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1 INTRODUCTION

1.1 DESCRIPTION OF THE PROPOSED ACTION

The National Park Service (NPS) proposes to implement an Expanded Non-Native Aquatic
Species Management Plan to control non-native aquatic species in the Colorado River and its tributaries
in Grand Canyon National Park (GCNP) and Glen Canyon National Recreation Area (GCNRA) below
Glen Canyon Dam. The Proposed Action would expand the tools available for managing non-natives and
builds on, but does not modify, those actions identified in the 2013 NPS Comprehensive Fish
Management Plan (CFMP; NPS 2013a, b) and Glen Canyon Dam Long-Term Experimental and
Management Plan Environmental Impact Statement (LTEMP EIS; Department of Interior
[DOI] 20164, b). A detailed description of the Proposed Action is in Chapter 2 of this environmental
assessment (EA).

The area in which the Proposed Action would occur (project area) is identical to the one
identified in the CFMP, and includes all waters from Glen Canyon Dam to Lake Mead National
Recreation Area (LMNRA), including the Colorado River and its tributaries in GCNP and the Glen
Canyon reach (Glen Canyon Dam to the Paria River confluence) in GCNRA (Figure 1-1).

Control actions considered in this EA focus on non-flow actions including physical, mechanical,
biological, chemical, and harvest-based actions. Flow-based control options are outside NPS jurisdiction.
The NPS has coordinated closely with the Bureau of Reclamation (Reclamation) as a Cooperating
Agency on this EA. At this time, Reclamation has not identified any additional applicable actions under
their jurisdiction and nothing in this document would preclude Reclamation from exploring future
additional actions separately to manage for non-native species.

Control actions considered in this EA will comply with the Law of the River and will not modify
anything with respect to water allocation, uses, releases, appropriation, development, or exportation of
water within or between the Upper and Lower Colorado River Basins. Accordingly, consistent with the
Grand Canyon Protection Act, the Proposed Action is intended to remain fully consistent with and subject
to the Colorado River Compact, the Upper Colorado River Basin Compact, the Water Treaty of 1944 with
Mexico, the decree of the Supreme Court in Arizona v. California, and the provisions of the Colorado
River Storage Project Act of 1956 and the Colorado River Basin Project Act of 1968 that govern
allocation, appropriation, development, and exportation of the waters of the Colorado River Basin, and
consistent with applicable determinations of annual water release volumes from Glen Canyon Dam made
pursuant to the Long-Range Operating Criteria for Colorado River Basin Reservoirs, which are currently
implemented through the 2007 Interim Guidelines for Lower Basin Shortages and Coordinated
Operations for Lake Powell and Lake Mead.

1.2 PURPOSE OF AND NEED FOR ACTION

The purpose of taking action is to provide additional tools beyond what is available under the
CFMP and the LTEMP to allow the NPS to prevent, control, minimize, or eradicate potentially harmful
non-native aguatic species, and the risk associated with their presence or expansion, in the project area.
Action may be needed due to an increase in green sunfish (Lepomis cyanellus) and brown trout (Salmo
trutta) and potential expansion or invasion of other non-native aquatic species that threaten downstream
native aquatic species, including listed species, or the Lees Ferry recreational rainbow trout
(Oncorhynchus mykiss) fishery. Non-native species have become an increasing threat due to changing
conditions since completion of the CFMP and LTEMP. Existing measures identified in the CFMP and the
LTEMP may be inadequate to address harmful non-native aquatic species.

Recent increases in the non-native green sunfish and brown trout in the Glen Canyon reach have
prompted concerns about risks to humpback chub (Gila cypha) and razorback sucker (Xyrauchen texanus)

1
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in downstream areas (Runge et al. 2018; Ward 2015). These two non-native fish species had been
observed in small numbers, but have recently been reproducing in larger numbers in this reach. Both
species have high predation rates on native fish (Yard et al. 2011; Runge et al. 2018; Marsh and
Langhorst 1988; Whiting et al. 2014, Ward 2015), raising concerns that large populations of these
species in the Glen Canyon reach could lead to large numbers of individuals migrating downstream where
they could negatively impact the endangered humpback chub population. The challenges posed by these
species have prompted the NPS to consider the need for additional tools and new approaches for
controlling non-native aquatic species. In addition, the appearance and increase of these species suggests
changes in the aquatic ecosystem are occurring that may lead to increases in other potentially harmful
non-native species that also could threaten native and endangered fish or the rainbow trout fishery. This
EA seeks to identify adaptive approaches to manage these threats as they appear over time.

1.3 IMPACT TOPICS CONSIDERED

1.3.1 Impact Topics Retained for Detailed Analysis

NPS determined which issues to analyze in the EA using scoping input from Cooperating
Agencies, traditionally associated Tribes, other stakeholders, and the public. Based on that input, the
following resources are analyzed in detail: aquatic resources, including aquatic habitats, non-native
aquatic species, and native aquatic species; water quality, terrestrial resources, including wetland and
riparian vegetation, and wildlife; cultural resources; Tribal resources and Indian Trust Assets and trust
responsibility; socioeconomics and environmental justice; human health and safety; and recreation, visitor
use, and experience, including wilderness.

1.3.2 Impact Topics Dismissed from Detailed Analysis

Impact topics dismissed include air quality, visual/scenic resources, paleontological and
geological resources, and soils. Soundscapes were dismissed as a standalone topic, but sound impacts to
wildlife and visitor use and experience were considered. Flow-based actions were addressed under the
LTEMP EIS and the scope of this action did not include any changes to the LTEMP. Because water
delivery and hydropower alterations were not considered as control actions in this EA, potential impacts
of the Proposed Action on hydropower resources (e.g., electricity generation and hydropower value) were
not carried forward to detailed analysis.

2 ALTERNATIVES

This EA evaluates two alternatives, the No-Action Alternative and the Proposed Action. Both
alternatives would continue the implementation of existing NPS policies and programs, and, thus, include
the tools identified in the CFMP Finding of No Significant Impacts (FONSI; NPS 2013b) and the LTEMP
Record of Decision (ROD; 2016b) for managing potentially harmful non-native aquatic species in the
Colorado River and its tributaries. Changes to the CFMP or LTEMP are outside the scope of this EA.
Nothing in this EA would transfer, change, or interfere with the responsibilities of NPS or Reclamation
under past biological opinions and programmatic agreements. Under both alternatives, the NPS and
Arizona Game and Fish Department (AGFD) will continue to work cooperatively to manage fish and
wildlife resources on NPS lands as articulated in the CFMP and the 2013 “Master Memorandum of
Understanding between United States Department of the Interior National Park Service Intermountain
Regional Office and State of Arizona Game and Fish Commission.” Nothing in this EA would change
anything in that relationship or any understanding of the jurisdiction or cooperation related to the fishery.

2.1 NO-ACTION ALTERNATIVE

The Council on Environmental Quality (CEQ) requires inclusion of an “alternative of no action”
(Title 40, Code of Federal Regulations, Part 1502.14(d) [40 CFR 1502.14(d)]). For this EA, the No-
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Action Alternative represents a situation in which the NPS would not add any additional tools to those
currently available under existing decisions related to fishery management in GCNRA and GCNP. The
No-Action Alternative continues the use of fishery management tools in the CFMP and LTEMP. LTEMP
experimental actions would continue and be adaptively modified as specified in the LTEMP ROD

(DOI 2016b). LTEMP actions related to non-native aquatic species control include (1) mechanical
removal of brown and rainbow trout with beneficial use in the mainstem Colorado River near the
confluence with the Little Colorado River; and (2) trout management flows. CFMP actions include:

(1) rapid response to new non-native aquatic species using mechanical removal; (2) comprehensive brown
trout control, including placement of a weir at the Bright Angel Creek confluence, incidental removal
during monitoring, backpack electrofishing, and other mechanical removal with beneficial use;

(3) targeted angling; and (4) removal of incidental captures (NPS 2013a).

NPS also has in place several measures that address prevention and containment of non-native
aquatic species including requirements for concessionaire and staff boat washing, angler boot/wader wash
stations at the Lees Ferry launch ramp, and signage and outreach to discourage movement of non-natives.

In GCNRA, prevention of introducing or spreading non-native aquatic species in the river
involves regulations and public education. Regulations include prohibitions on the use of live bait,
releasing plants or animals, and the transport of caught live fish, and requirements for regular cleaning of
equipment. At Lees Ferry, signs and bulletin boards have been used to inform anglers that in using the
river, they are being exposed to high-priority non-natives, including New Zealand mudsnails
(Potamopyrgus antipodarum), quagga mussels (Dreissena bugensis), and whirling disease (Myxobolus
cerebralis). Messaging includes steps for decontamination of equipment, boot-cleaning stations near the
fish-cleaning station, and other strategic locations in the walk-in fishery near the Paria River mouth.
Bulletins are posted at each angler access point, the dock, campground, and fish-cleaning/boot-cleaning
station. Additionally, stand-alone signs are posted at each angler access point. Some non-native aquatic
species educational messages are posted upstream of the park at river access points such as in
Canyonlands National Park (NPS) and at Sand Island (Bureau of Land Management).

Generally, stream monitoring for non-native aquatic species in GCNRA is anecdotal, except for
guagga mussels where several artificial substrates have been placed. GCNRA formed a quagga mussel
interagency containment coordination working group with non-native aquatic species program staff from
the states of Arizona and Utah in 2014. This group meets quarterly to share information and coordinate
each agency’s respective role and authority related to the management of quagga mussels at GCNRA both
above and below the dam. A memorandum of understanding was signed between GCNRA, the Utah
Department of Wildlife Resources (UDWR), and AGFD in 2018. Agency coordination to manage non-
natives involves coordinating with neighboring land managers to support their non-native aquatic species
management programs.

In GCNP, commercial boaters (concessioners) must comply with applicable state non-native
aquatic species laws, available at http://www.azgfd.gov/. Further guidance is given in the Commercial
Operating Requirements presented in the GCNP Colorado River Management Plan (NPS 2006a). Per
Arizona state law, and NPS regulations, commercial boats are required to be decontaminated prior to
launching for downstream travel from Lees Ferry but decontamination is not required for upstream travel.
Boats used exclusively between Lees Ferry and Pearce Ferry have less stringent requirements than boats
that may be used in other waters. Private boaters and upstream angling guides are encouraged to “Clean,
Drain, and Dry” and make sure their boats do not harbor invasive species before launching. GCNP is
expanding their education and public outreach via development and placement of signs at public access
points (such as Diamond Creek), website development, interpretive talks, and other materials or practices
that will be expanded to prevent accidental or purposeful introduction of new non-native aquatic species
in the project area. Outreach efforts would also encourage harvest of all non-native fish species by anglers
when appropriate (NPS 2013b). In addition, the park regularly presents information on non-native aquatic
species prevention at the annual river guides training seminar. Monitoring also occurs below Lava Falls to
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Pearce Ferry for small-bodied fish. Sampling is conducted using seines primarily for razorback sucker
monitoring; however, small-bodied non-native species are also captured, identified, and recorded. This
sampling is believed to serve as monitoring for initial detection of new non-native species. During this
sampling, staff incidentally check for quagga and zebra mussels in the vicinity of Diamond Creek. This
monitoring is co-led and funded by the Reclamation and NPS and sampling is led by contractors
(Healy 2015).

2.2 PROPOSED ACTION

The Proposed Action includes all of the tools available under the No-Action Alternative plus
additional non-native aquatic species management tools that could be used downstream of Glen Canyon
Dam in GCNRA and in GCNP to achieve the purpose of and need for the Proposed Action (see
Section 2.2.2). This alternative was originally generated through internal scoping and coordination with
Cooperating Agencies. It was refined after public scoping based on comments from the public, and with
additional input from Cooperating Agencies, representatives from Tribes, and Glen Canyon Dam
Adaptive Management Program (GCDAMP) Technical Work Group (TWG) and Adaptive Management
Work Group (AMWG) members. Refinements were also made based on assessments in a U.S. Geological
Survey (USGS) report on the recent increases in brown trout in the Glen Canyon reach
(Runge et al. 2018) and a Reclamation analysis of options for the river mile (RM) -12 sloughs
(Greimann and Sixta 2018).

For the purposes of this Proposed Action, potentially harmful non-natives are defined as those
fish, aquatic plants, or aquatic invertebrate species that are not native to the project area and that may pose
a threat to native species (including federally or state-listed aquatic species), or may pose a threat to the
Lees Ferry recreational rainbow trout fishery. The list of potentially harmful non-natives includes, but is
not limited to brown trout, catfish species (Ictaluridae), bass and sunfish (Centrarchidae), striped bass
(Morone saxatilis), cichlids (Cichlidae), perch and walleye (Percidae), new carp species (Cyprinidae),
northern pike (Esox lucius), Asian clam (Corbicula fluminea), quagga mussel, didymo (Didymosphenia
geminata),* Eurasian watermilfoil (Myriophyllum spicatum), hydrilla (Hydrilla verticillata), and other
non-native aquatic species detected in GCNRA or GCNP.

Management of rainbow trout under this Proposed Action would be consistent with the CFMP
and the LTEMP and their goal to maintain “a healthy high-quality recreational rainbow trout fishery in
Glen Canyon National Recreation Area and reduce or eliminate downstream trout migration consistent
with NPS fish management and Endangered Species Act compliance.” Under the CFMP FONSI, non-
native brown trout and rainbow trout within the boundaries of GCNP are managed to minimize their
threat to native and endangered fish, by reductions or eradications, where possible (NPS 2013B). Under
the LTEMP, trout management flows may be used to reduce rainbow or brown trout migration and
downstream effects on endangered fish. The NPS and AGFD manage for a quality recreational rainbow
trout fishery within the 15-mile Glen Canyon reach of GCNRA between Glen Canyon Dam and the Paria
River (NPS 2013a, b; AGFD 2015).

The Proposed Action has been identified by the NPS as the preferred alternative in this EA. It was
developed by the NPS based on collaboration with Cooperating Agencies and the USGS Grand Canyon
Research and Monitoring Center (GCMRC), consultations with the Pueblo of Zuni and Hopi Tribes,
public scoping input, a thorough review of scientific data and literature, modeling performed by Argonne
National Laboratory, the USGS open file report on possible causes of and interventions to control brown
trout increases in the Glen Canyon reach (Runge et al. 2018), and Reclamation’s evaluation of options at
the RM-12 sloughs (Greimann and Sixta 2018). The Proposed Action provides additional tools that are
expected to provide better control of non-native aquatic species with little risk to other resources. The

! Didymo is a native diatom found throughout North America (Taylor and Bothwell 2014), but had not been found
in the project area until recently and can have potentially harmful effects on the aquatic food base.
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tiered and adaptive approach of the Proposed Action identifies safeguards for adjusting or stopping
actions if unacceptable adverse impacts are observed or projected to occur.

2.2.1 Implementation Approach for the Proposed Action

Implementation of control ety Achiese Nor-
actions under the Proposed Action e Dot DS D Aauati
would be sequenced using a tiered Specey e I | | Contro Target
approach (Figure 2-1), considering the Tier1 >
conditions and applications where | |
actions are most appropriate and the IET2
risk or threat that potentially harmful
non-native species pose to the aquatic | | SR ----===== >
ecosystem. Where possible, the
actions include explicit on-triggers m ------- -
(population size or conditions that

Time

would result in implementation of an

action) and off-triggers (population ] ]

the action stopping). The Proposed Implementation Approach of the Proposed Action
Action also includes monitoring for

unintended and unacceptable adverse effects (see Appendix G), “off-ramps” that would be used to
determine when control actions should stop permanently or until conditions change. Off-ramps are
generally based on either the ineffectiveness or adverse effects of the control action. Mitigation would be
applied if adverse impacts occur or are anticipated. Information gathered during monitoring would be
used to adapt implementation approaches to improve effectiveness and minimize impacts on other
resources such as the recreational rainbow trout fishery in the Glen Canyon reach or to address concerns
from Tribes regarding the taking of life of non-native animals.

Implementation of Adaptive Tiered Control Approach Long-Term Control Actions

Tier 1 actions would be the first actions considered for implementation, and would use the least
intensive management approaches. Tier 1 actions focus on non-lethal or beneficial use methods when
possible for controlling or reducing harmful non-natives. They are intended to result in little alteration of
habitat, and are generally lower cost than higher tier actions. Triggers (e.g., population size of potentially
used to determine if a switch to higher tier actions is appropriate (see Section 2.2.2, Table 2-1). Triggers
would be specific where possible, and based on the threat posed by the non-native species, the locations
where the actions are being considered, and the size of the population to be controlled. In other situations,
triggers may be more general, such as for rapid response to new non-native species, since the species may
not be present in high numbers yet. Triggers may be reviewed at least annually and adjusted based on new
information as needed. This review would include NPS communication with the GCMRC, U.S. Fish and
Wildlife Service (FWS), Reclamation, AGFD, Tribes, and members of the TWG.

If lower tier actions are determined to be ineffective or triggers for implementation of higher tiers
are reached, NPS would implement higher tier actions that may require more intensive management.
Higher tier actions may be more effective in controlling non-native aquatic species, but rely more on
lethal methods (with beneficial use when possible), have potentially greater effects on habitats or non-
target organisms, and generally have higher costs in terms of labor, equipment needs, and operational
expenses. When a higher tier is triggered, lower tiered actions may continue to be used (Figure 2-1).
Several actions either within or among tiers may be used in combination to increase their effectiveness.
Actions within the same tier level may be used separately or in combination depending on the situation. In
some cases, conditions may change rapidly, and actions may be elevated through several tiers within the
same season if triggers are reached. Some tiers may be skipped if actions or methods are not yet available
or determined to be inappropriate for a particular control need.
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The Proposed Action considers the risk or threat associated with potentially harmful non-native
species as defined at the beginning of Section 2.2 and as listed in Appendix F, Table F-1. Threat levels
were identified for a list of non-native aquatic species based on their potential for predation, competition,
or other adverse interactions with native and federally listed species as well as to the recreational rainbow
trout fishery. Threat levels were evaluated and assigned by NPS technical staff with input from GCMRC,
Cooperating Agencies, and stakeholders, and were based on their current abundance and distribution, and
published literature on their potential for adverse impact. Threat level assessments may change with new
information, and would be reviewed annually and updated as needed. The annual review of threat levels
would be coordinated with GCMRC, FWS, Reclamation, AGFD, Tribes, and TWG members.

