) to assist in long-term experimental planning such as future high-flow
experiments (HFE); and

e working collaboratively with managers and stakeholders to better integrate the use of scientific
information (Figure 1) into the GCDAMP process.

In FY2011-12, the GCMRC will update the 2005 Knowledge Assessment and State of the Colorado River
Ecosystem in Grand Canyon (SCORE) report for managers and stakeholders for planning management
actions and the next phase of research and experimentation. The KA and SCORE report will provide the
technical basis for updating the SSP and MRP.
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Figure 1

Diagram outlining the collaborative science planning and implementation process. The Glen Canyon
Dam Adaptive Management Program and the U.S. Department of the Interior have lead
responsibility for the shaded boxes. The USGS Grand Canyon Monitoring and Research Center has
lead responsibility for the boxes that are not shaded.
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Overview of Biennial Work Plan and Budget

In April 2009, the Adaptive Management Work Group (AMWG), the Federal Advisory Committee
that facilitates the GCDAMP, recommended approval of amendments to the SSP and MRP—the documents
that are the basis of this BWP—that reflect the requirements of two biological opinions prepared by the U.S.
Fish and Wildlife Service (USFWS). As a result, projects presented in this work plan incorporate
requirements of the 2007 Final Biological Opinion for the Proposed Adoption of Colorado River Interim
Guidelines for Lower Basin Shortages and Coordinated Operations for Lake Powell and Lake Mead (known
as biological opinion for shortage criteria) and the 2008 Final Biological Opinion for the Operation of Glen
Canyon Dam.

Additionally, GCMRC staff members discussed FY2011-12 budget priorities with the Budget Ad
Hoc Work Group (BAHG), the Technical Work Group (TWG), and the AMWG. The results of those
discussions were considered in the development of this BWP.

This BWP assumes that the FY2011-12 hydrograph will consist of modified low fluctuating flow
(MLFF) operations, including experimental steady flows in October 2010/110 and September 2011/2012.
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The BWP provides for the evaluation of a potential high flow experiment (HFE) in FY20110 and/or
FY20121. Currently, the Bureau of Reclamation is preparing and Environmental Assessment (EA) for a
HFE Protocol that will specify the conditions under which future HFE’s will be conducted. The BWP
provides for the scientific evaluation of the effects of future HFE’s primarily through reliance on existing
resource monitoring programs for native fishes, Lee’s ferry trout, riparian vegetation, sediment storage, sand
bars, camping beaches, archaeological sites, and hydropower. The monitoring and research activities
conducted in support of the HFE protocol may be revised based on (a) the results of the HFE Protocol EA,
and (b) the results of the synthesis of the scientific findings for HFEs conducted in 1996, 2004, and 2008
that will be completed by USGS by December 31, 2010.

This BWP includes several new and expanded projects as well as the continued implementation of a
number of ongoing projects included in the approved Glen Canyon Adaptive Management Program Biennial
Budget and Work Plan—Fiscal Year 2010-11. Funding for ongoing projects was adjusted to reflect cost of
living increases, increased salary costs, logistical support, past performance, etc. The FY2011 budget
assumed a 2.5 percent increase in funding based on the consumer price index (CPI) and a 3 percent CPI
increase from FY2011 to FY2011. The proposed budget addresses all of the conservation measures included
in the 2007 and 2008 USFWS biological opinions that are within the purview of the GCMRC (see appendix
C for a summary of the conservation measures). Addressing conservation measures was accomplished, in
part, with additional appropriations from Reclamation for the Near Shore Ecology Study.

Table 1 summarizes the project and activities that are include in the BWP, including changes that
were included in the approved FY 2010-11 BWP.

Two major new projects are included in the BWP:

A new initiative to investigate trout movement below Lees Ferry and the feasibility or effectiveness
of alternatives approaches for reducing the impacts of rainbow trout on the humpback chub population in the
Little Colorado Reach of the Colorado River.

The aquatic food base, Lees Ferry trout, and sediment monitoring programs were enhanced to
facilitate the scientific evaluation of future HFE’s on these resources. In addition, a new monitoring effort is
recommended to assess how Lee Ferry angler satisfaction is affected by HFE’s and other experimental
activities.

To achieve a balanced budget, a number of ongoing projects had to be scaled back to accommodate
new projects described above and non-discretionary cost increases for continuing projects. In addition, based
on direction from DOI and recommendations for the AMWG, approximately $ 617,000 was moved from the
USGS budget to the Bureau of Reclamation budget (Chapter1) to increase funding available for nonnative
fish suppression and the development of a Long Term Experimental and Management Plan EIS. This shift
in funds was accomplished by reducing funding for the following project:

Aquatic food base monitoring

Mainstem fish monitoring

Science support for nonnative fish management
Native fish stock assessment

Science advisor support

GCMRC program management
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Table 1

GCMRC FY11-12 Project Summaries

Project

FY11 Summary

FY12 Summary

1. Food Base

Aquatic Food base monitoring

Focus on completion of research,
reports, PEP review, and development
of core monitoring plan; Monthly drift
and benthos monitoring at Lees Ferry
and Diamond Creek only

Monthly drift and benthos monitoring at
Lees Ferry and Diamond Creek only,
Implementation of core monitoring plan
subject to approval

2. Native Fishes

LCR Monitoring

Repeat FY 10 monitoring, revise based
on analysis of PEP recommendations;

Repeat FY 10 monitoring, revise based
on analysis of PEP recommendations;

Mainstem Monitoring

Mainstem monitoring reduced from 4
to 2 trips (to support nonnative control
work by BOR)

Mainstem monitoring restored to 4 trips

HBC Translocation &
Monitoring

Monitor HBC status and translocate
fish above Chute Falls; include
funding for GCMRC oversight

Monitor HBC status and translocate fish
above Chute Falls; include funding for
GCMRC oversight

Stock Assessment of Native
Fish

Continued analysis of fish stock data at
reduced level; Complete & publish.
ASMR estimate humpback chub adult
population

Continued analysis of fish stock data at
reduced level; No ASMR

Remote PIT Tag Reading Operate & maintain equipment and Operate & maintain equipment and
analyze data with graduate student and | analyze data with graduate student and
advisor; Defer expansion of the system | advisor; Defer expansion of the system

Near Shore Ecology Implement project per work plan; Implement project per work plan; Field

Increase logistics funding

work ends in October, 2011; (FY12)
Increase logistics funding for October
river trip; prepare final report

Mainstem Nonnative Fish
Control

Deleted from GCMRC budget; $600K
identified in BOR budget to determine
scope of work, if any

Deleted from GCMRC budget; $300K
identified in BOR budget to determine
scope of work, if any

Nonnative Control Plan Science
Support

Monitor and synthesize nonnative
capture data in Open File Report and
conduct 2011 nonnative workshop

Monitor and synthesize nonnative
capture data in Open File Report and
conduct 2011 nonnative workshop

NEW Evaluation of Trout
Movement, Natal Origins and
Alternatives for Controlling
Rainbow Trout Populations

Investigate RBT movement patterns
between Paria R. and Badger Rapid.

Investigate RBT movement patterns
between Paria R. and Badger Rapid

Biometrics & General Analysis
(Vice Coggins)

ASMR, ecosystem modeling, and
biometric support

ASMR, ecosystems modeling, and
biometric support
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Project

FY11 Summary

FY12 Summary

3. Extirpated Species

No funded projects; GCMRC will
participate in extirpated species ad hoc
group and razorback workgroup

No funded projects; GCMRC will
participate in extirpated species ad hoc
group and razorback workgroup

4. Rainbow Trout

Continue monitoring of fish
community in Lees Ferry reach
including YOY, juvenile and adult
RBT monitoring

Continue monitoring of fish community
in Lees Ferry reach including YOY,
juvenile and adult RBT monitoring

5. Kanab Ambersnail

Continue annual monitoring

Continue annual monitoring

6. Springs / Riparian

Implement vegetation transect
monitoring (assumes approval of core
monitoring plan); Analyze 2009
imagery for vegetation change

Analyze 2009 imagery and prepare
report; Defer bird and/or arthropod
monitoring

7. Quality of Water

Lake Powell & Tailwaters

Continue monitoring; PEP review;
Increase emphasis on analysis and
modeling

Continue monitoring; Prepare core
monitoring plan; Implementation of
core monitoring plan subject to
approval Increase emphasis on analysis
and modeling

Downstream Continue monitoring flow, temperature | Prepare core monitoring plan;
and sediment, etc.; PEP review of Implementation of core monitoring plan
water quality component subject to approval Continue
monitoring flow, temperature and
sediment, etc.;
Modeling support Operate & maintain models; no new Operate & maintain models; no new

model development

model development

8. Sediment

Conduct SedTrend core monitoring.
Monitor sandbar study sites. Report on
2009 SedTrend monitoring and 2009
remote sensing for sandbar area.

Conduct SedTrend core monitoring.
Report on 2011 SedTrend monitoring.

9. Recreation

Grand Canyon Conduct biennial campsite monitoring; | Camp area field monitoring does not
Continue river guide monitoring; resume until FY13; Continue river
Analyze campsite atlas data as part of | guide monitoring; Analyze campsite
integrated image analysis project; atlas data as part of integrated image
Update & maintain campsite atlas on analysis project; Update & maintain
website campsite atlas on website; Campsite

PEP review
Glen Canyon New Project: Evaluate visitor use Year 2: Evaluate visitor values and

values and satisfaction in the Lees
Ferry Reach (HFE Experimental
funds). Assumes matching funds /
shared costs with AZGFD

satisfaction in the Lees Ferry Reach
(HFE Experimental funds). Assumes
matching funds / shared costs with
AZGFD
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Project

FY11 Summary

FY12 Summary

10. Hydropower

New Project: Evaluate GTmax model
as a tool for assessing economic costs
to hydropower in the context of the
western electrical grid. Prepare report.
Serve data via website; Annual report

Use model to assess economic costs to
hydropower from alternative flow
regimes; Prepare report. Serve data via
website; Annual report

11. Cultural

Implement pilot monitoring with
reduced scope (fewer sites, etc), which
may extend length of project

Implement pilot monitoring with
reduced scope (fewer sites, etc), which
may extend length of project

12. DASA

Overflights

Contribute $116k to overflight fund

Contribute $84k to overflight fund

Oracle Database

Update & maintain Oracle database,
develop custom data management
applications, provide data modeling,
data mining, and architecture support

Update & maintain Oracle database,
develop custom data management
applications, provide data modeling,
data mining, and architecture support

Library Operations / Scanning

Maintain GCMRC library reduced to
Y time position; Defer online library
system

Maintain GCMRC library reduced to 2
time position; Defer online library
system

GIS Support

Provide spatial database and analysis
support to GCMRC projects; continue
supporting all mapping functions, and
expand on spatial web applications

Provide spatial database and analysis
support to GCMRC projects; continue
supporting all mapping functions, and
expand on spatial web applications

Integrated Image Analysis &
Change Detection

Coordinate analysis of 2009 imagery;
Map & analyze sandbars, campsites,
backwaters & vegetation

Final reporting of 2009 imagery; Plan
for 2013 overflight

12. Planning

Ecosystem Modeling

Working with senior ecologist,
continue to update & refine ecosystem
models, focusing on aquatic resources;
including development of news Lees
Ferry rainbow trout production model;
Defer LCR [downstream ecopath w/
ecosim] model expansion, publication
of results, & MATA workshop

Working with senior ecologist, continue
to update & refine ecosystem models,
focusing on aquatic resources; complete
Lees Ferry rainbow trout production
model; Defer LCR [downstream
ecopath w/ ecosim] model expansion,
publication of results, & MATA
workshop

Knowledge Assessment &
SCORE Report

Complete KA & initiate S.C.O.R.E.
report; use results of KA to support
ongoing efforts to develop Desired

Future Conditions, as requested

Finalize S.C.O.R.E. report; use results
of KA to support ongoing efforts to
develop Desired Future Conditions, as
requested

HFE Protocol Science

Evaluate HFE protocol implementation
using existing and expanded
monitoring projects. Open file report
prepared after each HFE

Evaluate HFE protocol implementation
using existing and expanded monitoring
projects. Open file report prepared after
each HFE

12. Support

Logistics Base

Provide base logistics support to field
operations

Provide base logistics support to field
operations

39




Project FY11 Summary FY12 Summary

Survey & Control Network Provide survey support to GCMRC Provide survey support to GCMRC
projects (through contract); Maintain projects (through contract); Maintain &
& expand network as needed expand network as needed

12. Administrative

Operations Continue to provide administrative Continue to provide administrative
support support

Program Planning & Continue to provide planning & Continue to provide planning &

Management management support management support

AMWG/TWG Travel Continue to provide funding to attend | Continue to provide funding to attend
AMWG & TWG meetings AMWG & TWG meetings

Independent Reviews Peer review all publications; Integrated | Peer review all publications; Campsite
Water Quality and Food Base PEP & Sediment PEPs

Science Advisors Reduce SA support by 25% Continue SA support at reduce level

Computer Systems Support Maintain IT support for GCMRC Maintain IT support for GCMRC

Synthesis of High Flow Complete HFE synthesis by 01/01/11

Experiment

FY2011-12 Funding Sources

A summary of anticipated GCMRC support in FY2011 and FY2012 by funding source is provided

in tables 2 and 3, respectively and summarized below.

Lake Powell water-quality monitoring ($182,002 in FY2011 and $188,063 in FY2011)—Power
revenue funding received under a separate interagency agreement from Reclamation to monitor
water quality in Lake Powell.

Nearshore fish ecology ($697,039 in FY2011 and $423,475 in FY 2012)—Appropriated funds
received from Reclamation under a separate agreement to conduct research on the nearshore
ecosystem.

GCDAMP power revenues ($7,797,725 in FY2011 and $7,948,282 in FY2012)—GCDAMP
power revenues are capped by Congress and adjusted annually based on the CPI. For the purposes
of this budget, the CPI is estimated at 2.5 percent in FY2011 and 3 percent in FY2012. The budget
will be adjusted in fall 2011 and 2012 to reflect the actual CPI for FY2011 and 2012 respectively.

Experimental funds—$617,673 in FY2011 and $731,770 in FY2012

USGS appropriations (approximately $1,000,000 annually)—These funds are used to provide a
reduced USGS overhead rate for the GCDAMP. Overhead rates vary annually. With the
approximately $1,000,000 in support appropriations, the GCMRC is able to maintain the
Department of Interior (DOI) customer rate of 15 percent plus facilities for science activities in the
GCDAMP agreement. In FY2011-12, the DOI customer rate is estimated to be 21percent.

Non science activities (management actions and compliance activities) will be assess the full
USGS overhead rate in FY 2011and 2012.

40




Table 2

Total anticipated funding to support the U.S. Geological Survey’s Grand Canyon Monitoring and Research Center (GCMRC) in fiscal year (FY) 2011.

Els:t\i(r;;icgd Percent of
Funding . FY2011 Gross FY2011
source Agreement title Type of funds fOCr36;¥d Funds funding total GCMRC Notes
funds budget
Bureau of Lake Powell water Power revenues not
Reclamation wali under ca $0 $ 182,002 $ 182,002 1.77%
(Reclamation) quality p
Reclamation | T\ carshore fish Appropriated funds $0 $ 697,039 $ 697,039 6.78%
ecology
Glen Canyon Dam Power revenues under
. ) o
Reclamation Adaptive Mgmt cap (GCDAMP) $0 $ 7,797,725 $ 7,797,725 75.74%
Program
Glen Canyon Dam
Reclamation Adaptive Experlmenta.l Funds held $0 $ 617.673 $ 617.673 6.00% Supplement .F Y2011
Management by Reclamation project funding
Program
Subtotal of funding received from Reclamation $0 $ 9,294,439 $ 9.294,439
USGS appropriated
USGS Cost-share burden funds for cost-share use o
Headquarters | assistance for GCMRC annual $0 $ 1,000,000 $ 1,000,000 9.71%
work plan
Total of estimated funding to be received for FY2011 $0 $ 10,294,439 | $ 10,294,439 | 100.00%
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Table 3

Total anticipated funding to support the U.S. Geological Survey’s Grand Canyon Monitoring and Research Center (GCMRC) in fiscal year (FY) 2012.

Estimated

Percent of
. . Y2011 FY2012 Eress FY2012
Funding source Agreement title Type of funds carry funding Notes
Funds GCMRC
forward total budaet
funds J
Bureau of Reclamatlon Lake? Powell water Power revenues not $0 $ 188,063 $188,063 1.83%
(Reclamation) quality under cap
Reclamation Nearshore fish Appropriated funds $0 $ 423,475 | $423.475 | 4.12%
ecology
Glen Canyon Dam Power revenues under
. . o
Reclamation Adaptive Mgmt cap (GCDAMP) $0 $ 7,948,282 | $7,948,282 | 77.22%
Program
Glen Canyon Dam Supplement
. Adaptive Experimental Funds PP .
Reclamation . $0 $ 731,770 $731,770 7.11% FY2012 project
Management held by Reclamation .
Program funding
Subtotal of funding | ¢, $ 9,291,590 $9,291,590
received from Reclamation
USGS appropriated
Cost-share burden funds for cost-share use o
USGS Headquarters assistance for GCMRC annual $0 $ 1,000,000 | $1,000,000 | 9.72%
work plan
Total of estimated funding | ¢, $ 10,291,590 $10,291,590 | 100.00%

to be received for FY2012
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Figure 2 summarizes the GCMRC’s FY2010, FY2011, and FY2012 budgets by
GCDAMP goal. A breakout of the projects included as part of goal 12 is summarized in Figure 3.
The budget for each project in the work plan is included in the project descriptions and
summarized for the entire budget in the separate budget attachment.

Figure 2

Bar chart showing a comparison of Grand Canyon Monitoring and Research Center
(GCMRC) fiscal year FY2009 approved budget, FY2010 approved budget revised with <-1.3>
CPl and FY2011 and FY2012 budget by Glen Canyon Dam Adaptive Management Program
(GCDAMP) Goal.
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Figure 3

Bar chart comparing the Grand Canyon Monitoring and Research Center (GCMRC) fiscal year
FY2009 approved budget, FY2010 approved budget revised with <-1.3> CPI and FY2011 and
FY2012 budgets for Glen Canyon Dam Adaptive Management Program (GCDAMP) efforts by
project for goal 12.

