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Execuive Summary

This Upper Colorado River Basity CRB) Nonnativeand InvasiveAquatic
Speciedrevention ancontrol StrategyBasirwide Strategywas developed by the
Upper Colorado River Endangered Fish Recovery Program (Recovery Program) in
response toxasting and expanding concerns and populations of nonnative aquatic
species within critical habitat of the upper Colorado River bdRacovery othe four
endangered fishes in the UCRB, bony@iika eleganshumpback chuks. cypha
Colorado pikeminnowiPtychocheilus luciusand razorback suck&yrauchen texanuys
requires that the threat of diseases and predation by nonnative species, and the adequacy
of existing regulatory mechanisms be addressed and evaluated in the recovery and de
listing process. ThRecovery Program is expected to have sufficiently addressed-the de
listing criteria per the Endangered Species (&S8A) such that recovery of these
endangered fishes can be achieved and sustained by 2023. This urgency to achieve
significant progress toard eliminating or reducing biological threats to the endangered
fishes will require thaRecovery Pogram partners expeditiously implement practices,
policies, regulations, and enforcement to prevent or minimize the appearance of new
threats or the expaios or recurrence of existing threats.

The goal of thidBasirwide Strategys to reduce the negative ecological impact
that problematic nonnative aquatic species currently pose or may pose for the native
aguatic community in critical habitat so that thmeylongerarean impediment or threat to
the recovery of endangered fishes in the UCRB.

The objectives of thiBasinvide Strategyare to:

1) Implement control actions for existing, problematic mative predatory fish species
(e.g., northern pikeEsoxLucius smallmouth basMlicropterus dolomiepand walleye
Sander vitreusto expedite theicontainment,eduction or eradication from source
habitats or within critical habitat.

2) Prevent the introduction of additional invasive aquatic species in tR8a@d the
expansion in distribution or abundance of the currently existing problematic nonnative
aguatic species in the UCRB.

3) Adaptively identify fund,and implement currently available or new management
actions of sufficient scale and intensity thieve reductions in problematic
populations of nonnative aquatic species over the shortest plausible timeframe

4) Verify the sustained reduction of problematic fish populations in source habitats and
within critical habitat to facilitate maintenancerefatively intact native aquatic
species community to promote endangered fish recovery.

5) Managenonnative aquatic species for recreational, research, or commercial purposes
that are compatible with endangered fish recovery.



6) Implement policies and pctices that ensure enduring control of invasive species and
sufficiently remove the threat of problematic nonnative aquatic species in critical
habitat and associated watevshelp facilitate, achieve, and sustain recovery of
endangered fishes.

7) Trander primary management of nonnative aquatic species from the Recovery
Programbackto the states of the UCRB by 2023.

This Basinwide Strategywill be implementedy the Recovery Program and its
partnersvia theRecovery Implementation Program Recoveryidectlan (RIPRAP).
The RIPRAP was developed, and is modified annually, by Recovery Program partners
using the best, most current information available and the recovery goals for the four
endangered fish specief identifies specific actions and timeufnes currently believed
to be required to recoverdlendangered fishes in the most expeditious manner in the
UCRB. The RIPRAPservesasthRe c o v e r y sRorttergh aral foidgermplan,
and includes dates for accomplishing specific actions txeenét 5 years and beyond.
The RIPRAP provides a measure of accomplishment that the U.S. Fish and Wildlife
Service uses to determine if the Recovery Program can continue to serve as a reasonable
and prudent alternative farater depletiomprojects undergoingegtion 7 casultation to
avoid the likelihood of jeopardy to the continued existence of the endangered fishes as
well as to avoid the likely destruction or adverse modification of critical habitat.

Specific management actions or strategies (tasks) tacheled in the RIPRAP
came from:

1) the Nonnative Fish Subcommitteed ( NNFS
and prioritization of the collective analyses, discussion and annual
modifications to nonnative fish control efforts resulting from the
Nonnative Fish Workshops.; and

2) recent items resulting from presentations and discussions by the Recovery
Programds Nonnative Fish Coordinator, ir
draft Basinwide Strategyat Recovery Program meetings (Biology,

Managementand Implementation committees, and the Nonnative Fish
Subcommittee), and from the 202012 Nonnative Fish Workshops.

The specific management actions and strategies from these two time periods were
combined and incorporated infige major sections inhis Basinwide Strategy

. Prevention.

Il . Eradication, Control, and Management
lll . Research and Mnitoring.

IV. Policy and Enforcement

V. Information and Education.

Vi



Recommendations f@&ections 41V of this Basinwide Strategyare containeh
Tables ESla through ESBa below These tableemulatethose inthe RIRAP&6s Acti on
Plans.The col umn f or Ar ank o0, eitherHiglt Kddiers (Médhe | ev el
and Lowiinitially assigned to each task or strategjhe NNNFSCwent through dairly
rigorous prioritization procesa August 200§seedescription ilNNFSC 2008). For
new tasks and strategies (developed since 2008) the assigned priority reflects: 1) input
from the Biology and Management Committees; and 2) input from the USFWig dur
their annual Sufficient Progress reviews of the Recovery Programmany of these
tasks/strategies, the ranking is further described iB#sgnwide Strategy The "who"
column identifies the lead responsible agency (listed first) and any coogeaggncies.
The status colummentifies whether a task or strategy is ongoing, pending, to be
performed annuby, oris completed.Each task is scheduled to be performed in a
specific year or yearsThe Recovery Action Plarfer the General categofyables ES
la to ES1I) are organized according to the four sections: I. Prevention; Il. Eradication,
Control, and Management; Ill. Research and Monitoring; and IV. Policy and
Enforcement. The remaining Recovery Action plans (Table-ZSto ES 8a) contai
tasks and strategies for the Colorado and Green Rivdrasibs and their major
tributaries.

The tenyear span of this timelinenderscorethe urgency to implement these
strategies and management actions to secure and sustain recovery by 2023, the
anticipated completionate for the Recovery Program when the primary management of
the recovered species and their habitat would revert to the states of the (BGRB.the
urgency involvedflexibility will be required for implementation based availahlity of
funds, personnel, cooperative involvement and agreements, or technbloggver,
failure to implement these strategies will likely diminish the effectiveness of other
recovery strategie®.., flow management, habitat restoration, endangestdstiocking)
or the likelihood that a community of native aquatic spengsied tgpromote and
perpetuate recovery could be sustain€de Basinwide Strategywill continue to follow
the experimental approach currently employed by the Recovery Progcamitat
problematic nonnative species, assess distributions, estimate abundances and reduce
threats. Adaptive management principles will continue tagpdied This strategy
describes available tactics and actions that help achieve the levels of mamageme
necessary to minimize or remove threats to the endangered fishes. Data and information
collected will continue to be evaluated annually to determine and refine nonnative fish
management actions under the principles of adaptive management. This pascess
already begun and will not unduly delay timely and effective actions to minimize or
remove the nonnative threat to the endangered fishes.

The downlistingof UCRB endangered fishes will require meaningful reductions
in the abundance, distributipandsourcef nonnative aquatic species and their
negative ecological impact to the native aquatic community to remove the impediment
they pose for recovenyt could be argued that the pace of progress has been too slow,
particularly as species known to j@blematic in one subasin begind invade in
another sulbasin. This Basinwide Strategys intendedo accelerate progress remove
the invasive impacts and threat of nonnative fishes in the UCRB to an extahejrae
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no longer an impediment tecovery over the next decad&hecurrent approach needs

to expand to incorporate conceptdrofasive specieprevention The probability of

success will also be improvélsrougha diversified approach employing more of the

available techniques, inclirdy treating source populatioriecorporaing the concept of
propagule pressures ameasure of succesmdbetter messagin@.g., imust killo

regulations, a Stop lllicit Introductions campaigtc.). Manyof thechanges in the

current approach to noative fish management in the UCRBuUld need to be made

through changes t8tate policesand regulatioa This Basinwide Strategycapitalizes on

the efforts to address nonnative aquatic species in the UCRB during the past two decades,
ontheinformate exchanges in the Recovery Programos
the past decade, and on scientific information to support its recommendations and

provide guidance to implement the changes, policies and practices need to reduce the
impacts and threats abnnative aquatic species in the UCRB.

Agency abreviations used inTables ES1la through ES8a.

BLM Bureau of Land Management

BR U.S. Bureau of Reclamation

CO State of Colorado

CDA Colorado Department of Agriculture

CDOPR Colorado Division of Parks andif@oor Recreation (See also CPW)
CDOW Colorado Division of Wildlife (See also CPW)

CRC Catamount Ranch and Club

CPW Colorado Parks and Wildlife (CDOPR & CDOW merged in 2011)
CRRP Upper Colorado River Basin Endangered Fish Recovery Program
CRWCD Colorado Rer Water Conservation District

CSU Colorado State University

CWCB Colorado Water Conservation Board

FWS U.S. Fish and Wildlife Service

-ES Ecological Services

-FR Fishery Resources

-RW Refuges and Wildlife

-WR Water Resources

LFL Larval Fish Laboratory

NNF Nonnative Fish Subommittee

NWCD Northern Water Conservancy District

PD/PDO Recovery Program Director

TBD To be determined

UT State of Utah

UDWR Utah Division of Wildlife Resources

UIT Ute Indian Tribe

UTWR Utah Division of Water Resources

UYWCD UpperYampa River Conservancy District

WAC Water Acquisition Committee

WYGF Wyoming Game and Fish Department

viii



ES-la.General Recovery Program Support Action PlanSection I: Prevention.

la | Activity- GENERAL FY
Rank PREVENTION Who | Status | 14 | 15 | 16 | 17 | 18+ | Comnents/clarification
Maintain and ensure adherence to CPW TheStocking Proceduredo not address
guidelines and constraints provided in UDWF,Q ongoing or looming invasive impacts arising
High | Stocking Procedurdsr stocking nonnative WYGF' Ongoing| X | X | X | X | X | from species historically or illegally stocked in
fishes in public and private waters in the FWS ' reservoirs or populations established in rivers
UCRB that are compatible with recovery. that may reach critical habitat.
i Zﬁosjﬁjcgﬁgu?:nagx ngtr; Zzllfnncgfrlsrﬁicrles CPW, This issue has recently been clarified and
High I y'st o UDWR,| Pending| X | X | X | X | X | updated in regulations in Colorado abah
within or connected directly to critical o :
: . WYGF and should be véfied in Wyoming.
habitat for endangered fishes.
- Obtain Lake Management Plans or oth
. . . PDO, . _ .
documentation of aquatic species An inventory of existing or potentially
. - FWS, . L
: occurrence in UCRB reservoirs/ponds . problematic species in all UCRB
High . . . CPW, | Pending| X | X . . .
containingnonnative nosalmonid UDWR reservoirs/ponds is required to assess needs
spedes which may become invasive in WYGF, species reduction, containment or eradication
UCRB rivers within critical habitat
i \é?ﬂr:zlg[lsrifé;rr';glrrf(;trscz?nicnt:josn of CPW, Potential techniques include: sesuioyant
High o N P UDWR,| Pending| X | X | X beadsfish telemetry, passive detection
verify if escaping fish would be able to WYGE sampling gear. etc
reach critical habitat. pling gear, etc.
CPW,
: - Use sterile hybrid/triploidvarmwater UDWR, . This technology is not developed for all specié
. . ) o . .
High sport fishes in UCRB stocking plans | WYGF, ngoing | X X X)X X but should be used if available.
FWS
- Track annual reporting of nonnative, This reporting is required by the 1996 and 20(
Med nonsalmonid, species, sizes, numbers| FWS | Ongoing| X | X | X | X X | Stocking Procedurder stocking of both public
and locdions being stocked in UCRB. and private waters in the UCRB
- Verify t_hat mgnagerpent/prqmotlon of Parties to the Stocking Procedures need to
sport fishes is consistent witeed to CPW, review new or revised lake management plan
Med provide sport fisheries that are UDWR,| Pending | X} X | X to insure compatibility with endang ered specie
compatible with endangered fish WYGF P y g P

recovery.

recovery




ES-1b. General Recovery Program Support Action PlanSection I: Prevention (continued).

1b | Activityc GENERAL FY
Rank PREVENTION Who | Status | 14 | 15 | 16 | 17 | 18+ | Comments/clarification
éfg\%rﬂ:?:g gﬁ;g?]fé??;?gn CPW, The emphasis is on prevention of invasive
g UDWR, impacts in critical habitat or in other locations

High | procedures, Compatible and Non
compatible lists; implement rapid respons|
plans; implement HACCP).

WYGF, Pending | X1 X | XX X in the UCRB in whticthe invasive species may

FWS reach critical habitat.

List would conditionally include salmonids,
largemouth bass, bluegill, black crappie, yello
perch,wipers,fathead minnow, channel catfish

Adopt and adhere to a List of nonnative
aquatic species that are Compatible with | CPW,

High promoting, ac_h|evmg and sustaining UDWR, Pending| X | X | X | X | X triploid grasscarp and tiger muskie (other
endangered fish recovery that can be WYGF, ST . .
; . . . steriletriploids or hybrids could be considered
managed in public and private waters in FWS ) . ; :
. o in the future) UCRB Compatible Species List
the UCRB (basin specific). . :
would be made public, nationally.
- Adopt and announce a List of Non
pompgtlble nonnative aqua_tlc species Tentative list would include smallmouth bass,
including those demonstrating severe | CPW, ) ,
ecological impacts dhreats in the UDWR northern pike walleye, crayfish, burbot,
High ' Pending | X | X [ X | X | X flathead catfish, andreissinaspp. UCRB Nen

UCRB or LCRB to emphasize their WYGF,
invasiveness and to help prevent their| FWS

introduction, further spread or stocking
in the UCRB (basin specific).

compatible Species List would be made publi
nationally.

CPW, . ,
Some aquarium or ornamental fishes may
. UDWR, . .
- Adopt and announce lists of WYGE already appear on the Necompatible Lists of
Compatible and Nowwompatible ' UCRSB states, but these lists likely do not incly
. : FWS, . T : e
Med aquarium and ornamental fishes and other Pending X [ X | X all potentially invasive taxa and the existing
other aquatic specie®(g., plants, State state lists may not include the same species.
(invertebrates, etc.) applicable to UCR eni- Compatible List is a more preventive and
ties simpler approach.
Participdaion by PDO in regional ANS meeting
may facilitate access to information about
Med -Recovery Program participation in PDO | Pending x Ix Ix |x progress in controlling existing ANS species,

Aquatic Nuisance Species Task Force new invasive species or technigues being
applied as a rapidesponse to avert invasive

species spread.