The Proposed Action includes monitoring activities to detect new non-native species, determine if
triggers are reached, determine the effectiveness of control actions, and determine if adverse effects to
other resources occur that may require off-ramps or adaptations (see Appendix G). Most monitoring
would be covered under existing compliance, however the Proposed Action may require additional
monitoring to address trigger conditions and to monitor for unintended adverse impacts. Monitoring that
may be performed more frequently or at additional locations on the river could include localized
electrofishing, netting, trapping, and tagging (e.g., PIT tags or sonic tags; Zale et al. 2012,

Bonar et al. 2009, Skalski et al. 2009). There could be additional administrative motorized or non-
motorized river trips and helicopter flights associated with the logistics of certain management or
monitoring actions in GCNRA and GCNP.

It is estimated that, under the Proposed Action, there may be up to 20 additional helicopter flight
hours and 8 additional motorized boat trips per year in GCNP, and up to 12 additional motorized boat
trips per year in GCNRA. When triggered in a year, mechanical removal in GCNRA could add 8 annual
removal trips using two boats over a period of up to five days each.

2.2.2 Control Actions Under the Proposed Action

Control actions that could be applied under the Proposed Action, and their respective tiers,
triggers, off-ramps, and mitigation actions are presented in Table 2-1 and described in the narrative
below. Control actions are separated into the following five categories:

e Targeted harvest: changing harvest rates to increase removal of non-native aquatic species

¢ Physical controls: habitat modification or exclusion of specific areas less than 5 ac in size that are
identified as source areas for harmful non-native aquatic species;

e Mechanical controls: physical removal of non-native aquatic species from habitats;

¢ Biological controls: introduction of organisms to control populations of hon-native aquatic
species;

o Chemical controls: limited application of chemicals to control populations of non-native aquatic
species.

Each action is identified in Table 2-1 and in the narrative below using an alphanumeric designator
that specifies the category of action (H, P, M, B, and C for the categories above) and its sequence of first
appearance in Table 2-1.

Some actions would be considered for rapid response to a new threat. The CFMP allows for rapid
response using mechanical removal in the project area, and the Proposed Action includes rapid response
using chemical controls under certain conditions. Under the Proposed Action, a rapid response could be
applied when a new non-native aquatic species is discovered that is potentially harmful. In this context, a
“new” non-native aquatic species is one that previously was not observed in the project area or was only
present in small numbers. See Appendix F, Table F-1 for a list of species that are currently considered
candidates for rapid response. Rapid response actions could be applied for up to 3 years in sequence or up
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to 6 years if non-sequential application was necessary due to condition changes or abundance changes
during the treatment period. National Environmental Policy Act (NEPA) compliance for non-native
aquatic species control in the Little Colorado River confluence area (defined as from RM 56 to RM 66) is
provided in the LTEMP Record of Decision and Biological Opinion. Reclamation is responsible for
funding non-native fish control in this area.

Avoidance, minimization, and mitigation actions would be implemented under the Proposed
Action to limit impacts on important resources (see Appendix C, Section C.4 for additional detail). These
actions would be developed and modified adaptively as the Proposed Action is implemented. Prior to any
action being conducted, the potential for impacting important resources, including special status and
Endangered Species Act- (ESA; 16 USC 1531, as amended) listed species, cultural resources, resources
of importance to Tribes, important recreation areas, and wilderness would be considered, and specific
aspects of the action adjusted to avoid or minimize impacts. If considered necessary, surveys would be
conducted for important resources prior to initiation of the action.

Beneficial use would be considered for all actions involving non-chemical lethal removal of fish
from habitats (incentivized harvest, dewatering, placement of weirs and barriers, mechanical removal,
sonic concussion, and tributary renovation) where nonlethal relocation is not feasible. Mechanical
removal with salvage of non-native fish for beneficial use may be conducted prior to other actions (e.g.,
chemical control, sonic concussion) as a partial mitigation to the concerns of some Tribes regarding the
taking of life (Section 3.6 for more detail on Tribal concerns). Beneficial use would be performed by
placing collected non-native fish into coolers or freezers, and transporting them to Tribes for human
consumption, to Tribal aviaries, or for distribution to others for human consumption.

Under the Proposed Action, some control actions would not be allowed in certain locations to
minimize impacts on important resources. The Proposed Action does not include mechanical removal of
rainbow trout in the Glen Canyon reach where NPS and AGFD are managing for a recreational rainbow
trout fishery. However, under existing management practices, electrofishing may be used as a monitoring
technique to inform decisions to improve the rainbow trout fishery. In addition, rainbow trout could be
affected incidentally during actions targeting other species. Actions would be designed to minimize the
incidental mortality of rainbow trout while still achieving objectives, and adaptive improvements would
be considered to further minimize effects to rainbow trout.

There are some areas where NPS would not conduct electrofishing or chemical treatments under
the Proposed Action because, based on past consultations, they are known areas of spiritual significance
to Tribes (e.g., Ribbon Falls Creek and Deer Creek). Areas where cultural resource sites (e.g., the Spencer
Steamboat) are known to occur would be avoided. Similarly specific avoidance measures would be taken
for special status species including the Kanab ambersnail (Oxyloma haydeni kanabensis), California
condor (Gymnogyps californianus), Mexican spotted owl (Strix occidentalis lucida), bald eagles
(Haliaeetus leucocephalus), and golden eagles (Aquila chrysaetos).

Mitigation could be needed in areas of surface disturbance, and involve restoration of locations
after the action is complete (Table 2-1). For instance, cofferdams, water control structures, weirs, or other
physical barriers would be removed once no longer needed, and this would necessitate minor restoration
activities such as regrading mechanically or by hand and placement of cobble to stabilize areas of
disturbance. Mechanical disruption of early life stage habitats may require regrading of habitats to restore
original contours.

2.2.2.1 Targeted Harvest Control
Incentivized Harvest (Action H1; Tier 1). Incentivized harvest would be used only in the Glen

Canyon reach. Under this Tier 1 action, incentives would be provided to anglers to remove target non-
native fish and encourage human consumption of the fish. Incentivized harvest could include



TABLE 2-1 Control Actions That Could Be Implemented under the Proposed Action

Action
a

No.

Actions, Triggers, Off-Ramps, and Mitigationsb

. C
Tier

Target Non-
Native
Aquatic
Species

Target
Habitats

Glen Canyon National Recreation Area: Specific Actions for Brown Trout in Glen Canyon Reach

H1

Incentivized harvest methods which may include a combination of Tribal and volunteer guided fishing,
tournaments, prize fish, restoration rewards for target fish harvested and removed, or similar tools to
specifically remove and reduce numbers of brown trout from the Glen Canyon reach (timing and other
methods may be used to restrict activities)

Trigger: Presence

Off-Ramp: Control action is ineffective in controlling brown trout, adequate funding is not available, or long-
term unacceptable adverse effects on native fish, rainbow trout, or other important resources are expected or
observed

Mitigation: Cessation of activity

Brown trout

All

M1

Mechanical disruption of early life stage habitats at specific spawning sites, including high-pressure water
flushing and mechanical gravel displacement

Trigger: Number of brown trout adults (>350 mm long) in Glen Canyon reach >5,000. If brown trout adults
decrease to below 2,500, then mechanical disruption would cease until the population increases to the
initiation trigger of 5,000 adults.

Off-Ramp: Control action is ineffective in controlling brown trout, adequate funding is not available, or long-
term unacceptable adverse effects on native fish, rainbow trout (including an unexpected severe reduction in
rainbow trout spawning), or other important resources are expected or observed

Mitigation: Cessation of activity, and restoration of affected habitats by regrading gravel substrates, if
appropriate

Brown trout

Spawning
areas only

M2

Mechanical removal: Species selective electrofishing and trapping, with beneficial use, for long-term control
(designed to maximize take of brown trout and minimize incidental take of rainbow trout)

Trigger: LTEMP triggers for mechanical removal of trout at the Little Colorado River confluence have been
exceeded and mechanical removal is being implemented there or has been proposed for the following year,

AND

Brown trout are a contributing proportion of the fish predators in the Little Colorado River area (e.g., 6 adult

brown trout [>350 mm] caught in the current or previous year in the Juvenile Chub Monitoring [JCM] reach
[RM 63.5-65.2]),

Brown trout

All
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Table 2-1 (Continued)

Action
No.2

Actions, Triggers, Off-Ramps, and Mitigations®

Tier®

Target Non-
Native
Agquatic
Species

Target
Habitats

AND

Brown trout production in the Glen Canyon reach is an important contributor to the number of adults in the
Little Colorado River reach (i.e., the number of adult brown trout in the Glen Canyon reach is > 5,000),

OR

LTEMP triggers for mechanical removal of trout in the Little Colorado River reach have not been met, but
monitoring data and modeling indicate the number of adult brown trout is > 20,000 in the Glen Canyon reach,
which using conservative modeling parameters indicates that the population of adult brown trout would reach 47
in the JCM reach, the threshold above which mechanical removal at the Little Colorado River confluence would
be ineffective in controlling further increases.

If mechanical removal has ceased at the Little Colorado River confluence and if brown trout adults in the Glen
Canyon reach have decreased to below 10,000 then mechanical removal would cease until the initiation trigger
of > 20,000 is reached again.

Off-Ramp: Control action is ineffective in controlling brown trout, adequate funding is not available, or long-
term unacceptable adverse effects on native fish, rainbow trout, or other important resources are expected or
observed

Mitigation: Cessation of activity

B1

Introduction of Y'Y male brown trout (may be considered if brood stock exists)

Trigger: Experimental evidence and modeling indicate the action may be effective and other actions are shown
or projected to be ineffective. Would be considered if the number of brown trout adults (>350 mm long) is more
than 500. Annual stocking would be limited initially to a maximum of 5,000 adult Y'Y-male brown trout, or an
equivalent number of juveniles (estimated to be 10,000 based on assumed juvenile survival rates). This number
represents a conservative level of risk to humpback chub if survival, movement, and predation rates are at high-
risk levels. This maximum number could be adjusted adaptively by + 4,000 adults (or equivalent juveniles)
based on additional modeling or data.

If wild brown trout adults in the Glen Canyon reach decrease to below measurable levels for 3 years, then YY-
male introduction would cease unless the population increases to above 500 adults.

Off-Ramp: Control action is ineffective in controlling brown trout, adequate funding is not available, or long-
term unacceptable adverse effects on native fish, rainbow trout, or other important resources are expected or
observed

Mitigation: Cessation of activity

Experimental
(outside of
tiers)

Brown trout

All
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Table 2-1 (Continued)

Target Non-
Native
Action Agquatic Target
No.2 Actions, Triggers, Off-Ramps, and Mitigations® Tier¢ Species Habitats
Glen Canyon National Recreation Area: Specific Actions in RM -12 Sloughs in Glen Canyon Reach
P1 Dewatering using high-volume portable pumps. Prior to dewatering, NPS would remove fish from target 1 Any harmful RM -12
habitats, move native fish to the main channel, and explore non-lethal relocation of netted green sunfish to Lake non-native Upper Slough
Powell including obtaining state permits and sampling/laboratory analysis requirements to ensure only fish free aquatic only
of diseases, pathogens, and parasites are relocated. NPS would plan for beneficial use of all other fish. species
Trigger: If non-native fish are found during regular monitoring and after anytime flow is >23,000 ft¥s [cfs]),
exclusion screens would be replaced, then pump-out would be initiated within 3 weeks and the Upper Slough
would be dewatered for a period between 2 days (pump to refill) to 2 weeks (naturally refills). Monitoring may
lead to adaptation of time periods or triggers, especially if young fish or eggs are present.
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed
Mitigation: Cessation of activity, and restoration of affected habitats by refilling using pumps and screened
water intakes within specified time period
P2 Placement of selective weirs for specific time periods to disrupt spawning or new invasions 1 Any harmful Both RM -12
Trigger: Presence Zgﬂé?iit've sloughs
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not species
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed
Mitigation: Removal of weir with restoration of small areas disturbed during removal actions, if appropriate
P3 Placement of non-selective barriers to restrict non-native aquatic species access to tributaries, backwaters, and 1 Any harmful Both RM -12
off-channel habitat areas, and to restrict out-migration non-native sloughs
Trigger: Presence Zg:;tég
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed
Mitigation: Removal of barrier with restoration of small areas disturbed during removal actions, if appropriate
M2 Mechanical removal: Species selective electrofishing and trapping, (with either beneficial use or live 1 Any harmful Both RM -12
transport/relocation if permitted), for long-term control non-native sloughs
Trigger: Presence aquatic
species
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Table 2-1 (Continued)

Target Non-
Native
Action Aquatic Target
No.2 Actions, Triggers, Off-Ramps, and Mitigations® Tier® Species Habitats
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed.
Mitigation: Cessation of activity
M1 Mechanical disruption of early life stage habitats at specific spawning sites, including high-pressure water 2 Any harmful RM -12
flushing and mechanical gravel displacement non-native Lower Slough
Trigger: Tier 1 actions are shown or projected to be ineffective and there is a threat of dispersal or increase zg:;tég only
Off-Ramp: Control action is ineffective in controlling non-native fish, if adequate funding is not available, or
long-term unacceptable adverse effects on native fish or other important resources are expected or observed
Mitigation: Cessation of activity, and restoration of affected habitats by regrading gravel substrates, if
appropriate
c1t Overwhelm ecosystem-cycling capabilities of Upper Slough area (ammonia, oxygen, carbon dioxide, pH, etc.) 3 Any harmful RM -12
Trigger: Tier 1 and 2 actions are shown or projected to be ineffective and there is a threat of dispersal or non-native Upszer Sl%l:gh
continued increase aquatic and possibly
o o . ) o o species Lower Slough
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed
Mitigation: Cessation of activity
cof Rapid response application of registered piscicides for new invasive non-native fish that begin to reproduce in 3 Any new Both RM -12
either slough harmful non- | sloughs
Trigger: Tier 1 or 2 methods are shown or projected to be ineffective and there is a threat of dispersal or increase natlv_e aquatdlc
of new non-native aquatic species that is medium to very high risk f’ﬁsgi'ﬁfnr?ée
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not very high risk
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed
Mitigation: Cessation of activity
P4 Dredging to connect Upper Slough to Lower Slough, facilitate installation of a water control structure, and 4 Any harmful RM -12
allow complete draining of Upper Slough to remove all undesirable non-native aquatic species including green non-native Upper Slough
sunfish (Reclamation report Option 6.2; Greimann and Sixta 2018) aquatic only
species

Trigger: Tier 1, 2, or 3 actions are shown to be ineffective at eliminating non-native aquatic species in the Upper
Slough

Off-Ramp: One-time action without an off-ramp but subject to availability of funding
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Table 2-1 (Continued)
Target Non-
Native
Action Agquatic Target

No.2 Actions, Triggers, Off-Ramps, and Mitigations® Tier¢ Species Habitats
Mitigation: Dredging may require a Clean Water Act Section 404 permit from the U.S. Army Corps of
Engineers (USACE), and mitigation, if needed, would be stipulated in permit.