® FY2010
® FY2011
0O FY2012

Annual Reporting

Annual reports for projects included in this BWP will be completed by December 15,
2011 and 2012. The reports will summarize the work accomplished, project shortfalls, and
recommendations for additional studies or project modifications. The GCMRC will host a
meeting in mid-January 2011and 2012 for GCDAMP stakeholders to review the annual reports
and discuss their implications for the next BWP.
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Project Descriptions

Detailed descriptions of each project included in the FY2011-12 BWP are provided in
the following section. Activities are presented based on the GCDAMP goal they are designed to
address. Activities included in the BWP will be carried out in an integrated, interdisciplinary
fashion. Integration efforts are described as an element of each project description.

Since its inception, the GCDAMP has attempted to ensure appropriate science program
continuity and balance across all goals adopted by the program. The current focus of the
GCDAMP is on monitoring resource status and trends, answering SSQs associated with high-
priority AMWG information needs and on meeting the conservation measures included in the
2007 and 2008 USFWS biological opinions. Other GCDAMP goals will still be pursued but with
less intensity until priority issues of concern are resolved and monies can be reprogrammed or
obtained through alternative sources. This includes at least one activity to address each GCDAMP
goal.
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GCDAMP Goal 1—Protect or improve the aquatic
food base so that it will support viable populations of
desired species at higher trophic levels

BIO 1.R1.10 — Aquatic Food Base

BIO 1.R4.10 — Impacts of Various Flow Regimes on the Aquatic
Food Base

BIO 1.M1.11, 12—Aquatic Food Base Monitoring

Start Date
October 2010

End Date

BIO 1.R1.10 and BIO 1.R4.10 end in September 2010, with BIO 1.M1.11 ongoing
beginning in October 2010

Principal Investigators

Theodore Kennedy, U.S. Geological Survey, Grand Canyon Monitoring and Research
Center; Robert Hall, University of Wyoming; Emma Rosi-Marshall, Cary Institute of Ecosystem
Studies; and Colden Baxter, Idaho State University

Geographic Scope

Colorado River below from Lees Ferry at Ferry at river mile (RM) 0 and Diamond Creek,
Ariz., about RM 225

Project Goals

The overall goal of food base research (BIO 1.R1.10 and BIO 1.R4.10) was to determine
the role that food plays in the distribution, condition, and abundance of fish throughout the
Colorado River in Grand Canyon. Quantifying the density and production of basal resources (that
is, algae, terrestrial leaf litter, etc.) and invertebrates determines the amount of energy that is
available to support fish production. Trophic basis of production calculations, where the types
and amounts of different food items eaten by invertebrates and fish are quantified, determines the
relative contribution of basal resources, invertebrates, and other food items to fish production.
The results of this work will establish the degree to which native fish are limited by food
resources, by either low production at the base of the food web or via shunting of energy to
nonnative animals such as New Zealand mudsnails or rainbow trout. This information, in turn,
provides guidance to managers considering various management options.
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The overall goal of the aquatic food base monitoring (BIO 1.M1.11) is to determine
whether dam operations or experimental flow regimes affect food resources for fish. In FY11 we
will complete analysis of food base research results and, based on these findings, implement food
base monitoring that is informed by the findings of food base research. The goal of monitoring
will be to estimate algae and invertebrate production and drift at two accessible sites along the
Colorado River. Algae and invertebrates are both high quality food items that are consumed by
fish throughout the system. Estimating production of these two key food resources will provide a
quantitative estimate of the amount of food that is available to support fish growth. These
methods were employed during food base research efforts and were able to detect statistically
significant changes in production due to the March 2008 controlled flood. Thus, these metrics are
sensitive enough to determine the net effect (that is, increase or decrease in available food) of
management actions and experimental flow regimes, e.g., any future high flow experiments, on
available food for aquatic organisms.

The specific objectives addressed by this project include:

e Estimate algae production continuously at Lees Ferry and Diamond Creek using open-
system metabolism methods developed by the food base research project

e Make monthly estimates of algae and organic matter biomass at Lees Ferry and Diamond
Creek

e Estimate annual invertebrate production at Lees Ferry and Diamond Creek using monthly
invertebrate collections

e Estimate invertebrate and organic drift at Lees Ferry and Diamond Creek

Specific goals for FY20111 include:

e Produce a final report and peer-reviewed publications that summarize food base research
project findings

¢ Implement monitoring protocols at Lees Ferry and Diamond Creek in October 2010

e Participate in joint water quality and food base Protocol Evaluation Panel (PEP) in
Summer 2011

Specific goals for FY2012 include:
e Produce a core monitoring report based on the recommendations of the PEP

e Continue monitoring at Lees Ferry and Diamond Creek with potential to modify
monitoring based on PEP

Need for Project

Monitoring ecosystem properties such as algae and invertebrate production and
invertebrate drift is critical to understanding mechanisms underlying the response of fish
populations to dam operations. For example, rainbow trout monitoring in Lees Ferry
conclusively demonstrated that survival and growth of juvenile rainbow trout increased in
response to the March 2008 high flow experiment (HFE), which in turn led to a substantial
increase in rainbow trout populations. But with the rainbow trout monitoring data alone it was
impossible to say why the HFE had led to substantially higher growth, survival, and numbers —
was it due to improvements in habitat quality, food resources, or some other factor? Data from
the foodbase research project provided the missing link—the HFE had caused a shift in the
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invertebrate assemblage towards higher quality taxa (fewer New Zealand mudsnails and more
midges and blackflies) that were more prone to drifting than the taxa they replaced. Thus, even
though total invertebrate biomass and production in Lees Ferry decreased following the HFE, the
amount of invertebrates available to fish in the drift actually increased by a factor of two and it
was this increase in drifting food resources that allowed for substantially higher rainbow trout
growth and survival. Thus, food base monitoring complements fish monitoring, and together
these projects provide a comprehensive picture of how the aquatic ecosystem is affected by dam
operations and experimental flow regimes. The monitoring program described in this project will
provide baseline data in years without a HFE, and will provide the necessary monitoring to assess
aquatic food base changes, if any, during years that include a HFE.

Strategic Science Questions

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

Information Needs Addressed

CMIN 1.1.1. Determine and track the composition and biomass of primary producers below
Glen Canyon Dam in conjunction with measurements of flow, nutrients, water temperature,
and light regime.

CMIN 1.2.1. Determine and track the composition and biomass of benthic invertebrates
below Glen Canyon Dam in conjunction with measurements of flow, nutrients, water
temperature, and light regime.

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

Methods and Tasks

In October 2010 we will launch the food base monitoring project with monthly sampling
at Lees Ferry and Diamond Creek. Parameters sampled will include algae production, benthic
organic matter, drifting organic matter, and invertebrates.

In FY2011 we will collect quantitative samples of benthic invertebrates monthly at Lees
Ferry and monthly at Diamond Creek. Daily estimates of algae production will be made based on
dissolved oxygen data that is being collected at both locations with continuously logging water
quality monitors. Invertebrate drift will be collected at Lees Ferry at the same time that benthic
samples are collected. Primary production and ecosystem respiration will be quantified using
whole-stream metabolism calculations. With this procedure, continuous measurements of
dissolved oxygen are used to make estimates of algae production for an entire reach of river (that
is, a section of river several miles long). Nighttime sags in dissolved oxygen concentration in the
Lees Ferry reach will be used to determine ecosystem respiration, a measure of total resource
consumption. If the quantity of carbon consumed through respiration exceeds the quantity of
carbon produced through algal photosynthesis, this indicates detrital (non-living) resources may
be fueling the aquatic food web. It is not possible to estimate ecosystem respiration along
downstream segments because dissolved oxygen is always above saturation due to high rates of
air-water gas exchange in rapids. Nevertheless, diel peaks in dissolved oxygen can still be used
to estimate rates of algae production. YSI water quality monitors deployed in the Lees Ferry
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reach and near Diamond Creek record dissolved oxygen concentrations. Data are being collected
every 5 minutes and will allow daily estimates to be made of algae production and ecosystem
respiration. Instruments will be downloaded and recalibrated monthly. Twenty samples will be
collected at each location (Lees Ferry and Diamond Creek) across a range of habitat types
(depositional environments, cobble, cliff, talus). Organic matter and chlorophyll content of each
sample will be determined and will complement the algae production measurements.

Benthic invertebrate samples will be collected from the same locations as drift samples
using similar collection techniques. In the lab, organisms will be counted and measured to the
nearest millimeter and length—mass regressions will be used to estimate biomass. These data
will be used to estimate annual invertebrate production for Lees Ferry and Diamond Creek.

Invertebrates that are drifting are more vulnerable to consumption by fish than benthic
invertebrates, so drifting invertebrate samples will also be collected from both locations to
determine concentrations of drift. Ten-to-fifteen such samples will be collected each month and
processed as above for organic content and invertebrate biomass. Samples will be collected
across a range of discharges, including high flow experiments, should they be conducted.

Links/Relationships to Other Projects

Physical Sciences

The Diamond Creek area is a fine-grained integrated sediment transport (FIST) and
integrated water-quality (IWQ) monitoring site. Algae and invertebrate production estimates will
be compared with sediment transport and water-quality data to determine the relationship
between these key physical drivers and food production. The temperature model that is being
developed by the Physical Science and Modeling Program will be a valuable tool for estimating
system wide growth rates of algae and invertebrates because temperature is an important
determinant of algae and invertebrate growth rates.

Fisheries

Data on algae and invertebrate production can be used to support interpretation of the
trends in fish abundance or composition.
Logistics

Monthly sampling will be conducted at Lees Ferry and Diamond Creek.
Products/Reports

Publications

At least seven publications in peer-reviewed journals will be produced as a result of food
base research projects. Tentative subjects for these publications include:

e Measuring air-water gas exchange and whole-system metabolism in a large, regulated
river (proof-of-concept paper)

e Assessing the seasonal and spatial variation in organic matter inputs to the Colorado
River, Grand Canyon (synthesis paper of metabolism, allochthonous inputs, lake inputs,
tributary inputs, etc.)
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e Determining spatial variation of secondary production of invertebrates in the Colorado
River

e Analyzing the spatial variation in the relative importance of basal resources to
invertebrate and fish production in the Colorado River

¢ Linking whole-river carbon flows with food webs in the Colorado River

e Determining impacts of New Zealand mudsnails on invertebrate production in the
Colorado River (in press), and

e Effects of dam operations on rates of invertebrate drift

Reports
The following reports will be produced as a result of these projects:

e  Brief trip reports are completed and submitted to Grand Canyon National Park shortly
after each trip to comply with permitting requirements

A draft final report summarizing major results and recommendations will be submitted by
June 2011

e Annual progress report will be submitted by December 31 of each year

e A core-monitoring report will be produced by January 2012

Budget
FY2011 $343,744

FY2012 $332,692
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GCDAMP Goal 2—Maintain or attain viable
populations of existing native fish, remove jeopardy
from humpback chub and razorback sucker, and
prevent adverse modification to their critical habitat.

BIO 2.R1.10—Little Colorado River Humpback Chub Monitoring
Lower 13.6 km (Population Estimates)

BI0 2.R2.10—Little Colorado River Humpback Chub Monitoring
Lower 1,200 m

BI0 2.M1.11, 12—Little Colorado River Humpback Chub Monitoring

Start Date
2011

End Date
Ongoing

Principal Investigators

D.R. Van Haverbeke, U.S. Fish and Wildlife Service and W. Stewart, Arizona Game and
Fish Department

Geographic Scope

Little Colorado River up to 13.6 km upstream from the confluence with the Colorado
River

Project Goals

This project seeks to continue monitoring of humpback chub Gila cypha in their primary
spawning tributary in Grand Canyon, the Little Colorado River (LCR) using five monitoring trips
in FY2011. If a review of the data confirms the recommendation of the 2009 Protocol Evaluation
Panel for Grand Canyon fishes (PEP) to make protocol changes, a modified plan will be
developed for Fall 2011 or Spring 2012 sampling with the continued goal of implementing an
ongoing core monitoring of humpback chub in the LCR.

51



The specific objectives this project addresses include:

Providing an annual assessment of the humpback chub population in the LCR by
collecting mark-recapture data and making closed population estimates of humpback chub in the
lower 13.6 km of the LCR

Collecting and reporting biological data for native and nonnative fishes including
recording PIT tag numbers in tagged fish, length-frequency data, community composition, sexual
condition and characteristics of fish (gender, ripeness, tuberculate, etc.), and frequency of
external parasites (primarily Lernaea cyprinacea)

Collecting other pertinent information related to physical parameters of the LCR,
especially temperature and turbidity, and

Determining the critical physical and biotic factors that may be limiting to, or supportive
of, the humpback chub and other native fish populations in Grand Canyon so as to develop
strategies that reduce, eliminate, or control limiting factors

Need for Project

The endangered status of humpback chub makes the species a resource of concern for the
GCDAMP and natural resource managers. The data collected by this project has been essential to
modeling the Grand Canyon population of humpback chub (Coggins and Walters, 2009).
Monitoring of the Grand Canyon humpback chub population is also critical to meeting the
important, ongoing need for status and trends information for this endangered fish. Because most
humpback chub in Grand Canyon are found either in or near the LCR (Paukert and others, 2006),
monitoring in the LCR is an efficient way to gather data on the population.

Since 2000, the research efforts of this project have included an annual spring and fall
mark-recapture effort and annual monitoring in the lower 1,200 m of the LCR. The 2009 PEP
noted that the spring sampling of humpback chub in the LCR is one of the most important fish
monitoring projects that the GCMRC and its cooperators conduct on behalf of the GCDAMP and
recommended that it continue in the future. While the PEP recognized that much good humpback
chub information had been generated by the fall monitoring effort and monitoring the lower 1,200
m during the spring, the PEP did not identify these projects as critical to a core-monitoring effort.
The PEP did observe, however, that these two projects might have other benefits, including
occasional increased tagging efforts, in the future. The PEP did recommend that elements of
monitoring conducted in the lower 1,200 m of the LCR—such as sampling protocol, gear types,
and analysis—were suitable for continuation. The PEP recommended a thorough analysis of
impacts of sampling protocol changes on Age-Structured Mark-Recapture (ASMR) model output
and of our ability to assess accurately the status and trends of the entire LCR fish community.
That analysis is ongoing, and is expected to be completed in late 2010.

The established program of five LCR monitoring trips will be continued in FY2011 to
allow sufficient time to determine the ramifications of possible protocol changes on monitoring
and modeling. The evaluation of proposed changes is being conducted in FY2010, and a meeting
of the cooperating agencies and interested GCDAMP parties will be convened after completion of
the data analyses to discuss results. This meeting will help identify the specific monitoring
objectives, techniques, and analyses to support core monitoring.
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Strategic Science Questions

Primary SSQ addressed:

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

Additional science question addressed by these projects:

SSQ 1-2. Does a decrease in the abundance of rainbow trout and other cold- and warm
water nonnatives in Marble and eastern Grand Canyons result in an improvement in the
recruitment rate of juvenile humpback chub to the adult population?

GCDAMP Science Advisors (SAs) have summarized the SSQs with the following
question (the projects outlined here specifically address this question, especially their evaluation
of annual spawning success):

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

Information Needs Addressed

Primary information needs addressed:
CMIN 2.1.2. Determine and track recruitment (identify life stage), abundance, and
distribution of humpback chub in the LCR.

Methods and Tasks

Annual Spring Humpback Chub Abundance Assessments in the Lower 13.6 km of
the Little Colorado River (FY 2011)

In the spring, two mark-recapture trips (10 days) are conducted annually in the lower 13.6
km of the LCR to generate a closed population estimate of humpback chub (>100 mm total
length). This program has been ongoing since 2000 using passive integrated transponder (PIT)
tags. Additionally, this sampling effort provides much of the data for the ASMR stock
assessment model, an open population model.

During each LCR trip, three camps are used: Salt Canyon, Coyote Canyon, and Boulders
Camps. Unbaited hoop nets (0.5-0.6 m diameter, 1.0-m length, 6-mm mesh, single 10-cm throat)
are set from shorelines to capture and PIT tag humpback chub as part of a mark-recapture
program. Each camp is responsible for fishing hoop nets throughout an approximately 5-km
reach from 0 to 13.6 km. Sixty hoop nets spaced 80 to 150 m apart are fished throughout the
reach. Each hoop net is positioned in habitat suspected to yield good catches of humpback chub.
Nets are repositioned as needed. On average, each hoop net is checked once every 24 hours.
Each reach is divided into three sub-reaches and nets are fished for three net checks (3 days) in
each sub-reach. In addition to fishing hoop nets as detailed above, personnel are responsible for
the tasks including:

e Measuring and recording the fork and total lengths, sex, sexual condition, and sexual
characteristics for all captured native fish (except speckled dace)

e Measuring and recording the total length, sex, and sexual condition of all other captured fish

e Implanting PIT tags in all humpback chub >100 mm total length and all other native fish
>150 mm total length and fin clipping tagged fish recaptured on the same marking effort. In
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order to reduce PIT tagging, but still obtain population information, bluehead suckers will
only be tagged during the first (April) trip), and

e Recording the location, shoreline habitat, hydraulic unit, set and pull time, and map locations
for each hoop net set

Personnel at Boulders Camp will make daily measurements of turbidity with the Hach
2100 turbidimeter and water temperature.

Annual Fall Humpback Chub Abundance Assessments in the Lower 13.6 km of the
Little Colorado River (FY2011)

The fall sampling primarily provides an estimate of the abundance of subadult fish
rearing in the LCR. These data support the ASMR model to assess humpback chub population
numbers. Two trips are used to collect the mark-recapture data used for closed population
estimates in the fall (September and October). Sampling uses hoop nets evenly distributed
throughout the lower 13.6 km of the LCR as in the spring sampling.

Mainstem Hopi-Salt Site

At the conclusion of the October LCR effort, two people from the LCR crew proceed
down the mainstem by boat to the Hopi-Salt site (~RM 63.5). Thirty hoop nets are set along
standardized sites within this reach. Each net is fished for 3 nights and checked daily.