ES-1c.General Recovery Pogram Support Action Plan. Section I: Prevention (continued).

1c | Activity- GENERAL FY
Rank PREVENTION Who | Status | 14 | 15 | 16 | 17 | 18+ | Comments/clarification
A A A Ly O2yOSLIiz ONXBI-iRHz61
LYLX SYSywsS il A Re L G028t £ ¢ NBaLRyas 2
respond to appearance of new invasive . . o .
. N . o ) invasive pecies in accordance with the
. species or sitations in which invasive . : o . .
High . . PDO | Pending X1 X X X | guidance found in invasive species protocols
species that are already present in the : .
: . recommending a rapidesponse to prevent or
UCRB have appeared in a new location o N . ) L
limit invasive spread or invasive impacts by
concentrated numbers. .
unwanted species.
- Identify source of funds and establish PDO If funds are from traditional CRRP fund sourc
High funds in reserve that are eglily BR " | Pending X | X | X X | may reduce existing nonnative fish control
available to deploy rapigdesponse. actions.
State and federal agencies have strict hiring
- Identify personnel who would guidelines which may limit their flexibility to
High Y P . TBD | Pending| X | X | X | X | X | assemble rapidesponse personnel, particularl
constitute rapidresponse team . o . X
outside the traditional springautumn field
season
-9a0Gl 06t AaKOl OK 8z8 LIY
rapid-response tea for a variety of Additional considerations include where to
Med habitats (e.qg., lotic vs. lentic; high flow| TBD | Pending X[ X | X| X |aG2NBE Ay dSyWBaNE ya®’ éd
vs. low flow) and species (e.g., fish vs cache (multiple locationg?
invertebrates)
Make HACCP training available to priva) FWS | Ongoing HACCP appears to be in use lyRB state and
. sector in UCRB to help prevent State | -Public federal fish hatcheries and managers, litst
High | . e . . . X | X X . '
inadvertent hitchhikers in loads of fish | agenci | penging use in private hatcheries may need to be
transported to private or public waters. es - private expanded.

Xi



ES-1d. General Recovery Program Support Action PlanSection IlI: Eradication, Control, and Management.

1d | Activity- GENERAL FY
Rank | ERADICATION, CONTR®ANAGEMENT| Who | Status | 14 | 15 | 16 | 17 | 18+ | Comments/clarification
A variety of strategies and tools are available t
bring to bear in the control of problematic
LYLX SYSyid GAydSang d species in lotic and lentic habitats. Eregently,
. . : CPW, primary tools are removal of nonnative fishes b
control nonnative species by applying T . L
. . . . UDWR, electrofishing in rivers or by relying on unlimite;
. multiple techniques to expedite reduction . . )
High | . . . - WYGF,| Ongoing| X | X | X | X X | bag limits to encourage removal by anglers in
in their abundance, invasive impacts,the . . .
O FWS, rivers and reservoirs. There are a few exceptiq
threat they pose to native fishes or . . .
endanaered fish recover PDO where intensive mechanical removal (e.g., NOI
9 Y. in Lake Cataount) or eradication using
rotenone (e.g.NOP in Paonia Reservoir) are
underway or were performed recently
Fully implement standardized electrofishir
conqepts, _mcludlng electrode CPW, Electrofishing course specific to use of UCRB
configurations for boats and rafts, and UDWR, ) - .
, P Ongoing| X | X | X | X X | electrofishing boats and rafts using ETS boat
boat-electrofisher specifiations to FWS, .
. L . electrofishers scheduled for Mein 2013.
standardize electrofishing operations per| LFL
UCRB Recovery Program Electrofishing §
- Purchase ETS MBS-1IPA boat
electrofishers per UCRB Electrofishing PDO | Ongoing | X Underway.
High SOP specifications
- Apply powergraphs and current UCRBspecific electrofiging course is scheduled
conductivity graphs to select boat Pending| X | X | X | X X | in 2014for personnel participating in Recovery
electrofisher settings. CPW, Program.
- Establish fish response thresholds to | UDWR,
identify control setting for boat FWS, ) ) y
electrofisher when used in boats and LFL | Pending| X Electrofisher output field forms and notes on fig
. response.
rafts across range of ambient water
conductivities encountered

Xii



ES-1e.General Recovery Program Support Action PlanSection II: Eradication, Control, and Managem(@oaint.)

le | Activity- GENERAL
Rank | ERADCATION, CONTROMANAGEMENT| Who | Status| 14 | 15| 16 | 17 | 18+ | Comments/clarification
Identify and rank reservoirs or river reaches fo This effort has been initiated by the NNFSC, but the
. o CPW, X o
treatment with rotenone or other eradication UDWR of water may be incomplete pending inventory of
techniques based on contribution of invasive WYGF’ Ongoing | X X X UCRB waters. UDWR recognizes the need to treat
fishes into critical habitateasibility of ! Fleet Reservoir (SMBWILY), pending purchase of
NNFSC . .
treatment, and cost. rotenone via cost share with CRRP.
- Pursue opportunities that arise to ceshare | CPW, Recen opportunities/needs to cost share the .
and expedite elimination of existing or UDWR ) purchase of r_otenone have occurred for _Pa(_)nla (NG
potentially problematic source populations| WYGF. Ongoing| X | X | X | X X | 2012) and eramonte (SMB013) reservoirs in CO.
despit Ki PDO CRRP committed to 50% of rotenone costs for thes
High espite ranking projects.
- Implement alternate methods to eradicate | CPW,
invasive fshes (e.g., reservoir draining and| UDWR, pendin x| x| x| x X It may be an option to drain some reservoirs (eg.
drying (may require some rotenone WYGF, 9 Elkhead Reservoir)
treatment) FWS
CPW, Upper Basin State Sportfish Coordinators collaborat
Develop hatchery techniques and production | UDWR, with other state and federal personnel to work
capacity for sterile yrid sportfish (sterile NOP| WYGF, pendin x| x| x| x X through a process of identifygnand ensuring
SMB, and walleye) to serve as compatible FWS g health/AlS regulations are met in order to create a li
replacements of preferred vendors for sterile warm/coolwater fish
species.
Identify and implement alternate strategies to CPW,
reduce numberF')s or escapement of inva?sive UDWR, Some water bodies may be too large or their
) . P L WYGF, | Ongoing| X X X X inflow/outflow patterns may render the option to use|
fishes at their source whereradication by oo . .
. . o g PDO, piscicides infeasible.
draining or chemical treatment is infeasible. BR
- Install, evaluate and maintaistructures (i.e.| CPW, UT has committed to assessing options to contain /
screen) to minimize escapement of invasivy UDWR, | Ongoing | X X X X X | control nonnative predators in Starvation Res by De
High species WYGF 31, 2013
- Implement intensive mechanical remalvof CPW, States may need assistance for this activity in some
invasive species as needed (a la Catamou| UDWR, | Pending| X | X | X | X X | reservoirs from other Recovery Program participatin
Reservoir) WYGF agency crews.
) Ad_opt regulat_|ons near d.amsf’ outlets, CPW, In lieu of reservomwide, mustkill regulations, spot
tailraces, or inflows to diminish abundance . . .
e . UDWR,| Pending| X | X | X | X regulations near the site of escapement may be
of problematic fishes to reduce the risk of -
WYGF beneficial.
escapement.
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ES-1f. General Recovery Program Support Action PlanSection Il: Eradication, Control, and Management (continued)

1f Activity- GENERAL FY
Rank | ERADICATION, CONTR@ANAGEMENT| Who Status | 14 | 15 | 16 | 17 | 18+ | Comments/clarification
Monitor screens on all palic water to Escapement of stocked and resident nonnative
ensure that they are functioning to preven CPW, . fishes from these reservoirs that may reach
. . Ongoing | X X X | X X .. . . .
or control escapement of nonnative fisheg PDO critical habitat remains a concern and monitorir
particularly problematic piscivores. should be conducted and reported annually.

- Reserve use of screens for containing Screens should not be relied upon to contain
species compatible with recovery of Pending| X | X | X | X X | speces incompatible with the recovery of
endangered fishes. endangered fishes, including NOP and SMB.

- Maintain Highline Lake spillway barrien .

) o]
High net (Colorado River) CPW ngoing| X | X | X | X X | Smallmouth bass

- Maintain Elkhead outlet tower screens CPW | Ongoing| X | X | X | X X | Smallmouth bass, northern pike.
(Yampa River)

- Maintain Jumgta d|v§r5|on ditch coand CPW | Ongoing| X | X | X | X X | Smallmouth bass, walleye.
screen (Gunnison River)

T Smallmouth bass, northenpike, walleye.

- Maintain R|flg Creek coanda screen CPW | Ongoing| X | X | X | X X | Evaluate for five years pesbnstruction to
constructed in 2013 .

ensure function.
- All newly installed screens in UCRB. Pending| X | X | X | X X | Additional screens may be required.
- Evaluate effectiveness and utility of UDWR This strategy may be among the few methods 1
. exclusion barriers to limit access to ' . locally manage the negative impacts of
High . . FWS, | Ongoing| X | X | X . S . ST
nursery habitats by nonnative small nonnative smatbodied fishes in native fish
. . PDO .
bodied fishes and predators. nursery habitats.
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ES-1g. General Recovery Program Support Action PlanSection II: Eradication, Control, and Management (continued)

1g | Activity- GENERAL FY
Rank | ERADICATION, CONTR®@ANAGEMENT| Who | Status | 14 | 15 | 16 | 17 | 18+ | Comments/clarification
Converta R2 gy aid NBIY 0dzF , ¢KS aR26yaiaNBIFY 06dzFTS§
High known source populations of NOP in the | CPw, | Pending x| x| x| x| x |conveysamanagement strategy focused
9 Yampa River into projects focused on PDO maintaining and containing NOP rather than
eradication of this species in the basin. eradicating them.
LYLX SYSVyUA fdf YedzaNS 3 dzt Ongoing This component includesansiderablemajor
problematic populations/sources of CPW, | cuT, wy I&E component from states and CRRP. Muilkt
invasive fishes to facilitate angler removal UDWR _ X | X should apply in UCRB states for burbot in all
of these species and reinforce message ¢ WYGF Pe’g’g‘g waters, and NOP, SMB, and WLY in lotic habit
specieSundesirable staus. ¢
-ResciR agl yiz2y o6 ai§ Wanton waste has hampered application of
: CPW, ) . .
allow anglers to dispose of ) mustkill regulations where fishes aHg
. . . UDWR | Ongoing | X X . .
contaminated(i.e. Hg)or unwantedfish WYGE contaminated or ifanglers predr to not
carcasses consume thé catch.
It may be undesirable to make violators,
High LI NI A Odzf NI @ e2dziKZ Y
I RRNB&E GAYYSRALG|cPw, cak |y R NBESEHas I -aAdst
. . . regulation due to unfamiliarity with the
through public and first law UDWR | Pending X . ) ) ST e
enforcement contact education WYGE regulation or inexperience in fish identification.
This can be addressed through public educatid
for example a warning rather than a citation
upon first law enforcementontact
I RRNB&A Fy3af SNI-RA Ongoing {2YyS Ty3tSNE gK2 LINFQ
. CPW, | cuTt, wy may express opposin to regulation requiring
through education and enforcement to ' ) .
tacilitate analer removal of taraet UDWR _ X| X | X | X them to kill a fish. These anglers also may not
. 9 9 WYGF | Pending want to consume fish they are required to
species. ¢Co harvest
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ES-1h. General Recovery Program Support Action PlanSection IlI: Eradication, Control, and Management (continued)

1h | Activity- GENERAL FY
Rank | ERADICATION, CONTR@ANAGEMENT| Who Status | 14 | 15 | 16 | 17 | 18 | Comments/clarification
+
Discontinue policy and practice of Translocation within the UCRB likely reinforcs
High | translocation of invasive, Necompatible PDO, Complete | X a perception that these species provide optior
List fishes (i.e. smallmouth bass and CPW P for sport fish management that are compatiblg
northern pike), within thdJCRB. with endangered fish recovery.
A bounty is in place at Wolford Mountain
Implement cash or other awards as harve g ; .
. ) . Reservoir, CO, for illegally introduced NOP. 1
incentive for active, yearound removal of . -
northern pike or smallmouth bass from bounty is administered by CRWCD. Cash or
" : . Pending | X | X | X | X | X | otherincentive may be funded by CRRP, but
critical habitat or source populations of : . I
. R likely that other agencies or entities would ha
invasive fishes such as BBT, NOP, SMB . . . .
. : . to handle the catcltonfirmation and incentive
WLY in other river reaches or reservoirs.
payouts.
- Identify funds to support harvest CPW,
incentive and set amount/type of UDWR,| Pending | X | X | X | X | X
High incentive. WYGF
- Identify candidate waters for CRRP ) Yampa (NOP) and White (SMB) rivease been
.. . . Pending | X X X .
application of harvest incentive. water proposed for this program.
- Identify candidate agencies or entities | users Pendin X CPW and otheagencies have local offices in
to administer harvest incentives. 9 some locations.
- Promote harvest incentive to facilitate . Would require I&E assistance. Messag.mg M
. Pendirg X | X | X | X | bemoreimportant than the number of fish
effectiveness.
removed.
- Monitor and evaluate harvest incentive _ verify numpers rer_noved gnd that program is
. . Pending X | X | X | X | notundermined byllegal fish movement of
to facilitate effectiveness. . .
target species to sustain payouts.
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ES-1i. General Recovery Program Support Action PlanSectionlll: Research ad Monitoring

1li | Activity- GENERAL FY
Rank RESEARCH & MONITORING Who | Status | 14 | 15 | 16 | 17 | 18+ | Comments/clariftation
. YAR NNF plan identifies 30 adult SMB/mile a
Reasses¥ampa Rivetarget removal .
o . 3 NOP/mile as removal targets (Vemdet al.
. densities for NOP and SMB using propag| PDQ . L . .
High | . o ) Pending | X | X 2008), but these densitiesre likelytoo high to
size approackand make criteria applicablel] NNF o ; . : .
10 entire UCRB maintain suppression of thedavasivespecies
) (Breton et al. 2012).
Revisit population estimates for NOP and Aggressive removal of Invasive species in the
. . . PDO, . UCRB should proceed, relying on modeling
High | SMB as recommended in pending synthe Ongoing| X | X | X | X X ) . !
NNF results to refine, but not delay, implementatior
reports. i
of integrated control.
Marking and recapturing marked fish allows
population estimation, and monitoring the
- Evaluate need for ongoing marking an{ PDO, movement and growth of marked fishes.
High live release of invasive fishes in UCRE CSU, | Pending| X | X However, release of invasive fishes for markir|
for markrecapure studies. NNF studies vs. removal of these fish wheiitiadly
captured has raised the question whether
marking is an ongoing necessity.
Establish otolith preparation and analysis Otoliths n corporatfa d'St'.nCt natu_ral markers
services to utilize microchemical accrued in waters inhabited by fishes. These
High . . . - ) Ongoing | X | X | X | X X | markers can be used to identify waters from
techniques to identify origins of fishes PDO, L : .
. which fish escaped, emigrated, or were illegal
captured in UCRB. CSU,
moved.
- Additional research may be required tq LFL,
T . y q CPW, ) E.g., Lake Powell and Starvation Reservoir
distinguish isotopic markers between Pending| X | X | X : o S
. R . UDWR, isotopic signatures appear similar.
Med reservoirs with similar signatures. WYGE
- Additional research may be required tq E.g., Yampa River near Green River confluen
improve ability to distinguish isotopic Pending| X | X | X and Green River upstream of Yampa River
marke's between rivers or reaches. confluence.
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ES-1j. General Recovery Program Support Action PlanSection Ill: Research and Monitoring (continued).