M3 Sonic concussion devices used in backwater and off-channel habitat areas 4 Any harmful Both RM -12
Trigger: Presence of medium to very high risk species Qgﬂé?ii“ve sloughs
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not species rated
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or medium to
observed very high risk
Mitigation: Cessation of activity

c3t Application of registered piscicides for control of high and very high risk species 4 Any harmful Lower Slough
Trigger: Tier 1, 2, and 3 actions are shown or projected to be ineffective and there is a threat of dispersal or non-n'atlve pnly'o!ue to
increase aquatic inability to

o o . ) o o species rated exclude or
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not high to very remove all
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or high risk fish

observe.
Mitigation: Cessation of activity

Glen Canyon National Recreation Area: Actions for All Other Areas in Glen Canyon Reach and All Other Non-Native Aquatic Species

(Does Not Include Targeting

Brown Trout or Actions at RM-12 Sloughs)

H1 Incentivized harvest methods which may include a combination of Tribal and volunteer guided fishing, 1 Any harmful All
tournaments, prize fish, restoration rewards for target fish harvested and removed or similar actions to non-native
specifically remove fish from the Glen Canyon reach (timing and other methods may be used to restrict aquatic
activities) species
Trigger: Presence or potential presence
Off-Ramp: Control action is ineffective in controlling non-native aquatic species, adequate funding is not
available, or long-term unacceptable adverse effects on native fish, rainbow trout, or other important resources
are expected or observed
Mitigation: Cessation of activity

P1 Dewatering off-channel ponds or small backwaters using high-volume portable pumps 1 Any harmful Small
Trigger: Presence non-n_atlve backwaters,

o o . ) o o aquatic off-channel

Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not species ponds, and
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or low velocity

observed
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Table 2-1 (Continued)

Target Non-
Native
Action Agquatic Target
No.2 Actions, Triggers, Off-Ramps, and Mitigations® Tier¢ Species Habitats
Mitigation: Cessation of activity, and restoration of affected habitats by refilling using pumps and screened areas < 0.5ac
water intakes within specified time period In size
P2 Placement of selective weirs for specific time periods to disrupt spawning or new invasions of tributaries, 1 Any harmful Backwaters,
backwaters, and off-channel areas non-native off-channel
Trigger: Presence aqua't|c ponds, anq
o o ) ) o o species low velocity
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not areas < 5 ac in
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or size:
observed tributaries
Mitigation: Removal of weir with restoration of small areas disturbed during removal actions, if appropriate
P3 Placement of non-selective barriers restricting non-native aquatic species access to tributaries, backwaters, and 1 Any harmful Backwaters,
off-channel habitat areas and out-migration non-native off-channel
Trigger: Presence aqua'tlc ponds, aqd
o o ) ) o o species low velocity
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not areas < 5 ac in
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or size:
observed tributaries
Mitigation: Removal of barrier with restoration of small areas disturbed during removal actions, if appropriate
M1 Mechanical disruption of early life stage habitats at specific spawning sites, including high-pressure water 2 Any harmful Identified
flushing and mechanical gravel displacement non-native spawning
Trigger: Tier 1 methods are shown or projected to be ineffective and there is a threat of dispersal or increase zg:‘;tég areas only
Off-Ramp: Control action is ineffective in controlling non-native fish, adequate funding is not available, or
long-term unacceptable adverse effects on native fish or other important resources are expected or observed
Mitigation: Cessation of activity, and restoration of affected habitats by regrading gravel substrates, if
appropriate
M2 Mechanical removal: Species selective electrofishing and trapping, (with either beneficial use or live 2 Any harmful Spawning and
transport/relocation if permitted), for long-term control (designed to minimize incidental take of rainbow trout) non-native congregation
Trigger: Tier 1 methods are shown or projected to be ineffective and there is a threat of dispersal or increase zg:;tég areas only

Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed

Mitigation: Cessation of activity
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Table 2-1 (Continued)

Target Non-
Native
Action Aquatic Target
No.2 Actions, Triggers, Off-Ramps, and Mitigations® Tier® Species Habitats
c1t Overwhelm ecosystem-cycling capabilities of small backwaters and off-channel areas (ammonia, oxygen, 3 Any harmful Small
carbon dioxide, pH, etc.) non-native backwaters,
Trigger: Tier 1 and 2 methods are shown or projected to be ineffective and there is a threat of dispersal or aqua't|c off-channel
increase species ponds, and
o o : : — o low velocity
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not areas < 0.5 ac
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or in size
observed
Mitigation: Cessation of activity
cof Rapid response application of piscicides for new invasive non-native fish (medium to very high risk) that begin 3 Any new Backwaters,
to reproduce in very localized, and primarily backwater or off-channel areas harmful non- | off-channel
Trigger: Tier 1 or 2 methods are shown or projected to be ineffective and there is a threat of dispersal or increase natl\{e aquagc Iponds,lanq
of new NNAS that is medium to very high risk Spectes rate ow ve ocny_
o T ) ) o o medium to areas <5acin
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not very high risk | size
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed
Mitigation: Cessation of activity
M3 Sonic concussion devices used in backwaters and off-channel habitat areas 4 Any harmful Backwaters,
Trigger: Presence of medium to very high risk species non-native off-channel
o o ) . o o aquatic ponds, and
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not species rated low velocity
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or medium to areas < 5 ac in
observed very high risk | size
Mitigation: Cessation of activity
c3t Application of registered piscicides for control in backwaters and off-channel areas for high or very high risk 4 Any harmful Backwaters,
species only non-native off-channel
Trigger: Tier 1, 2, and 3 actions are shown or projected to be ineffective and there is a threat of dispersal or aqua'tlc q Iponds,lanq
increase for high to very high risk species only SPECIes rate owve ocny_
ST o . . o o high to very areas<5acin
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not high risk size

available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed

Mitigation: Cessation of activity
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Table 2-1 (Continued)

Target Non-
Native
Action Aquatic Target
No.2 Actions, Triggers, Off-Ramps, and Mitigations® Tier® Species Habitats
B1 Introduction of Y'Y male green sunfish or Y'Y males of other medium to very high risk species (may be Experimental | Any harmful All
considered if brood stock exists) (outside of non-native
Trigger: Experimental evidence and modeling indicates the action may be effective and if other actions are tiers) aqua'tlc ted
shown or projected to be ineffective for medium to very high-risk species ?ﬁ:g:ﬁ?n r?oe
Off-Ramp: Control action is ineffective in controlling non-native fish, adequate funding is not available, or very high risk
long-term unacceptable adverse effects on native fish, rainbow trout, or other important resources are expected
or observed
Mitigation: Cessation of activity
Grand Canyon National Park: Actions Specific to Colorado River Mainstem and Tributaries
P1 Dewatering off-channel ponds or backwaters using high-volume portable pumps 1 Any harmful Small
Trigger: Presence non-n_atlve backwaters,
o o . ) o o aquatic off-channel
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not species ponds, and
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or low velocity
observed areas < 0.5 ac
Mitigation: Cessation of activity, and restoration of affected habitats by refilling using pumps and screened in size
water intakes within specified time period
P2 Placement of selective weirs to collect or restrict non-native aquatic species passage to tributaries, backwaters, 1 Any harmful Small
and off-channel areas non-native backwaters,
Trigger: Presence aquatic off-channel
o o ) ) o o species ponds, and
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not low velocity
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or areas < 0.5 ac
observed in size:
Mitigation: Removal of weir with restoration of small areas disturbed during removal actions, if appropriate tributaries
P3 Placement of non-selective barriers restricting non-native aquatic species access to tributaries, backwaters, and 1 Any harmful Backwaters,
off-channel habitat areas and out-migration non-native off-channel
Trigger: Presence aqua'tlc ponds, anq
o o ) ) o o species low velocity
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not areas < 5 ac in
available, or long-term unacceptable adverse effects on native fish or other important resources are observed size:
Mitigation: Removal of barrier with restoration of small areas disturbed during removal actions, if appropriate tributaries
M2 Mechanical removal: Species selective electrofishing and trapping, with beneficial use where possible, for long- 1 Any harmful Small
term control (live capture and relocation would not be logistically practical in this location), non-native localized
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Table 2-1 (Continued)

Target Non-
Native
Action Agquatic Target
No.2 Actions, Triggers, Off-Ramps, and Mitigations® Tier¢ Species Habitats
Trigger: Presence aqua_tlc spawning _and
o o ) ) o o species congregation
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not areas
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed
Mitigation: Cessation of activity
M1 Mechanical disruption of early life stage habitats at specific spawning sites, including high-pressure water 2 Any harmful Spawning
flushing and mechanical gravel displacement non-native areas only
Trigger: Tier 1 methods are shown or projected to be ineffective and there is a threat of dispersal or increase zg:;téz
Off-Ramp: Control action is ineffective in controlling non-native fish, adequate funding is not available, or
long-term unacceptable adverse effects on native fish or other important resources are expected or observed
Mitigation: Cessation of activity, and restoration of affected habitats by regrading gravel substrates, if
appropriate
C4 Application of registered piscicides for fishery renovation of tributary streams with natural barriers (with 2: Any harmful Tributaries
mechanical removal and beneficial use in advance) non-native with natural
; ST ; ; i ; aquatic barriers only
Trigger: Tier 1 actions or CFMP actions (such as backpack electrofishing) are shown or projected to be .
. ! species
ineffective.
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed
Mitigation: Cessation of activity
c1t Overwhelm ecosystem-cycling capabilities of small backwaters and off-channel areas (ammonia, oxygen, 3 Any harmful Small
carbon dioxide, pH etc.) non-native backwaters,
Trigger: Tier 1 or 2 methods are shown or projected to be ineffective and there is a risk of dispersal or increase zg:;tég ggr']gzagrr:gl
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not low vélocity

available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed

Mitigation: Cessation of activity

areas<0.5ac
in size
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Table 2-1 (Continued)

Target Non-
Native
Action Aquatic Target
No.2 Actions, Triggers, Off-Ramps, and Mitigations® Tier® Species Habitats
cof Rapid response application of piscicides for new invasive non-native aquatic species (medium to very high risk) 3 Any new Backwaters,
that begin to reproduce in very localized, and primarily backwater or off-channel areas harmful non- | off-channel
Trigger: Tier 1 or 2 methods are shown or projected to be ineffective and there is a risk of dispersal or increase natl\{e aquagc Fonds,lanq
of new non-native aquatic species that is medium to very high risk Species rate owve ocny_
o o ) ) o o medium to areas <5acin
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not very high risk | size
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed
Mitigation: Cessation of activity
M3 Sonic concussion devices used in backwater and off-channel habitat areas 4 Any harmful Backwaters,
Trigger: Presence of medium to very high risk species non-n'atlve off-channel
o T ) ) o o aquatic ponds, and
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not species rated low velocity
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or medium to areas < 5 ac in
observed very high risk | size
Mitigation: Cessation of activity
c3® Application of registered piscicides for long-term control in backwaters and off-channel areas for high or very 4 Any harmful Backwaters,
high risk species only non-native off-channel
Trigger: Tier 1, 2, and 3 actions are shown or projected to be ineffective and there is a risk of dispersal or aqua_tlc q Iponds,lam_i
increase for high to very high risk species only Species rate ow velocity
T o ) ) o o high to very areas <5acin
Off-Ramp: Control action is ineffective in removing or controlling all non-native fish, adequate funding is not high risk size
available, or long-term unacceptable adverse effects on native fish or other important resources are expected or
observed
Mitigation: Cessation of activity
B1 Introduction of Y'Y males of medium to very high risk species (may be considered if brood stock exists) Experimental | Any harmful Tributaries
Trigger: Experimental evidence and modeling indicates the action may be effective and if other actions are (out'5|de of non-n'atlve only
shown or projected to be ineffective for medium to very high-risk species. tiers) Zg:;tég ated
Off-Ramp: Control action is ineffective in controlling non-native fish, adequate funding is not available, or medium to

long-term unacceptable adverse effects on native fish or other important resources are expected or observed
Mitigation: Cessation of activity

very high risk
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Table 2-1 (Continued)

Target Non-
Native
Action Aquatic Target
No.2 Actions, Triggers, Off-Ramps, and Mitigations® Tier® Species Habitats
P5 Produce small scale temperature changes using a propane heater to adversely affect coldwater non-native fish Experimental | Any harmful Tributaries
Trigger: Presence (out'5|de of coldwat_e r
o o ) o o ) tiers) non-native
Off-Ramp: Control action is ineffective in controlling non-native fish, adequate funding is not available, or aquatic
long-term unacceptable adverse effects on native fish or other important resources are expected or observed species
Mitigation: Cessation of activity
Glen Canyon National Recreation Area and Grand Canyon National Park: Control Actions for Plants, Algae, and Mollusks
M4 Mechanical harvesting of non-native aquatic plants and algae 1 Harmful non- | Backwaters,
Trigger: Presence native plants off-channel
o o . ) o . or algae ponds, and
Off-Ramp: Control action is ineffective in controlling non-native plants, adequate funding is not available, or low velocity
algae or long-term unacceptable adverse effects on native fish or other important resources are expected or areas < 5 ac in
observed size:
Mitigation: Cessation of activity, and restoration of affected habitats by regrading gravel substrates, if tributaries
appropriate
cs® Application of herbicides and non-toxic dyes to backwaters and off-channel areas 1 Harmful non- | Backwaters,
Trigger: Presence of high to very high risk aquatic plants or algae native p'a’TtS off-channel
99 g o y g ) g -p g o or algae with | ponds, and
Off-Ramp: Control action is ineffective in controlling non-native plants or algae, adequate funding is not high to very low velocity
available, or long-term unacceptable adverse effects on native fish or other important resources are observed high risk areas < 5 ac in
Mitigation: Cessation of activity size;
tributaries
C6 Application of mollusk repellents and non-toxic anti-fouling paints on boats, equipment used in the river, and 1 Harmful non- | To be used
NPS water intakes native only on boat
Trigger: Presence mollusks huII_s,
Lo Lo . . L . equipment
Off-Ramp: Control action is ineffective in controlling non-native mollusks, adequate funding is not available, or and water
long-term unacceptable adverse effects on native fish or other important resources are expected or observed infrastructure.
Mitigation: Cessation of activity

Footnotes on next page
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Table 2-1 (Continued)

a

Actions are labelled with an alphanumeric designator. The initial letter indicates the control type (H= harvest, P=physical control, M=mechanical control, C=chemical
control, B=hiological control). Numbers are assigned in the order of first appearance within each category in the table.

NPS may adjust triggers over time, and will review at least every 3 years.

NPS is proposing an adaptive tiered approach to non-native aquatic species control. The first actions (Tier 1), would use the least intensive management approach. Tier 1
tools focus on non-lethal and beneficial use methods of controlling or reducing harmful non-natives, result in little alteration of habitat, and are generally lower cost. If lower
tier actions are determined to be ineffective or population thresholds (triggers) are reached, NPS would implement higher tier actions that may require more intensive
management. Higher tier actions may be more effective in controlling non-native aquatic species, but rely more on lethal methods with beneficial use when possible, have
potentially greater effects on habitats or non-target organisms, and generally have higher costs. Several actions either within or among tiers may be used in combination to
increase their effectiveness.

NPS would plan to implement incentivized harvest for three winters prior to activating the triggers for other brown trout actions in this area. If triggered, other brown trout
actions in the Glen Canyon reach would become available after October 31, 2021. If budget constraints, rapid and/or major changes in populations of brown trout or
humpback chub, or other unexpected changes were identified, NPS would consult with AGFD and traditionally associated Tribes, communicate with the AWMG and TWG,
and discuss if implementation of other actions are necessary sooner. As the action agency, NPS retains final decision-making authority.

NPS would not implement this action in the same location for more than 5 consecutive years. If this action is not effective as a long-term solution when implemented over a
5-year period, NPS would pursue additional planning and compliance for any subsequent actions not included within this EA.

A “new” non-native aquatic species is one that previously was not observed in the project area or was only present in small numbers.
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(1) scheduled and funded guided angling trips for Tribal youth, members, or volunteers; (2) providing
incentives for guides to increase the number of targeted fish harvested during fishing trips; (3) Restoration
Rewards (i.e., monetary award paid to fishermen for catching and consuming targeted non-native fish and
providing information on captured fish); and (4) awards for tagged target fish, and other tournament
incentives during angling organization-sponsored events. Incentivized harvests might only be scheduled
during periods when target fish are most susceptible to harvest to reduce administrative costs. NPS or
partners may provide informational brochures that include mapped locations of prime areas to collect
target fish, approved fishing techniques, and optimum angling time periods to further enhance the take of
undesirable species. The administration and/or funding of these actions could be federal, state, or from a
third party. Funding and administration of this program could change over time to increase efficiencies
and to include new non-native aquatic species that are considered a medium to very high risk to the
rainbow trout or endangered and native species downriver. NPS would plan to implement incentivized
harvest for three winters prior to implementing other brown trout actions in the Glen Canyon reach. If
triggered, other brown trout actions in the Glen Canyon reach would become available after October 31,
2021. If budget constraints, rapid and/or major changes in populations of brown trout or humpback chub,
or other unexpected changes were identified, NPS would consult with AGFD and traditionally associated
Tribes, communicate with the AWMG and TWG, and discuss if implementation of other actions are
necessary sooner. As the action agency, NPS retains final decision—-making authority.

2.2.2.2 Physical Controls?

Dewatering with Pumps (Action P1; Tier 1). Under this action, small off-channel ponds or
backwaters would be dewatered to remove habitat for breeding non-native aquatic species and to remove
all of the non-natives captured by mechanical removal, netting, or in the pump-filtration system. This
Tier 1 action would be considered for use in small off-channel ponds and backwaters up to 0.5 ac in size.
Use of one or more portable pumps with, for example, 3 in. to 4 in. discharge pipes capable of pumping
up to 500 gallons per minute (gal/min) would be considered. Estimated time to drain a backwater would
be 8 hr or less to reduce the effects of engine noise on wildlife and visitors and would not occur near
sensitive areas (e.g., nesting raptors). If needed, the pumps would be used in conjunction with a
temporary cofferdam in small backwater or off-channel areas connected to the river to quickly remove all
of the non-native species. Water pumped from the target area would be discharged to an adjoining
backwater or other low-velocity area prior to the water re-entering the river main channel. Drying time
may need to be adjusted if recent egg laying has occurred to fully desiccate any eggs remaining in the
pond sediments. A treatment using a minimal amount of soda ash or other naturally occurring chemical
may also be used if a small volume of water cannot be completely removed due to inflows from springs
or the river to raise the pH above species-specific tolerance thresholds and ensure that no live fish or eggs
remain. Prior to dewatering, NPS would remove fish from target habitats, relocate native fish to the main
channel, and, in GCNRA only, evaluate potential non-lethal relocation of netted green sunfish to Lake
Powell. NPS would plan for beneficial use of all other fish. In GCNRA, relocation of green sunfish to
Lake Powell could occur if the fish to be removed are tested and found to be free of diseases, pathogens,
and parasites; and state fish transport permits can be obtained. See Appendix C, Section C.2.2 for
additional detail on live removal and relocation.