Annual Spring Native and Nonnative Fishes Relative Abundance Assessment in the
Lower 1,200 m of the Little Colorado River (FY2011)

This program, established by the Arizona Game and Fish Department (AZGFD) in 1987,
has operated continuously, except from 2000 to 2001 (Arizona Game and Fish Department,
unpub. data, 2010). The program produces annual assessments of the relative abundance (that is,
catch-per-unit effort) of all size classes of humpback chub, flannelmouth suckers, bluehead
suckers, speckled dace, and a host of nonnative fish in the lower 1,200 m of the LCR. Data are
collected during a 30- to 40-day period in spring (April and May) using hoop nets set in
standardized locations throughout the reach. Results of this monitoring provide an independent
comparison to the mark-recapture assessments. The statistical power of this portion of the
monitoring program has not yet been assessed, but statistically significant differences in relative
abundance are apparent in current data.

Annual Spring Humpback Chub Monitoring in the Lower 13.6 km of the Little
Colorado River (FY2012)

Analysis of all the historical data of humpback chub monitoring generated by the three
projects listed above will be conducted in FY2010 and early FY2011. The three cooperating
agencies (USGS, USFWS, and AZGFD) will provide their data and participate in the analysis
process. In particular, the analyses will focus on how closed population efforts and the ASMR
(open) population estimate performs using only subsets of tagging data. Specific sampling
methods, gears, and analyses for core monitoring beginning in FY2012 will be developed in
FY2011 for GCDAMP consideration.
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Links/Relationships to Other Projects

Improvement of the status of the humpback chub will be necessary for the species to be
considered for downlisting or delisting. The most recent iteration of the recovery goals for the
humpback chub (initiated in 2007) required a minimum of 2,100 adults in Grand Canyon, a
steady or increasing trend in the population, and control of environmental threats, among other
requirements. One element of humpback chub conservation in Grand Canyon could be a Glen
Canyon Dam flow-release regimen that supports this species. These flows can be expected to
affect many elements of the canyon resources, including sediment, cultural resources, and
recreation. Therefore, releases that benefit one resource like the humpback chub must also be
consistent with conservation of other resources. Conservation of LCR resources, especially
water, and protection from catastrophic events is important not only to protecting the spawning
humpback chub population in the LCR, but also to protecting other organisms found there.

Logistics

FY2011

Two spring mark-recapture trips, and two fall mark-recapture trips subject to outcome of
PEP analyses and cooperator/stakeholder input, helicopter support

Lower 1,200 m: One spring trip, subject to outcome of PEP analyses and
cooperator/stakeholder input, helicopter support

FY2012

Two spring mark-recapture trips, and two fall mark-recapture trips subject to outcome of
PEP analyses and cooperator/stakeholder input, helicopter support

Lower 1,200 m: One spring trip, subject to outcome of PEP analyses and
cooperator/stakeholder input, helicopter support

Products/Reports

The USFWS will deliver two trip reports annually within 60 days of completion of the
fieldwork, including data collected, to the GCMRC. The trip reports will be summarized and
analyzed in a final report delivered to the GCMRC in January of the following year. These
reports address the lower 15-km monitoring and the monitoring above Chute Falls (see project
description for BIO 2.M3.11-12)

An annual report will be prepared by USFWS in cooperation with GCMRC, in USGS
Open File Report format following USGS Fundamental Science Practices

The AZGFD will deliver one annual report on the results of their monitoring of the lower
1,200 m of the LCR to the GCMRC

An annual report will be prepared by AZGFD in cooperation with GCMRC, in USGS
Open File Report format following USGS Fundamental Science Practices

A core-monitoring report, summarizing core-monitoring efforts, 2009 PEP

recommendations, and results of analyses recommended by the 2009 PEP will be completed in
FY2011
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Budget
FY2011
FY2012

$576,135

$604,940
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BI0 2.M3.11-12—Humpback Chub Translocation and Monitoring
Above Chute Falls

Start Date
2003

End Date
Ongoing

Principal Investigator
D.R. Van Haverbeke, U.S. Fish and Wildlife Service

Geographic Scope
The Little Colorado River (LCR) above Chute Falls

Project Goals
The goals of this project in FY2011-12 include:

e Determining the critical physical and biotic factors that may be limiting to, or supportive
of, humpback chub and other native fish populations in Grand Canyon to identify
strategies to reduce, eliminate, or control limiting factors

o Identifying the habitat characteristics that are most important to all life stages of
humpback chub to identify methods that maintain, and possibly replicate, suitable
habitats

e Reducing predation risk to humpback chub from nonnative species that may ascend the
LCR from the mainstem Colorado River

¢ Allowing opportunity for translocated humpback chub to grow and survive in additional
habitat

Specific objectives of the project includes:

Translocating small humpback chub from near the confluence with the Colorado River to
above Chute Falls

e  Obtaining population estimates for humpback chub >100 mm and >200 mm above Chute
Falls

e Coordinating the production of a document that establishes a written framework for
translocation, including overall goals, specific objectives, and objective measures of
success. This framework should be consistent with the Genetics Management Plan, when
it becomes available
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Need for Project

Translocation is a management action designed to help conserve humpback chub. In
2003, as a conservation measure to the Biological Opinion on the 2002 experimental flows and
nonnative fish removal proposal, the U.S. Fish and Wildlife Service (USFWS) began a
translocation program funded by Reclamation for humpback chub above Chute Falls in the LCR.
Chute Falls is a series of waterfalls approximately 16 km upstream on the LCR above the
confluence with the Colorado River. Despite evidence that fish do move above Chute Falls, the
potential exists for genetic drift, or a change in the genetic makeup of the population when
compared to the main humpback chub population farther downstream on the LCR, owing to the
“founder effect,” a situation managers wish to avoid. Genetic drift was considered in the Draft
Humpback Chub Genetics Management Plan (U.S. Fish and Wildlife Service, unpub. data, 2008).

Translocating humpback chub above Chute Falls was conducted six times between 2003
and 2010. Because the LCR above Chute Falls contains fewer nonnative fish than the lower
portion of the LCR, translocation above Chute Falls is thought to allow humpback chub
opportunity for better survival than in the lower LCR. Translocation also increases the
demographic range for the species by nearly 5 km. Researchers have documented movement of
humpback chub from below Chute Falls to above the barrier, providing new information about
the movement capabilities of humpback chub. Monitoring above Chute Falls is important for
evaluating the effectiveness of translocating humpback chub.

The 2009 PEP report clearly stated that management objectives for Chute Falls and other
translocations should be specified in measurable terms to guide monitoring and reporting. The
panel could not comment on current monitoring activities with available information. The need
for additional translocations and the timing of those efforts should be compared to
recommendations made in the Final Humpback Chub Genetics Management Plan, which is being
prepared by the USFWS, when it is available. In addition, translocations to Shinumo Creek and
Havasu Creek, which are planned for the near future, should be incorporated into translocation
planning efforts. The GCMRC will work with USFWS and other cooperators to develop a
translocation framework to help guide future translocation efforts.

Strategic Science Questions

The Glen Canyon Dam Adaptive Management Program Science Advisors have
summarized strategic science questions related to humpback chub with the following question,
which this project specifically addresses, especially annual spawning success:

SA 1. What are the most limiting factors to successful humpback chub adult recruitment

in the mainstem: spawning success, predation on YoY and juveniles, habitat (water, temperature),
pathogens, adult maturation, food availability, competition?

Information Needs Addressed

Primary information need addressed:

CMIN 2.1.2. Determine and track recruitment (identify life stage), abundance, and
distribution of humpback chub in the LCR.
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Methods and Tasks

Two mark-capture trips will be conducted in the summer above Chute Falls in the LCR to
monitor translocated fish and potential offspring and to generate a closed population estimate for
humpback chub. These trips occur during late May or early June when the LCR discharge is at
base flow. In addition to the annual population estimate, these data can be incorporated into
ASMR and other open population models. All fish > 100mm TL are implanted with PIT tags.

A camp has been established on Navajo lands 16.2 km above the LCR and Colorado
River confluence, which is used to temporarily house project staff during the field work. The
camp has an established helicopter pad and offers protection from most floods.

Baited hoop nets (0.5-0.6-m diameter, 1.0-m length, 6-mm mesh, single 10-cm throat)
are fished in the LCR corridor above Chute Falls (13.6 km), which is the upstream extent of the
current downstream LCR monitoring. The overall reach is divided into two subreaches and each
subreach fished for 3 days. Approximately 50 hoop nets are fished throughout this upper reach
from 13.6 to 18.0 km, with an average spacing between nets of approximately 100 to 150 m.
Hoop nets are positioned in favorable habitats for catching humpback chub and repositioned as
needed. On average, each hoop net is checked once every 24 hours. Each net is baited near its
cod end by attaching a nylon mesh bag (30- by 30-cm, 6-mm mesh) containing AquaMax "™
Grower 600 for Carnivorous Species (Purina Mills Inc., Brentwood, MO). All captured
humpback chub are checked for colored elastomer tags and PIT tags. Individuals not previously
PIT tagged, but of sufficient size to tag without injury, are held overnight offshore in an aerated
tank, or in the LCR in a secured holding pen to allow time for digestion of any consumed bait,
and thereafter tagged and released.

In addition to fishing baited hoop nets and PIT-tagging humpback chub as detailed above,
staff will be responsible for:

e Measuring and recording the fork and total lengths, gender, spawning condition, and
sexual characteristics for all captured fish (except speckled dace)

e Recording the location, shoreline habitat, hydraulic unit, set and pull time, and map
locations for each hoop net set, and

e Measuring daily turbidity (using the Hach 2100 turbidimeter), water temperature, and
CO, (using titration)
Links/Relationships to Other Projects

Projects such as this one that investigate potential strategies for expanding the Grand
Canyon humpback chub population support the basin wide goal of conserving humpback chub
with the long-term goal of downlisting and delisting the species from the Federal endangered
species list. Chute Falls translocations and monitoring inform additional translocations to other
tributaries, currently expected to be Shinumo Creek, and perhaps Havasu Creek.

Logistics

Both the translocation trip and the monitoring trip for this effort require helicopter
support. Translocation is anticipated in the summer with follow-up monitoring in the fall.
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Products/Reports

The USFWS will deliver two trip reports annually within 60 days of completion of the
fieldwork, including data collected, to the GCMRC. The trip reports will be summarized and
analyzed in a final report delivered to the GCMRC in January of the following year. These
reports address the lower 15-km monitoring and the monitoring above Chute Falls (see project
description for BIO 2.M1.11-12)

An annual report will be prepared by USFWS in cooperation with GCMRC in USGS
Open File Report following USGS Fundamental Science Practices

Budget
FY2011 $131,051

FY2012 $137,602
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BI0 2.M4.11-12—Monitoring Mainstem Fish

Start Date
2010

End Date
Ongoing

Principal Investigators

A.S. Makinster, Arizona Game and Fish Department; D.R. Van Haverbeke, U.S. Fish and
Wildlife Service; and W.R. Persons and K.D. Hilwig, U.S. Geological Survey, Grand Canyon
Monitoring and Research Center

Geographic Scope

The mainstem Colorado River in Grand Canyon between Lees Ferry and upper Lake
Mead

Project Goals

This project is intended to increase knowledge of native and nonnative fish in the
Colorado River mainstem. It is also intended to be responsive to the recommendations of the
2009 PEP for Grand Canyon Fishes. The project seeks to advance the following goals:

e  Monitor the documented humpback chub aggregations in the mainstem Colorado River
¢ Continue to monitor native and nonnative fish in the mainstem Colorado River

e Provide presence/absence and distribution information on Colorado River native and
nonnative fish

e Conduct three monitoring efforts (four trips in total) in years without mechanical removal
in the Little Colorado River reach (or other, comparably large control effort) subject to
additional funding being made available by Reclamation from the Nonnative fish control
contingency fund or other funding source. In years when a large mechanical removal
trip is conducted in the Little Colorado River reach then the personnel and equipment will
be shifted from the two full mainstem monitoring trips to the mechanical removal effort,
collecting intensive monitoring data for that reach. Monitoring is intended to be
responsive to advances in data analysis, sampling design, and gear selection. A flexible
approach that builds on prior knowledge is needed to develop monitoring of the Colorado
River fish population that is responsive to continuing changes in dam operations, climate,
local meteorology, species population sizes, and management actions. Primary emphasis
is on broad sampling, with a secondary emphasis on developing high statistical
confidence in species-specific trends. If this monitoring suggests changes in either native
or nonnative populations, future monitoring can be directed at gathering more data on a
specific species or location

e Provide annual monitoring and timely reporting that allows for annual review of specific
sampling design, gear, and data analyses. The cooperating agencies will meet formally at
least once a year with interested Grand Canyon Adaptive Management Program
(GCDAMP) members to review and potentially modify sampling design, gear, and data
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analyses. The three lead cooperators— Arizona Game and Fish Department (AZGFD),
U.S. Fish and Wildlife Service (USFWS), and Grand Canyon Monitoring and Research
Center (GCMRC)—will assume responsibility, with other cooperators as assigned, for
data reporting and analysis

Tasks to address the goals described above will be phased in over the FY2010—12 period
and are to be included in analysis of existing fish data recommended by the 2009 PEP.

Need for Project

Native fish populations in Grand Canyon are key resources of concern influencing
decisions on both the operation of Glen Canyon Dam and non-flow actions. To inform these
decisions, it is imperative that accurate and timely information on the status of fish populations,
particularly the endangered humpback chub, be available to managers. A suite of adaptive
experimental management actions are being contemplated to better understand the mechanisms
controlling the population dynamics of native fish and to identify policies that are consistent with
the attainment of management goals. The assessments generated from this project provide a
baseline from which to assess the effects of implemented experimental actions. This information
is therefore crucial to (1) inform the program as to attainment of identified goals, (2) provide
baseline status and trend information to be used as a backdrop to further understand mechanisms
controlling native and nonnative fish population dynamics, and (3) evaluate the efficacy of
particular management policies in attaining program goals. The results of this project are
potentially useful in assessing changes to the Federal Endangered Species Act listing status of
humpback chub in Grand Canyon.

Nonnative fish are among the greatest threats to native fish in western North American
rivers (Miller, 1961; Minckley and Deacon, 1991; Tyus and Saunders, 2000; Coggins, 2008).
Nonnative fish may threaten native fish by direct predation, by competing for available food and
other resources, and by habitat modification (Minckley, 1991; Hawkins and Nesler, 1991).
Nonnative fish were introduced into Grand Canyon not later than early in the 20th century
(Woodbury, 1959; Valdez and Ryel, 1995). While native fish survived these initial introductions
at least long enough to be described by early researchers, other system stressors, especially the
modification of natural flows as a result of dam installation and operations, appear to have
increased the threats to native fish from nonnative fish (Minckley, 1991; Clarkson and Childs,
2000).

The GCDAMP has recognized nonnative fish as a threat that needs to be addressed,
proceeding with implementation of a nonnative fish control experiment around the Little
Colorado River (LCR) inflow reach from 2003 to 2006. The 2003 to 2006 control project was
most successful at removing rainbow trout. This work plan builds on that effort. As the
Colorado River mainstem becomes warmer because of climate effects (Seager and others, 2007),
the potential for an increased threat from warm water adapted nonnative fish increases (Eaton and
Scheller, 1996; Chu and others, 2005; Rahel and Olden, 2008). There is an immediate need to
investigate which species pose the greatest threats to natives in Grand Canyon, to understand how
those species might be better monitored and controlled, and to test control approaches for
efficacy.

In response to identified GCDAMP goals, the 2009 PEP for Grand Canyon Fishes
concluded that it is important to conduct mainstem fish monitoring with a variety of sampling
designs and gear types. The experts involved with the PEP determined that fine resolution of
confidence in species-specific mark-recapture population estimates could only be accomplished
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with large amounts of personnel time, sampling gear and equipment, and funding that is not
currently available. Further, the PEP determined that even if more resources could be employed,
fine-scale data collection every year was not warranted and could cause harm to native fish.
Therefore, the PEP recommended a broad approach to use multiple gear types at various times of
the year and over a broad geographic range to give scientists and managers the most useful data
on an annual basis.

Strategic Science Questions

Primary SSQ addressed:

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

SSQ 1-2. Does a decrease in the abundance of rainbow trout and other cold- and warm
water nonnatives in Marble and eastern Grand Canyons result in an improvement in the
recruitment rate of juvenile humpback chub to the adult population?

Additional SSQs addressed:

SSQ 1-4. Can long-term decreases in abundance of rainbow trout in Marble and eastern
Grand Canyons be sustained with a reduced level of effort of mechanical removal or will
recolonization from tributaries and from downstream and upstream of the removal reach require
that mechanical removal be an ongoing management action? This question also applies to future
removal programs targeting other nonnative species.

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

SSQ 5-6. Do the potential benefits of improved rearing habitat (warmer, more stable,
more backwater and vegetated shorelines, more food) outweigh negative impacts due to increases
in nonnative fish abundance?

The GCDAMP Science Advisors articulated the following summary science questions
addressed by this project:

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

SA 2. What are the most probably positive and negative impacts of warming the
Colorado River on humpback chub adults and juveniles?

Information Needs Addressed

Primary information needs addressed:

CMIN 2.1.2. Determine and track recruitment of all life stages, abundance, and
distribution of humpback chub in the Colorado River.

CMIN 2.4.1. Determine and track the abundance and distribution of nonnative predatory
fish species in the Colorado River.

CMIN 2.6.1. Determine and track the abundance and distribution of flannelmouth
sucker, bluehead sucker, and speckled dace populations in the Colorado River ecosystem.

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

RIN 2.4.3. To what degree, which species, and where in the system are exotic fish a
detriment to the existence of native fish through predation or competition?
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RIN 2.4.4. What are the target population levels, body size, and age structure for
nonnative fish in the Colorado River ecosystem that limit their levels to those commensurate with
the viability of native fish populations?

Methods and Tasks

The methods described below are intended to be consistent with the 2009 PEP for Grand
Canyon Fishes and will be compared to the PEP final analysis report to ensure consistency when
that document is available. Annual review may indicate alternative methods are required,
especially if expanding humpback chub populations or expanding nonnative fish populations are
indicated by the data from this and other trips collected in these and previous years. This
approach is intended to sample species and habitats as broadly as possible in order to give
managers and scientists diverse information on which to direct this and other projects in future
years. If the analyses conducted by GCMRC, USFWS, and AZGFD in 2010 and 2011 indicate
that the methods described herein and the recommendations of the 2009 PEP are not warranted,
alternative approaches to monitoring will be developed and implemented.