1j | Activity- GENERAL
Rank RESEARCH & MONITORING Who | Status | 14 | 15 | 16 | 17 | 18+ | Comments/clarification
Investigate influence .Of dilscharg'e on wats Understanding whether particular nonnative
temperature and habitat inundation or ; . . .
. o . ) LFL, . fish species benefit from low or high flows ma
High | connection in relation to reproduction, Pending | X | X . . .
. . PDO facilitate improved allocation of removal effort
recruitment, growth, dépersal, or . .
T in key habitats.
abundance of nonnative fishes.
Strategicallymanipulating flows from Flaming
- Evaluate reservoir redses for their LEL Gorgeor Elkheadnay reduce water
High effectiveness in promoting reduction PDO’ Ongoing| X | X | X | X temperature, increase turbidity, or prolong
and control of nonnative fishes. mechanical removal tdisrupt reproduction or
recruitment of SMB.
Strategic flow releases from Elkhead Reservo
- Examine utility of flow releases from PDO may prolong access to kénabitats for
Med Elkhead reservoir for extending period LFL’ Ongoing| X | X | X | X X | extended summgime removal of nonnative
for nonnative fish removal. fishes, but may diminish storage available to
supplement base flows.
- Analyze daily growth rings of YOY SM Identifying peak spawning interval may allow
High otoliths to updersta}nd spawning LFL | ongoing| X | X focus ro_W releases or_mtensmed app||cat|on q
chronology in relation to flow events o mechanical control to interrupt nesting and
manipulatians. reduce recruitment.
- Analyze daily growth rings of other Qto.“th analyses_, O.f othgr SPecies may prove
. , . similarly useful in identifying peak spawning
Med nonnative predatory fishes to TBD | Pending X | X ) " Jos
; interval to facilitate application of treatments t
understand spawning chronology. . : )
interrupt reproduction and reduce recruitment
. Investigae climate change/drought as PDO, . Anuup_ate potent_|al IFrver fchermal beqeﬁts or
High . ) . . Pending X impediments for invasive fishes, crayfishes,
aggravating factor for invasive species. FWS . L
diseases or parasites in UCRB.
Investigate potential effects akpeated Short and longterm effects of multiple pass
. . . PDO, L .
High | electrofishing on native and endangered CsU | ongoing X| X | X | X electrofishing and repeated exposure of fish t

fishes.

electrical field unknown.
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ES-1k. General Recovery Program Support Action Ran. Section 1ll: Research and Monitoring (continued)

1k | Activity- GENERAL FY
Rank RESEARCH & MONITORING Who Status | 14 | 15| 16 | 17 1+8 Comments/clarification
Remove white suckers at fish ladders on | FWS, White suckerspose a hybridization threat to
High | Colorado and Gunnison rivers and during UE;’{R' Ongoing | X | X | X | X | X | native suckers and possibly to endangered
electrofishing in Green and Yampa rivers.| cpw razorback sucker.
- Standardize criteria and photos used t Materials used for field identification of sucker
High identify hybrids of native andonnative | PDO Complete hybrids were standardized to the extent possiblg
suckers in the UCRB. in 2013.
Low -Verif_y visual idenFification of sucker TBD Pending X Resgqrclvyould compare ViS.U€I:1| apd genetic
hybrids vs. genetics. identification of sucker hybridization.
- Determine sizeand ageat-maturity for Determinationof white sucker maturity in
Med white suckerby examination of gonads| UDWR| Ongoing | X | X | X relation to age and size mdgcilitate white
and fin ray sections sucker removal based on size of fish.
Investigate ecological consequences of PDO Partitioning available energetic resources amol
partitioning lotic energetic resources ' . multiple predator species would be expectex
Low . . FWS, | Ongang X X ) ;
betweenColorado pikeminnovand reducecarrying capacity foadult Colorado
. ) TBD . . .
nonnativepredatory fishes. pikeminnowin the UCRB.
Low Moni.tor emerginggchnique; fqr ontrol or PDO | Pending | X X Emerging techniques pr_esently in varying stagt
eradicaton ofinvasive species in UCRB. of development and utility.
Med | - Genetic biocontrol. TBD | Pending a2y AG2N LINE HDBBEAAZPU &
- Evaluate reproductive fitness and Technique relies on stocking of sterile males tc
Low competitiveness of triploid malesfg TBD | Pending X | promote population reduction through
mass stocking. reproductive interference.
These techniques ay become applicable to
- Promote research on autocidal, ) cyprinids based on efforts to apply them to
Med GoNBSR (2 SElGAyYCQ TBD | Pending X | common carp eradication (e.g. daughterless
carp)
- Visit facility specializing in genetic Auburn Uniersity would be an example of a
Low research on species interest in UC}  TBD Pending X | facility conducting research that may promote

(e.g., channel catfish).

genetic biocontrol.

XiX



ES-1l. General Recovery Program Support Action PlanSectionlll: Research ath Monitoring (continued)

1l | Activity- GENERAL FY
Rank RESEARCH & MONITN&I Who | Status | 14 | 15| 16 | 17 | 18+ | Comments/clarification
Monitor emergingtechniques for ontrol or Emerging techniques presently in varying stagt
Low | eradicaton ofinvasive species in UCRB. PDO | Pending | X X X ging d P y ying stag
. of development and utility.
(continued)
These might include/combine electrical, strobe
. . . acoustic, or bubble stimuli to guide, deflect or
- Use nonphysical, stimulus barrier . ;
. deter fish movements. Electric screenTaisher
Low screens to control escapement or TBD | Pending| X X X . . :
T Wash may provide data supporting use of this
movements of nonnative fishes.
technology for control of movements by
nonnative fishes.
Pulse pressure techniques may pidg/option
. A . . for disrupting spawning by nonnative fishes in
Med Investllgate availability/utility c.)f physma TBD | Pending | X X X | shallow water (e.g., northern pike) by causing
techniques to control nonnative fishes . ; )
mortality of spawning adults or by causing
mortality of deposited eggs.
- Determine if additional chemicals L .
(pesticides) are available/suitablerfo Ammonia is an example of a chemical that has
Med o . . TBD | Pending| X | X been used at smalicales to eradicate invasive
eradicating or controlling problematic . .
: fishes and crayfish.
species.
- Apply invertebrate control techniques Crayfish, for example, alternative aquatic food
Low to prev_ent or reduce neggtlve _ TBD | Pending X webs th_rough competltlpn, pre_datlo_n an_d by
ecological impacts to native aquatic supporting hyperpredation by invasive fishes
community. (e.g., SMB).
_ e e CPW, ey ee . . .
High Prohl_blt live njovgment of &l UDWR, | Ongoing| X | X | X | X | X Prohibition in place for_ all _crayflsh in CO and U
crayfish species in UCRB. WYGFE but only for rusty crayfish in WY.
Low - Biocontrol. TBD | Pending X E.g., use of diseases, para_snes, pr(_-:-dators or
competitors to controlmvasive species.
Low - Use pheromon_es as _attra(_:tant_s to TBD | Pending X This technlqu_e may improve removal efforts fo
promote trapping of invasive fishes some nonnative species.
Low - Environmental DNA (eDNA). TBD | Pending X eDNA may facilitate ety d.etect|on of invading
or newly introduced species.

XX



ES-1m. General Recovery Program Support Action PlanSectionlV: Policy and Enforcement

Im | Activity- GENERAL
Rank POLICY & ENFORCEMENT Who | Status| 14 | 15| 16 | 17 | 18+ | Comments/clarification
Transition maintenance activities to PDO, . ) .
S . : . . Planning should occur five years in advance of
maintain suppression of invasive aquatic | CPW, . o - .
Med . IR . Pending X | transition back tgorimary control of nonnative
species within critical habitat from UDWR, aquatic species by UCRB states
Recovery Program back to UCRB states | WYGF q P y '
Promote UBRBvide crosgurisdictional Coqrgimated managemgpt emphaS|z!ng ecologi
- ) ) . realities rather than political boundaries or
. coordination for invasive species and spo| PDO, . S A S
High | . ) ) Pending| X | X | X | X X | policies is needed to combat invasive impacts o
fish management in UCRB to emphasize| CSU . . S .
. . ) Non-compatible list species, including predaceo
ecological rather than political boundaries .
sport fish.
High - Prowde_ I&E_ab_out predatory |mpacts 9 CRRP x| x| x| x X Largebodled nonnative piscivores reduce carryi
nonnative piscivores on native fishes capacity for Colorado pikeminnow
Implement onsistent policies, regulations, CPW, The problem of illegal stocking is now basiite
and penalties for illegal stocking among th UDWR, | Pending | X | X and getting worse; a more coordinated UCRB
states in the UCRB. WYGF effort is required.
- Make fines and penalties for illegal $10,000 (WY), which is the presently the severg
. : . - CPW, L T
introduction of nonnative aquatic UDWR.| pending| x | x monetary penalty for this illegal activity in the
species the same in UCRB states WYGF’ 9 UCRB and other states should adopt similar
including COUT, and WY. penalties.
- Make loss of fishing/hunting privileges| = CPW, Same or more similar penalties should exist
High and equipmenthe same among UCRB UDWR,| Pending | X | X among UCRB states P
states for illegal stocking WYGF 9 '
- Make rewards for witness incentives th CPW, . The message regaing the criminal nature of
UDWR,| Pending X illegal stocking among UCRB states should be t
same among UCRB states. L
WYGF same/similar.
_Vt\)/gtrtke:’vl:t: dtgrest(;%lgitnsyjﬁhmet(;)?oe\?sgF/) CPW, Utah recentlyconvictedan individualbf illegal
- - g 009 UDWR,| Pending | X | X introduction ¢ he was found guilty, buined for
financial damage caused by illegal .
. . WYGF just over $300.
introductions

XXi



ES-1n. General Recovery Program Support Action PlanSectionlV:

Policy and Enforcement (continued)

1n | Activity- GENERAL FY
Rank POLIQ & ENFORCEMENT Who | Status| 14 | 15| 16 | 17 | 18+ | Comments/clarification
Detection and prosecution of illegal stocking
after the fact can be difficult if the act is
Consistently define, intensify surveillance unwitnessed, or repetitive. Intervention at the
provide informant incentives, and greatly CPW earlier, more prevatable stage when fish are
High increase pen_altles _for unauthorized _ UDWR,| Pending| X | X | X | X being transported, prior to the a_ct and violatiofr
transport of fish to intercept or avert illegal of actually performing the act of illegally
. - WYGF . . . - :
stocking befoe actual illegal release of releasing, stocking or introducing species shou
nonnative aquatic species occurs. become a more serious offense in the UCRB w
correspondingly more severe penaltiasd
deterrents.
- Make penalties for illegal transport in CPW Penalties for unauthorized transport of fish ntu
. UCRB more severe with increased fing ! ) become more severe in CO, UT and WY, and
High . . . UDWR,| Pending| X | X . . .
equipment seizure, loss of fish /hunt WYGE should include increased education and
privileges, and witness incentives. enforcement.
Mainstem rivers and their floodplains in the
Designate Native Fish Conservation Areal UCRSB are essential habitats, particularly withir
(NFCA) in the UCRB to promote need for| CPW, critical habitat, for the maintenance of a native,
. relatively intact native aquatic community| UDWR, ) warmwater, riverine aquatic community. This
High . ' Pending| X | X | X | X X . . .
to achieve endangered fish recry and to | WYGF concept is poorly recognized among agencies,
LINB@Sy (i FdzidzNB f Aaid BLM anglers, or the public. Designating NFCAs wol
NAOSNE FAAKSAOD provide a basis for education and protection of
these aquatic habitats and communities.
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ES-10. General Recovery fPogram Support Action Plan. SectionV: Information and Education

lo | Activity- GENERAL FY
Rank INFORMATION AND EDUCATION | Who | Status| 14 | 15| 16 | 17 | 18+ | Comments/clarification
I&E Committee will need to assist the Sta The program will need t(.) em'plo'y the expertise
) ) ) . of the I&E Comm to assist with important, but
agencies by developing / imgrhenting . :
o . . I&E controversial messages particularly when the
specific public outreach plans (written : ) .
communication, public meetings, social Comm, message contradicts previous Program positio
High | = cdia etc.) related to new management | CPW: | Pending | X | X | X | X | X | (e.g. those presented in the YamManagement
(e r(,)ten(.)ne anplication ceaseg UDWR, Plan). The I&E Comm may choose to conduct
~ . PP S . WYGF Human Dimensions Study to identify a messag
translocation, etc.) or policy (e.g. must Kill -
) . : approach that has the greatest probability of
regs., harvest incentives, etc.) actions.
long term success.
Develop a onepage flyer/ press releases
that highlights the benefits of thRecovery | Same Hyersshould be postedn community bulletin
High | Programand predatory impacts of as Pending | X | X boards or in other places frequented by the
nonnative predators to béistributed by above public.
staff members
Messages could includecurrentNNF
Develon/ maintaina webpagespecific to Same management prevention of nonnative
Med prm pagesp as Pending X | X ] X X | introductions critical habitat designations
the nonnative predator threat to recovery. . . Y
above proper fish locationsfuture native fishiery
opportunities implicationsof cimate change
. . o Same Potential partnersshould be contacted to team
Develop a list of potential communication . S o
Med : as Pending| X | X | X | X X | onnon-native fish controcommunication
partners outside of the Program.
above efforts.
Continue to elucate children and anglers | Same . .
. o o . Success in the long term will depend on chang
High | about native fishesnd negative impacts o] as Pending| X | X | X | X | X . N .
. general attitude to native fish conservation.
nonnative predators above
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ES-2a. Green River Mainstem Action Plan.