Placement of Weirs or Barriers (Actions P2, P3; Tier 1). Selective weirs (Figure 2-2) may be
put in place for specific time periods to disrupt spawning or restrict new invasions in backwaters and off-
channel areas (< 5 ac in size), and tributaries. Selective weirs allow fish to be trapped and sorted. Weirs
allow passage of water, but prevent fish movement. Fish are guided into a trap where they can be sorted

2 |f structures such as cofferdams, weirs, or barriers are placed within jurisdictional waters of the United States and
below the ordinary high water mark, NPS would consult with the U.S. Army Corps of Engineers and would obtain
necessary permits prior to installations
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by biologists; target non-native fish
may be removed (and beneficial use
would be pursued with Tribes) while
non-target fish are released back into
the target area. Non-selective barriers,
including but not limited to nets,
metal fish screens, or temporary
cofferdams may be used to restrict
non-native aquatic species access to
backwaters and off-channel habitat
areas. Barriers may also be used to
restrict out-migration in areas where
successful non-native spawning or
congregating has already occurred
and is found during monitoring

efforts. In some circumstances, fish ] ]
may not be captured, but movement is FIGURE 2-2. Example Weir at Bright Angel Creek to

restricted while other actions are Intercept Spawning Non-Native Fish
implemented.

Dredging to Connect the Upper Slough to the Lower Slough at RM -12 (Action P4; Tier 4).
Under this Tier 4 action, a small drainage channel would be excavated between the Upper and Lower
Sloughs (0.34 and 4.5 ac in size, respectively). Sediment from the cut channel would be placed on the
large cobble bar adjacent to the Upper Slough. A prefabricated water-control headgate structure with
flashboards would be placed and anchored between the two sloughs (Figure 2-3), and would allow for
periodic, but complete, draining of the Upper Slough, act as a fish barrier, and allow the existing aquatic
habitat in the Upper Slough to function once refilling occurs (Greimann and Sixta 2018). The intention of
this action is the same as pumping to dewater (Action P1; Tier 1), i.e., to facilitate removal of undesirable
non-native aquatic species, including green sunfish, from the Upper Slough. Draining would likely be
necessary after the Upper Slough is
overtopped by high flows (e.g., high-
flow experiments [HFEs], balancing,

or equalization flows), which may : Main

allow warmwater non-native species Channel 3
to recolonize and reproduce in the ' weln
Upper Slough. Because this action : : : Control

would not include use of a pump filter Proposed ' Structure
as in Action P1, it would necessitate a Dredgea :

Channel
screen system at the headgate outflow p———
to prevent movement of young non-
native fish into the Lower Slough and
Colorado River as the slough was
drained. Additional pumping would
likely be needed to fully drain the
Upper Slough.

This Tier 4 action would
result in permanent habitat alteration, : . - 2
and would be used only if dewatering FIGURE 2-3. Aerial view of the Upper and Lower Sloughs at

with pumps and Tier 2 and 3 actions ~ RM -12 Showing Proposed Location of Dredged Channel and
are shown to be ineffective at Water Control Structure

4
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controlling non-native aquatic species in the Upper Slough. Flows over approximately 21,000-23,000 cfs
and up to 45,000 cfs may fill the small dredged channel with sediment or displace the headgate, thus,
requiring periodic maintenance. Some mechanical removal would occur prior to draining to remove and
relocate a majority of any non-target organisms present. Individuals of the target species would be
collected previous to and during the treatment, where possible, for beneficial use to partially address
Tribal concerns regarding the taking of life. Permitting through the U.S. Army Corps of Engineers
(USACE) under Section 404 of the Clean Water Act may be required for dredging of the channel and
installation of the water-control structure.

Produce Small Scale Temperature Changes to Adversely Affect Coldwater Non-Native Fish
(Action P5; Experimental Outside of Tiers). This experimental action involves heating water using
pool heaters or other methods to disadvantage coldwater non-native aquatic species (Hogg and
Williams 1996; Canhoto et al. 2013). This action would be considered for application only in GCNP and
only in headwaters of streams such as Bright Angel Creek or smaller tributaries. The action could be
applied to streams where warmwater and coldwater non-native fish overlap in distribution, with the goal
of excluding or disadvantaging non-native coldwater fish (mainly trout) by raising water temperature. An
initial experiment would be conducted on a small tributary (i.e., less than 10 cfs) prior to scaling up to
Bright Angel Creek or other similar-size stream (approx. 25 cfs baseflow). This initial experiment would
take place in summer, when warm air temperatures would help meet heating targets, and would elevate
the water temperature for several weeks in a treatment reach from approximately 15°C (based on summer
water temperature in upper Bright Angel Creek) to at least 22°C, which may be a critical threshold for
young-of-year (YOY) brown trout. A target of as high as 29°C, a lethal threshold for adult brown trout
(>350 mm total length), would be the maximum attempted temperature target. Initial experiments would
target heating a 1,500 ft (457 m) stream segment. Should this small-scale experiment prove successful at
eliminating trout (without harming native fishes and aquatic invertebrates), and if heating a larger volume
of water is deemed feasible, it could be expanded to treat larger tributaries.

2.2.2.3 Mechanical Controls

Mechanical Disruption of Early Life Stage Habitats (Action M1; Tier 2). This Tier 2 action
would use ongoing and new technologies to limit the success of spawning of high to very high risk
species in known or suspected spawning beds. Mechanical disruption of spawning beds in shallow areas
may include use of high-pressure water flushing, vacuum devices, or other mechanical gravel
displacement to disturb the eggs and force them into the water column where they would be subject to
higher predation rates. If a vacuum or suction device was used, NPS would only retain the eggs collected,
with all gravels returned to their original location since these gravel beds may also be important to
rainbow trout. NPS would consult with the USACE to determine the need for Clean Water Act
Section 404 permits for application of this method. For spawning beds found in deeper river areas or
backwaters, measures that impede the development of eggs and larvae such as electrical grids, physical
coverings (e.g., mats), or other measures that disrupted the amount of oxygen available to the eggs may
be considered. Additional documentation of the risk posed by the target species, possible impacts of the
proposed control action to non-target species, and Tribal consultations would occur prior to their selection
and use. Additional details on the triggers to be used for this action are provided in Appendix C,

Section C.1.1.

Mechanical Removal (Action M2; Tiers 1, 2, or 3). Mechanical removal, primarily through
electrofishing and trapping, is a widely used fishery tool that is species-selective with low incidental
mortality (Zale et al. 2012). Under the Proposed Action, both active and passive fish collection methods
may be used including electrofishing, trapping, sweep netting (seines), and entanglement netting such as
trammel or gill nets. Additional description of mechanical removal and the triggers to be used for this
action are provided in Appendix C, Section C.2.1.
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Electrofishing is used by biologists to monitor fish populations in freshwater (Guy et al. 2009;
Curry et al. 2009). Electrofishing uses electricity to stun and catch fish. Biologists use this method to
determine species composition, age distribution, and the presence of non-native species. This technique is
regularly used by agencies to assess sportfish populations, native fish, and endangered fish. Most stunned
fish can be returned to water unharmed after biologists acquire the information desired. (Bonar et al.
2009; O’Riordan 2007; American Sportfish 2016; FFWCC 2018). Biologists use either small backpack
units, small-sled mounted units, or electrofishing boats or rafts. Each type uses either a battery or a
generator to produce an electric field in the water between positive and negative electrodes. Biologists use
long-handled nets to collect fish temporarily stunned by the electric current. When done properly, the
electric field does not kill fish but temporarily stuns or impairs those that swim within the electric field.
The fish can then be scooped up and handled with little stress or injury.

Electrofishing has been used regularly in the Colorado River and its tributaries in Grand Canyon
for over 25 years. Electrofishing is a preferred method for capturing fish because the mortality rate is
lower than other methods (typically < 1%; Ainslie et al. 1998), and target non-native fish can be removed
without harm to other fish populations (Bonar et al. 2009, Zale et al. 2012). Other removal methods such
as chemicals or netting can have more harmful effects and do not allow for safe return of non-target
species to the river. Other methods are used in situations where electrofishing has limitations, such as in
very deep-water habitats, or habitats with dense vegetation where fish can hide. Electrofishing is less
effective on smaller fish (Saunders et al. 2011) or eggs than other control methods. The effects to non-
target species, such as rainbow trout, can be reduced further by using equipment settings designed to
minimize impacts to that species (Sharber et al. 1994).

Mechanical removal would be implemented as (1) a Tier 1 action in the RM -12 sloughs and in
GCNP; (2) as a Tier 2 action for non-native fish other than brown trout in all other locations in GCNRA,;
and (3) as a Tier 3 action for brown trout in GCNRA. NPS would evaluate the potential for live relocation
of fish captured in GCNRA. During discussions with AGFD and FWS, concerns were raised regarding
the spread of disease or pathogens or unintended consequences of live relocation. Therefore, the NPS is
currently considering only the relocation of green sunfish to Lake Powell because any green sunfish in
GCNRA likely originated as escapees from Lake Powell. NPS would seek state permits for relocation
including the testing of fish prior to release to ensure they are free of diseases, pathogens, and parasites.
NPS may continue to explore this option to determine if other suitable sites for relocation can be
identified. See Appendix C, Section C.2.2 for additional detail on live removal and relocation. For all
mechanical removal actions where live relocation is not considered an option, beneficial use of removed
fish would be pursued to partially address Tribal taking of life concerns.

Use of Sonic Concussion Devices (Action M3; Tier 4). This Tier 4 action could be used on
medium to very high-threat species in backwater and off-channel habitat areas that are < 5 ac in size. This
would be an experimental action as has been described in Gross et al. (2013), and would be implemented
as a Tier 4 action. The equipment considered for this technique would be a pressure pulse cannon, or
sonic cannon, which is not readily available commercially. Generally, the technique works by pulsing
compressed gas (air) through the water column. This could be useful in smaller backwaters such as the
Upper and Lower Sloughs at RM -12 to fully remove reproducing non-native aquatic species. It would be
non-selective and could kill amphibians and non-target fish in the backwater. NPS would conduct
mechanical removal prior to a treatment to remove and relocate as many of the non-target individuals as
possible. Individuals of the target species would be collected pre- and post-treatment, where possible, for
beneficial use to partially address Tribal taking of life concerns. No sonic concussive treatments would
occur within 330 ft (100 m) of known locations of the endangered Kanab ambersnail.

Mechanical Harvesting of Non-Native Plants and Algae (Action M4; Tier 1). Various

methods to physically remove emergent, rooted floating, submerged, and/or free floating non-native
plants and algae may be used in backwaters and off-channel areas that are <5 ac in size. These methods
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would include hand removal, rakes, hooks, hand tools, boat rakes, vacuums, underwater weed cutters,
nets, shade coverings, covering mats, dyes, or other physical tools for removal. If a vacuum or suction
device was used, NPS would consult with the USACE to determine the need for Section 404 permits.
Where feasible, water drawdown and drying may be considered with refilling occurring once the target
species are controlled. Some non-native aquatic plants and algae can become re-established from
dislodged pieces so care must be taken to not allow dispersal of pieces and to remove the entire organism.
Plants and algae that are removed would be disposed of either in compost piles on upland sites or in
landfills. No mechanical harvesting of aquatic plants and algae would occur within 330 ft (100 m) of
known locations of Kanab ambersnail.

2.2.2.4 Biological Controls

Introduction of YY-Male Fish (Action B1; Experimental Action Outside of Tiers).
Introduction of Y'Y-male fish is a new approach to non-native fish management that has been used
experimentally on brook trout (Salvelinus fontinalis) in Idaho (Schill et al. 2017). This tool is intended to
reduce or eliminate the population of non-native fish by skewing the sex ratio of the population toward
almost all males. With this technique, males with two Y chromosomes are produced in hatcheries or fish
farms from hormonally treated brood stock with techniques that have been used in commercial fish farms
for many years. The second generation of untreated Y'Y males are then stocked into the wild population.
All of the offspring of wild females and Y'Y males are normal XY males. Over a few generations,
reproductive output in the population declines and nearly stops as the proportion of Y'Y males increases
relative to the proportion of XY males, and the number of females that are produced decreases
(Schill et al. 2017). This control method is most effective when used in combination with removal of
wild target adult fish to reduce the total number of reproducing fish (Schill et al 2017). In GCNRA, that
removal would be accomplished with incentivized harvest occurring concurrently with the release of
YY males. All stocked YY-male fish would be marked, and public education for which fish should be
released (i.e., marked Y'Y males) and which should be kept and consumed (unmarked females and
XY males). In GCNP, mechanical removal may be used concurrently with a Y'Y-male experiment.
Immigration of wild females from other sources could delay the effectiveness of this method.

NPS is considering using this alternative for brown trout and green sunfish or other medium to
very high-risk species if brood stock exists. Currently brood stock is expected to become available for
brown trout and walleye in 5-8 years (Schill 2018) and green sunfish are currently being researched and
could become available over the same time period (Bonar and Teal 2018).

Because this is an experimental method for which there may be a long delay (5 to 8 years) before
stock becomes available, the latest scientific and field studies and any other new information regarding
effectiveness and negative or unintended impacts would be reviewed prior to implementation. Additional
planning and compliance may be considered if there was new information regarding potential impacts.
Prior to implementation of this experiment, NPS would present any new information as well as details of
the experimental implementation to relevant stakeholders and Tribes, through the AMWG and TWG, and
seek consensus. The life expectancy of brown trout and other target species should be considered prior to
selecting this tool because it works best on short-lived species. Brown trout are known to live 10 to 20
years in the wild.

2.2.2.5 Chemical Controls

Overwhelm Ecosystem Cycling Capabilities of Small Areas (Action C1; Tier 3). This Tier 3
action includes the possible use of ammonia, carbon dioxide, pH alteration, or oxygen super-saturation
treatments and would be considered for small backwater and other off-channel areas (< 0.5 ac in size)
where Tier 1 or 2 efforts have not been successful, periodic re-infestations and new spawning events
continue to occur, use of Tier 3 and 4 tools like rotenone are a concern, and where environmental
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conditions are such that the use of these naturally occurring chemicals are expected to be successful in
removing target non-native aquatic species. Prior to use, efforts would be made to remove a majority of
the non-target species, especially natives, and to remove as many individuals of the target species so they
could be relocated or provided for beneficial use. Use of approved methods to administer the chemicals
and overwhelm the natural cycling or capacity of the small target area would be detailed in a treatment
plan prepared prior to implementation. Depending on the amount of scientific literature on the treatment
selected, the initial use of some of these tools may be conducted under research permits in conjunction
with GCMRC staff or other scientists. Chemicals selected, efficacy whether in liquid or dry form,
amounts used, application methods and timing, and monitoring would all be detailed in the treatment
plan. A report on the results, including impacts on non-target species would also be made available to the
TWG. NPS would consult with AGFD and other state agencies and seek state permits for implementation
of this action as appropriate. NPS would not implement this action in the same location for more than five
consecutive years. If this action is not effective as a long-term solution when implemented over a 5-year
period, NPS would pursue additional planning and compliance for any subsequent actions not included
within this EA. All chemical use would be subject to NPS approval processes in strict adherence to
applicable regulations and guidelines.

Application of Piscicides (Actions C2, C3, C4; Tier 3, 4, and 2, respectively). There are three
situations when piscicides (i.e., chemicals that kill fish) could be used: (1) rapid response to invasion or
sudden expansion of new species in backwaters and off-channel areas < 5 ac in size (Action C2, Tier 3);
(2) control of high and very high-risk species in backwaters and off-channel areas < 5 ac in size
(Action C3, Tier 4); and (3) tributary renovation (Action C4, Tier 2). NPS would not implement Action
C3 in the same location for more than five consecutive years. If this action is not effective as a long-term
solution when implemented over a 5-year period, NPS would pursue additional planning and compliance
for any subsequent actions not included within this EA.

Under these actions, only U.S. Environmental Protection Agency (EPA)-registered piscicides
would be used. The only currently registered piscicides are rotenone and antimycin, but only rotenone is
available commercially. If other chemicals become registered or available and have comparable or lower
environmental effects, then they could be used under the compliance provided by this EA. If
environmental effects of a newly registered piscicide differ substantively, additional compliance may be
needed. All piscicide use would be subject to NPS approval processes in strict adherence to applicable
regulations and guidelines. NPS would consult with AGFD and other state agencies and seek state
permits for implementation of this action as appropriate.

The environmental effects of rotenone have been well studied and described
(Finlayson et al. 2018). Chemical controls would not be used in the mainstem Colorado River; therefore
effects would be limited to backwaters and off-channel areas where treatments are applied. Adverse
effects on non-target organisms and areas would be further limited by the use of temporary barriers and
neutralization methods. The process for application and monitoring of rotenone in small relatively
isolated habitats were described and followed in the Green Sunfish Plan for the RM -12 sloughs in 2015
(Trammell et al. 2015). Implementation of chemical control under this action in backwaters and off-
channel ponds would be similar to those used in 2015. Application would depend on target species, size
of area to be treated, likelihood of success, and other considerations. For tributary renovation applications,
efforts to salvage native fish for restocking, and non-native fish for beneficial use will take additional
time and effort, including helicopter support, advance camps, generators to run equipment, backpack
electrofishing, and several crews to apply, monitor, and neutralize the chemical. NPS would conduct
mechanical removal with beneficial use (Action M2) prior to using chemical controls to partially address
Tribal taking of life concerns.

Application of Herbicides (Action C5; Tier 1). Various registered herbicides may be used in
backwater or off-channel areas <5 ac in size to control highly invasive non-native aquatic plants and
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algae including weeds such as Eurasian watermilfoil, hydrilla, didymo, giant salvinia (Salvinia molesta),
and Brazilian waterweed (Egeria densa). Non-toxic dyes may be used in combination with herbicide
treatments to mark the areas treated. Chemicals would be used in compliance with NPS, federal, and state
regulations, the manufacturer’s label, safety data sheets, chemical transport and handling guidelines, and
applicator certification requirements. The use of herbicides would be on a very limited basis and only
when the threat was high for the targeted species to continue to spread and impact other critical aquatic
habitat areas along the Colorado River. NPS would not implement this action in the same location for
more than five consecutive years. If this action is not effective as a long-term solution when implemented
over a 5-year period, NPS would pursue additional planning and compliance for any subsequent actions
not included within this EA. All herbicide use would be subject to NPS approval processes in strict
adherence to applicable regulations and guidelines.