Mainstem Spring Electrofishing

Mainstem fish monitoring, including the monitoring below Diamond Creek, has used
boat-operated electrofishing to provide information on status and trends of native and nonnative
fish in the Colorado River between Lees Ferry and Lake Mead since 2001. Data from these trips
supports annual analyses of species catch-rate data, species distribution data, and species length
frequency and size data. Electrofishing remains the most important tool for providing an overall
assessment of the mainstem fish community. Two electrofishing trips will be conducted at
stratified random sites not in immediate proximity to campers. This protocol applies only to years
in which a large mechanical removal project (or similar large scale effort) is not conducted. If
management agencies determine that a mainstem mechanical removal of nonnative fish in the
Little Colorado River reach, or similar effort, is desired, then the personnel and equipment used
for mainstem spring electrofishing will be shifted to the mechanical removal project. Mainstem
spring electrofishing is included in this work plan because no mechanical removal project has
been planned or scheduled at the time of work plan preparation. Mechanical removal would result
in intensive fish community sampling in the LCR reach and so could substitute for mainstem
spring electrofishing, at least for a limited number of years. If no mechanical removal is
conducted then the funding for personnel and equipment will have to be transferred from the
Reclamation portion of the GCDAMP budget to pay for these expenses.

Mainstem Fall Humpback Chub Aggregation Monitoring

Several known aggregations of humpback chub (Valdez and Ryel, 1995) will be sampled
with a variety of nets by this project. Additional sites selected by a stratified random selection
will also be sampled. The primary humpback chub aggregations that will be sampled include 30
Mile, near the confluence of the LCR, and Inner Granite Gorge. The project will also sample at
and below the mouth of Shinumo Creek, a tributary to the Colorado River, to investigate whether
humpback chub translocated to this tributary have moved into the mainstem. Gear types may
include, but are not limited to, the following: hoop nets, trammel nets (when water temperature
below 20 deg. C), and seines. Gear selection is dependent on habitats sampled.

This project makes use of trammel nets when water temperatures are below 20 degree C
to limit stress on captured fish. Trammell net sets are for 2 hours or less. Because working
trammel nets requires use of motor boats, this monitoring will emphasize use of trammel nets in
locations determined in advance of the trip, but other gear types may be deployed as time and
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opportunity is available. Sampling in the LCR reach is not conducted in areas where the
nearshore ecology project is working. Data from this monitoring will provide data for the ASMR
model for humpback chub.

Mainstem Fall Monitoring

This project will conduct multi-gear monitoring at potential nonnative fish aggregations,
especially near humpback chub aggregations, tributary inflow areas and also stratified random
sites. Gear types may include, but not be limited to, hoop nets, trammel nets, backpack and oar-
powered electroshockers, seines, minnow traps and angling. Gear selection is dependent on
habitats sampled. This trip is launched late in September and will be non-motorized.

The primary site selection for this trip will be conducted using a stratified random design.
As additional information is gathered regarding nonnative species, this trip may also be focused
on areas where nonnative concentrations may be found, such as near the mouth of warm water
tributaries. Data from these trips supports annual analyses of species catch rate data; species
composition and distribution; species size class composition, and may also support the update of
the ASMR model for humpback chub.

Links/Relationships to Other Projects

Understanding the factors influencing the dynamics of the Grand Canyon native fish
populations, especially the endangered humpback chub, is important to evaluating the effects of
management and conservation activities, especially GCD operations. To determine these factors,
a combination of large scale manipulations (for example, experimental removal of nonnative fish
or long-term implementation of contrasting flow regimes) and smaller scale process oriented
research (for example, assessment of juvenile fish growth rates under various temperature
regimes or availability of particular food items) will likely prove most efficient in determining the
key mechanisms regulating native fish populations. In each of these endeavors, it is critical that
baseline trends in population abundance and recruitment be known. Only with this knowledge is
it possible to assess the population level effects of large-scale manipulations. Although it is
informative to assess the effects of experimental management on processes thought to be
important, like growth or survival at particular life stages, this is not enough to determine the
efficacy of particular management actions. Linkages between these processes and ultimate
recruitment to populations must be established. Again, these linkages can only be made if
baseline trends in population abundance and recruitment are available.

Logistics

The logistical needs for the project are as follows:

e Mainstem Fall Humpback Chub Monitoring—1 trip in FY2011 and FY2012, September,
motorized; GCMRC, USFWS, AZGFD

e Mainstem Fall Fish Monitoring—1 trip in FY2011 and FY2012, October, float; GCMRC

e Mainstem Spring Electrofishing Monitoring—?2 trips in FY2012, February and March,
motorized; AZGFD
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Products/Reports

Annual reporting on the catch rates, species encountered, size class distributions, and
locations of captures for the fall HBC monitoring will be the responsibility of the agency leading
the effort, currently anticipated to be GCMRC in FY2011 and USFWS in FY2012

e All fish data will be submitted to GCMRC for inclusion in the fish database. These data
are used for other projects, especially the stock assessment project, and to support
nonnative fish monitoring

Annual reports will be delivered in USGS Open File Report format
Budget
FY2011 $280,503
FY2012 $558,449
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BI0 2.R7.11-12—Stock Assessment of Grand Canyon Native Fish

Start Date
2007

End Date
Ongoing

Principal Investigators

W.R. Persons, U.S. Geological Survey, Grand Canyon Monitoring and Research Center,
and C.J. Walters, University of British Columbia

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

Project Goals

This project will provide annual updates of population size composition and capture rates
of humpback chub and other Grand Canyon fish to the Glen Canyon Dam Adaptive Management
Program (GCDAMP) and other managers. Reporting will include retrospective time series to
allow for comparison with previous years’ data. The assembled humpback chub data from the
Grand Canyon fish monitoring projects will be incorporated into updates of the Age-Structured
Mark-Recapture (ASMR) model approximately every 3 years. The next ASMR update is
anticipated for publication in 2011.

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

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

This project will develop an annual reporting framework for native and nonnative fishes
that includes results of current and historic fisheries monitoring. As recommended by the 2009
PEP, we will develop a single, concise report that includes information from all fishery-
monitoring projects, including the Little Colorado River monitoring as well as mainstem
monitoring at both Lees Ferry and downstream. The report may include closed population
estimates for the LCR, catch rate indices for commonly captured species, size composition
information, recruitment indices, species distribution information, and pertinent information
regarding fishery responses to experimental treatments such as High Flow Experiments and
mechanical removal.

Need for Project

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

Several experimental and management actions are being contemplated to understand the
mechanisms controlling the population dynamics of native and nonnative fish and to identify
policies that are consistent with management goals. This project will support assessment of
experimental actions. This information is therefore crucial to:

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

Evaluate the efficacy of particular management policies in attaining program goals

Contribute to Federal Endangered Species Act listing status of humpback chub in the
Colorado River

Strategic Science Questions
Primary SSQ addressed:

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

Additional SSQ addressed:

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

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

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

Information Needs

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

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

Methods and Tasks

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

This project was reviewed by the 2009 PEP. The panel recommended that because of the
inherent variability in the ASMR (for example, estimates of growth and mortality rates limit its
ability to detect fine scale changes), preparing annual updates of the model was an inefficient use
of personnel time, especially for the long-lived humpback chub. The PEP observed that the
ASMR has only limited sensitivity to detect small annual population changes and that it requires
tremendous personnel and computer resources to generate. Based on these observations, the PEP
recommended that the ASMR be updated every 3 to 5 years. Because the GCMRC is planning to
prepare the next State of the Colorado River Ecosystem in Grand Canyon (SCORE) report in
FY2011, the GCMRC will accelerate this recommendation for the next iteration and include an
update of ASMR in the FY2011 SCORE report. This update is being prepared as part of the
evaluation of data recommend by the 2009 PEP. In the future, the GCMRC intends the next
iteration of the ASMR following the FY2011 update will be scheduled for FY2014, consistent
with the PEP recommendation. Updates will be developed in the stock assessment framework
previously reported.

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

As recommended by the 2009 PEP, we will develop a single concise report that includes
information from all fishery-monitoring projects, including the Little Colorado River monitoring
as well as mainstem monitoring at both Lees Ferry and downstream.

Links/Relationships to Other Projects

The status and trends of the Grand Canyon humpback chub population are two of the key
metrics utilized in GCDAMP to evaluate the success of the GCDAMP and actions undertaken
under the sponsorship of the GCDAMP. Therefore, an annual stock assessment report that
includes all fishery monitoring is related to many other GCDAMP work plan elements, especially
experimental actions such as the March 2008 High Flow Experiment, other flow experiments, or
removal of nonnative fish. The annual humpback chub population status will be important to
projects studying biotic and abiotic aspects of the system—including the aquatic food base, and
nearshore ecology projects—because changes in the parameters measured by these projects can
be compared to trends in the humpback chub population to search for relevant correlations.
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Logisti

Cs

There are no logistical needs for this project.

Products/Reports

This project will be the lead for retrospective analysis of the fish catch rate data,
especially for humpback chub. The analyses will also be supported by AZGFD and
USFWS personnel as part of the reporting for their respective projects. Under this
project, GCMRC will convene an annual fish meeting to review these analyses and to
develop a single annual stock assessment report.

A single stock assessment report will be delivered to the GCDAMP during the winter of
each year

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

This project will pursue making the humpback chub data base information available
electronically in a manner consistent with USGS Fundamental Science Practices

Budget
FY2011 $57,665
FY2012 $60,541

70



BI0 2.R13.11-12—Remote PIT Tag Reading

Start Date
October 2006

End Date
Ongoing

Principal Investigator

W.R. Persons, U.S. Geological Survey, Grand Canyon Monitoring and Research Center
and Graduate Student (to be determined)

Geographic Scope
Little Colorado River

Project Goals
This project is planned for FY2011-12 and seeks to advance the following goals:

e Determine and refine the most appropriate method(s) for estimating the population size of
humpback chub and other Grand Canyon fish, including sampling design and
development of remote monitoring methods

e Determine movement patterns of fish in Grand Canyon using the Little Colorado River
LCR

This project will test monitoring methods that do not require repeated handling of fish,
capture of evasive species, or additional field fish sampling trips. Remote antennae can read the
passive integrated transponder (PIT) tags as tagged fish pass the station. PIT tags are already
implanted in a large proportion of the adult population of humpback chub in Grand Canyon.
Because one PIT-tag antennae array was installed in the LCR in FY2009, this project also seeks
to provide maintenance and upgrades to the equipment already in place.

Need for Project

A limited number of humpback chub and other native fish are present in the modern day
Colorado River in Grand Canyon. Nonnative fish species are also present and are important to
study because of the known predatory and competitive threats they pose to native fish. Scientists
and managers wish to know the spatial and temporal movement patterns of these species and the
effectiveness of sampling gears in sampling populations. Obtaining population information in the
least intrusive manner(s) possible, especially when sampling the endangered humpback chub, is
also desirable. Remote PIT-tag antennae have been shown in other rivers and streams, which
have generally been smaller than the LCR, to be very effective at continuous monitoring,
alleviating the need for additional field sampling trips and multiple fish handling events.

The 2009 PEP reviewed the initial implementation of this project and recommended that

it be continued and expanded. This project description is designed to be consistent with the
panel’s recommendations.
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Strategic Science Questions

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

Information Needs Addressed

CMIN 2.1.2. Determine and track recruitment (identify life stage), abundance and
distribution of humpback chub in the LCR.

RIN 2.2.2. Determine if a population dynamics model can effectively predict response of
native fish under different flow regimes and environmental conditions.

Methods and Tasks

In FY2009, personnel from Grand Canyon Monitoring and Research Center (GCMRC),
Arizona Game and Fish Department (AZGFD), and the USGS Columbia River Research Lab
experimented with the use of remote antennae to read PIT tags. The equipment installed
generally performed as anticipated, although some improvements will be sought, especially
increasing detection distance and increasing equipment stability in high flows. PIT-tag antennae
are initially evaluated with passing tags over the antennae, which is followed by assessing
whether the antennae are reading and recording deployed tags. The study area will focus on the
LCR because humpback chub spawn and are concentrated there. Progressively more
sophisticated equipment and deployments have been tested over time. This incremental approach
has allowed for efficient use of funds, specific evaluation of equipment and methods, and
consultation with Tribes that must permit the deployment.

In FY2010 an additional array will be deployed in the LCR (June 2010) to increase
coverage of the width of the river, increasing the probability of detections, and increasing ability
to detect movement. Personnel from USGS and AZGFD will cooperate to expand the coverage
and detection capabilities beyond those already observed. USGS Columbia River Research Lab
personnel will assist with array design, installation and data analysis.

Together with AZGFD, the GCMRC will seek to identify an appropriate graduate student
to work on this project, both as the primary person for maintenance and for data analysis. The
USGS Cooperative Unit Leader from Colorado State University has indicated interest in serving
as the major advisor for this person, and would contribute to data analysis.

Remote data telemetry is being attempted in FY2010. This will allow biologists to
remotely download the data from the remote PIT-tag detector and determine operational status
and maintenance needs instead of visiting the site regularly throughout the year.

Links/Relationships to Other Projects

If the PIT-tag readers continue to be successful, more ‘recapture’ data on individual
tagged native and nonnative fish will be available without concurrent expenditures on personnel,
supplies, and logistics. Currently about one-half of the fish detected have been humpback chub,
with native suckers and a few common carp making up the remainder. These data will be
important for support of the annual catch-rate indexes and multiyear model updates. More
information on movement into and out of the LCR will also inform open population models.

72



Logistics

Trips that require large equipment transport will require helicopters into and out of the
LCR. InFY2011 and FY2012, 6 days of helicopter transport are budgeted. Four to five trips for
two people are expected to conduct servicing, maintenance, and downloading; as many of the
trips as possible will be combined with existing trips.

Personnel will schedule appropriate servicing and downloading trips using a combination
of hiking and boat travel, ideally in combination with other science trips, but this project includes
logistics costs to support the minor additional demands of small crews in the LCR to service the
PIT antennae.

Products/Reports

Annual reporting on the installation and operation of the equipment and collected data
will be delivered to the GCMRC by December of each year. These data are to be discussed in at
least one annual meeting by the fish cooperators, managers, and interested Glen Canyon Dam
Adaptive Management Program committee members.

GCMRC will pursue the identification of an appropriate graduate student and institution
to support cooperative additional data analysis. The USGS Cooperative Unit at Colorado State
University has expressed initial interest in having such a graduate student enrolled there. A
graduate student would be expected to provide a thesis and one or more peer reviewed reports
analyzing the data collected by this project. The emphasis of possible graduate research may
include detailed descriptions of the movement patterns of humpback chub in to and out of the
LCR.

Budget
FY2011 $145,828

FY2012 $152,594
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BI0 2.R15.10-11—Nearshore Ecology / Fall Steady Flows

Start Date
2008

End Date
September 2012

Principal Investigators

William E. Pine, III, University of Florida; M.D. Yard, U.S. Geological Survey, Grand
Canyon Monitoring and Research Center; and C.J. Walters, University of British Columbia

Geographic Scope

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

Project Goals

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

The objectives addressed by this project are as follows:

e Develop sampling approaches and analytical methods to use for determining abundance,
density, or occurrence of native and nonnative fish among different nearshore habitat

types

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

o Evaluate past habitat classification schemes and associated data collection efforts, using
both habitat information associated with the fisheries database and Data Acquisition,
Storage and Analysis (DASA) Program GIS habitat classification methods

e Develop methods for measuring and estimating small-bodied and juvenile fish vital rates
(growth and survival) among different nearshore habitat types and during steady versus
fluctuating flow operations

e Determine the key factors (abiotic and biotic) influencing nearshore habitat selection
among small-bodied and juvenile fish

e Determine the effect(s) of fluctuating and steady flow releases on nearshore habitat
selection, movement, growth, and survival of native and nonnative fish

e Design and implement a multiyear (FY2009-12) experimental plan (process oriented) to
determine the effect(s) of fluctuating and steady flow releases (September—October) on
nearshore habitat selection, movement, growth, and survival of native and nonnative fish
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e Develop a contingency plan for releases above peak power plant capacity that details how
these releases will affect the proposed research and a research plan for assessing the
potential impacts of these releases on nearshore habitat selection among small-bodied and
juvenile fish

The goal of this project is to provide information for developing future models with the
capability to predict small-bodied and juvenile fish composition, distribution, and abundance in
relation to changes in management actions (for example, flows, temperatures, and nonnative fish
interactions) and nearshore habitat availability.

Need for Project

The mainstem Colorado River life-history requirements of HBC are not well understood.
The habitat selection of HBC, and how those habitats may or may not be affected by human
activities such as dam operations, are of particular interest to the Glen Canyon Dam Adaptive
Management Program (GCDAMP) and managers. To help meet these information needs, this
project is intended to identify juvenile native fish habitat requirements, and how habitat selection,
preference, and availability affect native fish vital rates such as growth and survival. Findings
from this project are intended to provide information on native fish habitat requirements and
guide future GCDAMP recommendations for the Department of the Interior to consider as
management or experimental actions.

Strategic Science Questions

Primary SSQs addressed:

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

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

SSQ 3-2. To what extent could predation impacts by nonnative fish be mitigated by
higher turbidities or dam-controlled high-flow releases?

SSQ 4-2. How important are backwaters and vegetated shoreline habitats to the overall
growth and survival of YoY and juvenile native fish? Does the long-term benefit of increasing
these habitats outweigh short-term potential costs (displacement and possibly mortality of young
humpback chub) associated with high flows?

SSQ 5-4. What is the relative importance of increased water temperature, shoreline
stability, and food availability on the survival and growth of YoY and juvenile native fish?

SSQ 5-6. Do the potential benefits of improved rearing habitat (warmer, more stable,
more backwater and vegetated shorelines, more food) outweigh negative impacts due to increases
in nonnative fish abundance?

Information Needs Addressed

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

RIN 2.1.4 What habitats enhance recruitment of native fish in the LCR and mainstem? What
are the physical and biological characteristics of those habitats?
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RIN 2.4.3 To what degree, which species, and where in the system are exotic fish a detriment
to the existence of native fish through predation or competition?