2a | Activity¢ GREEN MAINSTEM Who | Status FY Comments/clarification
Rank 14 1 15| 16 | 17 | 18+
SMB and WLY have been historically or illega
Reduce threat posed by walleye (WLY) a egtabllshgd in major reservoirs in the Green
. River basin. There is concern that these sour
. smallmouth bass (SMB) populations, UDWR, _ .
High | : . . . Ongoing| X | X | X | X | X | may contribute to the abundance of these
including their escapement from reservoir, WYGF o :
. . S . speciesn critical habitat. WLY and SMB esca
in Green River basin in Utah or Wyoming. .
from Starvation and may also escape from Re
Fleet, where they were illegally established.
- Apply rotenone in Red Fleet Reservoir UDWR has proposgd rotenone treatmer_1t of
) g ) Red Fleet Reservoir for 2014. CRRP will cost
. to eradicate its illegally established SM UDWR, _ )
High ; . Ongoing | X | X share the purchase of rotenone. A sport fishe
and WLY populations and reestablish | PDO ible with fish i
sport fishery compatible with recovery compatible with endangered fish recovery wi
be reestdlished
- Adopt mustkill regulation for
nonsalmonid predatory sport fishes (i.¢ In lieu of reservoiwide, mustkill regulations,
SMB and WLY) near dam at Starvatio spot regulations near the site of
Med Reservoir to reduce their density near| UDWR | Pending X | escapement/entrainment may be beneficial to
point(s) of water release (i.e. outlets, help reduce number of fish moving up into
spillway) to reduce the risk of riverine critical habitat.
escapement or entrainent.
- Adopt mustkill regulation 6r SMB near In lieu of reservoiwide, mustkill regulations,
dam at Flaming Gorge Reservoir to spot regulations near thsite of
Low reduce their density near point(s) of UDWR | Pending X | escapement/entrainment may be beneficial to
water release (i.e. outlets, spillway) to help reduce number of fish moving up into
reduce escapement/entrainment risk. riverine critical habitat.
- Further investigate source of WLY in
lower, middle, and upper reaches of Collect and analyze otoliths to determine WLY
Med Green River to determine if originis | UDWR, pending | X | X | X origins by river reach to better focus WLY
primarily from e or multiple source PDO 9 control at sources or on WLY produced in the
populations, or if irriver recruitment Green River.
has become a major contributor.
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ES-2b. Green River Mainstem Action Plan (continued.

2b | Activity¢ GREEN MAINSTEM Who Status FY Comments/clarification
Rank 14 | 15| 16 | 17 | 18+
Implement integrated approach to UDWR, Recent increase in northern pike in UT may
eradicate/remove NOP in Green River, CPW, ongoing | X | x | X | x| X facilitate further establishment by this specie
including its mainstenfloodplain nursery FWS, in Green River mainstem, floodplain or
habitats or reservoir source populations. LFL wetland habitats.
High . UDWR, . .
- Intensify efforts to remove and ) Northern pike now occur in and above Browr
. . CPW, | Ongoing | X | X | X | X X .
eradicate northern pike LEL Park in CO and UT.
- Implement musikill regulation for UDWR, ongoing | X | X | X | x| X UT tas implemented a musdtill regulation for
northern pike in Green River basin CPW NOP in the Green River.
Investigate Flaming Gorge releases as LFL, Need to understand effects of managed flow
High | means to disadvantage nonnative fishesi| BR, Ongoing | X | X | X | X for native and edangered fishes and multiple
Green River. PDO species of nonnative fishes.
The purpose of efforts to promote angler
Implement muskkill regulation for burbot harvest of invasive burbot in Flaming Gorge
in Green River basin within Wyoming, would be clarified by mustkill regulation and
High | including Flaming Gorge Reservoir. Two| WYGF| compete| X | X | X | X | X | would help avoid misinterpretation about
BBT have been captured in the Green Ri\ angling as the principle means being applied
as of 2012. reduce and control BBT spreadd abundance
n the UCRB.
- Support effort by WYGF to change the
status of illegally introduced game fish Draft languwage for regulation change has bee
High populations, in specific waters, to be PDO | Complete | X drafted by WYGF and reviewed by CRRP. (
properly disposed of following harvest supported the proposal as drafted.
without regard to edible portions.
High - Implement mustkill to burbot in UT UDWR/| Complete X | X X E’#rbOt must be killed if caught anywhere in
High -Apply musikill to burbot in CO CPW | Pending | X | X Unlimited bag limit applied to burbot in 2013,
Assess utility of backwater barriers to UDWR, . . .
. o . If successful, this technique mé&e useful in
High | exclude nonnative fish and promote FWS, | Ongoing | X | X . :
. ) : other locations in the UCRB.
recruitment of Colorado pikeminnow. PDO
Low -Investigate food web impact of gizzard TBD Pending X Gizzard shad role in food web of UCRB river

shad

unknown at present.
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ES-3a. Yampa and Little Snake Rivers Action Plan.

3a | Activity¢ YAMPA & L.NAKE FY
Rank Who | Status | 14 | 15| 16 | 17 | 18+ | Comments/clarification
Implement intearated approach to The NOP density within critical habitat exceed
pi€ 9 bp . that of Colorado pikeminnow (CPM). Adult
eradicate/remove NOP in Yampa River PDO, o :
. S L . : _ CPM density in the Yampa River has been
High | basin, including its mainstem, floodplain | CPW, | Ongoig | X | X | X | X X .
: ; reduced to about 0.5/mile by 2013 and NOP
nursery habitats and reservoir source FWS : :
opulations from the Yampa continue to move into other
P ' rivers (e.g., Green & LittBnake).
. - Apply intensive mechanical removal CPW, ) CPW approach to reduce northern pike in Lak
S o .
High methods in river. PDO nooing | X | X X X X Catamount used multiple gear types.
CPW has demonstrated the local effectivenes
- Inventory and modify as necessary, ke| CPW of such actions at Chuck Lewis State Wildlife
High pike reproductive or nursery halaits to PDO, Ongoing| X | X | X | X Area to reduce available spawning/recruitmen
reduce production of northern pike. habitat for NOP. Also applicable to RM 151
backwaer and Walton Ck confluence area.
. - Implement bounty for NOP in Yampa | PDO, . This strategy should be adopted and evaluate
. . Pend . :
High River basin. CPW ending X | XX X for a period of at least five years.
Eradicate smallmouth bass and northern | CPW,
High | pike in Elkhed Reservoir to eliminate this | CRWCD| Pending | X | X E:ﬁgeizm and NOP are known to escape frof
source of these species to the Yampa Riy| & PDO :
. - Identify and |mplem.ent optpn; o CPW, ) CPW will work with local interests to impleme
High remove these species fromithin and Pending| X | X | X . :
. PDO this action.
upstream of theresevoir.
Fishing can be immediately restored by stock
catchable rainbow trout, buwater quality
High - Identify andfacilitate replacement CPW | pending| X | X | x | X criteria may confound this option. Stocking of

fishery for reservoir.

compatible warmwater fishes may require
multiple years of stocking to restore fishable
populations.
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ES-3b. Yampa and Little Snake Rivers Action Plan (continued).

3b | Activityg YAMPA & LSNAKE FY
Rank Who | Status | 14 | 15| 16 | 17 | 18+ | Comments/clarification
NOP and WLY were illegally introduced into
Eradicate northern pike (NOP) and walley Stagecoach Reservoir and NOP subsequently
(WLY) in upper Yampa River reservoirs tg spread downstream into the privately owned
. - . CPW, . .
High | eliminate these populations as sources of X| X | X | X Catamount Reservoir where their numbers
PDO .
escapement downstream or as sources fq exploded. NOP have also been illegally spred
illegal introdution of this species. to other smaller waters in the upper Yampa
River basin which support salmonid fisheries.
i . . CPW, Present tagging and monitoring performed by
High Erad|cat<_e NOP and WLY in Stagecoad uywcp | Pending| X | X | X | X | X | CPW could be converted to intensiremoval of
Reservoir.
PDO NOP
Efforts to eradicate NOP and WLY population
in Stagecoach Reservoir will be needed to
. - Establish muskill regulation for NOP . increase the probability of success downstrea
. Pend . . . .
High and WLY in Stagecoach CPW ending | X1 X A mustkill reguation would clarify the intent of
this effort to permanently eradicate NOP in
Stagecoach Reservoir.
CPW currently performs intensive mecliead
- Eradicate NOP below Stagecoach CPW. removal _of NOP in pn_vately owned Catgmoun
. ) o . Reservoir. CRC has implemented a nkilst
High Reservoir, above and within Catamourt CRC, | Pending X | X . . .
. regulation for NOP in the reservoir. Other
Reservoir. PDO . .
control techniques may be needed in the
future.
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ES-3c. Yampa and Little Snake Rivers Action Plan (continued)

3c | Activity¢ YAMPA & L. SNAKE FY
Rank Who | Status | 14 | 15| 16 | 17 | 18+ | Comments/clarification
Implement integrated approach to reduce Smallmouth bass continue dominate as
smallmouth bass abundance in Yampa Ongoing| X | X | X | X X | nonnative predator within Yampa River critica
River critical habitat. habitat for Colorado pikeminnow.
. LFL, Knowledge about key reaches highly suited tq
High - Focus on .hablltats where SMB CPW, | Ongoing| X | X | X | X X | SMB reproduction has increased irceat
reproduction is concentrated.
FWS years.

- Focus on disrupting SMB nesting after G{ dzNEHBS¢ I LILINRI OK {2
flows drop and waters temperature Ongoing| X | X | X | X | X | removal of male SMB from nests has proven
rises. effective.

High | E_xperiment with qlternate techniques t pending| X | X | X | X X E.g., a pressurized water stream has been
disrupt SMB nesting success. proposed.
A mustkill regulation will help change the
. Establish muskill regulations for NOP, . perception that hese populations and the
High SMB and WLY in Yampa basin. CPW | Pending | X | X resulting fisheries should be promoted,
sustained or expanded.
Investigate benefits of Elkhead Reservoir| PDO, During Summer 21, releases used textend
High | releases to manage invasive fishes in LFL, | Ongoing| X | X | X | X mechanical removal (Surge) of SMB and NOH
Yampa River critical habitat. CRWCD middle Yampa River.
Adult northern pike confirmed in Little Snake
River in Wyiear Baggs. Northern pike,
e | Eraciats o conmotonnem ke m ite | WGE| o | || || smestonae e fom e vante
Snake River near Baggs, WY. & PDO '

population in renovated wetland habitats,
potentially creating an additional source
population in the Yampa River basin.
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ES-4a. DuchesneRiver Action Plan

4a | Activity¢ DUCHESNE R. Who | Status FY Comments/clarification
Rank 14 | 15| 16 | 17 | 18+
UDWR Otolith microchemical analyses indicate
. Control escapement of SMB and WLY fro ’ . escapemenby walleye into critical habitat in
High . . USBR,| Pending | X X X . )
Starvation Reservoir PDO the Green RiverUDWR will assess control /
containment options by Dec. 31, 2013.
' . . Several small impouwhments (e.g., Bottle
Inventory fish populations in Duchesne . : . .
Med . . . Pending X | X Hollow Reservoir) contain nonnative
River basin small reservoirs and ponds. i
warmwater fishes.
- Evaluate escapement for problematic Screen to control fish escapement installed at
Med additions of invasive fishes into Green Pending X Elder Pondwhich also controls escapement
River critical habitat. from Bottle Hollow.
e — FWS,
- Modify situation as needed if fish . o
Med escapement proves problematic (fish UIT, pendin x| x Presence and escapement of invasive fishes
pement p P UDWR 9 (NOP, SMB, etc.) of concern.
populations, screen, etc.).
Spawning by SMB and WLY in Duchesne
Reducémaintain nonrative piscivore mainstem may be contributing these species
High | densities in Dohesne River below Pending X | into Green River critical habitat. Consultation/

propagule threshold.

coordination with the Tribavill likely be
required.
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ES-5a. White River Action Plan

5a | Activity WHITE RIVER Who Status FY Comments/clarification
Rank 14 | 15| 16 | 17 | 18+
Implgment integrated approach to FWS, Use of boat/raft electrofishing and an electric
. eradicate or educe smallmouth bass _ .
High o . . CPW | Ongoing| X | X | X | X seine have been used to remove smallmouth
population in White Riveto below
UDWR bass to date.
propagule threshold.
- Adopt mustkill regulation to help SMB density in White River below Taylor Draw
. reduce/control SMB. Establish . Dam and downstream remains high and may
. . Pend o .
High same for NOkh case this species CPW ending | X X readily increase SMB numbers downstream int
invades. Utah.
- Use otolith microchemistry to CPW, Likely source appears to be immigration from
Med investigate origin of SMB in WhiRiver | PDO, | Pending X Green River and subsequent reproduction.
below Taylor Draw Dam. Csu Analyses of otoliths may reveal other source(s)
- Implement harvest incentive to Efficacy of amncentive prograncurrently being
High promote angler removalfosmallmouth PDO | Pending X | X | X discussed Bounty for SMB would likely need to
bass be implemented and evaluated for five years.
Monitor White Riveibasinfor occurrence rReiZ?\:\e/gl:ﬁeu%Sltirr?t?crjgSZt-iI;)é:lysloéf[;;V;sD(Zm hi\ll;
High | of invasive fishes and erahte/isolate as CPW | Ongoing| X | X | X | X X ed 1eg . 9., 1!
. crappie in Avery, NOP in Kenney Res. and Rio
required.
Blanco Lake).
. L L UDWR, . . o
Designate White River as Native Fish CPW UDWR has been discussing NFCA designatior,
High | Conseration Area (NFCA) for warmwater BLM ' | Pending X | with a White River worgroup for the White
native fishes. UIT, River within UT.
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ES-6a. Colorado River Mainstem Action Plan