Application of Mollusk Repellents and Non-Toxic Antifouling Paints (Action C6; Tier 1).
Repellents and antifouling paints would be applied to the exterior of boats, equipment used in the river,
and NPS water intakes to reduce the threats and impacts from non-native aquatic mussels such as quagga
mussels and Asian clam. NPS will carefully consider the use of any of these treatments and will ensure
that they have also been approved by the state of Arizona. Current repellent treatments include the use of
hot pepper capsaicin in a wax-based application. Approved anti-fouling paints for boat and equipment
surfaces that do not utilize copper derivatives, which are toxic to aquatic organisms, or other toxic
additives will be considered as new options are developed. All use of repellent and anti-fouling paint
would be subject to NPS approval processes in strict adherence to applicable regulations and guidelines.

2.2.3 Details of Tiers for Specific Locations and Species

The specific actions, tiers, and triggers to be used in four situations are discussed in this section.
These situations include: 1) control of brown trout in the Glen Canyon reach; 2) control of non-native
aquatic species in the RM -12 sloughs; 3) control of other species in other parts of Glen Canyon reach;
and 4) control of non-native aquatic species in the Colorado River mainstem and tributaries through
GCNP. Table 2-1 is organized according to these situations. See Section 2.2.1 for a description of the
overall tiered implementation approach for the Proposed Action.

2.2.3.1 Control of Brown Trout in the Glen Canyon Reach

Control actions for brown trout in the Glen Canyon reach that are included under the Proposed
Action are shown in Table 2-1. NPS would consult with and seek consensus with AGFD regarding the
development and adaptation of triggers for these actions (see Appendix C, Sections C.1, C.2, and C.3 for
additional details on triggers). At a minimum, NPS and AGFD would meet every 3 years to review
triggers. This level of coordination is consistent with the 2013 Memorandum of Understanding between
NPS and AGFD regarding cooperative management of the Lees Ferry fishery.

Incentivized harvest (Action H1) is the Tier 1 action for brown trout control in the Glen Canyon
reach as described in Section 2.2.2.1. The goal of incentive harvest programs would be to remove 25% to
50% of adult brown trout (>350 mm) and some juveniles from the population each year. As discussed in
Section 2.2.2.1, NPS would plan to implement incentivized harvest for three winters prior to
implementing other brown trout actions in the Glen Canyon reach. If triggered, other brown trout actions
in the Glen Canyon reach would become available after October 31, 2021.

Mechanical disruption of early life stage habitats at specific spawning sites (Action M1) is the
Tier 2 action for brown trout control in the Glen Canyon reach as described in Section 2.2.2.3. Options for
mechanical disruption include high-pressure water flushing and mechanical gravel displacement.
Mechanical disruption for brown trout primarily would occur during spawning between November 1 and
February 28 outside of the peak demand period for recreational fishing. This time period could be
adjusted adaptively based on monitoring data or new research.
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Mechanical removal (Action M2) is the Tier 3 action for long-term control of brown trout in the
Glen Canyon reach as described in Section 2.2.2.3. This action would be designed to maximize take of
brown trout and minimize incidental take of rainbow trout, and would be triggered using the criteria in
Table 2-1. This action would be considered as a “last resort,” and conducted only if brown trout are
threatening downstream humpback chub, either because they are already part of what is triggering
mechanical removal downstream, or are projected (using modeling presented in Runge et al. 2018;
Yackulic 2018a and 2018b, or subsequent models based on new information) to reach a population size in
the Glen Canyon reach that would result in an immigration rate from the Glen Canyon reach that would
not be controllable using mechanical removal at the Little Colorado River confluence. Mechanical
removal may never be needed in the Glen Canyon reach if actions in lower tiers effectively control brown
trout. The specifics of implementation would be similar to what was analyzed in Runge et al. (2018), as
described in the next paragraph. Should conditions approach the brown trout mechanical removal trigger,
NPS would consult with AGFD and seek consensus prior to initiating mechanical removal.

In the Glen Canyon reach, electrofishing for mechanical removal of brown trout could be applied
throughout the reach when the specific triggers are met, or in specific locations known as, or suspected of
being spawning locations for brown trout or other target species. Reach-wide electrofishing for brown
trout would be implemented similarly to the rainbow trout fishery monitoring work conducted by AGFD
(Rogowski et al. 2015a, 2017). Up to eight complete electrofishing passes of the Glen Canyon reach
would be conducted primarily between November 1 and February 28. Each pass could take up to 5 days
to complete. The number, and location, of electrofishing passes may be modified through adaptive
management. During each pass, two electrofishing boats would be used to fish both shorelines. Additional
boat and crew support may be needed to process fish. Rainbow trout would be released back into the
river, although some handling will be required to identify fish and examine for tags to supplement other
scientific studies. All, or most, brown trout would be removed, euthanized, examined for tags and other
information, and kept in coolers for beneficial use. Some tagged brown trout may be released if needed to
inform movement or abundance studies. Brown trout will not be moved live and transported to other
waters due to the presence of whirling disease in Lees Ferry. Live transportation carries the risk of
spreading whirling disease, which is harmful to other salmonids, including rainbow trout. Other non-
native fish (excluding rainbow trout in the Glen Canyon reach, which would be released to the river, and
green sunfish, which may be relocated to Lake Powell) would be removed opportunistically and kept for
beneficial use.

The introduction of YY-male brown trout (Action B1) is an experimental action (outside of tiers)
that may be considered in the Glen Canyon reach, as described in Section 2.2.2.4. The goal of this action
is to reduce or eliminate the population of brown trout in this area over a period of 10-20 years. This
action has not been field-tested on brown trout, and brood stock does not currently exist. Brown trout
characteristics, including their predation rates, longevity, and migration rate need to be considered further
prior to implementation because these factors may influence the effectiveness of the action. Brown trout
YY-male brood stock may be available in the next 5-8 years (Schill 2018). Prior to implementation, NPS
would review new modeling and field studies to determine if additional compliance was needed, and
would consult with AGFD, GCMRC, FWS, Reclamation, Tribes, and relevant stakeholders, through the
AMWG and TWG, to seek consensus. NPS retains decision-making authority as the action agency.

NPS proposes a trigger level of > 500 adult brown trout (>350 mm) to begin stocking of Y'Y-male
brown trout in the Glen Canyon reach, and an initial annual stocking rate of 5,000 adult Y'Y-male brown
trout or 10,000 juveniles, which would, based on assumed juvenile survival rates, result in 5,000 adults
after several years. Stocking at this rate would continue for 10 years concurrently with continued
incentivized harvest. These proposed trigger levels and stocking rates were set to limit the potential for
outmigration and impacts on humpback chub, taking into account a range of concurrent removal rates and
mortality rates for the stocked fish. Based on additional modeling or data, the annual stocking level could
be adjusted adaptively by + 4,000 adults (or equivalent number of juveniles). To evaluate effectiveness,
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wild age-0 brown trout would be tested for the presence of DNA from the stocked Y'Y males. See
Appendix C, Section C.3 for additional information on stocking Y'Y-male brown trout in the Glen Canyon
reach.

2.2.3.2 Control of Harmful Non-Native Aquatic Species in RM -12 Sloughs in the Glen
Canyon Reach

In the past several years, green sunfish, a warmwater species, has reproduced in the sloughs at
RM -12 in the Glen Canyon reach. They are prolific and compete with and prey on native fish and
amphibians (Fuller et al. 2018a). Reclamation assisted NPS with a technical evaluation of options to
address the sloughs at RM -12 (Greimann and Sixta 2018). Two options from that report (Options 4
and 6.2) were incorporated into the Proposed Action (Actions P1 and P4, respectively). Actions to control
non-native aquatic species in RM -12 sloughs under the Proposed Action are presented in Table 2-1.

Dewatering the Upper Slough periodically using high-volume portable pumps (Action P1) is one
of the primary Tier 1 actions in the RM -12 sloughs as described in Section 2.2.2.2. The Upper Slough is
a perched spring-fed pond above the elevation of the Lower Slough with refill rates of 3 to 8 gal/min).
Prior to and during pumping, all non-target fish would be removed either with mechanical harvest or dip
netting, and an attempt to collect and remove a majority of the target species would be made. Filters on
pumps would collect any remaining target fish during the pumping. This method has advantages over
other options because it is cost-effective, retains the spring-fed slough and related wetlands, and should be
very effective for removing all targeted non-natives. To address Tribal concerns regarding the taking of
life, NPS would attempt non-lethal removal and relocation of netted fish (only green sunfish transport and
release to Lake Powell is currently being considered; see Section 2.2.2.3). If relocation were not possible,
NPS would, to the extent possible, provide for beneficial use of removed fish (Section 2.2.2.3). Estimated
refill times could be up to 2 weeks, which ensures that any eggs from spawning are dried out before the
slough refills. It would also be possible to refill the slough more quickly by pumping water back into the
slough from the river or Lower Slough should a concern or need arise to limit the impacts to the drained
Upper Slough.

Other Tier 1 actions that may be used in the RM-12 sloughs include placement of selective weirs
(Action P2) and non-selective barriers (Action P3) as well as mechanical removal with beneficial use or
possibly live relocation (Action M2). Under Action P2 and P3, a weir or barrier screen, respectively,
would be placed between the Upper and Lower Sloughs and a barrier or net may be placed within the
Lower Slough. These would be used to prevent migration or dispersal of targeted non-native fish from the
Upper Slough.

Tier 2 actions in the RM-12 sloughs include mechanical disruption of early life stage habitats at
specific spawning sites (Action M1) and species selective electrofishing and trapping, with beneficial use,
for long-term control as described in Section 2.2.2.3. These actions are most likely to be employed at the
4.5-ac Lower Slough, which is connected to the river at its downstream end and which experiences daily
water level fluctuations of 2 to 4 ft. It also receives a small inflow of 3 to 5 gal/min (or more during
monsoonal rains) of very warm water (>80°F) from the Upper Slough. Native fish (primarily
flannelmouth suckers, Catostomus latipinnis) and rainbow trout also use these sloughs, which are unique
backwater habitats in GCNRA, and control actions must be carefully applied to minimize impacts on
these non-target species. Currently the threat of walleye (Sander vitreus) and smallmouth bass
(Micropterus dolomieu) finding suitable spawning habitat in this backwater area with a wide range of
flows, substrates, and temperatures is an important concern. Mechanical removal would include beneficial
use as described in Section 2.2.2.3.

Tier 3 actions in the RM-12 sloughs include overwhelming ecosystem cycling capabilities of the
Upper Slough and possibly the much larger Lower Slough (Action C1) and rapid response application of
registered piscicides for new invasive non-native fish that reproduce in either slough (Action C2) as

29



Expanded Non-Native Aquatic Species Management Plan EA September 2018

described in Section 2.2.2.5 (Table 2-1). Action C2 would apply to any new harmful non-native aquatic
species that is rated medium to very high risk, but would not apply to green sunfish in the Upper Slough,
as they are no longer new in this area.

Tier 4 actions in the RM-12 sloughs include dredging to re-connect the Upper Slough to Lower
Slough (Action P4), sonic concussion treatment (Action M3), and application of experimental or
registered piscicides for long-term control of high and very high-risk species (Actions C1 and C3) as
described in Sections 2.2.2.2, 2.2.2.3, and 2.2.2.5, respectively. Long-term chemical control would be
considered one of the last resorts and would be applied in the Lower Slough only for control of high and
very high-risk species if lower tier approaches failed. NPS would not implement Actions C1 or C3 in the
same location for more than five consecutive years. If this action is not effective as a long-term solution
when implemented over a 5-year period, NPS would pursue additional planning and compliance for any
subsequent actions not included within this EA.

2.2.3.3 Control of Other Harmful Non-Native Aquatic Species in the Glen Canyon Reach

Actions that would be applied to non-native aquatic species other than brown trout that occur in
the Glen Canyon reach outside of the RM -12 sloughs include most of the actions that could be applied to
those sloughs (Table 2-1; Section 2.2.3.2). Due to the large size of the Colorado River, the daily and
monthly fluctuations in that volume, and the management goal to maintain this reach as a rainbow trout
fishery, some of the tools would have limited application in the main channel, but would be valuable in
scattered small backwater and off-channel areas or concentration areas.

The use of incentivized harvest (Action H1; Tier 1) would be considered for non-native sport fish
that begin to establish populations in the Glen Canyon reach as a result of reproduction in or migration to
the reach. As for brown trout, incentivized harvest may be an important method for controlling population
increases of walleye, smallmouth bass, or other large sport fish that would be of particular concern for the
management of the rainbow trout fishery or downriver humpback chub populations.

The introduction of YY-male green sunfish or other medium to very high-risk species is included
as an experimental action (Action B1) in GCNRA. Brood stock does not currently exist for green sunfish,
walleye, smallmouth bass, or other species. Green sunfish have shorter life spans and may be particularly
well-suited to control using this method if brood stock becomes available. NPS would consider this
option if and when brood stock becomes available, and would follow the stocking approach and decision
process described in Sections 2.2.2.4 and 2.2.3.1, respectively.

2.2.3.4 Control of Harmful Non-Native Aquatic Species in Grand Canyon National Park

Many of the actions described in Sections 2.2.3.1, 2.2.3.2, and 2.2.3.3 could also be used to
control non-native aquatic species in GCNP. Mechanical removal actions at and in the vicinity of the
confluence of the Colorado River and the Little Colorado River are allowed under the LTEMP ROD
(DOI 2016b). In addition, as noted in Section 2.2.3.1, the CFMP allows for actions to address new source
areas of brown trout within Marble and Grand Canyon.

Two actions that are unique to GCNP are:

e Small scale temperature changes using propane heaters to adversely affect coldwater non-native
fish (Action P5) described in Section 2.2.2.2); and

o Application of piscicides for fishery renovation of tributary streams with natural barriers
(Action C4), such as Shinumo Creek, or above “Split Rock Falls” in Bright Angel Creek. This
action would be applied proactively for complete restoration of the native fish community
(e.g., Shinumo Creek), which would be followed by reintroduction of native and/or endangered
species. Any piscicide treatment would be preceded by mechanical salvage efforts using nets
and/or electrofishing to remove as many fish as possible for beneficial use (non-native fish), and
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for native fish, for release following neutralization of the piscicide. Piscicide use would be limited
to situations where mechanical methods have been tried and have failed to eradicate non-native
fish, or when literature or professional judgement indicates that those methods would fail.

The introduction of Y'Y male brown trout may be included in tributaries in Grand Canyon as an
experimental action (Action B1). A description of the Y'Y male stocking approach is provided in
Section 2.2.2.4.

3 AFFECTED ENVIRONMENT AND ENVIRONMENTAL CONSEQUENCES

3.1 PROJECT AREA

The project area for this EA is identical to the one identified in the CFMP and includes all waters
from the Glen Canyon Dam to Lake Mead, including the Colorado River and its tributaries (primarily
Little Colorado River, Bright Angel, Shinumo and Havasu creeks) in GCNP, and the Glen Canyon reach
of the Colorado and the Paria River in GCNRA (Figure 1-1).

A detailed description of resources in the project area is presented in the affected environment
sections of the CFMP EA (NPS 2013a) and the LTEMP EIS (DOI 2016a), which are hereby incorporated
by reference. As described in the LTEMP EIS (DOI 2016a), virtually all of the resources in the project
area are associated with or dependent upon water and sediment. Glen Canyon Dam upstream of the
project area collects and stores water for beneficial purposes, and, in the process, traps sediment and
associated nutrients that previously traveled down the Colorado River. Regulated releases from Glen
Canyon Dam and Lake Powell have resulted in an altered aquatic and terrestrial ecosystem compared to
that which existed before Glen Canyon Dam. The LTEMP represents the most recent effort to identify
operations at Glen Canyon Dam that would benefit downstream resources while providing for
hydropower generation.

Summary descriptions of the affected environment and the environmental consequences of the
No-Action Alternative and the Proposed Action are provided in resource-specific sections of this chapter.

3.2 WATER QUALITY

3.2.1 Water Quality—Affected Environment

Glen Canyon Dam and releases from Lake Powell affect water quality of the Colorado River in
the project area. Water temperature in the Colorado River fluctuates annually reflecting seasonal
variations in the temperature of Lake Powell at the penstock depth of Glen Canyon Dam (DOI 2016a).
From 1973 to 2002, Glen Canyon Dam tailwater temperatures ranged from about 7 to 12°C (45 to 54°F)
as measured at Lees Ferry (DOI 2016a). During the ongoing drought in the 2000s, Lake Powell levels
generally declined and release temperatures began to warm, ranging from 8°C to 16°C (46°F to 61°F).
Water temperatures increase slowly downstream from the dam, at a rate of about 1°C (1.8°F) for every
30 mi.; mean annual downstream river temperatures range from 9 to 18°C (48 to 64°F). Tributaries,
backwaters, and off-channel areas tend to have higher temperatures than the Colorado River mainstem.
Tributaries, especially the Paria River and Little Colorado River, carry large amounts of fine sediments
and organic matter to the mainstem during flood events. The Little Colorado River contributes more
salinity to the Colorado River than do other tributaries in the project area (DOI 2016a).