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

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

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

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

RIN 4.2.5 To what extent is there overlap in the Colorado River ecosystem below the Paria
River of RBT habitat and native fish habitat?

RIN 7.4.1 What is the desired range of seasonal and annual flow dynamics associated with
power plant operations, BHBFs, and habitat maintenance flows, or other flows that meet
GCDAMP goals and objectives?

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

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

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

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

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

Methods and Tasks

The potential effects of fall steady flows on biological resources are being investigated
with three Grand Canyon Monitoring and Research Center (GCMRC) projects: aquatic food base
(goal 1), rainbow trout monitoring (goal 4), and nearshore ecology (goal 2). Descriptions of the
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first two projects are found under the goal they are intended to address elsewhere in this work

plan.

This nearshore ecology study is to incorporate findings from ongoing studies and to

develop new sampling and analytical approaches that examine the effects of the March 2008
high-flow experiment on nearshore habitats and to address the effects of modified low fluctuating
flows (MLFF), including September—October steady flows, on juvenile HBC and other native

fish.

This project will investigate sampling methods to estimate fish habitat use, growth,
and survival. Estimation of juvenile abundance, survival rate, growth rate, and habitat
use is fundamental to resolving uncertainties in the conceptual model and the two key
research questions outlined and identified above. Sampling trips are proposed in late
July and late August to characterize abundance, habitat use, growth, and survival rate
of juvenile fish over the summer under MLFF operations. These trips would be
followed by sampling trips in early September and late October to characterize
juvenile fish responses during the MLFF-fall steady experimental flow transition and
steady flow period. Differences in abundance in each habitat type between sampling
trips would be used to estimate habitat specific, reach-wide survival rates across flow
events.

Two basic sampling approaches are proposed for estimating these characteristics: (1)
reach-wide abundance estimation and (2) robust-design mark-recapture at replicate
sites.

The site selection for this project is expected to utilize existing data and models from
the GCMRC Physical Science and Modeling Program to quantify habitat availability
over the study reach that contains the robust-design mark-recapture sites, habitat
availability within the sites, and how habitat changes with flow. The existing
GCMRC shoreline GIS database and other surveys can be used to stratify habitat into
classes such as talus slopes, open sandbars, vegetated sandbars, cobble bars, and
backwaters. The working hypothesis is that unstable habitat types will be used only
minimally during the summer unsteady flow period, but that use of these habitats will
increase during the fall steady period when flows are stabilized. If this difference in
habitat use is ecologically important, the prediction would be an increase in growth
and survival of fish during the fall steady flow period relative to the summer.

Any mark-recapture approach to estimating abundance and density depends on
recapturing sufficient numbers of marked individuals to draw inferences on the
parameters of interest. Closed population models generally have fewer parameters
(and assumptions) than open models and are thus better able to estimate parameters
of interest (capture probability and abundance) when recaptures are low. The closure
assumption will be evaluated in our mark-recapture experiments using methods
similar to Korman and others (2009). Additionally, recaptures of fish marked on
previous trips will provide useful information on growth and movement (for
example, movement into backwaters during periods of steady flow) between
sampling trips and associated flow conditions. The Nearshore Ecology project pilot
sampling data from 2008 should provide some information on closure and also
provide information on capture probability that is necessary to fully assess how
violation of the closure assumption biases abundance estimates. This project will
evaluate occupancy models (MacKenzie and others, 2006) and sonic tags to support
habitat-use assessment. This project will use otoliths (inner ear bones) from
humpback chub and other natives to investigate habitat use and origin of fish.
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Otoliths may also prove useful for determining growth and survival rates of
humpback chub and other fish.

These methods are discussed in greater detail in the project proposal submitted to the
GCMRC by Pine and others. These methods require repeated sampling at multiple mainstem
locations below the mouth of the Little Colorado River. Repeated sampling is needed to develop
statistical confidence in abundance estimation, which in turn is needed to draw conclusions about
habitat use. Repeated sampling will require use of motorboats and electroshocking equipment,
including generators.

Links/Relationships to Other Projects

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

Logistics

This project will require four trips, one each in July, August, September, and October for
3 years, FY2009—11, subject to permit approval. All four trips are to be motor supported. The first
three are scheduled to launch in the motor season, but the October trip will require authority from
Grand Canyon National Park to use motors during the non-motor season. Sampling in October
supports investigation of the possible effects of steady flows on fish habitat use and so authority
to conduct the trip will be requested.

Products/Reports

Annual reports of project results will be delivered in December of each year. A final,
synthetic report will be delivered by September 2012.

Budget
FY2011 $697,039

FY2012 $423,475
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BI0 2.R16—Mainstem Nonnative Fish Control

Funds for mainstem nonnative fish control are to be assembled in a nonnative contingency budget
to be administered by Bureau of Reclamation. The use of these funds is subject to determination
of the appropriate method(s) in consultation with affected parties, development of a protocol and
logistics, and award of necessary permits. The Bureau will lead these activities. GCMRC
proposes the establishment of a $600,000 nonnative contingency fund in FY 2011 and an
additional $300,000 in FY 2012. No specific nonnative fish control project is proposed in this
work plan because the environmental compliance and tribal consultation has not been completed

as this work plan is written.
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BIO 2.R17.11-12—Nonnative Control Plan Science Support

Start Date
October 2009

End Date
Ongoing

Principal Investigator
K.D. Hilwig, U.S. Geological Survey, Grand Canyon Monitoring and Research Center

Geographic Scope

Colorado River ecosystem in Grand Canyon

Project Goals

This project implements components of the nonnative fish technical document developed
by the Grand Canyon Monitoring and Research Center (GCMRC). This includes efforts to
improve monitoring of nonnative fish in Grand Canyon and to recommend appropriate control
options, if monitoring results indicate control is necessary. Monitoring improvements will
initially focus on capturing nonnative fish during the fall mainstem monitoring with multiple gear
types (see BIO 2.M4.11-12 Monitoring Mainstem Fish). This project includes the development
of a synthesis report of nonnative fish information from monitoring and research data available in
the GCMRC fish database, project reports and peer reviewed literature. Capture information
provided by all fish-sampling and monitoring projects (Lees Ferry, Little Colorado River (LCR)
and mainstem Colorado River) will be used to assess the presence or absence of nonnative
species at various locations and the potential need for nonnative control efforts. Updates on the
status and trends of nonnative fish in Grand Canyon will be presented to scientists and managers
during the annual Nonnative Fish Workshop.

Specific project goals for this project are the following:
e Development of a synthesis report on nonnative fish in Grand Canyon

e Inform scientists and managers on an annual basis of nonnative fish issues in Grand
Canyon

Need for Project

Nonnative fish are among the greatest threats to native fishes in western North American
rivers (Miller, 1961; Minckley and Deacon, 1991; Tyus and Saunders, 2000; Coggins, 2008).
Nonnative fish may threaten native fish by direct predation, by competing for available food and
other resources, and by habitat modification (Minckley, 1991; Hawkins and Nesler, 1991).
Nonnative fish were introduced into Grand Canyon not later than early in the 20th century
(Woodbury, 1959; Valdez and Ryel, 1995). While native fish survived these initial introductions
at least long enough to be described by early researchers, other system stressors, especially the
modification of natural flows as a result of dam installation, appear to have increased the threats
to native fish from nonnative fish (Minckley, 1991; Clarkson and Childs, 2000). As the Colorado

80



River mainstem becomes warmer because of climate effects (Seager and others, 2007) and the
GCDAMP considers implementation of a temperature control device (TCD), the potential for an
increased threat from warm water-adapted nonnative fish increases (Eaton and Scheller, 1996;
Chu and others, 2005; Rahel and Olden, 2008). There is a need to improve monitoring of
nonnative fish posing threats to native fish in Grand Canyon to provide managers with
information to evaluate control needs. Dissemination of this information to scientists and decision
makers during annual workshops is important because it will foster the use of best professional
judgment to identify nonnative fish issues of concern and provide a platform for the development
of a timely response.

Strategic Science Questions

Primary SSQs addressed:

SSQ 1-4. Can long-term decreases in abundance of rainbow trout in Marble and eastern
Grand Canyons be sustained with a reduced level of effort of mechanical removal or will
recolonization from tributaries and from downstream and upstream of the removal reach
require that mechanical removal be an ongoing management action? This question also
applies to future removal programs targeting other nonnative species.

SSQ 5-6. Do the potential benefits of improved rearing habitat (warmer, more stable,
more backwater and vegetated shorelines, more food) outweigh negative impacts due to
increases in nonnative fish abundance?

Information Needs Addressed

Primary information needs addressed:

CMIN 2.4.1. Determine and track the abundance and distribution of nonnative predatory
fish species in the Colorado River.

RIN 2.4.1. What are the most effective strategies and control methods to limit nonnative
fish predation and competition on native fish?

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

Methods and Tasks

In FY2011 and FY2012, this project will include the following:

e A synthesis report summarizing historical captures and the recent status and trends of
nonnative fish in Grand Canyon

e Conduct Annual Nonnative Fish Workshops

Links/Relationships to Other Projects

This project links to several ongoing projects. Nonnative fish are captured during the
Monitoring Mainstem Fish Project (BIO 2.M4.11-12), the Little Colorado River Humpback
Chub Monitoring Project (BIO 2.M1.11-12), the Nearshore Ecology/Fall Steady Flows Project
(BIO 2.R15.11-12), and the Monitoring Lees Ferry Fish Project (BIO 4.M2.11-12). These
projects gather information on all fish species captured in Grand Canyon, including the relative
abundance of these species and their size distribution. Nonnative fish capture information from
these projects will be assembled and presented during the annual nonnative fish workshops.
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Logistics

There are no logistics requirements for this project.

Products/Reports

Synthesis report of nonnative fish information from monitoring and research data
available in GCMRC fish database, project reports and peer reviewed literature will be delivered
in USGS Open File Report format

Conduct nonnative fish workshops annually
Budget
FY2011 $65,204

FY2012 $63,389
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BIO 2.E18.11-12: Detection of rainbow trout movement from the
upper reaches of the Colorado River below Glen Canyon Dam

Start Date
November 2010

End Date
June 2012

Principal Investigators

A.S. Makinster, W. Stewart, Arizona Game and Fish Department, J. Korman, Ecometric
Research, Inc., K.D. Hilwig, W.R. Persons, U.S. Geological Survey, Grand Canyon Monitoring
and Research Center

Geographic Scope
Colorado River between Paria River inflow and Badger Rapid, River Mile 8

Project Goals

The goal of this project is to collect baseline information on movement of rainbow trout
Oncorhynchus mykiss between the Paria River and Badger Rapid at River Mile 8 (PBR). This
information is a necessary component of determining the potential feasibility and efficacy of
removing rainbow trout in the PBR as an alternative to removal in the Little Colorado River reach
of the Colorado River. Additional studies will be necessary to completely determine the
feasibility and efficacy of this approach. This project is predicated on existing information
(Coggins, 2008; Coggins and others, in review) that concludes that rainbow trout reared in the
Lees Ferry reach of the Colorado River (Glen Canyon Dam to Lees Ferry) move out of that reach
under some conditions. Our working hypothesis is that rainbow trout moving out of the Lees
Ferry reach could be captured and removed from the river, thereby providing a benefit to native
fish downstream by reducing predators and competitors of native fish. This project will use
mark-recapture methods to estimate downstream movement of rainbow trout from the Lees Ferry
reach.

Primary project objectives are to:

Estimate age stratified downstream movement of rainbow trout from the Lees Ferry
reach to Badger Rapid

Estimate age stratified capture probability of rainbow trout in the Lees Ferry reach and
in the reach from the Paria River to Badger Rapid

Estimate age stratified abundance of rainbow trout in the Lees Ferry reach and in the
reach from the Paria River to Badger Rapid

If the hypothesized movement of rainbow trout out of the Lees Ferry reach, passing the

mouth of the Paria River, is correct, this project will provide information about the age classes of
fish that may be moving downstream. Understanding population movement characteristics is an
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important first step in being able to assess the potential for successful control of rainbow trout
immediately below Lees Ferry, a potential alternative to removing rainbow trout from the Little
Colorado River reach as has been conducted previously. Information from this project will be
integrated with ongoing monitoring of rainbow trout upstream from Lees Ferry to assess any
potential correlation between rainbow trout density in the Lees Ferry reach and potential
emigration out of the reach.

The most complete understanding of potential rainbow trout movement patterns is most
likely achievable with multiple observations over multiple years. Based on downstream
observations, Coggins (2008) predicted rainbow trout movement is seasonal, with most of the
movement taking place in the fall and winter months. Additional sampling in additional years
would be necessary to fully address the seasonal component of movement, as well as potential
correlation with rainbow trout population sizes upstream. This project is proposed as an
experimental research project to be conducted in FY 2011 and FY 2012 to increase knowledge of
rainbow trout movement patterns, a necessary precursor to any attempts to act on rainbow trout
movement, such as removal in the miles immediately below the mouth of the Paria River.

This project would be useful for immediately assessing potential effectiveness of rainbow
trout capture and/or removal in the PBR reach, but fully determining the most effective times of
the year to conduct the work will require sampling in different seasons in multiple years. Because
rainbow trout density in the Lees Ferry reach is hypothesized to play a role in rainbow trout
movement, it would be useful to conduct this study with various rainbow trout densities in the
Lees Ferry reach. Density is relatively high in 2010 (Makinster and others, in review).

Need for Project

The risk posed to endangered humpback chub Gila cypha from predation by rainbow
trout is an ongoing management and conservation concern (GCMRC, 2008). In part to address
this risk, the 2008 Biological Opinion on the Operation of Glen Canyon Dam called for a
resumption of mechanical removal in the vicinity of the Little Colorado River. However, several
Native American tribes have advised that they find the large scale taking of life in Grand Canyon
to be offensive. Additionally, mechanical removal of nonnative fish in the Little Colorado River
reach is expensive. Because of the cultural concerns two mechanical removal trips scheduled for
2010 in GCMRC’s final FY2010 Work Plan were cancelled. To partially address the cultural
concerns for taking of life in Grand Canyon, and also to potentially reduce costs, GCMRC is
working with Arizona Game and Fish and other agencies to investigate alternative rainbow trout
control methods.

The current fish community of the Colorado River in Grand Canyon is numerically
dominated by rainbow trout and brown trout Salmo trutta (Gloss and Coggins, 2005; Makinster
and others, in review). There is a growing body of scientific literature that hypothesizes and/or
demonstrates the deleterious effects of rainbow trout and brown trout on native Colorado River
fishes by means of direct predation (Valdez and Ryel, 1995; Marsh and Douglas, 1997; Mueller
and Marsh, 2002; Yard and others, in review), exploitative and interference competition
(Minckley, 1991; Valdez and Ryel, 1995; Marsh and Douglas, 1997; Petersen and Paukert, 2005),
and habitat displacement (Robinson and others, 2003). Interactions with nonnative species have
been implicated as a major cause in the decline of native species in the Colorado River (Tyus and
Saunders, 2000; Mueller and Marsh, 2002). Recent and historical data have shown that trends in
Grand Canyon native species abundance, particularly the endangered humpback chub Gila cypha,
declined in the 1990s, then increased 2000 - 2008 (Coggins and Walters, 2009). This pattern is
inversely proportional to (i.e., the opposite of) the trend in rainbow trout catch rates in the
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Colorado River below the Glen Canyon Dam (Makinster and others, in review), suggesting that
large rainbow trout populations have a deleterious effect on humpback chub in Grand Canyon.
The population size trends of the two species are consistent with the findings of Yard and others
(in review) demonstrating that rainbow trout and brown trout eat humpback chub and other native
fishes.

Concern over the decline of humpback chub in Grand Canyon in the early 2000s caused
the Glen Canyon Dam Adaptive Management Program to investigate possible methods for
increasing their population size. One of these methods was to use electrofishing to mechanically
remove rainbow trout in the vicinity of the Little Colorado River, anticipating that this would
reduce predation risk for humpback chub. This project ran for four years, 2003-2006 (Coggins,
2008; Coggins and others, in review). In 2005, the Arizona Game and Fish Department (AGFD)
entered into a cooperative agreement with the GCMRC to conduct the remaining field work, data
analysis, and project reporting for this experiment. The 2003-2006 mechanical removal effort
reduced the proportion of nonnative fish captured in the reach from 90% in 2003 to 50% in 2006.
Rainbow trout were nearly 90% of the captures in this reach in 2003, but were less than 10% of
the catch in 2006 (Coggins, 2008; Coggins and others, in review).

Monitoring of rainbow trout relative abundance in 2008 and 2009 throughout the
Colorado River suggests the population has rebounded to levels observed prior to the initiation of
the mechanical removal project in 2003. The majority of rainbow trout in Grand Canyon occur
above Lees Ferry in the relatively cooler and clearer tailwaters below Glen Canyon Dam (Gloss
and Coggins, 2005). The majority of humpback chub occur in and around the Little Colorado
River with only limited movement upstream (Valdez and Maslich, 1999; Paukert and others,
2006). The two species must come into contact for interactions (i.e., predation, competition) to be
observed. Coggins (2008) observed changes in rainbow trout age class structures in different
reaches, suggesting that most rainbow trout are spawned upstream of Lees Ferry. Coggins
reached this conclusion because the majority of rainbow trout that were observed in the Little
Colorado River reach 2003 — 2006 were adults, but multiple age classes were captured above
Lees Ferry. Based on Coggins’ (2008) observations, rainbow trout must be leaving the Lees Ferry
reach, at least in some years. This project seeks to better understand rainbow trout movement
patterns. If scientists and managers can develop a more complete understanding of how rainbow
trout move downstream from Lees Ferry, then additional control options may become available
that could be employed to restrict interactions between rainbow trout and humpback chub. This
project will mark and attempt to recapture fish in the upper river to assess movement and survival
of rainbow trout. Because of the interest in understanding movement patterns, the work is
proposed for the Colorado River between the mouth of the Paria River (just below Lees Ferry)
and Badger Rapid.