6a | Activity¢ COLORADRIVER Who Status FY Comments/clarification
Rank 14| 15| 16 | 17 | 18+
NOP and WLY habeen confirmed by otolith
analyses to reach critical habitat from Rifle Gay
Eradicate or suppress NOP and SMB in R Reservoir. NOP were illegally introduced into
Hiah Gap Reservoir to eliminate this source of| CPW, ongoing | X | X | x | x X Rifle Gap. SMB escapement from Rifle Gap is
9N these species in Colorado River critical PDO gomng also likely source of this invasive species with i
habitat. critical habitat of the upper Colodm River CPW
constricts coanda screemireservoiroutlet
channel in 2013.
- Evaluate function, reliability, This timeframe is required ly K S C2 { Q
Hiah maintenance, and vandalism of screer ongoing | X | X | x | x O2yadt G GAZY OCKHMKHD
9 in Rifle Creek below dam at Rifle Gap going S .
' function in controlling escapement.
for five years.
. i Restock!ng O.f Rifle Qap rgstnct_ed 0 ) May include sterile warmwater fish (e.g., tiop
High Compatible list species., including Pending X
. . walleye).
sterile hybrids
Confirm presumed lack of connection . .
. HarveyGap Reservoir contains several
between Harvey Gap Reservoir and . T :
. ) . warmwater sport fish species, including northe|
Colorado River mainstem by use of semi| CPW, . .
Med X Pending | X | X pike, smallmouth bass, walleye, etc., that woul
buoyant gelatinous beads. Lack of PDO o S
. be a concern if this reservoir is a source of they
connection may supersede need for screg ST ;
species in critical habitat,
to control escapement.
- Eradicate or suppress NOP and SMB i . Harvey Gap Reservoir contains illegally
; Pend ;
Med Havey Gap Reservoir CPW ending | X X ] X X X established NOP.
_— . . Otherreservoirs in basin have been illegally
Periodically inventory other impoundment| stocked and this activity mav result in
Med | in Colorado River drainage to determine | CPW | Annual | X | X | X | X X . /Iy may .
: S establishment of additional populations of NOF
presence or escapement of invasive fishe or SMB
Med - Eradicate Nortompatible list species in CPW | Pending| X | X | X Gypsum ponds illegally stocked with SNBd

Gypsum Ponds.

other warmwater fishes.
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ES-6b. Colorado River Mainstem Action Plan (continued).

6b | Activity¢ COLORADO RIVER Who Status Comments/clarification
Rank 14| 15| 16 | 17 | 18+
o : : SMB are established in mainstem Colorado;
High '\c/lglg:;norgcg\r/al of SMB in mainstem EV;/\?/ Ongoig | X | X | X | X X | conditions may occur that allow SMB to expan
' in distribution and abundance.
LMB have increased in abundance, but egpto
have low survival and few adults are captured.
Hiah Maintain removal of LMB in mainstem FWS, Ondoin x| x| x| x X LMB removal in conjunction with control efforts
g Colorado River. CPW going for SMB may be sufficient to control LMB, but
ongoing removal and monitoring will reveal if
additional effort or research are required.
Implement htegrated approach to NOP are now established in both the Colorado
eradicate/remove NOP in Colorado River River near Rifle and in grayats upstream and
High | basin, including its mainstem, floodplain CPW, Ongoing| X | X | X | X will likely invade downstream, rapidly increasin
g nurse’r habita?s and reservoi,r sour(F:)e FWS going their distribution and abundance if allowed to
o ula){ions persist. NOP have also been reported in
Pop ' Connected Lakes near Grand Junction.
Notching of dikes and berms separating gravel
5AA02YGAYdS AyAGl pits from the mainstem Colorado River was
reclaiming grael pits to restore flooded mte_nded to_ facilitate '”“”'”.9 through
. : sedimentation to restore riverine ecosystem
High bottomlands and wetlands until FWS | Complete . . . )
northern pike are eradicated in the function for native aquatic and terrestrial
Colorado River species. NOP may exploit these habitats for
' reproduction, recruitment, feeding, and year
round habitat.
Hiah Replace and maintain spillway barrier net CPW | ongoing | X | x | x | x X Net replaced about every five years; due for
9 at HighlineLake. going replacement. Maintenance ongoing.
Med i m(;?l;ol\;ge(;?\rl];@ezgzgam to ensure CPW | Ongoing| X | X | X | X X | SMB established in reservoir.
Minimizes need to screen discharge from outle
. - Perform outlet releaseduring hypoxic . as fish avoid oxygen depleted wateLPW
High CPW | Ongoing| X | X | X | X | X | developed a sock net attachment for the outlet

period mid to late-summer.

works in 2013, which could be deployed during
future outlet releases.
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ES-6¢. Colorado River Mainstem Action Plan (continued).

6¢c | Activity¢ COLORADO RIVER Who Status FY Comments/clarification
Rank 14| 15| 16 | 17 | 18+
The abundance of some warmwater nonnativ
fishes (e.g., LMB) may increase in critical hab
Investigate most problematic sources of following high water events that connect
Low | floodplain ponds contributing nonnative TBD | Pending X | floodplain ponds/habitats. Whitledge et al.
fishes into critical habitat. (2006, 2007) previously examith¢his
mechanism in the Grand Valley and these
techniques remain available.
NOP and WLY havecieased in abundance in
Investigate origins of nonnative fishes in | UDWR, the upper and lower reaches of the Colorado,
Med | upper (NOP) and lower (WLY) reaches af CPW, | Ongoing| X | X respectively, in recent years. Information abo
associated habitats of the Colorado River| CSU the source of these fishes may facilitate their
control.
Adopt mustkill regulation for SMB, WLY In lieu of mgsﬂqll regulatlo.ns reservoiwide, a
. X . CPW, spot regulation near the site of upstream
and striped bass in Lake Powellexting . . ? -
Med : UDWR,| Pending| X | X | X | X emigration may be beneficial to help reduce
upstream from the confluence with the ) . : L o
. g ) WYGF number of fish moving up into riverine critical
Dirty Devil River Arm of the reservaoir. habitat
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ES-7a. Gunnison River Mainstem Action Plan

7a | Activity¢ GUNNISON RIVER Who | Status FY Comments/clarification
Rank 14 | 15| 16 | 17 | 18+
Maintain Gunnison River as nonnative Nonnative predators can limit restoration of
predator-free system to facilitate CPW Colorado pikeminnow densities if they occur
High | maintenance ohative aquatic community FWS, Ongoing| X | X | X | X X | even in relaively low numbers as largeodied
for achieving and sustaining recovery of individuals which reduce carrying capacity for
endangered fishes adult Colorado pikeminnow.
- Eliminate predatory NOP in Paonia This was performed in October 2012. 1&E and
High Reservoito help prevent their CPW, Complete enforcement required to help prevent illegal
escapement into/ establishment in PDO reintroduction of pike into this reservoir. CRRF
critical habitat. to costshare rotenone.
Escapement potential is high and reservoir is n
screened. Trout stocking has been discontinue
- Eliminate illegally stocked NOP, WLY ¢ CPW by both state and federal hatcheries due to
High SMB in Crawford Reservadr prevent "| Pending| X | X excessive predation by northern pike. Fish
. . " . PDO . .
their escapement into critical habitat. population needs to be reclaimed and replaced
with sport fishery that is compatible with
recovery.
- Implement muskill regulations for Must-kill regulations would help send message
non-approved nonnative predatory about incompatibility of nonnative piscivores
Med fishes in Gunn_ison Ri\(er reservoiesy(, CPW | Pending| X | X wi_th _nat_ive and_endan_gered fish managemgnt
Crawford, Juniata, Pada and priority in Gunnison River. Gunnison remains i
Ridgeway Reservoirs.g., NOP, SMB, last major tributary inthe UCRB that has not
and WLY. been invaded with invasive piscivores.
Juniata outlet into irrigation ditch that connects
Low - Eradicate illegally established SMB an{ CPW, Pending X to Kannah Creek has been screened, but scret
WLY in Juniata Reservoir. PDO function or extent of escapement by SMB or W

unknown.
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ES-8a. Dolores River Action Plan

8a | Activity¢ DOLORES RIVER Who Status FY Comments/clarification
Rank 14 | 15| 16 | 17 14_8
Combination of invasive SMB, abundant crayfi:
Control SMBn Dolores River basio and low flows suggest that SMB from the Dolol
Med | minimize risk ofhem reaching Glorado CPW | Pending | X | X | X River can be expected to spread downstream,
River critical habitat possibly reaching critical habitat in the Colorad
Rver.
Med - Eradicate illegally introduced SMB in CPW, Complete CPW completed rotenone application in fall
Miramonte Reservoir. PDO 2013. CRRP contributed to rotenone costs.
Proposal ® send Recovery Program crew to
- Actively remove SMB from Dolores CPW ) a§5i§t with remoyal of SMB frp m Do!ores River
Low River mainstem PDO Pending within conceptraﬂon ab(_)ve Disappointment
Creek was discussed with CPW, BOR and LFL
2012.
Med - Manipulate release from McPhee CPW, Pending
Reservoir to disadvantage SMB BR
Adopt mustkill regulation to help suppress
Implement muskkill regulations foillegally numbers ofpredatoryspecies in source
Med | stockedpredatory fishes in McPhee CPW | Pending | X | X population in reservoir. Reinfoe message to
Reservoife.g., NOP and WLY) discourage illegal stocking or-stocking of these
predatory fishes.
Adopt mustkill regulation for SMB near In lieu of mustkkill regulations reservoiwide,
dam at McPhee Reservoir reduce predatq CPW, spot regulations near the site of
Low | density near point(s) of water release (i.e] UDWR,| Pending | X | X | X | X escapement/entrainment may be beneficial to
outlets, spillway) to reduce the risk of WYGF help reduce number of fish moving up into

escapement.

riverine critical habitat
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Upper Colorado River Basin Nonnativeand Invasive
Aquatic Species Preventiorand Control Strategy

By: Nonnative Fiskad hocCommittee(Patrick MartinezKrissy Wilson, Pete Cavalli,
Harry CrockettDave Speas, Melissa Trammell, Brandon Albrecht, Dale Ryden)

Purpose

This Upper Colorado River Basin Nonnatigad InvasiveAquatic Species
Prevention an€ontrol StrategyBasirwide Strategywas developed by the Upper
Colorado River Endangered Fish Recovery Program (Recovery Program) in response to
existing and expandg concerns and populations of nonnative aquatic species within
critical habitat of the upper Colorado River basin (UCRBg&covery Goalslocuments
for the four endangered fishes in the UCRB, bongdad eleganshumpback chuls.
cypha Colorado pikeminow Ptychocheilus luciusand razorback suck&yrauchen
texanus specify the threat of diseases and predation by nonnative species, and the
adequacy of existing regulatory mechanisms as factors in the listing of these endangered
species and as criteriaatimust be evaluated in the recovery andistang process
(USFWS 2002a, 2002b, 2002c, 2002d). Presently, the Recovery Program is expected to
have sufficiently addressed theltsting criteria per the Endangered Species Act (ESA)
such that the recovepgpals for these endangered fishes can be achieved and sustained by
2023 (CRRP 2009a). Thus, there is an urgency to achieve significant progress toward
eliminating or reducing biological threats to the endangered fishes. This will require that
Recovery lPogram partners expeditiously implement practices, policies, regulations, and
enforcement to prevent or minimize the appearance of new threats or the expansion or
recurrence of existing threats.

Strategic Plan Need and Justification

A previously adoptetNonnative Fish Management Poli(olicy; CRRP
2004a) recognized that management of nonnative fish was one of many adaptive actions
required to secure native fish communities, attain recovery of endangered fishes, and
maintain populations and conditiorgat would allow recovery to persist. TRelicy
advised that nonnative fish management would initially follow an experimental approach,
but that this process should not unduly delay timely and effective actions. A subsequent
directive regarding Nonnatiieish Management in the Yampa River Bagdiréctive
King 2006) stated that the approach to nonnative fish control should be highly proactive.
TheDirectiverecommended a thorough assessment of efforts to control nonnative fish in
the Yampa River and delopment of a stronger adaptive management framework to
expedite nonnative fish control. It recognized that the Recovery Program would be
required to undertake substantial and expensive actions based on the hypothesis that
native fish would benefit fromhese projects and that the actions would be adjusted if the
benefits were not realized. TNampa River Nonnative Fish Control StratddyAR
Strategy Valdez et al. 2008) was prepared in response to the 2006 DirectivelARhe
Strategysought to identifynonnative fish control actions of sufficient scale and intensity




that would achieve measurable fish responses over the shortest possible timeframe.
Following an assessment of existing control efforts, actions would be refined and updated
to advance nontige fish control in the Yampa River.