Turbidity of the Colorado River has been reduced by the presence of Glen Canyon Dam because
it reduces the supply of river-borne sediment (DOI 2016a). Suspended sediment concentrations at Lees
Ferry range from about 1 to 150 mg/L, compared to a pre-dam range from 1,450 to 6,140 mg/L.
Suspended sediment concentration increases further downstream of the dam, and depends primarily on
tributary runoff into the Colorado River.
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Releases from Glen Canyon Dam and downstream Colorado River waters are relatively low in
nutrients (DOI 2016a). Tributaries below the dam have somewhat higher nutrient contents than the
mainstem, but contribute little to overall mainstem nutrient concentrations (DOI 2016a), at least during
base-flow conditions. Dissolved oxygen (DO) concentrations at Lees Ferry typically range from a low of
6 mg/L in the fall (October—-November) to a high between 9 and 11 mg/L in the spring (April-May), and
increase further downstream because of aeration (Hall et al. 2012).

3.2.2 Water Quality—Environmental Consequences

3.2.2.1 Impacts of the No-Action Alternative on Water Quality

Under the No-Action Alternative, the proposed program of control actions would not occur, nor
would associated water quality impacts; water quality would be unchanged from that described above in
Section 3.2.1. The cumulative impacts of past, present, and reasonably foreseeable future actions on water
quality have been significant and adverse (DOI 2016a; Appendix B, Table B-1). Past and present actions
have reduced flow and resulted in alterations of water temperature and increases in salinity in the
Colorado River. Climate change is expected to have the most significant effect on future changes in water
temperature and quality. The No-Action Alternative would not contribute to cumulative impacts on water
quality from past, present, and reasonably foreseeable future actions in the project area.

3.2.2.2 Impacts of the Proposed Action on Water Quality

Proposed control actions could affect water quality in several ways. Actions that involve sediment
disturbance (mechanical disruption of spawning areas, Action M1; mechanical harvesting of plants and
algae, Action M4), dredging (dredging to reconnect the Upper and Lower Sloughs, Action P4), or
excavating (placement of weirs or barriers, Actions P2 and P3) would produce localized turbidity plumes
in the immediate area and downstream of the actions. Such plumes would be episodic, localized, and
occur during the action itself and potentially continuing for a few days afterward, and would not increase
overall turbidity conditions in receiving waters, some of which are normally quite turbid especially in
downstream areas and during HFES.

Warming the water to >29°C (84°F) for coldwater species control in tributaries (Action P5) would
produce temperature increases in treated areas (up to a 1,500-ft-long stream segment), but the effect is
likely to be limited to that segment and decrease in a downstream direction due to dilution. No effect in
areas upstream of treatment areas would be expected, and any residual warmer water entering the main
channel Colorado River would be quickly dispersed.

Application of chemical controls, including use of piscicides (Actions C2 and C3), herbicides
(Action C5), other chemical treatments (Action C1), and mollusk repellants on boats and other surfaces
(Action C6) has the potential to affect water quality outside of application areas if these chemicals are
transported through flow or diffusion out of the target treatment area. Piscicides, such as antimycin and
rotenone, would be applied in strict adherence to applicable regulations and guidelines, including: NPS
approval processes, AGFD’s Piscicide Treatment Planning and Procedures Manual (AGFD 2012), and
FWS’s Rotenone SOP Manual (Finlayson et al. 2018), which would limit or eliminate the potential for
effects outside of the target treatment area, and any incidental lethal or sublethal effects on non-target
aquatic species and habitats. In addition, use of piscicides would require an approved Arizona Pollutant
Discharge Elimination Discharge System permit under the Clean Water Act as administered by the state
of Arizona. Following these regulations and guidelines would minimize downstream effects of piscicide
applications by assuring that appropriate treatment quantities are used and treatments are confined to
target areas. In streams and rivers, AGFD requires the oxidation of rotenone in outflows with potassium
permanganate (KMnQO,) (AGFD 2012).

Rotenone in liquid formulations contains 90-95% of “inert” ingredients. For example, the
commercial formulation Legumine™ contains 5% rotenone, 5% other associated resins, and 90% inert
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ingredients. Inert ingredients typically include N-methylpyrrolidone, acetone, naphthalene, and ethyl-,
dimethyl-, and trimethyl benzenes (aromatic petroleum solvent) or other chemicals, which act as
surfactants and cosolvents to aid dissolution in water and uptake of rotenone by fish. SERA (2008)
reviewed the potential toxicity of inerts in rotenone formulations and found that studies, including those
from the EPA, indicated that none of the inerts in rotenone formulations posed significant risks compared
to that of rotenone itself.

Rotenone has a hydrolysis half-life in pH 7 water of 3.2 days (SERA 2008). Sunlight photolysis
further hastens degradation. A typical application of a commercial formulation of 5% rotenone involves
from a few to over 30 gal total, for example, in two treatments of a small 0.4 ac slough containing
0.67 ac-ft of water to achieve a rotenone concentration of 1-4 ppm (Trammell et al.2015). Permanganate
added to neutralize rotenone can be toxic to fish and must be carefully controlled during application
(Trammell et al. 2015). Crews would monitor rotenone deactivation effectiveness, for example using
sentinel fish in live-cages placed downstream, while balancing permanganate application to the minimum
required and monitoring permanganate residues to minimize collateral toxicity (Finlayson et al. 2018).
Manganese, toxic to humans at high concentrations, when added to background concentrations from such
treatments, would produce levels below human health concern (SERA 2008, Trammell et al.2015).

Aguatic and terrestrial application of herbicides would likewise be subject to strict guidelines and
controls to protect aquatic species and water quality, including NPS approval processes in strict adherence
with applicable regulations and guidelines. Herbicide formulations include inerts, surfactants, and
adjuvants, which would be released to water bodies in aquatic applications. Neither the active herbicide
nor these additives would have adverse effects on non-target organisms or water quality when used as
directed by the manufacturer, and with strict adherence to applicable regulations and guidelines.

Mollusk repellents for use on boats and equipment used in the river contain capsaicin, an irritant
and the hot spice found in chili peppers, incorporated in a wax base, which minimizes its release into
water and the potential for impacts on non-target organisms. EPA notes in its pesticide reregistration
summary for capsaicin that the agency relies on restrictive product label statements to minimize
exposures and reduce any risks to aquatic species (EPA 1992). In addition, only non-toxic anti-fouling
paints that do not contain copper and are approved for use in Arizona would be used for mollusk control.
All use of repellent and anti-fouling paint would be subject to NPS approval processes in strict adherence
to applicable regulations and guidelines.

Chemical treatments to overwhelm natural cycling processes in small backwaters and off-channel
areas for control of non-native aquatic species, by their nature, would temporarily affect the water quality
of the treated waters. Such treatments would purposely change water quality parameter values outside of
their natural range to create conditions unsuitable to targeted aquatic life. Treatments could include
altering pH using ammonia or carbon dioxide, or super-saturation of water with oxygen. Such treatments
would require confined water bodies to reach desired conditions, and thus would have limited potential
for effects outside of the target area. Any treated water moving downstream would quickly dilute to
within natural levels and thus would have very short range and temporary effects likely resulting in the
avoidance of the area by mobile species, and no or very low incidental mortality in non-target species.
Reversing treatments and natural attenuation would quickly return affected areaas to natural conditions.

The cumulative impacts of past, present, and reasonably foreseeable future actions on water
guality have been significant and adverse (DOI 2016a; Appendix B, Table B-1). Past and present actions
have reduced flow and resulted in alterations of water temperature and increases in salinity in the
Colorado River. Climate change is expected to have the most significant effect on future changes in water
temperature and quality. The Proposed Action would result in incremental changes to water quality
(mostly turbidity and some contaminants) that would be limited to the areas where control actions would
occur. Interaction and accumulation of adverse impacts on water quality from multiple control actions
would be limited because (1) most individual actions and their effects would persist for less than a week,
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(2) most actions would occur in small (< 5 ac) habitats that are isolated from the main channel and each
other, and (3) tiered implementation of actions would reduce the potential for different actions to occur
simultaneously at specific locations. No change in baseline water quality conditions are expected.

3.3 AQUATIC RESOURCES

3.3.1 Aquatic Resources—Affected Environment

This section describes key aquatic habitats and biological resources in the project area that could
be affected by control measures being considered under the Proposed Action. More detailed descriptions
of the aquatic ecosystems within Glen Canyon, Marble Canyon and Grand Canyon, including habitat
types, the aquatic food base, native fishes (including endangered and other special status species), and
non-native fishes, are provided in Appendix E and also in the LTEMP EIS (DOI 2016a).

3.3.1.1 Agquatic Habitats

The control options included in the Proposed Action identify specific types of aquatic habitats for
which they would be applicable. Differences in the physical (e.g., depth, substrate composition, water
velocity, turbidity, and temperature) and chemical (e.g., dissolved oxygen and nutrient levels) and
biological characteristics of various habitats can affect the ability to implement specific control measures,
the types and life stages of aquatic species that are present, and the potential impacts from implementing
control options. The categories of habitat types associated with the various control options include main
channel, backwaters and sloughs, off-channel ponds, and tributaries. These habitat types are distributed
throughout the project area and are primarily affected by daily, seasonal, and annual flow regimes that
mobilize and deposit sediments that form and maintain the structure of these habitats and that affect water
conditions (e.g., temperature, turbidity). Even though specific locations, spatial extent and conditions of
these aquatic habitat features may vary from year to year in response to flow regimes the long-term
availability of these features is likely to be maintained. For example, even though there was large
temporal variability in the area and numbers of backwaters within Marble and Grand Canyons over the
period from 1935 to 2000, there was no evidence for a progressive increase or decrease in the availability
of backwater habitats (Goeking et al. 2003).

Main channel habitats include mid-channel habitats such as pools, runs, riffles, and rapids, as well
as the shallow, lower velocity channel margins located along the edges of the main channel. Backwaters
and sloughs are low-velocity habitats associated with sandbars or shoreline features that have limited
connection to main channel areas. Off-channel ponds are small, bodies of water that within the floodplain,
but not directly connected to the mainstem Colorado River; they are maintained by input from springs or
seeps or by periodic inputs from the mainstem during high flows. Tributaries are smaller streams or rivers
that flow into the Colorado River within the project area. Larger tributaries (e.g., the Little Colorado
River and Paria River) can contribute significantly to flows during some periods of the year and can have
notable effects on water condition in portions of the Colorado River downstream from Glen Canyon Dam
(Section 3.2.1). Smaller tributaries within the project area (e.g., Bright Angel Creek, Shinumo Creek,
Deer Creek, Tapeats Creek, Kanab Creek, and Havasu Creek) generally have little influence on water
conditions in the main channel (Section 3.2.1), but do offer a range of habitat conditions that may attract
or benefit non-native aquatic species. Maintaining a diversity of habitat types is important for maintaining
the biodiversity of aquatic species within the Colorado River ecosystem.

3.3.1.2 Aquatic Food Base

Aguatic invertebrates, algae, rooted plants, and organic matter serve as the aquatic food base for
fishes in the Colorado River ecosystem (Gloss et al. 2005). Although most of this food base is produced
within the aquatic system, terrestrial inputs of organic matter (e.g., leaf litter) and terrestrial invertebrates
also contribute. The composition and abundance of the aquatic food base in the mainstem are primarily
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driven by effects of the presence and operation of Glen Canyon Dam on flow patterns, temperature
regimes, sediment transport and deposition, turbidity, and nutrient concentrations (DOI 2016a;

Hall et al. 2015; Sabo et al. 2018). The diversity of aquatic macroinvertebrates in the Glen Canyon reach
is low and dominated by non-native species (Kennedy et al. 2013). Compared to other western rivers, the
structure of the food web in Glen Canyon is simple and energy transfer from the base (e.g., algae and
diatoms) to the top of the web (e.g., rainbow trout) is relatively inefficient (Kennedy et al. 2013). In
Grand Canyon, the food web is more complex than in Glen Canyon (Kennedy et al. 2013). Additional
details regarding controlling factors, distribution, and abundance of the aquatic food base within the
project area are provided in Appendix E and the LTEMP EIS (DOI 2016a).

Non-native algae and aquatic plants known to occur or with a potential to be present in the project
area are identified in Appendix F, Table F-1. Didymo, an invasive alga, and curly-leaf pondweed
(Potamogeton crispus), an invasive aquatic plant, which are native to the United States, but not to the
Colorado River, have been observed in the project area. These species are believed to pose a medium
level of threat to the aquatic ecosystem in the project area because they can compete with native aquatic
plants, cause fish die-offs, clog waterways, and inhibit recreational activities (Appendix F). Invasive non-
native aquatic invertebrate species that are known to occur within the project area include the northern
crayfish (Orconectes virilis) (Trammell 2015), the New Zealand mudsnail (Benson et al. 2018a), and the
guagga mussel (Benson et al. 2018b). These species are believed to pose low to medium levels of threat,
due to their potential to alter ecosystem conditions, compete with native aquatic species, or affect
operation of infrastructure and recreational opportunities (Appendix F).

3.3.1.3 Native Fish and Special Status Fish Species

There are currently 8 species of native fish that occur, may occur, or historically have occurred
within the project area (Table 3-1). Five of these species, the humpback chub, razorback sucker, bluehead
sucker (Catostomus discobolus), flannelmouth sucker, and speckled dace (Rhinichthys osculus), are
currently present within the mainstem and its tributaries in the project area. The remaining three species,
bonytail chub (G. elegans), roundtail chub (G. robusta), and Colorado pikeminnow (Ptychocheilus
lucius), have been extirpated from the mainstem between Glen Canyon Dam and Hoover Dam.

Four of the native fish species within the project area have special federal and/or state status
designations. Two species of native fish that are listed under the ESA, the humpback chub and the
razorback sucker, occur in the project area (Table 3-1). These two species are also designated as Arizona
Species of Greatest Conservation Need (AZ-SGCN), along with the bluehead sucker (Table 3-1).

Introductions of non-native fish species also have affected native fish in the Colorado River and
its tributaries. Brown trout in the Glen Canyon reach have increased from 2014—-2016 raising concerns
regarding potential impacts on native fish, especially humpback chub near the Little Colorado River
(Runge et al. 2018). Details regarding the status, biology, and threats to the native fish community in the
project area are provided in Appendix E and the LTEMP EIS (DOI 2016a).

3.3.1.4 Non-Native Fish

NPS policy is to restore ecosystems and manage for native species with complete suppression or
eradication of non-native species where possible. Non-native species have been introduced into the Glen
Canyon, Marble Canyon, and Grand Canyon and tributaries, and 22 species occur in the project area.
Threats posed by these species based on their potential for competition and predation with native species
have been evaluated and ranked from low to very high (Appendix F, Table F-1). Higher risk species
require more intensive management to support native species conservation. Of the fish species currently
known to occur within the project area, seven species (brown trout, green sunfish, smallmouth bass,
largemouth bass [Micropterus salmoides], northern pike, striped bass, and walleye) are believed to pose a
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TABLE 3-1 Native Fish of the Colorado River through Glen, Marble, and Grand Canyons

Species Listing Status? Presence in Vicinity of Project Area®
Humpback chub (Gila cypha) ESA-E, CH; Lake Powell, Paria River confluence to
AZ-SGCN Separation Canyon, Little Colorado River,
Havasu Creek, Bright Angel Creek
Bonytail chub (Gila elegans) ESA-E; Lake Powell; extirpated from the Grand
AZ-SGCN Canyon
Razorback sucker (Xyrauchen texanus) ESA-E, CH; Lake Powell; Lake Mead upstream to Lava
AZ-SGCN Falls
Colorado pikeminnow (Ptychocheilus ESA-E; Lake Powell; extirpated from the Grand
lucius) AZ-SGCN Canyon.
Roundtail chub (Gila robusta) NL May have occurred historically; extirpated
from the Grand Canyon
Bluehead sucker AZ-SGCN Paria River to Lake Mead, including tributaries
(Catostomus discobolus)
Flannelmouth sucker NL Lake Powell to Lake Mead
(Catostomus latipinnis)
Speckled dace (Rhinichthys osculus) NL Glen Canyon Dam to Lake Mead, including
tributaries

& ESA = Endangered Species Act; E = listed as endangered; CH = federally designated critical habitat in
project area; AZ-SGCN = Arizona Species of Greatest Conservation Need; NL = not listed.

b Habitat and life history information is presented in species-specific discussions in this section.

Sources: 56 FR 54957; AGFD (2001a,b; 2002a,b; 2003); Andersen (2009); Bezzerides and Bestgen (2002);
Coggins and Walters (2009); Francis et al. (2017); Makinster et al. (2010); Ptacek et al. (2005); Rees et al.
(2005); Rinne and Magana (2002); FWS (2002); Ward and Persons (2006); Woodbury (1959); Gloss and
Coggins (2005); GCMRC (2014); Albrecht et al. (2014); Kegerries et al. (2017).

medium-high to very high level of threat and seven species (black bullhead [Ameiurus melas], black
crappie [Pomoxis nigromaculatus], bluegill [Lepomis macrochirus], common carp [Cyprinus carpio],
channel catfish [Ictalurus punctatus], yellow bullhead [Ameiurus natalis], and red shiner [Cyprinella
lutrensis]) pose a medium-low to medium level of threat to native aquatic species. Rainbow trout pose a
low level of threat in the Glen Canyon reach, where they are managed to support a recreational trout
fishery, but are considered to pose a high-level of threat in Grand Canyon National Park where the
emphasis is on native fish conservation (Table F-1).