Stakeholders in the GCDAMP have expressed the need for controlling rainbow trout
farther upstream from the culturally sensitive Little Colorado River inflow reach. Many
alternatives are being discussed, including dam operation approaches, disrupting rainbow trout
redds (nests), capturing rainbow trout for live removal, and other options. Whether one of these
options or another is eventually selected, this project, together with ongoing fish monitoring in
the Lees Ferry reach (see goal 4) are fundamental to all approaches. This is because scientists and
managers need a better understanding of how and why rainbow trout may move below the mouth
of the Paria River.
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Strategic Science Questions

This project will provide preliminary information that will be necessary to answer the following
strategic science questions.

SSQ 1-2. Does a decrease in the abundance of rainbow trout and other cold and warm water
nonnatives in Marble and eastern Grand Canyons result in an improvement in the recruitment
rate of juvenile humpback chub to the adult population?

SSQ 1-3. Do rainbow trout immigrate from Glen to Marble and eastern Grand Canyons, and,
if so, during what life stages? To what extent do Glen Canyon immigrants support the
population in Marble and eastern Grand Canyons?

SSQ 1-4. Can long-term decreases in abundance of rainbow trout in Marble and eastern
Grand Canyons be sustained with a reduced level of effort of mechanical removal or will
recolonization from tributaries and from downstream and upstream of the removal reach
require that mechanical removal be an ongoing management action? This question also
applies to future removal programs targeting other nonnative species.

Information Needs Addressed

The primary research information needs that are informed by the project are the following.

RIN 4.2.1 What is the rate of emigration of rainbow trout from the Les Ferry reach?
RIN 4.2.2 What is the most effective method to detect emigration of rainbow trout from
the Lees Ferry reach?

RIN 4.2.3 How is the rate of emigration of rainbow trout from the Lees Ferry reach to
below the Paria River affected by abundance, hydrology, temperature, and other
ecosystem processes?

General Methods/Tasks

We will employ multiple passes using electrofishing to capture rainbow trout from the
left and right shorelines of the river in the Lees Ferry reach and between the Paria River inflow
(river mile [RM] 1) and Badger Rapid (RM 8). Sampling efforts needed to complete the project
objectives will be similar to efforts used during mechanical removal sampling. However, this
project will differ from mechanical removal efforts in that captured rainbow trout will be tagged
with individually numbered tags rather than euthanized. No fish will be purposely killed or
removed in this study.

This project is a pilot effort with two field trips in FY 2011 and FY 2012 in June and
November. If the project proves effective at capturing rainbow trout additional efforts would be
proposed for future fiscal years. Additional trips conducted during different seasons, river
conditions, and rainbow trout population sizes will all provide more basis on which to draw
conclusions about the hypothesized movement of rainbow trout out of the Lees Ferry reach.
Therefore, subject to the anticipated success of the pilot effort, we recommend this effort to be
applied over several years. A multi-year approach will maximize our ability to evaluate
movement of rainbow trout from the Lees Ferry area, the majority of which may occur during
winter. Future detection of tagged rainbow trout could occur during annual Arizona Game and
Fish Department Lees Ferry and river-wide monitoring surveys as well as Near Shore Ecology
project sampling.
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The PBR reach will be separated into two approximately 4-mile sub-reaches. Individual
electrofishing stations approximately 500 m in length will be established on each side of the river
within each sub-reach. We will complete a total of 3 electrofishing passes over the entire PBR
reach in 6 nights of sampling and 3 passes over randomly selected subsections of the Lees Ferry
reach in 3 nights of sampling. Sampling is proposed for November 2010, June and November
2011, and June 2012; sampling in future years will be dependent on outcome of the first sampling
efforts and input from the Adaptive Management Program. All data will be collected at night
using four 16" sport boats outfitted for electrofishing with a Coeffelt CPS unit, with one netter
and one driver per boat. The boats will apply between 350 and 500 volts and 10 to 15 amps to
spherical steel electrodes. Two additional 16 inflatable sport boats will be used in the PBR reach
to handle and tag fish captured during electrofishing surveys.

We will record maximum total length (TL mm) of all fish captured. Brown trout greater
than 149 mm TL will be implanted with passive integrated transponder (PIT) tags and receive an
adipose fin clip following standard methods. We will investigate tagging rainbow trout less than
149 mm using individually numbered Floy FD68B fingerling T-bar anchor tags. Rainbow trout
and common carp greater than 149 mm TL will receive an individually numbered Floy tag and a
right pelvic fin clip for rainbow trout or a dorsal spine clip for common carp. The fin clips will
be used as a secondary mark to evaluate tag loss. Rainbow trout have also been marked with Floy
tags since 2007 during standardized Lees Ferry electrofishing monitoring. Sampling between the
Paria River and Badger Rapid may enable detection of downstream movement of those tagged
fish from the Lees Ferry reach. We will record TL and fork length (FL) of all native fish captured
and implant native fish greater than 149 mm TL, and humpback chub greater than 99 mm TL,
with PIT tags if none were found on capture (Ward and Hangsleben, in review). All tag numbers
will be recorded on hardcopy and PIT scanners will be downloaded to verify tag numbers.

Data analysis will include the following:
Estimate age stratified abundance using mark-recapture methods

Estimate age stratified capture probability using mark-recapture estimates in the LF and
PBR reaches

Estimate age stratified net immigration rate (fish/day)
Estimate initial and secondary tag loss rates following the methods of Coggins (2008)

Explore association between turbidity and catchability — record daily NTU’s (turbidity
metric)

Estimate age stratified movement between the LF and PBR reaches and across 500 m
sections within the PBR study reach among trips

The success of this project depends on our ability to mark and recapture a sufficient
number of trout to draw meaningful conclusions related to capture probability, abundance, and
immigration rates. For example, preliminary analyses of 2009 catch rate data suggest that we can
mark approximately 2,860 rainbow trout in the study area on each trip. Assuming a capture
probability of .25, we would extrapolate a population estimate of 11,440 trout in the study area.
The probability of detecting a fish tagged in the study area varies with movement and survival
rates, among other factors. If we assume a range of immigration or emigration, the probability of
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detecting a marked fish is relatively low (see Table, below). As more fish are marked in the Lees
Ferry reach the probability of detecting movement from the Lees Ferry reach to the Paria/Badger
reach will increase approximately 25%.

Table 4

Modeled probability of detecting a fish in the PBR Reach that was Floy tagged in the Lees
Ferry reach.

Downstream Single pass detection probability in
Emi . Single pass detection probability LCR Reach during mainstem
migration rate ; o
. in PBR Reach monitoring
scenarios
0.025 0.005 0.020
0.05 0.01 0.041
0.1 0.02 0.082
0.5 0.1 0.41

Links/Relationships to Other Projects

The work proposed in this project is closely linked with rainbow trout monitoring in the Lees
Ferry reach because of the hypothesized linkage of rainbow trout movement to density of this
species in the Lees Ferry reach. Because of the effect of rainbow trout on humpback chub there is
a close linkage of this project to the status and trends of humpback chub.

Products/Reports

Standard trip report within 30 days of completion of each trip with summary statistics and
preliminary analysis

Draft annual report with full analysis by September 30, 2012

Data delivered in standard USGS annual report format

Final report in USGS Open File Report format by December 1, 2012
Budget
FY2011 $437,201

FY2012 $459,061
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BI0 2.R19.11-12—Biometrics and General Analysis

Start Date
2010

End Date
Ongoing

Principal Investigator

Statistician, U.S. Geological Survey, Grand Canyon Monitoring and Research Center

Geographic Scope

Associated projects within the Colorado River ecosystem

Project Goals

The primary goal of the GCMRC Biometrics position is to provide necessary and
relevant statistical and modeling support in planning and analyzing science projects conducted or
supported by GCMRC and the AMP. Additionally, the GCMRC biometrician will conduct
focused research in areas such as model development and analytical techniques to further the
science capability of the GCMRC.

Need for Project

GCMRC has identified the need for greater technical oversight and rigor with regard to
study planning and analysis of some AMP sponsored projects. This need includes both projects
conducted primarily by GCMRC staff and cooperating scientists. To meet this need GCMRC will
employ a staff biometrician whose role will be to provide analysis and modeling support for AMP
sponsored projects, particularly in the biological discipline. As needed, this support will focus
primarily in assisting in the development and review of research and study plans as well as data
analysis and modeling. Additionally, GCMRC recognizes the need to provide additional training
opportunities in analytical techniques for GCMRC staff and cooperating scientists. The
biometrician position will support this need by conducting workshops (4-5 days) on topics
relevant to current statistical and modeling challenges faced by GCMRC staff and cooperating
scientists. Recently identified topics include: basic probability models and likelihood based
inference, occupancy rate estimation, capture-recapture models, hierarchical Bayes modeling,
simulation techniques to inform study design, and ecosystem modeling using Ecopath/Ecosim
models. This position will be the lead for updates of the Age-Structured Mark-Recapture model,
and/or other models, to estimate the adult humpback chub population.

Strategic Science Questions

This project is a primary support project that provides study design and data analysis
guidance to the projects, so provides secondary support to a number of SSQs. The role of the
biometrician is to support GCMRC and cooperating scientists in developing greater certainty
about their study designs and results, so it is anticipated that many SSQs will be addressed in this
and future years. For example, the primary SSQs this project will support is:
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SSQ 1-1: To what extent are adult populations of native fish controlled by production of
young fish from tributaries, spawning and incubation in the main stem, survival of young-of-year
and juvenile stages in the main stem, or by changes in growth and maturation in the adult
population as influenced by main stem conditions?

SSQ 1-2. Does a decrease in the abundance of rainbow trout and other cold- and warm
water nonnatives in Marble and eastern Grand Canyons result in an improvement in the
recruitment rate of juvenile HBC to the adult population?

Information Needs Addressed

This project is a primary support project that provides study design and data analysis
guidance to the projects, so provides secondary support to a number of information needs. As an
example of the RINs most directly addressed by this project, in FY2010 task 1 below will support
modeling to investigate patterns in native and nonnative fish population abundance and
distribution allowing for comparison with various environmental factors. Other RINs about fish
responses to environmental conditions that can be partially addressed with this modeling effort
include the following:

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

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

Methods and Tasks

Anticipated tasks for this project during FY2011 include:

Conduct ASMR population estimate of adult humpback chub (see BIO 2.R7.11)
Assist in the continued development of Ecopath/Ecosim models for key reaches of the
Colorado River associated with project PLAN 12.P1.10.

Assist GCMRC fisheries biologist, cooperating scientists, and the biology program
manager in evaluating implications to the ability to detect changes in fisheries resources
associated with recommended changes to the fisheries monitoring program by the 2009 Fisheries
Monitoring Protocol Evaluation Panel.

Assist Arizona Game and Fish Department cooperating scientists in analyzing fisheries
mechanical removal data from project BIO 2.R17.10. This effort may employ hierarchical Bayes
depletion models.

Assist in study planning and analysis of PIT tag data collected from project BIO
2.R13.10.

Assist with study design and analysis of fish capture-recapture data from the Nearshore

Ecology Project (BIO 2.R15.10) to estimate fish abundance and occupancy rate among various
habitat types.
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Assist with analysis of terrestrial, aquatic food base, or other data from AMP sponsored
projects as needed.

Conduct two or three approximately 5-day workshops on the following or related topics:
basic probability models and likelihood-based inference, occupancy-rate estimation, capture-
recapture models, hierarchical Bayes modeling, simulation techniques to inform study design, and
ecosystem modeling using Ecopath/Ecosim models.

Anticipated tasks for this project during FY2012 include:

Assist in the continued development of Ecopath/Ecosim models for key reaches of the

Colorado River associated with project PLAN 12.P1.11.

Assist Arizona Game and Fish Department cooperating scientists in analyzing fisheries
mechanical removal data from project BIO 2.R17.10. This effort may employ hierarchical Bayes
depletion models.

Assist in study planning and analysis of PIT tag data collected from project BIO
2.R13.10.

Assist with study design and analysis of fish capture-recapture data from the Nearshore
Ecology Project (BIO 2.R15.11) to estimate fish abundance and occupancy rate among various
habitat types.

Assist with analysis of terrestrial, food base, or other data from AMP sponsored projects
as needed.

Conduct two or three approximately 5 day workshops on the following or related topics:
basic probability models and likelihood-based inference, occupancy-rate estimation, capture-

recapture models, hierarchical Bayes modeling, simulation techniques to inform study design, and
ecosystem modeling using Ecopath/Ecosim models.

Links/Relationships to Other Projects

This project is primarily a support project to the projects listed above.

Logistics

There are no logistical needs for this project.

Products/Reports

This project will contribute to and co-author, as appropriate, reports and manuscripts
associated with the tasks above and other projects associated with Goals 1, 2, 4, and others as
needed.

Budget
FY2011 $149,627

FY2012 $157,089
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GCDAMP Goal 4. Maintain a naturally reproducing
population of rainbow trout above the Paria River, to
the extent practicable and consistent with the
maintenance of viable populations of native fish.

BI0 4.M2.11-12—Monitoring Lees Ferry Fish

Start Date
2010

End Date
Ongoing

Principal Investigator

A.S. Makinster, Arizona Game and Fish Department, K.D. Hilwig, U.S. Geological
Survey, Grand Canyon Monitoring and Research Center

Geographic Scope
Colorado River from Glen Canyon Dam (GCD) to Lees Ferry

Project Goals

The goals of this project are as follows:

Monitor the rainbow trout recreational fishery between Glen Canyon Dam and the Paria
River

Monitor rainbow trout redds and early life stages to support assessment of experimental
flow releases from Glen Canyon Dam

Monitor for presence or absence of other nonnative fish in this reach

Rainbow trout

Operation of Glen Canyon Dam affects the ecology of rainbow trout and the aquatic food
base in the Lees Ferry reach (McKinney and others, 1999, 2001). The Lees Ferry recreational
fishery was recognized as a resource of concern in the Operation of Glen Canyon Dam Final
Environmental Impact Statement (U.S. Department of the Interior (DOI), 1995), which
concluded: “Glen Canyon Dam Adaptive Management Program (GCDAMP) goals for the trout
fishery are to provide a recreational resource while maintaining and conserving native fish in
Grand Canyon”. Components of this project provide monitoring information, such as relative
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abundance, recruitment, survival, growth and condition, to evaluate the influence of GCD
operations, including experimental flows, on the Lees Ferry rainbow trout.

The recreational fishery and early life stage monitoring components of this project were
reviewed by the 2009 PEP for Grand Canyon Fishes. The panel recommended that it was not cost
effective or necessary to conduct multiple recreational fishery monitoring trips each year. Rather,
the panel recommended a single electrofishing trip at randomized sites each year to physically
observe the adult population and perhaps to tag fish, if tagging was desired for more data
collection. The panel also did not recommend maintaining the monitoring of early life stages of
rainbow trout that has been conducted for 5 of the last 7 years. Analysis of long-term data sets for
these two components will be completed in FY2010 to determine impacts of the recommended
reduction in effort on the ability to monitor management objectives. In the interim, these
monitoring techniques may be useful for studying the response of the rainbow trout to
experimental dam releases.

Warm water nonnative fish

The 2009 PEP for Grand Canyon Fishes also recognized the importance of sampling
other fish in the Lees Ferry reach. Lees Ferry is an area where nonnative species introductions
likely occur as a result of illegal stocking, movement from Lake Powell through Glen Canyon
Dam and from the Paria River. The introduction of fish species into Lees Ferry is a concern
because nonnative species that are introduced or become established in this reach can then
disperse throughout the river system below Glen Canyon Dam. The panel suggested that at least
one surveillance trip be conducted annually to focus on known or suspected warm water
nonnative fish concentrations. Information from tagging warm water species, such as growth and
movement, will help inform fish management decisions.

Need for Project

Rainbow trout

The Arizona Game and Fish Department (AZGFD) has managed the Lees Ferry
recreational fishery since 1964. Lees Ferry serves as a popular destination fishery for
international, national, and local anglers. As such, it provides significant contributions to the
Marble Canyon business community. The fishery is regulated by biotic and abiotic mechanisms
that may in turn be affected by the operations of GCD. The monitoring of basic fish population
elements, including relative abundance, distribution and recruitment of native and nonnative fish,
provides the information necessary to assess the status of these resources and to inform the
GCDAMP.

Warm water nonnative fish

Nonnative fish are among the greatest threats to native fishes in western North American
rivers (Miller, 1961; Minckley and Deacon, 1991; Tyus and Saunders, 2000; Coggins, 2008).
Nonnative fish may threaten native fish by direct predation, by competing for available food and
other resources, and by habitat modification (Minckley, 1991; Hawkins and Nesler, 1991).
Nonnative fish were introduced into Grand Canyon not later than early in the 20th century
(Woodbury, 1959; Valdez and Ryel, 1995). While native fish survived these initial introductions
at least long enough to be described by early researchers, other system stressors, especially the
modification of natural flows as a result of dam installation, appear to have increased the threats
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to native fish from nonnative fish (Minckley, 1991; Clarkson and Childs, 2000). Surveillance of
suspected or known concentrations of warm water nonnative fish in Lees Ferry will help identify
nonnative fish issues of management concern and tagging efforts may provide information on
movement of nonnative fish captured in Lees Ferry into downstream reaches.

Strategic Science Questions
Primary SSQ addressed:

SSQ 3-6. What GCD operations (ramping rates, daily flow range, etc.) maximize trout fishing
opportunities and catchability?

This project also seeks to inform the following SSQs:

SSQ 1-3. Do rainbow trout immigrate from Glen to Marble and eastern Grand Canyons, and,
if so, during what life stages? To what extent do Glen Canyon immigrants support the
population in Marble and eastern Grand Canyon?
SSQ 5-6. Do the potential benefits of improved rearing habitat (warmer, more stable,
more backwater and vegetated shorelines, more food) outweigh negative impacts due to increases
in nonnative fish abundance?

Information Needs Addressed

Information needs are the basis for developing and implementing the long-term strategic
and annual monitoring and research programs. Identified below are the current information needs
pertinent to the monitoring plan for the Lees Ferry Glen Canyon trout fishery.

Rainbow trout information needs addressed:

CMIN 4.1.1. Determine annual population estimates for age 2+ rainbow trout in the Lees
Ferry reach

CMIN 4.1.2. Determine annual proportional stock density of rainbow trout in the Lees
Ferry reach.

CMIN 4.1.4. Determine annual growth rate, standard condition (Kn), and relative weight
of rainbow trout in the Lees Ferry reach.