This Basinwide Strategyncorporates elements of tN\R Strategyand builds on
its guidance to promote and achieve enduring nonnative aquatic species control basin
wide within the UCRB. In additionhts Basinwide Srategyseeks to encouraged
facilitate qualitysport fisheries that are compatible with the goals of achieving and
sustaining recovery of endangered fisaed that allowthe maintenance and preservation
of a relatively intact aquatic community consigtiof species native to the warmer
reaches of streams and rivers & libwer elevations in the UCRB, including the three
species of largebodied, norendangered fishesolundtail chulGila robusta bluehead
suckerCatostomus discoboluand flannelmoutisuckerC. latipinnis; UDWR 2006a,
2006b). While salmonids are considered to be highly compatible with the goals of
restoring endangered fishes as part of a functioning native aquatic community in the
UCRB, nonnative, nonsalmonid species pose varying dsgriethreat to the varisuife
stages of native fishest is acknowledged that the introduction of nonnative piscivorous
fishes in the Colorado River basin is generally a consequence of introductions of sport
fish (Kappenman et al. 201.2However, topromotesportfishery management that is
compatible with endangered fish recovery in the UCRBeptable nonsalmonid fishes
will include those species hybridswhich are least likely to proliferate in the warmer
streams and rivers of the UCRB and thapthy a reduced capacity to interact negatively
(prey, compete or hybridize) with native fishes due to their limited adaptadnility
invasive impact# lotic, warmwater habitats

Native fish communities which are less complex, as irCiblerado River bsin
(CRB), may be more susceptible to invasions (Moyle and Light 1996; Mitchell and
Knouft 2009). An altered riverscape and the interaction of native and nonnative species
with nonadapted and competing life histories has contributed to what may lzgést|
expansion of nonnative fishes and displacement of native fishes in a North America river
basin (Olden et al. 2006; Kappenman et al. 20@R)er40 nonnative fish species now
occur in the UCRB, compared to 14 native fish species (Valdez and Muih 208jor
ecologcal effects associated with nmative fish introductions inclebredation habitat
degradation, competition for resources, hybridizatiodisease transmissi¢ozlan et
al. 2010); however, recent efforts in the UCRB have focuseddutireg the numbers
and negative impacts of invasive predatory fishes in critical habitat Increases in
abundance and distribution of some nonnative fish species during drought conditions in
the last decade have prompted aggressive management of thess apddhe need for a
coordinated strategy for the UCRBIonnative fishes can attain higher density, biomass,
and annual production than the native species they replace, likely through changes in
ecosystem function (Benjamin and Baxter 201@dnnative fshes can be numerically
predominant in riverine fish habitats and communities, and negative interactions with
certain warmwater nonnative aquatic species (particularly predatory sport fishes) have
contributed to declines in native fish populations thelseestern United States (Carlson
and Muth 1989; Marsh and Douglas 1997; Clarkson et al. 2005; Anderson and Stewart
2007; Johnson et al. 2008; Propst et al. 2008). The most problematic nonnative fish



species in the basin have been identified as northken gmallmouth bass and channel
catfishictalurus punctatusalthough other nonnative percid, ictalurid, cyprinid,
centrarchid and catastomid species continue to be problematic (Johnson et al. 2008).
Areas where control is required for one or all threthe$e invasive predators in the

UCRB currently include portions of the Colorado, Dolores, Green, Gunnison, San Juan,
White, and Yampa rivers within the states of Colorado, New Mexico and Utah.

The dramatic decline of native fishes in the Yampa Riveriges a stark
example of the cumulative detrimental impacts of an increase in the number and
abundance of nonnative aquatic spegesticularlyincreases in the range and
abundance ahvasive species including northern pike and smallmouth bass, aed viri
crayfishOrconectes viriligMartinez 2012).The Yampa River has been described as the
Acrown jewel o of the UCRB due t oJohinsosetf or mer |
al. 2008)and its comparatively unregulated hydrogr@@behm 2004Stewartet al.
2005. It contains designated critical habitat for the four endangered fishes of the UCRB.
In recent decadedhe Yampa River has been progressiveliaded by nonnative specjes
alteing the nativeaquatic community and food web aimdreasing tk threat of invasive
impacts to native and endangered fistdeinson et al. 2008; Martinez 201EBxamples
of thesethreats include thdetectionof Asian tapewornBothriocephalus acheilognathi
(Ward 2005), hybridization between native sucker species@maative white sucker
Catostomus commersafdouglas and Douglas 2003), and predatioapparent
competition with andhyperpredation on native and endangered fishes (Johnson et al.
2008 Hawkins et al. 2003estgen et al. 2008/1artin and Wright 20Q; Martinez2012).
Endangeredolorado pikeminnovwPtychocheilus lucigshave steadilydeclinedin the
Yampa River(Bestgen et al. 20@J, despite pikeminnow increases in four other major
population areas in the Green River basin (Bestgen et al. 2010).

Past efforts to control nonnative fish in the UCRB have been hesitant and
measured in response in some instances due to angler or agency opposition to the
removal of popular sport fishes from locations contributing these species into critical
habitat. Thidelayed and incremental implementation of eradication or control efforts
has allowed species such as northern pike and smallmouth bass to become ecologically
entrenched in the Yampa River (Martinez 2012) by foregoing the opportunity for early
intervention The increase in distribution, abundance and severity of the impact of these
species on native and endangered fishes has greatly increased the cost of reducing their
populations in the Yampa River, and possibly elsewhere, will require increased levels of
removal (Haines and Modde 2007; Breton et al. 2013). The likelihood of success in
applying this increased effort and expense to suppress these problematic populations will
be improved by employing presently-wor underutilized techniquesNew and
repditive introductions of nonnative speci#sough escapemefrom off-stem habitats
(Fitzpatrick and Winkelman 2009; Wolff et al. 20132)viaunauthorizednovement by
humangJohnson et al. 2009) continues to transform the food web of the Yampa River
into one dominated by nonnative species that is less likely to serve as a stronghold for
native and endangered fishes (McGarvey et al. 2010; Martinez 2012).



It has become imperative that preventive, eradication and control measures be
diligently, vigorousy, and more rapidly applied to restore the native aquatic community
in the Yampa River and to prevent similar invasive impacts from occurring in any other
rivers or tributaries in the UCRBWhile significant eduction or eradication of some
species may bienpractical or intactable in some UCRB habitats (egmallmouth bass
in Flaming Gorge and McPhee reservoirs or Lake Powell), avoiding management that
exacerbates existing threats or problems due to nonnative fishes is paramount.
Elucidatingthe ecologcal consequences, cumulative management costs, and resource
ramifications of the invasive impacts by problematic species is intended to reinforce the
urgency to better prevent increases in their range or abundance, and to intensify their
reduction, contrl or eradication as necessary and feasible.

Supporting Documents

Control of nonnative fish species to alleviate competition with and/or predation
on rare fishes is identified as a necessary management action in all major recovery plans
in the Southwesrn U.S., including those of the Gila River Basin (DFT 2003; Carman
2006), the Lower Colorado River Basin (Minckley et al. 2003), the Glen Canyon Dam
Adaptive Management Program (GCDAMP 2006; Coggins and Yard 2010), the Virgin
River Resource ManagementdaRecovery Program (UDNR 2002), the San Juan River
Basin Recovery Implementation Program (SJRIP 1995) and the Upper Colorado River
Endangered Fish Recovery Program (USFWS 1987). Recovery goal documents for the
four endangered fishes in the UCR&ntail Gila eleganshumpback bub Gila cypha,
Colorado jkeminnowPtychocheilus luciugnd razorbackusckerXyrauchen texanus
Recovery GoalUSFWS 2002a, 2002b, 2002c, 200kt8ntified predation or
competition by nonnative fish species as a primary threattodntinued existence or
the reestablishment of sedfistaining populations of these endangered fishes.

The nonnative fish managemdtulicy adopted in 2004 by the Recovery Program
and its partners identified nonnative fish management as one of sewaclkchtegories
of activities necessary to achieve and maintain recovery of the endangered fishes (CRRP
2004a). Management of nonnative fishes was described as an adaptive process, and that
once strategies were developed, they would be evaluated aretirbased on results of
research and monitoring. TR®licy also recognized that nonnative fish species targeted
for management may have sport fish value with the angling public, and that the dual
responsibilities of State and Federal fish and wildlife agento conserve listed and
other native species while providing for recreational fishery opportunities would be
considered in nonnative fish management strategies developed and implemented by the
Recovery Program. Finally, theolicy recognized that agey and public understanding
of the purpose and scope of nonnative fish management actions by the Recovery Program
was critical to the success of the effort, which necessitates active and adaptive
information and education programs.

Key foundational docunmgs regarding the need and strategies to control
nonnative fish in the UCRB that were developed and/or are recognized by the Recovery
Program include Hawkins and Nesler (1991), Tyus and Saunders (1996), Lenstch et al.



(1996), and SWCA Inc. (2002). Guidsdis for development of nonnative fish
management actions common to all these documents include:

1. Assessment of impacts of nonnative aquatic species on native fish populations,
including problem species and probable impact mechanisms.

2. Identify spaial extent of impacted populations and potential nonnative source
systems; prioritize areas by severity and cost/benefit ratios.

3. Development of coordinated nonnative fish control strategies; identify potential
sport fishing conflicts.

4. ldentification and use of effective nonnative control methods.
5. Development of programs to monitor results of nonnative control measures.

6. Assure information, education, and outreach programs are in place to communicate
intentions and findings to the public.

The2007%2012 Aquatic Nuisance Species Task Force Strategicl RM8TF
2007) and th0082012 National Invasive Species Management (NeSC 2008)
share similar definitions and goalSlonnative species may harm or have the potential to
harm the envirament, economy, or human health. Species possessing or demonstrating
this potential to inflict invasive impacts are knowriragsive species (NISC 2008).
Both plans stress the distinction between invasive species prevention and control and
emphasize theeed for research efforts, crgssisdictional policies, and education
programs to combat invasive species. Key comporfientsthe goals of these plans are
modified below for application in thBasinwide Strategy

1. Prevention is the first line ofeflense and seeks to prevent the introduction and
establishment of nonnative aquatic species or their dispersal through early detection
and a rapid containment/eradication response to halt/reduce their invasive impact to
the native aquatic food web of th&€€CBB.

2. Apply control techniques and implement management strategies for nonnative
aguatic species to slow their spread and reduce their distribution, abundance and
invasive impacts to allow preservation/restoration of the native aquatic food web of
the UCRB.

3. Conduct research on the methods and scale required to effectively monitor
populations of nonnative aquatic species, assess their ecological impact, contain
their distribution, control, reduce or eradicate their populations, mitigate their
impact b native species and to manage mixed assemblages of native and nonnative
species.



4. Encourage adoption of policies and educational programs across agencies and
jurisdictional boundaries that emphasize prevention of the intentional or illegal
introduction establishment, dispersal, or perpetuation of nonnative aquatic species
which pose demonstrate or pose a high risk of invasive impacts to the native
aguatic food web by identifying and addressing cjogsdictional weak links.

Evolution of the Basinwide Strateqy

In addition to the evolution of policy to guide the implementation of nonnative
fish control in the UCRB, control efforts also evolved through a series of nonnative fish
control workshops. The first of these, hosted by the USFWS on 27 MaB¢m2Asrand
Junction, focused on strategies to control northern pike in the Yampa River (Martinez
2001). Annual Nonnative Fish Workshops, hosted by the Recovery Program in
December in Grand Junction, have provided data assessments and adaptive management
since 2002 to determine future nonnative fish control strategies, including changes to the
list of target nonnative fish species, geographic scope of management areas, and methods
employed (CRRP 2002, 2003, 2004b, 2005, 2006, 2007, 2008, 2009b, 201Q, 2011b
2012b). The Smallmouth Bass Summit, hosted by CDOW e2928arch 2005 in
Grand Junction, sought to identify and recommend strategies to expedite removal of
smallmouth bass in the UCRB to control their proliferation/invasiveness and their
negative impas/impediments to native fish conservation and endangered fish recovery
(Martinez 2006). The annual Nonnative Fish Workshops involved interactive sessions
among biologists and managers to develop creative approaches for improving efficiency
of nonnativdish control. Management of nonnative fish species in the UCRB has
followed an experimental approach to develop effective strategies and identify the levels
of management necessary to minimize or remove threats to the endangered fishes. The
annual worksbps frequently resulted in recommendations for revisions to the subsequent

A

year 6s wor k pbyarojectbasisa pr oj ect

In January 2008, a Nonnative Fish Subcommittee (NNFSC) of the Biology
Committee was tasked with the development of the Yampa Rikete8y (Valdez et al.
2008). The NNFSC was also responsible for the more generalized task of reviewing and
making recommendations to the Recovery Progr
various nonnative fish managenmetiteandersues t ha
expertise to accomplish, such as compiling recommendations from past workshops,
working with state wildlife officials to review and resolve specific nonnative fish issues,
and organize the nonnative fish workshops. At thd4&ugust 2008C meeting in
Salt Lake City, the NNFSC was tasked with ranking the recommendations generated by
RecoveryProgram participants at past Nonnative Fish Workshops (NNFSC 2008). The
NNFSC suggested and the BC agreed that when prioritized, these recommendations
would ultimately serve as the foundation for an UCBREirwide Strategywhich would
be patterned after the YAR Strategy (Valdez et al. 2008).

On 30 June andl July 2010 in Grand Junctiome NNFSC reviewed the
categorization and prioritization of theoNhative Fish Workshop recommendations and
strategies. It was agreed that Bessinwide Strategyshould address nonnative aquatic




species rather than just fish due to emerging concerns about invasive invertebrate species,
thus the title was changed tpper Colorado River Basin Nonnative and Invasive

Aquatic Species Prevention and Control Stratdgyaddition, it was determined that

several items previously identified as preventive strategies were more appropriately
categorized as control measuréxeention includes measures directed at the

preemption of invasive species introduction and their impacts, while the control category
includes actions undertaken after they have become established or problematic. National
invasive species plans illustratestiistinction and provide a basis fosteonger approach

to prevention of nonnative aquatic species and their potential invasive impacts to native
aquatic communities. ThBasinwide Strategys guided by principles of invasive species
biology, existingnvasive species policy, and examples of best management practices for
avoiding invasions and impacts by nonnative aquatic species.

This Strategy is based on the following assumptions:

1. Nonnative aquatic species can inflict invasive impacts on natjuatic
communities through predation, competition, hybridization or habitat alteration and
threaten recovery of the endangered fish species.

2. Nonnative aquatic species are not the only invasive threat to native and endangered
fish species, but preveon, reduction or eradication of problematic populations of
nonnative species will benefit endangered fishes and its native aquatic community.

3. Removal strategies may not eradicate problematic nonnative aquatic species from
theUCRB and may require muftle, adaptive or sustained actions through time.

4. ldentifying and controlling sources of nonnative aquatic species in the UCRB will
improve efficiency and effectiveness of preventing invasive impacts to the native
aguatic community required to achievelasustain recovery of endangered fishes.

5. The UCRB is a complex and dynamic ecosystem and the threat of nonnative
aguatic species may change over time, including those species posing the greatest
risk of invasive impacts to the native aquatic commuauity endangered fish
recovery.