Brown and rainbow trout make up the salmonid coldwater non-native fish community of the
Colorado River in the project area. The rainbow trout is very common in the reach of the mainstem
Colorado from Glen Canyon Dam to the Paria River, and this population serves as the principal basis for
the recreational trout fishery (Makinster et al. 2010; Reclamation 2011). Rainbow trout are relatively
abundant in Marble Canyon between the Paria River and the confluence of the Colorado River
(Makinster et al. 2010; Reclamation 2011). Downstream of the Little Colorado River confluence, fewer
are found, and these are associated with tributaries, including Bright Angel Creek, Shinumo Creek, Deer
Creek, Tapeats Creek, Kanab Creek, and Havasu Creek (Reclamation 2011). One of the challenges of
fishery management in the Colorado River downstream of Glen Canyon Dam is to effectively manage the
rainbow trout population in the Glen Canyon reach to maintain the highly valued recreational rainbow
trout fishery while controlling potential impacts on native fish, especially humpback chub, in reaches
further downstream.
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Until recently, brown trout in the project area were found primarily in and near Bright Angel
Creek, which supports a spawning population (Reclamation 2011); recent control efforts have reduced
their abundance (Healy et al. 2018). However, there have been notable increases in brown trout
recruitment in the Glen Canyon reach since 2014 (Runge et al. 2018). Brown trout were observed to be
spawning near the RM -4 gravel bar in the Glen Canyon reach during the fall of 2014 and 2015 and there
has been a subsequent increase in age-1 brown trout in that reach (Runge et al. 2018). It is unclear if flow
operations, including recent fall HFEs, and/or upstream migration of adult brown trout (i.e., individuals
>350 mm total length) are driving the increase in brown trout in recent years (Runge et al. 2018).

The principal concern related to the presence of rainbow trout and brown trout is the potential for
them to move downstream from the Glen Canyon reach to areas where they can affect native fish,
especially the population of humpback chub in the vicinity of the Little Colorado River, through predation
and competition. Even though the abundance of brown trout in Glen Canyon and near the Little Colorado
River confluence is small relative to rainbow trout, observations and laboratory studies suggest that an
individual brown trout could consume up to 17 times more native fish than an individual rainbow trout
(ard et al. 2011; Ward and Morten-Starner 2015). In addition, adult brown trout may move more than
adult rainbow trout (Runge et al. 2018), and juvenile brown trout could also emigrate downstream
towards the Little Colorado River at different, potentially higher, rates than juvenile rainbow trout. For
this reason, the Proposed Action includes control actions to specifically address threats from brown trout.

Surveys of the project area indicate the presence of 17 non-native warmwater fish species in the
project area (Trammell and Valdez 2003; Ackerman et al. 2006; Makinster et al. 2010;
Coggins et al. 2011; Albrecht et al. 2014). Of those species, the common carp, fathead minnow
(Pimephales promelas), and red shiner are generally the most common warmwater species in the
mainstem and tributaries (Rogers and Makinster 2006; Ward and Rogers 2006; Ackerman et al. 2006;
Makinster et al. 2010; Coggins et al. 2011). Some warmwater non-native species, such as fathead
minnow, red shiner, plains killifish, and bullhead, are primarily found in tributaries (especially in the
Little Colorado River), backwaters, and off-channel ponds, but may also occur in the mainstem below the
Little Colorado River confluence (Johnstone and Lauretta 2007).

Warmwater non-native species have been collected in low numbers and only sporadically in the
Glen Canyon reach; species collected include the common carp, channel catfish, and fathead minnow
(Johnstone and Lauretta 2007; Ackerman 2008). Other species collected from this reach include green
sunfish, smallmouth bass, striped bass, redside shiner (Richardsonius balteatus), golden shiner
(Notemigonus crysoleucas), and walleye (FWS 2008). During July 2015, a reproducing population of
green sunfish was discovered in a slough at RM -12, approximately 3 mi downstream of Glen Canyon
Dam. Green sunfish are known to be prolific and are predators of small native fish and native fish eggs
and larvae (Ward 2015). The AGFD, NPS, USGS, FWS, and Reclamation have determined that green
sunfish pose a threat to native fish, including the humpback chub, and the Proposed Action includes
control actions to specifically address threats from this species and other non-native aquatic species in the
RM -12 sloughs.

Additional details regarding the non-native fish community in the project area are provided in
Appendix E and the LTEMP EIS (DOI 2016a).
3.3.2 Aquatic Resources—Environmental Consequences

3.3.2.1 Impacts of the No-Action Alternative on Aquatic Resources

Under the No-Action Alternative, the NPS would not add any additional tools to those currently
available under existing decisions related to fishery management in GCNRA and GCNP. Under the No-
Action Alternative, it is anticipated that there will be increases in the abundance and distribution of some
non-native aquatic species that are already present within the project area, as well as establishment of new
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non-native aquatic species. Without the ability to readily implement additional control options when
needed, it is expected that some of these non-native species may increase to levels that could adversely
affect the Glen, Marble, and Grand Canyon ecosystems by competing with and preying upon native
aquatic species.

A number of non-native fish species already pose a medium-high to very high level of threat to
the aquatic ecosystem within the project area, including brown trout, rainbow trout (in GCNP), green
sunfish, smallmouth bass, and walleye (Appendix F, Table F-1). Actions that can be implemented under
the LTEMP are expected to provide protections for native fish in downstream areas from rainbow trout,
while maintaining the established rainbow trout recreational fishery in the Glen Canyon reach.

Population estimates based on catch-per-unit effort and mark-recapture data indicated that
approximately 6,000 brown trout over 350 mm in length were present in the Glen Canyon reach in 2017
(Runge et al. 2018). Modeling conducted by Runge et al. (2018) suggests that, under the No-Action
Alternative (status quo), there would be a 64% likelihood that the abundance of brown trout within the
Glen Canyon reach would increase by 3 to 10 times and could reach 80,000 adults (mean of 16,000) over
the next 20 years. Modeling indicated that the minimum adult humpback chub population could decrease
considerably as the abundance of brown trout in the Glen Canyon reach increases. Modeling showed
impacts on the humpback chub population at the Little Colorado River when there were as few as 5,000
adult brown trout, and that impacts would increase as the brown trout population increases. Modeling also
indicated a sustained population of more than 25,000 adult brown trout (i.e., brown trout >350 mm total
length) in the Glen Canyon reach has the potential to eliminate humpback chub from the mainstem at the
confluence with the Little Colorado River (Runge et al. 2018). Although there is a considerable amount of
uncertainty in the modeling assumptions and correspondingly high variability in the results, it was
estimated that the median minimum adult humpback chub abundance would be reduced to approximately
4,000 fish over the next 20 years if current management actions continue (Runge et al. 2018). The most
recent comprehensive population estimate for humpback chub indicated that there were approximately
11,000 adult humpback chub in the Little Colorado River population in 2012 (Yackulic et al. 2014;

FWS 2017). Decreases in the modeled value for minimum adult humpback chub population indicate a
potential for reducing the population viability of humpback chub.

Other non-native species such as green sunfish, smallmouth bass, and walleye, pose a threat to
downstream natives, and the endangered humpback chub. Smallmouth bass and walleye, as aggressive
predators, are a threat to both native fish and the rainbow trout fishery (AGFD 2009; Fuller et al. 2018b;
NPS and FWS 2014). The No-Action Alternative provides limited tools for addressing these species and
does not include incentivized harvest or mechanical removal actions in Glen Canyon or chemical control
options in any portions of the project area. Increase and spread in the distribution of these species could
lead to declines in native and endangered fish downstream and negative impacts to the recreational
rainbow trout fishery.

Cumulative Impacts of the No-Action Alternative

Significant, mostly adverse cumulative impacts on aquatic resources in the project area primarily
result from changes in seasonal and annual flow patterns. Past, present, and reasonably foreseeable future
actions and trends have or are expected to produce increased water demand (resulting from population
growth and development); decreased water supply (resulting from drought and increased water
temperature attributed to climate change); and other foreseeable actions (DOI 2016a; see Appendix B,
Table B-1). Decreases in runoff, reservoir volume, and river flow caused by drought and increased
demand would result in lower reservoir elevations and warmer release temperatures, which could benefit
native aquatic species, but also make conditions more favorable for warmwater non-native aquatic species
that prey on or compete with native species. The contributions of the CFMP and LTEMP on cumulative
impacts to aquatic resources are evaluated in NPS (2013a) and DOI (2016a), respectively, and are
summarized in Appendix B (Table B-1). Overall, it is anticipated that there will be unaddressed increases
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in the abundance and distribution of some non-native aquatic species under the No-Action Alternative,
resulting in negative impacts on native aquatic species within the project area.

3.3.2.2 Impacts of the Proposed Action on Aquatic Resources

Under the Proposed Action, fishery management tools adopted under the CFMP FONSI (NPS
2013b) and LTEMP ROD (DOI 2016b) would continue; the impacts of actions in the CFMP and LTEMP
on aquatic resources are evaluated in NPS (2013a) and DOI (2016a), respectively. This section presents
analyses of potential impacts on aquatic resources associated with each of the control actions included in
the Proposed Action and summarizes the overall impacts of the Proposed Action on aquatic resources
based on the impacts on physical habitat and water quality, the potential for reducing targeted non-native
aquatic species, and the potential for benefitting or adversely affecting native aquatic species and rainbow
trout in the Glen Canyon reach. All control measures under the Proposed Action would provide some
level of suppression of non-native aquatic species. Many of the control measures would primarily address
non-native species in habitats outside of the main channel Colorado River, such as tributaries, backwaters,
and off-channel ponds, because it is more cost-effective and has less impact to control organisms in such
habitats than to address organisms that are widely dispersed in a large riverine system. Some of the
control actions, particularly incentivized harvest, mechanical removal (electrofishing) of brown trout in
the Glen Canyon reach, and experimental stocking of Y'Y-male fish to minimize reproductive success,
would undertake larger-scale and potentially longer-term control actions to maximize system-wide
control. The impacts of individual actions and cumulative impacts are described below. A summary
presentation is provided in Appendix A, Table A-1 and Appendix B, Table B-1)

Incentivized Harvest (Action H1; Tier 1)

Incentivized harvest is intended to increase angling activities and removal for targeted species. If
the incentives resulted primarily in existing anglers shifting focus to targeting some species (e.g., a shift
from rainbow trout to brown trout), impacts of angling on aquatic habitats would not change compared to
existing conditions under the No-Action Alternative because the numbers of anglers would not change.
Alternatively, if the incentives increase the overall number of anglers within the targeted reaches, it is
expected that there would be increased foot traffic (including wading) and boat traffic in the Glen Canyon
reach. Although water quality would not be noticeably affected by increasing the number of anglers,
increased traffic could result in an increased level of habitat disturbance, especially on terrestrial habitats
along river margins. The effects of physical impacts to aquatic resources would be expected to be
negligible compared to the no-action condition because changes are likely to be within the range of
conditions observed during annual peak flow and base flow cycles that mobilize and deposit sediments
disturbed by anglers.

It is anticipated that brown trout would be the initial focus of any incentives to increase angler
harvest. Other high-risk species within specific areas, including walleye and smallmouth bass, could also
be targeted. There are currently no harvest limits on brown trout in the project area. However, a large
proportion of the anglers practice catch and release for both rainbow and brown trout. Incentives, such as
those identified as part of this control option would likely encourage some proportion of catch-and-release
anglers to retain brown trout for consumption or other beneficial use. In addition, the number of anglers
targeting brown trout could increase if new anglers decide to participate as a result of incentives. It is
believed that as the incentives increase, angler participation would also increase, although the nature of
the relationship between incentive magnitude and angler participation is not known.

Runge et al (2018) modeled the potential for incentivized harvest to affect brown trout
populations in the Glen Canyon reach by assuming a quarterly mortality rate equivalent to 15% of the
angler catch rate for trout in the Glen Canyon reach. At this level of estimated removal, the median brown
trout abundance over a 20-year period was reduced by about 50% compared to a status quo scenario and
was estimated to be nearly as effective as concentrated mechanical removal.
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The potential for benefits to native aquatic species due to implementation of incentivized harvest
awards and programs would ultimately depend on its effectiveness for suppressing populations of non-
native fishes. There is evidence that reducing the abundance of non-native species from specific habitat
areas can result in improvements in survival and recruitment of native fishes (Healy et al. 2018).

Runge et al. (2018) modeled the potential for incentivized harvest of brown trout in the Glen Canyon
reach to affect humpback chub populations in downstream reaches and concluded that incentivized
harvest of brown trout could slightly increase the median minimum abundance of adult humpback chub
compared to the status quo (i.e., no additional brown trout control, similar to the No-Action Alternative).
Based on modeling, Runge et al. (2018) also concluded that increasing removal of brown trout through
incentivized harvest would have only small effects on the median abundance of rainbow trout compared
to the status quo condition. Overall, using incentivized harvest to remove brown trout would have
negligible effects on the population of rainbow trout or the condition of the rainbow trout fishery in Glen
Canyon.

Dewatering with Pumps (Action P1; Tier 1)

Under this action, a small number of off-channel ponds and backwaters throughout the project
area, each up to 0.5 acre in size, could be affected by dewatering during specific years. After dewatering
most small ponds and backwaters are expected to refill naturally over a period of 10 to 30 days from
seepage through the substrate, input from natural springs, reconnection to the main channel during daily
high flows, or by pumping water from the main channel. Even if this control option was applied to
multiple ponds or backwaters within a given year, the total amount of habitat disturbed within a specific
year would be small (e.g., less than 5 acres if applied at 10 locations) relative to the amount of similar
habitat available in the project area.

Initially, it is expected that this action would be applied to control non-native fishes, primarily
green sunfish, in the RM -12 sloughs in the Glen Canyon reach, but it could also be used to control other
non-native species (including, fishes, amphibians, or invertebrates) in other locations throughout the
project area. The NPS would conduct surveys to evaluate the types, sizes, and abundance of species
present in the targeted habitat and, if practical, would arrange removal and beneficial uses of non-native
species prior to completely dewatering the target area. As long as the pump capacity can outpace refilling
from water infiltration, it is anticipated that this action would be highly effective for eliminating non-
native aquatic species from the targeted habitat for one or more seasons. For many backwaters or ponds, it
is anticipated that water conditions would return to pre-treatment conditions within a few days or weeks
after refilling from springs or subsurface water infiltration. For areas with no spring or subsurface water
input, refilling would be delayed until the next occurrence of mainstem flows that overtop the features
separating the backwater or pond from the main channel, probably within a year or less (depending on the
elevation of separation features) after dewatering; aquatic habitat conditions would not be restored until
refilling occurs resulting in temporary location-specific reductions in the abundance of native aquatic
species. Alternatively, aquatic habitat could be restored quickly after the dewatering treatment has been
completed by refilling with water pumped from the main channel. The dewatering treatment may need to
be repeated in subsequent years if there is reinvasion by non-native species that pose an unacceptable risk
to native aquatic species, potentially resulting in additive effects on the target area over multiple years
depending on recovery times and intervals between treatments,

The Upper Slough at RM -12 has an estimated volume of 120,000 gal when full (Greimann and
Sixta 2018). As an example, it would be possible to remove this volume of water from the slough in about
4 hr using 3 3-in. portable pumps, each with a nominal pumping rate of 300 gal/min and running at 50%
efficiency. Refilling of the Upper Slough by spring inflow (estimated at 3 to 8 gal/min; Hyde 2018)
would require approximately 10 to 30 days. Based on this, it is anticipated that application of the control
action at the RM -12 sloughs would result in a lack of aquatic habitat in the Upper Slough for a period of
a few days to one month.
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Overall, it is anticipated that implementing the control action would benefit native aquatic species
by eliminating or controlling expansion of a non-native species that could threaten populations of native
aquatic species within the project area. However, there is a potential for dewatering to also kill a small
number of individuals of native species, including special-status species such as humpback chub, or
rainbow trout that may be present in treated backwaters or ponds. Mortality would be greatly reduced if
individuals of native species could be removed if detected during pre-treatment surveys and either
relocated to nearby aquatic habitats or returned to the treated location after refilling. Mortality of the
small number of rainbow trout potentially affected by the control action would not have a measurable
effect on the rainbow trout population or the trout fishery in the Glen Canyon reach.

Placement of Weirs or Barriers (Actions P2, P3; Tier 1)

This control action could be used at any suitable tributary, backwater, or pond habitat within the
project area, including the RM -12 sloughs, when the presence of high-risk non-native aquatic species are
detected. Installation of weirs and barriers would result in a small amount of habitat disturbance on the
adjacent shoreline and streambed and some increase in turbidity during the installation process. In most
cases, structures would be in place for one or more seasons and then be removed, although structures for
supporting some weirs may be designed to remain in place for many years. If appropriate, disturbed
habitat locations would be restored when barriers are removed. The amount of habitat disturbed by the
installation or footprint of weirs or other barriers would be small and is expected to be no more than a few
hundred square feet. Impacts to native species from changes in physical habitat conditions or water
quality (Section 3.2.2) would likely be temporary during the installation process, which could last up to 5
days.

It is anticipated that this action would be effective for reducing the abundance of non-native
aquatic species from the targeted habitat. For example, the weir at Bright Angel Creek (Section 2.2.2.2;
Figure 2-2) that was operated in conjunction with mechanical removal (electrofishing) in other portions of
the creek resulted in an overall reduction in salmonid abundance of 67% over the 2012-2017 period
(Healy et al. 2018). Barriers would be removed or use would be discontinued if they were found to be
ineffective at capturing or controlling movement of targeted non-native species.