RIN 4.1.1. What is the target proportional stock density (that is, tradeoff between
numbers and size) for rainbow trout in the Lees Ferry reach?

Other nonnative fish information needs addressed:
CMIN 2.4.1. Determine and track the abundance and distribution of nonnative predatory
fish species in the Colorado River.

RIN 2.4.1. What are the most effective strategies and control methods to limit nonnative
fish predation and competition on native fish?

Methods and Tasks

Lees Ferry Electrofishing Monitoring
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Starting in FY2010, adult rainbow trout monitoring was reduced from 3-4 times per year
to twice a year using standardized random electrofishing samples. This is consistent with the
2009 PEP recommendations. Information from these samples is used to estimate biological
parameters and to assess the status and trends of the fishery. The sampling design, methods, and
analyses provide sufficient information on the relative abundance, size composition, and
condition of the fish community in the Lees Ferry to detect population trends and to precisely
estimate status of the rainbow trout population (Urquhart and others, 1998). Fish specimens are
also collected annually for whirling disease examination. Work is currently underway to assess
the statistical power of intra- and inter-annual comparisons. Data from this project are also used
in a Lees Ferry rainbow trout stock-assessment model which will be updated and revised as
needed.

The 2009 PEP stated that assessing abundance using catch-rate indices is a suitable
surrogate for indexing abundance if catchability is proportional to population density. Project
BIO 2.E18.11-12 will help determine if catchability is proportional to population density. If
managers require an actual annual population estimate, rather than the catch-rate index currently
used, modification of the project will be necessary.

Early Life History Monitoring

In FY2011-12, the AZGFD will conduct four rainbow trout early life history trips
annually and work cooperatively with Ecometric Research, Inc. to transfer the age-0 and redd
survey techniques and data analysis for this project from the contractor to the agency. AZGFD
will be completely responsible for the conduct of any early life stage monitoring that may be
necessary in FY2012 and beyond. Surveys of rainbow trout redd and early life stages of rainbow
trout in the Lees Ferry reach have been conducted for the last 7 years by Ecometric Research, Inc.
These studies have been useful in evaluating dam operations on rainbow trout recruitment and
this work will be maintained for FY2011-12 to evaluate the effect of fall steady flows on rainbow
trout. Flow treatments to manage rainbow trout recruitment in Lees Ferry could be effectively
evaluated through this project and include fluctuating flows targeting young-of-year rainbow
trout and stranding flows (Gloss and Coggins, 2005).

Warm-water Nonnative Fish Monitoring

Consistent with the recommendations of the 2009 PEP for Grand Canyon Fishes, this
project will conduct annual surveillance trips in Lees Ferry at warm water nonnative fish
concentrations. Sampling locations will include areas such as the warm slough (RM -12) and
warm spring inputs. Common carp captured during this effort will be tagged and other warm
water nonnative fish will be harvested for otolith analysis to evaluate age and growth and
possibly origin if microchemistry tools are available (see BIO 2.R15.11-12, Near Shore Ecology).
Surveys will be combined with other field efforts to reduce logistics costs. Tagging information
from this survey may provide information on movement of nonnative fish captured in Lees Ferry
into downstream reaches.

Links/Relationships to Other Projects

This project links to Monitoring Mainstem Fish (BIO 2.M4.11-12), Near Shore Ecology
(BIO 2.R15.11-12), Mainstem Nonnative Fish Control (BIO 2.R16.11-12, if conducted) and
Detection of rainbow trout movement from the upper reaches of the Colorado River below Glen
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Canyon Dam (BIO 2.E18.11-12) projects. Understanding factors affecting rainbow trout and
warm water nonnative fish populations is important for evaluating the risk that these species may
pose to young humpback chub in the Little Colorado River reach. With the recent increase in
catch rates of age-1 rainbow trout, monitoring the status and trends of rainbow trout in Lees Ferry
and the mainstem Colorado River will be important to evaluate movement of rainbow trout into
downstream reaches.

Logistics

This project will include annual trips as follows:

Two annual standardized random electrofishing surveys

Four annual early life history trips (may extend below Paria River)

One annual nonnative surveillance trip (may extend below Paria River)

All trips are motor supported, launching from, and returning to, Lees Ferry just upstream
of the mouth of the Paria River.

Products/Reports

The AZGFD will deliver one annual report on the results of their Lees Ferry monitoring
(rainbow trout fishery and early life history data) to the GCMRC

A Lees Ferry Monitoring annual report will be prepared by AZGFD and Ecometric in
cooperation with the GCMRC in USGS Open File Report following USGS Fundamental Science
Practices

GCMRC will develop an annual report summarizing warm water nonnative fish
surveillance trip findings

Budget
FY 2011 $216,846
FY 2012 $226,552
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GCDAMP Goal 5—Maintain or attain viable
populations of Kanab ambersnail.

BI0 5.R1.11—Monitor Kanab Ambersnail

Start Date
April 2007

End Date
September 2012

Principal Investigator

J.A. Sorensen, Arizona Game and Fish Department

Geographic Scope

Vaseys Paradise, located 31.5 river miles (RM) downstream of Lees Ferry

Project Goals

This project is proposed for FY2011-12. The goals of this project are to determine the
extent and kind of vegetation that exists as habitat for the Kanab ambersnail (KAS) and to track
the abundance and distribution of KAS at Vaseys Paradise.

Need for Project

Knowing the extent of habitat is needed in the event of a high flow experiment to develop
a biological opinion and to determine snail densities. Changes in snail numbers can be associated
with changes in vegetation. Vegetation monitoring at Vaseys Paradise indirectly monitors the
snails by assuming that if the preferred habitat is present, snails are present. Total habitat can be
measured using remote methods, but the composition of the habitat may still require on-the-
ground sampling. Sampling at Vaseys Paradise can also provide data for Glen Canyon Dam
Adaptive Management Program (GCDAMP) goal 6, which refers to the protection and
improvement of riparian and spring communities.

The KAS is a federally listed endangered species; however, the legal status is under
review by U.S. Fish and Wildlife Service (USFWS). Conducting this project in FY2011 and
FY2012 permits consistent surveying during the review period. If it is determined that the KAS
no longer merits an endangered species listing, the GCDAMP will need to consider the extent of
its support for monitoring this taxon.

Strategic Science Questions

There are no directly related SSQs associated with the goal of maintaining or attaining
viable KAS populations.
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Information Needs Addressed

Primary information needs addressed:

CMIN 5.1.1. Determine and track the abundance and distribution of Kanab ambersnail at
Vaseys Paradise in the lower zone (below 100,000 cfs) and the upper zone (above 100,000
cfs).

CMIN 5.2.1. Determine and track the size and composition of habitat used by Kanab
ambersnail at Vaseys Paradise.

Methods and Tasks

Determine percent cover, diversity, and distribution of vegetation that constitutes KAS
habitat. Random samples of habitat document percent cover, plant height of dominant plants, and
soil moisture. Quantify total habitat and plots using conventional survey methods. The Grand
Canyon Monitoring and Research Center (GCMRC) survey department calculates habitat area.
Data are analyzed using univariate and multivariate approaches. This project will:

e Monitor relocated vegetation associated with high-flow experimental conservation
measures

e Sample vegetation plots at Vaseys Paradise to determine patch composition and areal
extent (fall of each year) and sample for the presence of KAS in plots

e Enter data and conduct quality control on data entry, providing the data to the GCMRC
for vegetation analysis

e Compare previous vegetation composition to previous vegetation/habitat surveys to
assess habitat

e Provide abundance estimates of snails

e  Write reports for the GCMRC during the winter of each year

Links/Relationships to Other Projects

Riparian vegetation, including vegetation at springs, is a critical interface between
aquatic and terrestrial environments around the world. There are multiple components that
riparian and spring communities either contribute to or influence (for example, food base and
available habitat). In the Colorado River ecosystem, the spring vegetation itself serves as a host
for invertebrates like KAS, provides breeding and foraging habitat for small mammals and birds,
provides cover in the heat of the day, and provides spring water that may be used for ceremonial
purposes. Changes in the composition or structure of riparian spring communities, such as the
expansion of an exotic species, may alter these interactions. Riparian and spring vegetation
regulates nutrient exchange between the land and water, and leaf litter is a terrestrial carbon
source that may influence in-stream invertebrate production. The relative importance of terrestrial
carbon in the aquatic food web is being addressed in part through the Aquatic Food Base Project
(BIO 1.M1.11-12). Studies that focus on terrestrial productivity and processes further define this
linkage.
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Logistics

The survey work described for this project requires two scientists to have a full day at
Vaseys Paradise in the fall. This work is conducted in conjunction with fall fish monitoring effort
(BIO 2.M4.11-12) led by the GCMRC.

Products/Reports

The AZGFD will produce an annual report for KAS habitat and density estimates by
Arizona Game by December 15 of each year.

High Flow Experiment Compliance Needs

In the event of a high-flow experiment, the Arizona Game and Fish Department can
conduct necessary onsite monitoring and compliance at Vaseys Paradise (VP), Grand Canyon, to
meet legal and regulatory requirements for the endangered Kanab ambersnail—in coordination
with the U.S. Fish and Wildlife Service, U.S. Bureau of Reclamation, and/or National Park
Service. Compliance and mitigation efforts will follow stipulations outlined in the most recent
Biological Opinion regarding the operation of Glen Canyon Dam and its effects on the Kanab
ambersnail population and habitat at VP. The methods repeat those used from the November
2004 high flow habitat mitigation effort for VP KAS habitat (referenced in the December 6, 2002
Biological Opinion, which proposes the temporary removal and replacement of 25%—40% of
ambersnail habitat). Additional costs would be approximately $16,400

Logistics is coordinated with gaging work that takes place at 30 mile during the
experiment.

Budget
FY2011 $20,637

FY2012 $21,470
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GCDAMP Goal 6—Protect or improve the biotic
riparian and spring communities, including
threatened and endangered species and their critical
habitat.

BI0 6.M1.11-12 —Vegetation Mapping
BI0 6.M2.11-12—Vegetation Transects

Start Date
October 2009

End Date
Ongoing

Principal Investigators

B.E. Ralston, U.S. Geological Survey, Grand Canyon Monitoring and Research Center,
and other cooperators, to be determined

Geographic Scope

The geographic extent is the riparian zone, including the old high-water zone (OHWZ;
>97,000 cubic feet per second (cfs)), in the Colorado River corridor from Glen Canyon Dam to
Lake Mead.

Project Goals

Quantifying the extent of total riparian vegetation along the corridor and among
hydrologic and geomorphic features (for example, debris fans, and old high water zones),
including change detection

Separating effects of Glen Canyon Dam (GCD) operations on vegetation cover, richness,
and diversity from local climate effects or other non-dam related agents (for example, tamarisk
leaf beetle defoliation).

Analyzing remotely sensed data (collected every 4-years) and mapping vegetated area for
the corridor achieves the first goal. Biennial sampling of vegetation across stage elevations and
among geomorphic features throughout the corridor achieves the second goal. Mapping and
transect sampling evaluate vegetation change at both the landscape scale and the community scale
over time and distinguishes between operational effects and other factors affecting vegetation
change. The protection or improvement of riparian and spring communities is the objective of
goal 6. Dam operations, over time, result in an ebb and flow of vegetation expansion, with
vegetated area generally increasing (Turner and Karpiscak, 1980; Waring, 1995; Ralston and
others, 2008). The increase in vegetation contributes to above ground primary productivity,
arthropod densities, and associated food resources for terrestrial and aquatic vertebrates. Riparian
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and spring environments provide habitat for the endangered species Southwestern willow
flycatcher (Empidonax traillii extimus) and support other species of interest (for example,
warblers, peregrine falcons, lizards, and snakes). Vegetation expansion affects recreational
resources by encroachment into camping area. Some of the vegetation is also culturally
important. Because riparian vegetation is linked to multiple resources, knowing how vegetation is
changing through monitoring (for example, which species are expanding or declining and where)
is an important source of data when monitoring the effect of dam operations.

Addressing the Adaptive Management Work Group (AMWG) information needs
associated with riparian vegetation requires system wide assessment of vegetation change at the
broad scale (for example, vegetation mapping) and at the local scale (stage-elevation transect
sampling). Accounting for vegetated area in the river corridor is a basic need of the program. It is
equally important to note the number and types of plants that make up the vegetated area and
identify changes in these variables over time. Riparian systems are highly susceptible to exotic
species introductions (Nilsson and Jansson, 1995). A most recent introduction to the riparian
system is the tamarisk leaf beetle (Diorhabda elongata). The leaf beetle, a biocontrol agent for
tamarisk, eats tamarisk leaves and reduces the trees’ ability to photosynthesize. Tamarisk
cover provides habitat for nesting birds and some food resources. A reduction in tamarisk
cover may affect both nesting birds and food quality. Because riparian vegetation contributes to
aquatic productivity (Naiman and others, 2005) and serves as a host to terrestrial invertebrates
and higher order vertebrates (for example, lizards and birds), assessing the quality of these plants
can help explain changes observed in higher order vertebrate abundances, including fish species
(Nakano and Murakami, 2001).

Stage-elevation based transects can assess how operations inhibit or encourage invasive
species colonization and expansion. Changes in invasive, herbaceous plants cannot be determined
through remote-sensing techniques because the scale is too small for image resolution.
Monitoring changes in the composition of vegetation requires on-the-ground sampling. Remotely
sensed data can assess changes in overstory woody species, including tamarisk cover, that change
more slowly. The two projects are complementary because they provide information about
changes in riparian habitat at different ecological scales that affect riparian community
constituents like invertebrate biomass and riparian bird abundances.

Strategic Science Questions

Primary SSQs addressed:

SSQ 2-1. Do dam-controlled flows affect (increase or decrease) rates of erosion and
vegetation growth at archaeological sites and TCP sites, and if so, how?

SSQ 4-2. How important are backwaters and vegetated shoreline habitats to the overall
growth and survival of YoY and juvenile native fish? Does the long-term benefit of increasing
these habitats outweigh short-term potential costs (displacement and possible mortality of young
humpback chub) associated with high flows?

SSQ 5-7. How do warmer releases affect viability and productivity of native/nonnative
vegetation?

Information Needs Addressed

The primary information needs addressed by these projects are CMINs 6.1.1., 6.2.1,
6.5.1, and 6.6.1, which are summarized as the following:
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e Determine and track the abundance, composition, distribution, and area of terrestrial
native and nonnative vegetation species in the CRE

e Determine parameters and metrics to be measured, and the information needs that address
each element

e Determine how the abundance, composition, and distribution of the OHWZ, NHWZ, and
sand beach community have changed since dam closure (1963), high flows (1984),
interim flows (1991), and the implementation of ROD operations (RIN 6.2.1, 6.3.1, 6.4.1,
6.5.1,6.5.2,6.5.3)

These information needs will be addressed through the following actions:

e Quadrennial color infrared digital imagery mapping that quantifies (1) area change of
dominant overstory species, (2) community composition and possibly changes in
understory community composition through ground truthing associated with mapping,
and (3) coarse primary productivity estimates for riparian vegetation.

e Vegetation transects conducted at an appropriate frequency correlated with river stage
elevations zones to quantify cover, richness, and diversity, and community composition
at each zone. This work is most informative for herbaceous annuals and perennials,
including invasive species. This component may incorporate marsh-monitoring needs of
Tribes.

Methods and Tasks

Vegetation Mapping

Vegetation community identification in the field will be conducted using the 50 m? plot
data obtained from the vegetation transect monitoring. In these plots, the presence and cover
values of the species are recorded. Cover values are a categorical scale similar to Daubenmire
scale (<1% cover; 1-5% cover; 5-25% cover; 25-50% cover; 50-75% cover; 75-95% cover; >95%
cover). Plant height of the dominant species is also recorded. Transect samples are stratified
within geomorphic reach, and include geomorphic features (for example, debris fans, sandbars,
and channel margins). These data are analyzed using nonmetric multidimensional scaling
(McCune and Grace, 2002), per the 2007 PEP recommendations (Cooper and others, 2008) to
identify the dominant communities along the river corridor. Classification follows the National
Vegetation Classification System. Field efforts include initial vegetation sampling to identify
vegetation classes that is coincident with the quadrennial overflight. Subsequent accuracy
assessment occurs the year following data acquisition and analysis and is coincident with
vegetation transect sampling.

Vegetation classification will use supervised classification routines that are available in
an image-processing software package ENVI (ITT, 2005). Training areas will use previously
ground-truthed areas. Previous class categories include tamarisk, seepwillow/coyote willow,
marsh/wetlands, mesquite/acacia, arrowweed, and bare ground (Ralston and others, 2008). User
and producer accuracies will be determined and class aggregation may be required to meet
national vegetation-mapping standards. The 2009 overflight data and subsequent overflight data
will be compared with previously mapped imagery (for example, 2005 and 2002) for vegetation
area change-detection purposes.

Quantification of changes in riparian communities will use a Geographic Information
Systems (GIS) platform (ArcMap; Environmental Systems Research Institute, 2002).
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The following tasks are designed to reach the goal for vegetation mapping in FY2011 and
FY2012:

e FY2011 Determine the capabilities of the 2009 imagery for vegetation classification
(FY2011)

e FY2011 Identify community types from 2009 field samples (FY2011)

e FY2011 Use 2002 and 2005 vegetation data to compare total vegetation change
(FY2011)

e FY2011 Develop draft report of community change and accuracy assessment based on
May 2009 ground-truth data (FY2011)

e FY2012 Compare revised vegetation map to 2002 vegetation map (Ralston and others,
2008) to determine area change for vegetation classes. Write draft report

Vegetation Transects

A biennial, canyon-wide, stratified sampling approach tied to hydrologic zones and
geomorphic features will be used for the vegetation transect work, following the PEP
recommendations (Cooper and others, 2008). Plots will be approximately 50 m? in size to ensure
comprehensive sampling of species found within a hydrologic zone. Zones encompass a range of
stage elevations: 820k cfs, 20-31k cfs, 31-45k cfs, and >45k cfs. The first two zones are
generally affected by annual dam operations and the last two zones are affected by local climate
factors or an HFE experiment (Kearsley and Ayers, 1999; Ralston, 2010). Geomorphic features
sampled include debris fans, sandbar eddies, and channel margins. Each of these features can
consist of somewhat different riparian species assemblages (Stevens and Ayers, 1995).