6. Suppression of nonnative species and their invasive impacts may reveal additional
environmental limitations, such as habitat or water quality, that may also be
limiting endangered fish recovery and would require remexfiati

Goal and Objectives

The goal of thiBasirnwide Strategys to reduce the negative ecological impact
that problematic nonnative aquatic species currently pose or may pose for the native
aguatic community in critical habitat so that they no lorsgean impediment or threat to
the recovery of endangered fishes in the UCRB. The objectives &abivide

Strategyare to:




1) Implement control actions for existing, problematic nonnatregl@tory fish
species (@., northern pikeEsoxLucius smallmaith bassviicropterus dolomieu
and walleyeSander vitreusto expedite their reduction or eradication from source
habitats or within critical habitat.

2) Prevent the introduction of additional invasive aquatic species in the UCRB and
the expansion in disbution or abundance of the currently existing problematic
nonnative aquatic species in the UCRB.

3) Adaptively identify fund,and implement currently available or new management
actions of sufficient scale and intensity to achieve reductions in pnabte
populations of nonnative aquatic species over the shortest plausible timeframe

4) Verify the sustained reduction of problematic fish populations in source habitats
and within critical habitat to facilitate maintenance of relatively intact native
aquatic species community to promote endangered fish recovery.

5) Facilitate the management of nonnative aquatic species for recreational, research,
or commercial purposes that are compatible with endangered fish recovery.

6) Implement policies and pracéis that ensure enduring control of invasive species
and sufficiently remove the threat of problematic nonnative aquatic species in
critical habitat and associated wattrdielp facilitate, achieve, and sustain
recovery of endangered fishes.

7) Transfer pimary management of nonnative aquatic species from the Recovery
Programback tothe states of the UCRB by 2023.

Implementation and Coordination

This Basinwide Strategwill be implemented via thRecovery Implementation
Program Recovery Action PIARIPRAP; Management Committee 2012ahe
RIPRAP was developednd is modified annuallyay Recovery Prograrparinersusing
the best, most current information available and the recovery goals for the four
endangered fish speci@dSFWS 2002a, 2002b, 2002€Q02d). It identifies specific
actions and time frames currently believed to be required to recover the endangered
fishes in the most expeditious manner in ti&RB. The RIPRAPserves as thRecovery
P r o g rshomtérs and longermplan and includeslaes for accomplishing specific
actions over the next 5 years and beyond. The RIPBRt&¥desa measure of
accomplishmenthatthe U.S. Fish and Wildlife Service uses to determine iRbeovery
Programcan continue to serve as a reasonable and prudemtadive for projects
undergoing Section 7 consultation to avoid the likelihood of jeopardy totitewued
existence of the endangered fishes as well as to avoid the likely destruction or adverse
modification of critical habitat. Specific management tians or strategies (tasks) to be
included in the RIPRAP come from:




1) t he Nonnative Fish Subcommitteed (NNFSC)
prioritization of the collective analyses, discussion and annual modifications to
nonnative fish control &rts resulting from the 2002009 Nonnative Fish Workshops
(CRRP 2002, 2003, 2004b, 2005, 2006, 2007, 2008, 200&x are identified as
NNF0209); and

2) recent items resulting from presentation
Nonnative Fik Coordinator, including comments received on the @asinwide
Strategy(dated September 201 Bt Recovery Program meetings (Biology,
Management, and Implementation committees, and the Nonnative Fish Subcommittee),
and from the Nonnative Fish Workshqi@RRP 2010, 2011b, 2012b; these are
identified adNNF1012).

ManagementStrategy and Actions

The specific management actions and strategies from these two time periods were
combined and incorporated irfive major sections in thiBasinwide Strategy

I. Prevention

Il. Eradication, Control, and Management
lll. Research and Monitoring

IV. Policy and Enforcement

V. Information and Education

More detailed information pertinent to aspeatthe first four sections {IV) is provided
in AppendiceA-H. These appendices provide expanded reviews of available literature,
data, or rationales for specific topics or techniques.

Recommendations f&ections @V) of this Basinwide Strategyare containeth
the Executive Summary (ES) in Tables-ESthough ES8a Due to the specific nature
or site location of some tasks, not all tasks listed in TablesaBBrough ESBa are
specificaly mentioned within sections\ below. Tables ESla through EBaemulate
thoseinthe RIRAPO6s Act Theed uPmhna nfsor fAranko indicates
priority, either High, Medium (Med), and Low, initially assigned to each task or strategy.
For many of these tasks/strategies, the ranking is further describedBasinside
Strategy The "who" columndentifiesthe leadagency (listed fst) and any cooperating
agency(s) The status columitdentifies whether a task or strategy is ongoing, pending, to
be performed annually, or is completdgiach task is scheduled to be performed in a
specific year or yearsTheRecovery Action Planfor the Generatategory (Tables ES
la to ES10) areorganized according to the figections: I. Prevention; II. Eradication,
Control, and Managementj.IResearch and Monitoring)y. Policy and Enforcement
and V. Information an&ducation The remaining Recovery Action plans (Table Z5




to ES 8a) contain tasks and strategies for the Colorado and Green Riveasnb and
their major tributaries.

The tenyear span of this timeline reiterates the urgency to implement these
straegies and management actions to secure and sustain recovery by 2023, the current
sunset date for the Recovery Program when the primary management of the recovered
species and their habitat would revesickto the states of the UCRB. Given the urgency
involved,flexibility will be required for implementation based on availability of funds,
personnel, cooperative involvement and agreements, or techndttmyyever failure to
implement these strategies will likely diminish the effectivernésgher recovey
strategies (@., flow management, habitat restoration, endangered fish stocking) or the
likelihood that a community of native aquatic speciesded tgromote and perpetuate
recovery could be sustainedhe Basinwide Strategywill continue to followthe
experimental approach currently employed by the Recovery Program to combat
problematic nonnative species, assess distributions, estimate abundances and reduce
threats. Adaptive management principles will continue to be utilized where appropriate.
This strategy describes available tactics and actions that help achieve the levels of
management necessary to minimize or remove threats to the endangered fishes. Data and
information collected will continue to be evaluated annually to determine and refine
nonnative fish management actions under the principles of adaptive management. This
process has already begun and will not unduly delay timely and effective actions to
minimize or remove the nonnative threat to the endangered fishes.

The downlistingof UCRB endangered fishes will require meaningful reductions
in the abundance, distributipandsourcef nonnative aquatic species and their
negative ecological impact to the native aquatic community to remove the impediment
they pose for recovenyt couldbe argued that the pace of progress has been too slow,
particularly as species known to be problematic in onebsigsin begind invade in
another sutbasin. This Basinwide Strategys intendedo accelerate progress remove
the invasive impacts andréat of nonnative fishes in the UCRB to an extenttthegare
no longer an impediment to recovery over the next dec@iiecurrent approach needs
to expand to incorporate conceptsrofasive specieprevention The probability of
success will also benprovedthrougha diversified approach employing more of the
available techniques, including treating source populatioosyporaing the concept of
propagule pressuis ameasures of success)dbetter messagin@.g., must killo
regulations, a $p lllicit Introductions campaigretc.). Manyof thechanges in the
current approach to nonnative fish management in the UCRB need to be made through
changes t&tate poliesand regulatioa This Basirwide Strategycapitalizes onessons
learnedduring the past two decades$field experiencesandon the information
exchangd in Nonnative Fish Workshops in the past decade to provide guidance to
implement the changes policies and practices nestdito reduce the impacts and threats
of nonnative aquat species in the UCRB.

10



|. Prevention

The cornerstone of native aquatic species preservation and recovery in the UCRB
must beomethe prevention of new nonnative aquatic species of an unknown or
demonstrated risk of invasion into the basin and tht@duispread of potentially or
demonstrably invasive species that are already present (Vander Zanden and Olden 2008;
Vander Zanden et al. 2010; Cucherousset and Olden 2011). Preventing the introduction
and spread of nonnative aquatic species that mag pneasive is far more
environmentally and fiscally desirable than undertaking control or eradication efforts
after their arrival and establishment (Cucherousset and Olden 2011; Gherardi et al. 2011).
Due to their proliferative potential, once an invaspecies becomes established,
eradication is often essentially impossible and control typically requiregdomgand
expensive efforts for an uncertain outcome (Pimentel et al. 2000; Simberloff 2003;
Mueller 2005; Johnson et al. 200@c¢Intosh et al. 200). Increasingly, preventing
introductionsof new species (Horan and Lupi 2005) is necessary to help recovery and
preserve native fishes in the UCRB. Further, stopping the replenishment of existing
nonnative species populations that exist in or may reattal habitat must be
aggressively addressed because populations of invasive species are more likely to
establish if they are repeatedly introduced (Perrings et al. 20@R)ementing principles
and protocols for preventing the introduction of newasive species or the further
spread or reinvasion by nonnative species which have demonstrated invasive impacts in
the UCRBIi s r e ¢ o mrhighmpdceitg 0 HNFSGI2008NNF1012).

Stocking Procedures

The foremost document currently providing a prénenstrategy for nonnative
aguatic fishes in the UCRB is tReocedures for Stocking Nonnative Fish Species in the
Upper Colorado River BasiiStocking Procedures)SFWS 2009). The purpose of the
Stocking Proceduras to ensure that all future stockingnonnative fish in the UCRB is
consistent with recovery of the endangered fishes within critical habitat in Colorado,
Utah and Wyoming (USFWS 2009). By controlling the introduction, stocking and
escapement of stocked nonnative fishesStioeking Procduresseek to prevent negative
impacts to the native aquatic community of the UCRB such that recovery of the
endangered fish is not inhibited. Further, because fish stocking is an important
componenbf recreational sport fisheries management and acquaeutheStocking
Procedurespply to both the public and private sectors.

Continuedadherence to the preventive measures irstbeking Procedures
regarding introductions of new species, the risk to native species posed by individual
species alreadyrpsent in the basin, escapement and illegal introduationhshigh
priority 0 NNFSC 2008NNF1013. Scrutiny of stocking, management and escapement
by signatory agencies in reviewing Lake Management Plahde required to
maximize the effectiveness the Stocking Proceduréas protecting and preserving
native aquatic communities, and in achieving and perpetuating endangered fish recovery.
Incorporating redundares of nonnative fish control measures contained inSteeking

Procedureshould als@romote prevention of invasive impacts by nonnative fishes. An
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example would be requiring both screens to minimize nonnative fish escapement from
the stocking of sterile nonnative fishes to better ensure that access to or proliferation in
critical habitatoy nonnative fishes does not occur. An example is the requirement that
ponds in the UCRB can only be stocked with certified triploid grass carp and those ponds
must be screened to control escapement.

Questions regarding connectivity of ponds or resesuoi riverine critical habitat
may need to be resolved®ne methodology includes thee of colored, sertiuoyant
gelatinous, biodegradable bea® 8&m in diameter (manufactured Kgy Essentials,
Inc.; Hedrick et al 2009)Detection of beads releasidthe outlets/tailraces of
ponds/ reservoirs near t hesterhmardontainang oyititced conf | u
habitat couldnform decisions about connectivity under the conditions (flows, diversions)
at that point in time. This method may needbe utilized periodically to better assess
individual situations under variable conditions and during different seasons to
confirm/refute connectivityOthermethods couldncludeuse ofradio-telemetry or other
passive sampling gear types.

AppendixB provides a review afurrenthybrid/sterile technology for fishes that
might be proposed for stocking or management in the UCRB. This review of current
technology for individual species or their hybrids is intended to serve as a guide for
evaluating ad approving stocking proposalhe development of reliable sterile
induction methodologies and production capacity of hybrid/sterile sportfish has been
recognized by the States as a serious factor limiting their use and is theogfgicered
a 0 hiogh tfpeahinologies for producing hybrids or inducing triploidy, or both
have been developddr specific specieshey should be employed in the UCRIBd this
shift in the management of nonnative warmwater sport fishes should be considered a
fihigh priority 6 NNF1012). lllegal stocking continues to undermine the strict
implementation and preventive measures of3toeking Procedurggohnson et al.

2009). Stocking only hybrid/sterile predatory species may help reduce propagule
pressure via this illgal activity. However, this growing problem in the UCRB must be
swiftly addressed in a meaningful fashion and is discussed furtherRolibg and
Enforcementsection. As an alternativelJpper Basin State Sportfish Coordinatbese
agreed taollaborde with other state and federal personnel to work through a process of
identifying and ensuring health/AlS regulations are met in order to create a list of
preferred vendors for sterile warm/coolwater fish species.

List for acceptablgCompatible nonnative aquatic species

The adoption of &ompatibldist of nonnative aquatic species for management or
stocking in the UCRB is recommended to better promote prevention of invasive impacts
to native aquatic communities. @ompatibldist is a shorter, firie list of nonnative
aquatic species with local, regional or global documentation over a period of time
demonstrating their minimal adverse ecological impacts to sensitive or endangered native
aquatic species or recreationally or commercially valuabletiaguspecies, or their
habitats, given sound manageme@bompatiblelists are proactive and preventive. If a
species is not known to be widely beneficial and relatively innocuous, presenting
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minimal invasive risk, it cannot be included on th T with -
Compatibldist. A Compatible list communicationg Sompatbility with Recovery A

. . . | species considered compatible with
plan should recognize that these designations are (ecovery of the endangered fish is,

subject to changesee text box) and will be, based on the best
available scientific information.
A Compatibldist for the UCRB would CRRP prtners have learned that

strive to accommodate most public, private, and | S°Me Species once thought
compatible with recovery were late

commercial fishery management activitieshw proven not to be (e.g. smallmouth
some traditionally managed species that have bass).

proven compatible with native, endangered,
recreational, and commercial fishery resouf@ggpendixC). However, some species
that are currently present or managed in the asin northern pike and smatouth
basswould not automatically bimmcluded due to their severe threat or damage to native
aguatic speciesDevelopment of &ompatibleList for the aquarium and ornamental
trade in the UCRB would also be prewt and is recommended (Padilla and \adils

2004). Requiring that any nonnative aquatic species to be introduced or routinely
possessed, transported or stocked in the UCRB be include@amgatibldist

established by expert reviaws r e ¢ o mrhighpdogitg 0 HNFSGi2008,
NNF1012).