Overall, it is anticipated that the use of weirs and other barriers would benefit native aquatic
species by facilitating elimination or controlling expansion of non-native species that could threaten
populations of native aquatic species within the project area. Barriers used to prevent ingress of non-
native fishes into specific habitat areas could enhance survival and recruitment of native fishes in
tributaries, backwaters, and shoreline ponds by reducing predation and competition. Removal of non-
native fishes in Bright Angel Creek during 2012-2017 sufficiently suppressed trout numbers to allow for
enhanced recruitment of native fishes (Healy et al. 2018). Carpenter and Terrell (2005) reviewed 49
projects that combined the use of long-term barriers and other activities to renovate native fish
communities. Of those projects, they found that in nearly 39%, non-native fishes reinvaded the restored
areas in less than 3 years, while 35% were effective at keeping native fish populations free of non-natives
for 10 years or more. However, there is also a potential for weirs and barriers to restrict movement of
native fish species, including special-status species such as humpback chub. For some species, blocking
movement could prevent access to spawning or nursery areas. For weirs that are associated with fish
traps, such as the weir used at Bright Angel Creek (Healy et al. 2018), there would be little potential for
incidental mortality of native species because most individuals would be released on the other side of the
weir while non-native fishes would be removed. For barriers that are only used for short periods (e.g., for
a few hours while seining or electrofishing in backwaters) the effect of movement restrictions on native
fishes would be negligible. Because the numbers of rainbow trout potentially affected by this control
action would represent only a very small proportion of the overall trout population in the Glen Canyon
reach, there would be no measurable effect on recruitment or other population parameters, and there
should be no measurable change in the catchability of rainbow trout in this area.
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Dredging to Connect the Upper Slough to the Lower Slough at RM -12 (Action P4; Tier 4)

This option is a more permanent alteration of the Upper Slough compared to periodic dewatering
using pumps. Reclamation estimated that 200 yd® of gravel and cobble substrate would need to be
excavated to create a connecting channel approximately 3 ft wide and 300 ft long (Option 6.2 in
Greimann and Sixta 2018). In addition, there would be a potential for habitat disturbance from barging
equipment, fuel, and personnel to and from the area from the nearest landing. Dredging would result in
the disturbance of substrate supporting benthic habitats and increased turbidity in the immediate project
area during the dredging period, which is expected to take up to two weeks. Recovery following
completion of the action is expected to occur rapidly (within 10 to 30 days), and the composition of the
substrate after completion of dredging would remain similar to pre-dredging conditions. Algae and
benthic organisms displaced during dredging would likely recolonize affected areas within weeks to
months, depending on season. Drying of substrate when the Upper Slough is drained may result in
decreases in production of algae and aquatic invertebrates, again depending on season. However, once the
headgate structure between the Upper and Lower Sloughs is closed and the slough fills, recovery of
aquatic productivity would be expected.

NPS would conduct surveys to evaluate the types, sizes, and abundance of species present in the
Upper Slough and, if practical, would remove these fish (using nets or other mechanical means), release
native species to adjacent waters, and arrange for beneficial uses prior to dewatering. It is anticipated that
this action would be highly effective for eliminating and controlling non-native aquatic species in the
Upper Slough. Periodic maintenance dredging and/or dewatering of the Upper Slough may be needed,
especially after HFEs or other high-flow events, if there is sediment deposition and/or reinvasion by non-
native species.

Overall, it is anticipated that the treatment would benefit native aquatic species by eliminating or
controlling expansion of non-native species within the project area. However, there is a potential for
dewatering to also harm a small number of individuals of native species or rainbow trout that may be
present in the Upper Slough. Because the numbers of rainbow trout potentially affected by this control
action would represent only a very small proportion of the overall trout population in the Glen Canyon
reach, there would be no measurable effect on recruitment or other population parameters, and there
should be no measurable change in the catchability of rainbow trout in this area.

Produce Small Scale Temperature Changes to Adversely Affect Coldwater Non-Native
Fishes (Action P5; Experimental)

This control action could result in the physical disturbance of a small area (likely less than a few
hundred square feet) of shoreline and streambed where heating equipment would be placed. The length
of stream that could be warmed to target temperatures is expected to be at most about 1,500 ft (457 m).
Depending upon the design of experiments, water temperature in the treated stream segment could be
altered for one or more seasons within a given year. Should this pilot small-scale experiment prove
successful at eliminating trout (without harming native fishes and invertebrates), and if heating a larger
volume of water is deemed feasible, it could be expanded to treat larger sections of tributaries.

Adverse effects, such as mortality or avoidance of the area, on some warmwater native fish
species could occur if water quality parameters, including DO, which decreases as water temperature
increases, were to fall outside suitable biological ranges; appropriate experimental planning and
monitoring would allow the potential for negative effects to be identified and managed. Once the
experimental manipulation of temperature stops, water temperature and quality would quickly return to
pre-treatment levels (within hours for temperature and days for water quality parameters). Given the
limited temporal and spatial scope of the experimental treatment, impacts on native aquatic species would
be localized and occur only during the treatment.
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Non-native species targeted by this control action would be limited to those species that occur in
the small tributaries within GCNP that have base flows of 25 cfs or less (i.e., tributaries such as Bright
Angel Creek or smaller). Because of the small stream size, it is anticipated that mostly trout, and small-
bodied non-native fishes would be present. It is not currently known how effective temperature treatment
might be for eliminating or disadvantaging non-native aquatic species, but the results may inform
scientists and managers regarding the potential for using water temperature management as a means for
affecting survival of non-native species within the project area.

Overall, it is anticipated that the treatment would benefit warmwater native species within the
treated stream segments by reducing the survival or competitive abilities of coldwater species (primarily
trout) present in the treated areas. There is a potential for adversely affecting native species if
temperatures or DO levels in treated areas were to fall outside suitable ranges, although the risks of
negative effects on warmwater native species can be minimized with appropriate planning and monitoring
of experiments. Because the action would occur in tributaries of GCNP, rainbow trout in the Glen Canyon
reach would not be affected by the experimental action.

Mechanical Disruption of Early Life Stage Habitats (Action M1; Tier 2)

Mechanical disruption of spawning substrates by flushing with high-pressure water, mechanical
displacement of gravel, or placement of temporary electrical grids or substrate covers (primarily from
November 1 through February 28 for brown trout) would result in localized disturbance of aquatic habitat.
Although the timing would be different, it is expected that the overall amount of disturbance from
flushing or mechanical displacement of substrates within treated areas would be no greater than the
effects of HFEs. Potential adverse impacts on spawning native fish and rainbow trout later in the year
would be reduced because gravels would be returned to their place of origin during the treatment.
Substrate disturbance would be less if electrical grids or substrate covers were used. Algae and benthic
organisms displaced during treatments would likely recolonize affected areas within days to months after
the treatment has been completed, depending upon the season of the year.

Any non-native aquatic species that spawns on substrates in the mainstem, tributaries,
backwaters, or off-channel ponds within the project area could be targeted by this control action if
deemed feasible. It is not possible to fully evaluate how effective disruption of spawning beds might be
for controlling recruitment of non-native aquatic species until life history attributes of target species, the
spatial extent and distribution of spawning areas, and the effect of disruption on survival of eggs and
larvae have been evaluated. Roberts and White (2011) reported that up to 43% of rainbow trout and
brown trout eggs and pre-emergent fry in artificial redds were killed by a single wading event and up to
96% mortality resulted from twice-daily wading throughout the development period. Similarly, modeling
studies indicated that trampling of redds by cattle can affect egg and fry mortality at levels sufficient to
reduce trout populations if the population growth rates are sensitive to changes in egg to fry mortality
rates (Peterson et al. 2010). Mechanical disruption of early life stage habitat might be effective for
controlling recruitment of small populations with spatially and temporally restricted spawning areas. For
larger and more widespread populations, a population-level response would only be likely if nearly all
spawning areas could be identified and a large proportion of eggs or larvae were affected by treatments.

The potential for benefits to native aquatic species would depend upon the effectiveness of the
control action for suppressing populations of non-native fishes. Mechanical disruption of substrate could
also harm individuals or eggs of non-target species, including native species or rainbow trout, which may
be present in treated habitats. Although the general timing of brown trout and rainbow trout spawning and
redd use is expected to differ within the Glen Canyon reach, there may be a potential for temporal overlap
to occur during the spring period (i.e., late use of redds by brown trout and early use of redds by rainbow
trout). Employing mechanical disruption of redds to target brown trout during times when redds of both
species are active could affect the Glen Canyon rainbow trout population by reducing survival of early
life stages of rainbow trout. By limiting mechanical disruption of brown trout spawning habitat in the
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Glen Canyon reach to the period between November 1 and February 28, the potential for affecting redds
being used by rainbow trout would be minimized and the work would occur outside the peak rainbow
trout spawning and angler demand periods. Although the substrate would be disturbed, it would not be
removed, and the composition of the substrate in redds would not be appreciably altered by mechanical
disruption. Therefore, disrupted areas would still be useable for rainbow trout redd construction and
spawning after disruption of brown trout redds has been completed. Overall, adverse impacts of this
control action on the population of rainbow trout or the rainbow trout fishery in Glen Canyon would be
avoided because actions would not occur during typical spawning periods for rainbow trout, and affected
areas would be available for development of rainbow trout redds and spawning after mechanical
disruption was completed. If it were determined that these treatments had more impact than expected on
rainbow trout spawning, the time period for treatments could be further restricted or the action could be
stopped or otherwise adjusted.

Mechanical Removal (Action M2; Tiers 1, 2, or 3)

Boat electrofishing would generally not directly disturb aquatic habitats. Use of backpack
electrofishing units would result in a limited amount of habitat disturbance by wading field crews.
Deployment and retrieval of static nets and traps could result in a small amount of bottom disturbance in
the footprint of the net or trap itself; larger areas could be affected by crews pulling seines in some
habitats. Water quality changes in the immediate area of the action would result from disturbance and
suspension of fine sediments, but effects would dissipate within a few hours or days after the action was
complete. In low-velocity habitats (e.g. backwaters or ponds), suspended sediments would settle and
water quality would recover within several hours after cessation of harvest activities. In flowing
tributaries or the mainstem, sediment suspended by disturbance would be rapidly transported from the
affected area and a pulse of elevated sediment would travel through downstream areas until it settles out
or is diluted or dissipated by currents. These temporary changes in water conditions would likely fall
within the range of conditions experienced by aquatic organisms within the project area during an annual
cycle; it is anticipated that native aquatic organisms are adapted to such changes although they may
respond by temporarily avoiding affected areas.

Any non-native aquatic species in mainstem, tributaries, backwaters, or off-channel ponds within
the project area could be targeted for mechanical removal using a wide variety of capture methods
(Zale et al. 2012). In most cases, it is anticipated that this control action would be applied to address
small, localized concentrations of non-native species in discrete habitat areas such as small tributaries,
backwaters, or off-channel ponds. However, as described in Sections 2.2.2.2 and 2.2.3.1, more extensive
mechanical removal efforts could be applied as a long-term control measure if the population of brown
trout in the Glen Canyon reach increased to trigger levels. The values of 5,000 adult brown trout in
Trigger 1c and 20,000 in Trigger 2 (Table 2-1; Appendix C, Section C.2.1) were based on modeled
estimates of the number of adult brown trout in the Glen Canyon reach that would result in a density of
adult brown trout at the Little Colorado River confluence above which mechanical removal in the Little
Colorado River reach could be ineffective for controlling further increases (Yackulic 2018a). Population
modeling in Runge et al. (2018) suggested that a sustained population of adult brown trout in the Glen
Canyon reach above 25,000 individuals could eliminate all humpback chub in the mainstem Little
Colorado River reach over a 20-year period.

There are many examples of mechanical removal techniques being used to reduce the abundance
of non-native aquatic species, with varying degrees of success (e.g., Franssen et al. 2014, Healy et al.
2018; Mueller 2005; Meronek et al. 1996; Meyer et al. 2017; Zelasko et al. 2016). Mechanical removal
methods are most likely to be effective for eliminating or reducing small populations of non-native
species that are concentrated in specific locations. For larger and more widespread populations, a
population-level response would only be likely if a large proportion of individuals can be removed. Runge
et al (2018) used modeling to evaluate the potential for mechanical removal (electrofishing) to affect
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brown trout populations in the Glen Canyon reach and concluded that 8 annual removal passes that
targeted the largest and most reproductively successful brown trout during the spawning period could
reduce median brown trout abundance over a 20-year period by about 50% compared to a status quo
scenario.

The potential for benefits to native aquatic species of this action would depend on its
effectiveness in suppressing populations of non-native fishes. There is evidence that reducing the
abundance of non-native species from specific habitat areas can result in improvements in survival and
recruitment of native fishes. Efforts to remove non-native fishes in Bright Angel Creek during 2012-2017
sufficiently suppressed trout numbers to allow for enhanced recruitment of native fishes (Healy et al.
2018). Runge et al. (2018) modeled the potential for mechanical removal of brown trout in the Glen
Canyon reach (see previous paragraph) to affect humpback chub populations in downstream reaches and
concluded that mechanical removal of brown trout could slightly increase the median minimum
abundance of adult humpback chub.

Runge et al. (2018) also concluded that mechanical removal of brown trout using electrofishing
would result in a small increase in mortality (there is some handling mortality even when captured fishes
are returned to the river alive) and a small decrease (up to about 3%) in the median abundance of age 1
and older rainbow trout compared to the status quo condition. Even though mortality of rainbow trout
would be small, there is a possibility that electrofishing could affect fishing success of rainbow trout
anglers by interfering with fishing activities or temporarily reducing fish catchability. It is anticipated that
the impact of electrofishing on rainbow trout angling activities would be limited because (1) the proposed
sampling period would occur between November 1 and February 28 when angler activity is generally
low, (2) electrofishing activities at a particular location would generally only occur for several hours
within a day before collection activities moved to other areas, and (3) shocked rainbow trout would be
expected to recommence normal activities within a few days. Overall, adverse impacts of electrofishing to
remove brown trout on the population of rainbow trout or the condition of the rainbow trout fishery in
Glen Canyon would be small because the effects on rainbow trout population levels and fish behavior
would be spatially and temporally limited.

Use of Sonic Concussion Devices (Action M3; Tier 4)

Depending on the design of the pressure pulse cannon, fishes up to approximately 30 ft from the
source of the pulses could be killed due to internal tissue damage (Gross et al. 2013). Pulsed pressure
waves can be lethal to adults, eggs and larvae, although larval fishes are less sensitive than older fishes in
which the swim bladder has developed (Wright 1982). The lethality of pulsed pressure waves varies with
fish size, species, orientation of individual fish relative to the shock wave, intensity and frequency of
pressure waves, water depth, target depth, and bottom type (Gross et al 2013; Wright 1982). Pulsed
pressure waves are not expected to adversely affect substrates or other components of habitats in target
areas.

Any non-native aquatic species present in backwaters, or off-channel ponds within the project
area could be targeted by this control action. Gross et al (2013) found that about 96% of northern pike
exposed to pulsed pressure waves in a field experiment had tissue damage that was likely to be fatal and
that 31% had died within 7 days after exposure. Thus, repeated treatment of small backwaters or ponds
over one or more days would likely be effective at reducing abundance of non-native species. There is a
potential that a similar approach could be used to target spawning areas and reduce survival of eggs and
larvae within these same habitats.

Overall, treatment with pulsed pressure waves could benefit native aquatic species by eliminating
or controlling expansion of a non-native species within the project area. The potential for benefits to
native aquatic species would depend upon the effectiveness of the control action for suppressing
populations of targeted non-native fishes. It is likely that pulsed pressure waves would also harm
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individuals of non-target species, including native species or rainbow trout that may be present in treated
habitats. As described in Section 2.2.2.3, pre-treatment surveys would be conducted and native aquatic
species would be mechanically removed and relocated to nearby aquatic habitats or returned to the treated
location after treatment has been completed. In GCNRA only, NPS would evaluate potential non-lethal
relocation of green sunfish to Lake Powell and would plan for beneficial use of all other non-native fish.
Relocation of green sunfish to Lake Powell could occur if the fish to be removed are tested and found to
be free of diseases, pathogens, and parasites; and state fish transport permits can be obtained

(Appendix C, Section C.2). Impacts on the small number of rainbow trout potentially affected by using
pulsed pressure waves in the RM -12 sloughs would not have a measurable effect on the rainbow trout
population or the trout fishery in the Glen Canyon reach.

Mechanical Harvesting of Non-Native Plants and Algae (Action M4; Tier 1)

Some of the removal activities that could be applied under this control action, such as use of
rakes, hooks, hand tools, boat rakes, and underwater weed cutters, have a potential to physically disturb
some substrate by scraping and moving gravel and cobble. Overall, the spatial extent of disturbance
would be limited to specific treatment areas (e.g., individual backwaters or tributary segments) and
composition of the substrate would remain similar to pre-harvest conditions. There could be water quality
changes due to disturbance and suspension of fine sediments during harvesting actions, but these actions
and associated effects are not expected to last for more than a few days and would be mostly limited to
the immediate area with effects diminishing quickly downstream. In low-velocity habitats (e.g.
backwaters or ponds), suspended sediments would settle and water quality would recover within several
hours after cessation of harvest activities. In flowing tributaries, sediment suspended by disturbance
would be transported from the affected area and a pulse of elevated suspended sediment would travel
downstream until the sediment settled out or was dissipated by currents. These temporary changes in
water conditions would likely fall within the range of conditions experienced by aquatic organisms within
the project area during an annual cycle; native species are adapted to such changes although they may
respond by temporarily avoiding affected areas. Removal of non-native plants and algae could result in
short-term reductions in overall productivity of the food base and availability of structural refuges for
some aquatic organisms. Overall, habitat impacts would be unlikely to persist for more than a single
season and would be localized to the vicinity of the treated areas.

Curly-leaf pondweed is the only invasive aquatic plant currently found in the project area that is
considered to pose a medium or high risk (Appendix F, Table F-1), although other invasive aquatic plant
species may need to be considered in the future. Mechanical harvesting can control the within-season
presence of curly-leaf pondweed, but harvesting should be completed before turions are dropped from the
plants to effectively control abundance fo