At each sampling plot and within each hydrologic zone a list of species encountered and
cover value is given using a categorical scale of cover. These data are included in the univariate
measures (cover, richness, diversity) and in developing community descriptions for vegetation
mapping purposes.

The biennial sampling schedule coincides with vegetation mapping overflights and accuracy
assessments that occur on a biennial basis. In the event of a HFE, transects will be conducted
around the event to supplement monitoring as per the PEP recommendations (Cooper and others,
2008).

Possible Additional High Flow Experiment Support

In the event that a high flow experiment occurs in a year that is not coincident with
biennial sampling, an additional trip in September will be required to asses vegetation change
following the HFE event, assuming the HFE occurs in the spring and the hydrograph is similar to
previous hydrographs. For example, vegetation transect sampling is anticipated to occur in
September 2011 and an HFE occurring in spring 2011 would not require an additional trip. An
HFE occurring in 2012 would require a trip in September 2012 that is not currently scheduled.
The cost of the additional trip would be the cost of a 4-boat row trip (30,000) and a field crew
($17,000), beyond the salary costs of Ralston.
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Links/Relationships to Other Projects

Riparian vegetation is a critical interface between aquatic and terrestrial environments
around the world. In the CRE, the vegetation itself serves as a host for invertebrates, provides
breeding and foraging habitat for birds, provides cover in the heat of the day, and may be
harvested for cultural purposes. Changes in the composition or structure of riparian vegetation,
such as the expansion of an exotic species, may alter these interactions. Riparian vegetation
regulates nutrient exchange between the land and water, and leaf litter is a terrestrial carbon
source that may influence in-stream invertebrate production. The relative importance of terrestrial
carbon in the aquatic food web is being addressed in part through the food base initiative. The
linkage could be further defined through studies that focus on terrestrial productivity and
processes. Changes in abundance or kind of riparian carbon sources may influence aquatic
productivity processes.

Logistics

Logistics for Vegetation Transect sampling require a 4-boat oar trip or a single snout and
sport boat trip in September 2011. These projects will produce the following and will be reported
on at the annual reporting meeting:

FY2011 Status report of vegetation mapping and transect sampling

FY2011 Species list by hydrologic zone of plant encountered in sampling conducted in
May 2009

FY2012 USGS draft report on vegetation change from 2002 to 2009

FY2012 update the vegetation base layer for GIS

FY2012 A core-monitoring report for vegetation transect monitoring

Budget — BI0 6.M1
FY2011 $86,763
FY2012 $62,242

Budget — BI0 6.M2
FY2011 $153,203

FY2012 $94.997
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GCDAMP Goal 7—Establish water temperature,
quality, and flow dynamics to achieve the Adaptive
Management Program ecosystem goals.

BI0 7.R1.11-12—Water-quality Monitoring of Lake Powell and the
Glen Canyon Dam Tailwater

Start Date
1991

End Date
Ongoing

Principal Investigator

William S. Vernieu, U.S. Geological Survey, Grand Canyon Monitoring and Research
Center

Geographic Scope

Lake Powell and its major tributary arms, inflow tributaries entering Lake Powell, and
the tailwater from Glen Canyon Dam to Lees Ferry

Project Goals
This project seeks to

e maintain a water-quality monitoring program for Lake Powell to predict and track
processes in the reservoir that may influence Glen Canyon Dam (GCD) release water
quality;

e maintain water-quality monitoring in tailwater to directly evaluate the quality of GCD
releases, the effects of GCD operations, and suitability for downstream aquatic resources;

e contribute to ongoing modeling efforts by the Bureau of Reclamation (Reclamation),
currently the CE-QUAL-W?2 model, to predict future changes in the water quality of Lake
Powell and GCD releases by simulating the effects of various proposed and hypothetical
climate, experimental, and operational scenarios; and guide future monitoring program
revisions;

e compile and publish biological information from the long-term database of Lake Powell
water-quality information and provide further interpretation, synthesis, and analysis of
this and previously published chemical and physical data;

e implement a revised monitoring program in conjunction with development of the CE-
QUAL-W?2 model and historical data analysis; and

e conduct a protocol evaluation panel (PEP) review of the monitoring program to ensure
scientific credibility and adequate linkages with other downstream resources.
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Need for Project

Processes within Lake Powell, climate changes in the upper Colorado River Basin, the
structure of GCD, and various aspects of dam operations affect the quality of water released from
GCD to the Colorado River in Grand Canyon. Temperature, dissolved oxygen concentrations,
nutrient concentrations, biological composition, and other characteristics of GCD releases can
have a profound effect on the aquatic ecosystem below the dam.

Since 1999, inflow to Lake Powell has been below average in every year except water
years (WY) 2005 and 2008. The 5-year period of below-normal inflows in the upper Colorado
River Basin from 2000 to 2004 resulted in a drawdown of Lake Powell by more than 140 ft,
decreasing total capacity of the reservoir to 38 percent. The increasing influence of Lake Powell
surface layers on GCD releases caused warmer release temperatures, decreased release nutrient
concentrations, and increased the export of aquatic biota from Lake Powell. The lower level of
warm surface layers in relation to withdrawal levels at the penstock resulted in above normal late
summer release temperatures from WY2003 to WY2007. Release temperatures of 16°C were
recorded in October 2005, representing the warmest releases since 1971. Resuspension of
exposed deltaic sediments from reservoir drawdown by WY2005 inflow currents resulted in a
plume of hypoxic water that appeared at GCD and began to be incorporated in dam releases in
July 2005. As a result, dam releases contained the lowest concentrations of dissolved oxygen on
record, only 3.3 milligrams per liter in October 2005. Changes to individual turbine operations at
GCD in September and October 2005 were shown to have a significant impact on the reaeration
of hypoxic releases.

Differential routing of winter inflow currents can cause longer term changes to the water
quality of Lake Powell and eventual dam releases. For the period WY2000-07, with the
exception of WY2006, winter underflow density currents moved along the bottom of the reservoir
and refreshed oxygen concentrations in the deepest layers of Lake Powell, displacing older
hypolimnetic water upward to be entrained in penstock releases. In contrast, from WY 1994 to
WY 1999 and during other periods in Lake Powell’s history, winter density currents moved
through the reservoir in intermediate layers as an interflow, which caused stagnation and a
reduction of dissolved oxygen concentrations in the deepest hypolimnetic water of the reservoir.
This interflow pattern again appeared in WY2006. Exceptionally cold winter inflows caused an
underflow in January 2007, increasing hypolimnetic density and increasing the likelihood of
future interflow conditions, which may cause reductions in hypolimnetic dissolved oxygen in
future years. A weak underflow current was observed in early WY2008, but was absent in
WY2009.

Since 2007, the western United States has experienced a rapid invasion of the nonnative
quagga (Dreissena rostriformis bugensis) and zebra mussel (Dreissena polymorpha) and has been
found in several Colorado River reservoirs above and below Lake Powell. These mussels have
the potential to drastically alter reservoir and lake ecosystems and as yet, have not been
documented in Lake Powell. Zooplankton and phytoplankton sampling at Lake Powell has been
conducted since 1990. The analyses from these samples forms a rich database from which to
establish a pre-invasion baseline at Lake Powell and evaluate changes to the ecosystem if these
mussels become established at Lake Powell.

The Grand Canyon Monitoring and Research Center (GCMRC) works in cooperation
with Reclamation on the development of the CE-QUAL-W2 model by providing monitoring data
to be used for model calibration and verification. This monitoring data consists of information
describing the quality of water in GCD releases, Lake Powell, and tributary inflows into Lake
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Powell. In addition, the GCMRC provides comments on the direction of model development so
that a product can be developed that meets the needs of both Reclamation and the Glen Canyon
Dam Adaptive Management Program (GCDAMP). A functional model is expected to provide
reliable simulations of hydrodynamic processes and water-quality conditions in the reservoir,
including validation with historical observations. It is also expected to provide reasonable
predictions of these processes and conditions under various projected and hypothetical
operational and climatological scenarios. Comparison of these predictions with monitoring
observations may help to verify or refute the sensitivity of the model to various input factors.
Beyond simulations of historical and future conditions, many questions may be posed that could
be addressed by a well-constructed and calibrated model. It is likely that GCMRC, Reclamation,
and other parties will have different priorities and research interests for questions to be addressed
by the model. A functional, calibrated model with a common set of input files would provide a
common basis from which the research needs of these various entities could be met.

As model development progresses, many components of the water-quality monitoring
program and Lake Powell data synthesis can be facilitated with results from the model, such as
identifying parameters for which the model is more or less sensitive and restructuring monitoring
efforts appropriately. Results can be used to identify the need for more detailed inflow water-
quality monitoring, establish and maintain additional meteorological stations at the reservoir, and
modify sampling methods and frequency for biological parameters such as chlorophyll and
plankton, in order to refine the model's ability to simulate productivity processes in the reservoir.

Strategic Science Questions

While the 2005 knowledge assessment workshop specified many SSQs addressing the
effects of water quality on various resources (sediment, food base, fisheries, recreation), no SSQs
were proposed that dealt directly with tracking and predicting changes in water quality in Lake
Powell or GCD releases. The following questions are the SSQs most closely related to the effects
of water quality on key resources:

AMWG Priority 3: What is the best flow regime?

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

AMWSG Priority 5: What will happen when we test or implement the temperature
control device (TCD)? How should it be operated? Are safeguards needed for management?

SSQ 5-1. How do dam release temperatures, flows (average and fluctuating component),
meteorology, canyon orientation and geometry, and reach morphology interact to determine
mainstem and nearshore water temperatures throughout the CRE?

SSQ 5-3. To what extent do temperature and fluctuations in flow limit spawning and
incubation success for native fish?

Information Needs Addressed

The following information needs (including synthesis information needs (SINs)) (as
updated June 23, 2003) relate directly to water-quality monitoring in Lake Powell and the GCD
tailwater.
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CMIN 7.1.1. Determine the water temperature dynamics in the mainstem, tributaries (as
appropriate, temperature only in mainstem and LCR), backwaters, and near-shore areas
throughout the Colorado River ecosystem.

CMIN 7.2.1. Determine the seasonal and yearly trends in turbidity, water temperature,
conductivity, DO, and pH changes in the main channel throughout the Colorado River
ecosystem.

SIN 7.2.1. How do the hydrodynamics and stratification of Lake Powell influence the food
base or fisheries downstream?

SIN 7.2.2. Which water-quality variables influence food base and fisheries in the Colorado
River ecosystem?

RIN 7.3.1. Develop simulation models for Lake Powell and the Colorado River to predict
water-quality conditions under various operating scenarios, supplant monitoring efforts and
elucidate understanding of the effects of dam operations, climate, and basin hydrology on
Colorado River water quality.

7.3.1.a. Determine status and trends of chemical and biological components of water
quality in Lake Powell as a function of regional hydrologic conditions and their relation
to downstream releases.

7.3.1.b. Determine stratification, convective mixing patterns, and behavior of advective
currents in Lake Powell and their relation to GCD operations to predict seasonal patterns
and trends in downstream releases.

RIN 7.3.3. How do dam operations affect reservoir limnology?

SIN 7.3.1. Measure appropriate water-quality parameters to determine the influence of these
parameters on biological resources in the Colorado River ecosystem.

EIN 7.3.1. How does the water quality of releases from GCD change in response to an
experiment performed under the ROD, unanticipated event, or other management action?
Other information needs (as updated June 23, 2003) require supporting information from
water-quality monitoring in Lake Powell and the GCD tailwater:

RIN 7.1.1. What are the desired ranges of spatial and temporal patterns of water temperatures
for the CRE?

RIN 7.1.2. What are the most likely downstream temperature responses to a variety of
scenarios involving a TCD on GCD?

RIN 7.1.3. What are the potential ecological effects of increasing mainstem water
temperature?

RIN 7.2.1. Which major ions should be measured? Where and how often?
RIN 7.2.2. Which nutrients should be measured? Where and how often?

RIN 7.2.3. Which metals should be measured? Where and how often?
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General Methods/Tasks

Lake Powell monitoring is conducted monthly in the GCD forebay and quarterly at 25—
30 sites throughout the reservoir. Profiles of physical parameters (temperature, specific
conductance, pH, dissolved oxygen, and turbidity) are collected through the water column at each
site in the reservoir. Chemical (major ions and nutrients) and biological samples (chlorophyll and
plankton) are collected at selected sites to characterize major strata and advective currents in the
reservoir.

GCD tailwater monitoring consists of continuous monitoring (temperature, specific
conductance, pH, dissolved oxygen, turbidity) with monthly chemical and biological sample
collection. Lake Powell monitoring parameters include temperature, conductance, pH, dissolved
oxygen, and turbidity. Chemical analyses include determination of major ionic constituents and
nutrient compounds of phosphorus and nitrogen. Plankton analyses include enumeration and
identification of species, biomass estimates, and relative abundance calculations. All
measurements and laboratory analyses are performed in accordance with standard approved
methods.

In FY2009, the Hydrolab H20/Surveyor III multiparameter water-quality monitoring
system was lost at Lake Powell. The system has been the primary monitoring instrument for Lake
Powell since 1993. A Eureka Environmental Manta/Amphibian monitor is currently being used as
areplacement. An oceanographic CTD profiler will be acquired in FY 2010 and will become the
primary instrument for reservoir profiling. With the data acquired from the new instrument,
analysis of historical data, and simulation modeling, the monitoring program will be restructured
to maximize the effectiveness of the monitoring program. Part of the restructuring will be the
reduction of some of the chemical sampling, higher spatial resolution of in situ monitoring and
establishment of meteorological and inflow water-quality monitoring stations.

Reservoir modeling is performed cooperatively between Reclamation and the GCMRC to
achieve predictive capabilities, and guide, redirect, or supplant some aspects of monitoring.
Current model development has progressed to include calibrations for dissolved oxygen
concentration, algal components, and oxygen demand from deltaic resuspension.

In 2011, a protocol evaluation panel (PEP) will be convened which will evaluate the Lake
Powell and tailwater monitoring programs, along with foodbase and water quality monitoring
programs. A previous PEP was conducted for the Lake Powell and tailwater monitoring
programs in 2000.

Links/Relationships to Other Projects

The quality of dam releases and subsequent in-stream changes can have a profound effect
on various aspects of the aquatic ecosystem in Grand Canyon. Temperature affects metabolic
rates of various organisms, including bacteria, plants, invertebrates, and vertebrates. It also affects
reproductive processes, larval development, and behavior of native and nonnative fish. Nutrient
concentrations in dam releases can influence primary productivity processes in the clear water
Lees Ferry reach. Dissolved oxygen is essential to maintaining healthy fish and invertebrate
populations throughout Grand Canyon. Temperature and dissolved oxygen have the most direct
effect on native and nonnative fish populations. Suspended sediment concentrations limit the light
available for primary productivity and affect the behavior of various fish. Tracking status and
trends of these water-quality parameters represent a direct link with various food base and fishery
studies currently underway in Grand Canyon.
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Logistics

The current Lake Powell monitoring program provides its own logistic support and does

not require support from the GCMRC Logistics program, with the exception of the use of
GCRMC vehicles for transportation of personnel and equipment between Flagstaff and Lake

Powell.
Uniflite

Lake Powell logistics consists of operation, fuel, maintenance, and repair costs for the
limnology vessel. Food costs and procurement for field monitoring crews are borne by

the monitoring crew travel costs.

Products/Reports

A comprehensive report describing the 43-year history of Lake Powell water-quality
monitoring was published in FY2009.

A compilation of existing biological data, analysis of the existing backlog of biological
samples, and a preliminary analysis of the existing data will be performed in FY2010

An interpretive data synthesis report will be developed in FY2010 to build upon the
monitoring data and provide insights into how climatological, meteorological, and
hydrodynamic processes, and the operation of GCD, affect inflow routing and
stratification in the reservoir and the quality of releases from GCD.

Periodic reports of water-quality conditions will be posted on the GCMRC Web site.

Updates on water-quality conditions will be provided to the Adaptive Management Work
Group, Technical Work Group, and other interested parties through written reports or oral
presentations periodically.

Budget
FY2011 $182,002
FY2012 $188,063
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PHY 7.M1.11-12—Integrated Quality of Water Monitoring (below
Glen Canyon Dam)

Start Date
October 2006

End Date

Ongoing. FY2011 and FY2012 will be the fifth and sixth years of a project that was
initiated to perform core monitoring to meet the information needs related to GCDAMP goals 7
and 8. This monitoring project follows a 6-year research and development phase conducted from
FY2001 to FY2006. If sufficient funding is available from outside sources (USGS Arizona
Water Science Center and Bureau of Land Management) during FY2011, streamflow and
sediment records will be maintained on the two remaining major tributary suppliers of sand that
were not monitored in FY2010, Kanab and Havasu Creeks. As discussed in the stakeholder-
approved goal 7 core monitoring plan, monitoring these tributaries is required to accurately
construct mass-balance sediment budgets for Grand Canyon downstream from River Mile 87. No
other substantive difference is anticipated between FY2010, FY2011, and FY2012 activities.

Principal Investigator
David Topping, U.S. Geological Survey, Grand Canyon Monitoring and Research Center

Geographic Scope

The downstream integrated quality of water (IQW) project focuses on the main channel
of the Colorado River from the tailwaters of Glen Canyon Dam (RM -15) downstream to the
upper end of Lake Mead (as measured at the gaging station above Diamond Creek at RM 225).
The project also includes a combination of monitoring and modeling of tributary sediment inputs.
Sediment- and flow-monitoring activities are conducted for the Paria River at the Highway 89
crossing in Utah, the Paria River at Lees Ferry, the Little Colorado River (LCR) near Cameron,
Arizona, LCR above the Colorado River confluence, Kanab Creek above its mouth, Havasu
Creek above its mouth, and various lesser tributaries in Glen, Marble, and Grand Canyons.

Project Goals

The primary objectives of the downstream IQW monitoring project concern the measurement of
water stage and discharge throughout the river ecosystem and measurement of quality-of-water
parameters of water temperature, specific conductance, dissolved oxygen, turbidity, and
suspended-sediment concentration and grain size. Although the foc