Non-compatibldist for invasiveaquatic pecies

In contrasto a list ofnonnative aquatic speciesnsidered Compatible with
recovery isaNon-compatible list A Non-compatible list consists afivasive aquatic
speciewith documented / demonstrateddogical impact to sensitive or endangered
native aquatic species or recreationally or commercially valuable aquatic species, or their
habitatson alocal, regional or globadcale The present use dfon-compatible liss by
various agencies having diffart jurisdictions within the UCRBouldresult in
incomplete inclusion of potentially or demonstrably deleterious nonnative aquatic species
due to varying perceptions, criteria, or priorities in identifying or categorizing nonnative
aguatic species as irsige or worthy of prohibited statudlon-compatible lis$ tend to
be reactive, continually adding nonnative aquatic species as they become recognized
elsewhere as invasive, and may be slow to react until severe problems develop locally.
This approach maglso ignore local or regional invasive impacts by existing and
traditionally managed species in the UCRB that have proven invasive, but continue to be
promoted due to their popularity as sport fish or as prey of sport fish.

A Noncompatible listvould remain useful (Simberloff 200@)nd is
recomme n tighdgrioatys o faa uséiin the UCRENNF1012). An UCRBNon-
compatible listwould include obviously egregious invasive species, including those
species that are native to or stocked in other basioC&B states, but that are highly
incompatible with endangered fish recovery or preservation of the native aquatic
community in the UCRB. Regionilon-compatible liss of known problematic species,
or of species ofiighrisk, may help prevent the introdiart of damaging species into
new areas and contribute to the prioritizatonl justificationof species targeted for
eradication or control. In addition, an UCRBn-compatible lisof the worstof-the-
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worst invasive specigg@\ppendix C)would be usefutor public and agency information

and education. This overall approach will require coordination between state and federal

agencies to promatenplement and uniformly abide bthe CompatibléNon-compatible

list model to ensure consistency in the specielsidedin the lists and its application to

the public, commercial and private sectoRecovery Program representation and
participation in regional m&NSpriontyé@t i ngs i s r €
(NNF1012) to facilitate awareness of/access to infation about progress in controlling

existing ANS species, emerging invasive species, or techniques being applied to avert

invasive species spread through ramdponse techniques or strategies.

Rapidresponse toewinvaders olinvasivespecies imewlocations

Executing a rapid response to the appearance of new or recurring invasive
species is a fundamental component of invasive species prevekiti8TF 2007 NISC
2008). Intensive removal of northern pike was implemented soon after their nunbers ha
increased in the Middle Green River in the {h890s (Monroe and Hedrick 2008). It
appears that this early intervention, maintaining a reduced level of removal in key
habitats, and opportunistically removing northern pike as they are encountered has
sugained suppression of northern pike in the middle Green River (Monroe and Hedrick
2008). The appearance of increased numbers of northern pike in the Thunder Ranch
backwater of the Green River and in the upper Colorado River in 2011 and 2012
contributed taconsideration of developing a ragigsponse crew which could respond in
on-call fashion to assess the potential for invasion by new or familiar invasive species
appearing in new location in the UCRB. This concept, including the need to
identify/establis a crew, funding, and an equipment cache to implement a rapid
response, was discussed by the Nonnative Fish Subcommittee in 2012 and was
r e c o mme nhijlepdiority 8 NNF1012).

Hazard Analysis and Critical Control Point (HACCP)

Given the prime impoance of prevention as the best defense against mounting
problems with nonnative aquatic species and their invasive impacts in the UCRB, the use
of HACCP protocols is recommended for all importations of aquatic species from outside
the UCRB and for any trafers of aquatic species within the UCRB. This
recommendation applies to movements of both nonnative and native aquatic species by
the public, commercial and private sectors due to the increasing risk of invasive species
being introduced as aquatic hitckdrs in holding water. The case of gizzard shad
Dorsoma cepedianuimtroduction into the UCRB by inadvertent inclusion in a load of
largemouth basklicropterus salmoidestocked in a reservoir in the San Juan River basin
in New Mexico is emblematic of &risk of aquatic hitchhikers and the need for HACCP
training and protocols in aquaculture operations and fishery management activities
(USFWSNCTC 2004). Appendix C provides additional detail and documentation of the
extensive spread of gizzard shadha UCRB, including a discussion of the potential
ecological complications this species poses for sport fisheries and native aquatic
communities in the UCRB.
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HACCP provides a stepy-step analysis of individual procedures involved in
aguacultue operations or fishery management activities to help identify vulnerabilities
for contamination by unwanted species and their inadvertent transport. This analysis
process pinpoints opportunities for closing pathways that could inadvertently introduce
unwanted species. Strict application of HACCP protocols helps identify best
management practices that can be implemented and updated to prevent invasive species
transport or introductions. Best management practices are only effective if implemented
and falure to do so may result in adverse ecological impacts or future restrictions for
aguaculture/management activities. HACCP has been incorporated into many
aguaculture activities of state and federal agencies in the UCRB, but it remains unclear if
HACCP training or its application has been undertaken in private sector aquaculture
operations or agency field activities. Ensuring the availability of HACCP training and its
application in private aquaculture operations and fishery agency field operations is
rem mme n d e kigh arorityad Nf{F1012). Appendix D provides an example of the
HACCP protocol applied bwyoming Game & Fisliior thetransplanof roundtail chub
Gila robustafrom the Halfmoon Lakes to Scab Lakén 2009

The Upper Basin Fishl@efs recognized that agency jurisdiction is an issue with
regard to applying HACCP in the private sector. In Colorado and Utah the Department
of Agriculture would have enforcement authority, not the wildlife agency. And they
suggested that promotion @iis method of prevention should also consider making

AHAACP certificationdo a bonus, a positive th
Example- Arkansas bait fish industry, where vendors can market themselves as
Acerti fiedod t ha tspecestheyoequested. wi | | get the

[l. Eradication, Control, and Management

Eradication should be the goal of invasive species managsimeafit removes
the need for further control and ongoing environmental or economic costs. Eradication is
best applied wheproblematic species first appear and their numbers are low and not
widespread. Otherwisspecies invasions are often irreversible and many species, once
established, may prove difficult or impossible to eradicate without excessive collateral
damage to rnave speciesNlyers et al. 2000Cucherousset and Olden 2011). This
predicament clearly reiterates the importance of prevention as the cornerstone of
nonnative and invasive species management (Vander Zanden and Olden 2008).
However, due to the inabilityf the most diligent and effective prevention strategies to
eliminate introductions of nonnative species or their invasive impacts (Vander Zanden et
al. 2010), 1) methods of early detection, eradication or continuing control must be applied
(Gherardi et al2011) and 2) native species conservation will involve management of
mixed assemblages of native and nonnative species (Cucherousset and Olden 2011).

Integrated Pest Management

Definitions of Integrated Pest Management (IPM) vary to both includeptiew
as a foremost strategy (EPA 2011) or exclude it in favor of maintaining pests at the
maximum level just below the economic threshold (¢éhg. lowest population level that
will cause economic damage) to contain control costs. A combination ofisfichions
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is used here to apply IPM in the UCRB for the control of problematic spesiies a
collection of techniquethat target specific biological attributesan economically,

socially and ecologically viabl@anner that is sustainable over tbedterm. Clearly,
prevention must be applied vigorously to avoid additional ecological or economic costs
for nonnative aquatic species control in the UCRB. Nat¥izing all available

techniques, optimizing their application, and evaluating theicegfEness will be

required to more efficiently combat invasive species and their impacts in the UCRB.
These actions may include eradication attempts in specific waters aitefiekkd spatial
areas, population control by suppression through removal pnggrad/or containment

of existing populations to prevent their further spread (Britton et al. 2@ljsting the
support and assistance of other agencies to implement an IPM approach was ranked as
fihigh priority 0 NNF0209. An example of this mukagency assistance would be the
administration of a bounty for a problematic nonnative species by agencies with offices
or facilities close to the habitat area targeted for control.

Electrofishing

Electrofishing s performedn UCRB rivers within critical hbitat or in adjacent
upstream reaches or tributaries to sample native fishes or remove nonnative fishes.
Typically, electrofishing at lower elevations in the rivers of the UCRB captures of a wide
variety of warmwater species including cyprinids, catogisiresocids, ictalurids,
centrarchids, and percids, but comparatively few salmonids. Electrofishing has become
the primary means to attempt reduction and control of nonnative fish populations in the
UCRB. In some cases, multiple passes in some rivehesaare requirei conduct
markrecapture population estimates, with additional passes being required to meet
projections for depletion of target nonnative fishes based on capture probabilities (Haines
and Modde 2007; Breton et al. 2013).

The CRRPand &n Juan River Recovery Programs use electrofishing boats or
rafts to capture fish in several hundred miles of river annually at ambient water
conductivities ranging from 100 to 1,500 uS/cm. Boats provide increased mobility in
larger rivers during high fles when water conductivities are typically lower and rafts are
used on smaller rivers or during low flow periods when water conductivities may be
higher. The electrofishing fleet of the recovery programs currently consists of seventeen
water craft represging a combination 04.9-5.5 m long aluminunrhulled jorboats and
4.3-4.9 m long whitewater rafts or catarafts. An electric seine is also used to collect
primarily small bodied fishes (Bestgen et al. 2007b).

Standardization of the electrofishing fidms been undertaken to optimize
electrofishing effectiveness and minimize injury to fish (Miranda 2005; Martinez and
Kolz 2009). Four models of electrofishers were evaluated for their capacity to sustain
power output in both electrofishing boats andsr&b further promote standardization of
the Recovery Programb6s electrofishing fleet
encountered (Martinez and Kolz 2013). Exploring the use of alternate brands or models
ofboate | ect r of i s h e highprierdysdo NINEB0A(9.eSHlandarslizafion of
electrofishing operations requires the use of electrodes of similar configuration, spacing
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and electrical resistance. Standardizing the electrical waveform and power output

requires the use of appropriate elecsioéir control settings to maintain a constant

transfer of electrofishing power across the range of water conductivities encountered is
recomme n tighdorioatyy 0 NIYFI12). Identifying fish response thresholds

specific to the standardized electrofighboat and rafts, and the badéctiofisher used

with the craft (Appendix F), to refine electrofisher settings is also recommended as a

fihigh priority 6 ( Mar t i n e z NAFLAL2.KAppenrdix B @rdvideStandard

Operating Procedu&SOP)guideliness or t he Recovery Programos
operations.

Pesticides

Pesticides offer the potential for local eradication when properly applied under
favorable conditions. While piscicides for the eradication or control of fish are readily
available andvidely applied, particuldy roterone (Finlayson et al. 2010), they remain
indiscriminate, often being toxic to nearly all fish species and some invertebrate taxa,
dependent in part on the water conditions and concentration of the active ingredient at the
time of application. As a consequence,tanget species may be killed in situations
where the need to eradicate or reduce the abundance of invasive species arises. Similarly,
no pesticides are known to be selective for crayfish resulting in chemgatthents for
crayfish in small bodies of water that are readily available, comparatively inexpensive,
and do not persist ithe environment, such as rotere, BETAMAX VET (synthetic
pyrethroid) and ammonium (Gherardi et al. 2011). Martinez (2004) agpseides in
floodplain ponds along the Colorado and Gunnison rivers in Colorado in an attempt to
control chronic sources of nonnative fishes, including nonnative centrarchids (particularly
largemouth bass), entering critical habitat. While reinvasigoonds was evident, and in
some cases rapid, it appeared that largemouth bass did not reinvade as readily as other
species (Martinez 2004), but there was no evidence of an associated, persistent reduction
of nonnative fish density in backwaters (Martire Nibbelink 2004). Rotenone was
successfully applied in the Old Charlie Wash wetland adjacent to the Green River in Utah
to remove northern pike (Monroe et al. 2008). Srsedlle spot treatments using
piscicides to eradicate nonnative fishinisoldted b i t at s whagh prioriyvdk ed as
(NNF0209.

Large scale application of pesticides to eliminate invasive threats or impacts by
nonnative aquatic species in reservoirs or rivers has been discussed, but no projects have
been implemented to date. Timeed for large scale application of pesticides will increase
as problematic species increase in distribution and abundance through illegal
introductions and emigration into critical habit&iscicide treatments in larger reservoirs
are undertaken occasially, typically to improve conditions for sport fisfireatments to
remove problematic species timad&yincreag orperpetuatthe riskor occurrence of
invasive impacts in critical habitat ¢haot been performenh the UCRB until 2012 when
Paonia reseoir was treatedotenone to remove its population of northern pikarge
scale applications of piscicideve not been used large riveran the UCRBto reduce
the abundance of problematic nonnative fishes for the benefit of the native aquatic
communty. While largescale application of piscicides was recommended for further
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consideration and i mp llow prieritytoa tdiuen ,t oi ti tvea shirgan
and uncertain outcom®&NF0209. However, more recently, prioritization of waters

(primarily r eser voirs) whdaighpriogtg® mme na>pe diist @ disses
the feasibility and cost associated with treating individual water, and to expedite this

management optiotN(NF1012). In 2012, Colorado Parks and Wildlife treated Paonia

Reservai (target speciet northern pike) in the Gunnison River drainage and Miramonte
Reservoir(target speciessmallmouth bas€)olores River drainage) in 2013. Utah

Division of Wildlife has also committed to treating Red Fleet Resertraigét species

walleye, Green River drainayjan 2014.

Nets

Various types of nets have been used in the UCRB as part of nonnative aquatic
species sampling and removal efforts. Gill nets, trammel nets, and trap nets continue to
be used for the capture of nonnativén@s in both lotic and lentic habitats. Lift nets and
baited traps have been used to capture crayfish. Consideration must be given to mesh
aperture, duration of sets, or risk of unauthorized retrieval-dabgh mortality of non
target species is of comm. Nets may be selective for certain species or sizes of fish
depending on seasonal or environmental factors, but they remain largely indiscriminate,
passively entangling or capturing fishes in the vicinity. The potential loss of low
numbers of nativeishes may have to be weighed against projected or potential losses to
predation by nonnative piscivores in determining the intensity of net use. The judicious
use of nets is recommended to maximize the removal of target nonnative aquatic species.
Theug of mul ti pl e g e highprioytypoeNFORG®s r anked as i

Escapement screens

The Stocking ProcedurgéJSFWS 2009) require the use of screens to control the
escapement of stocked, nonsalmonid fishes from ponds and reservoirs. Three functional
cakgories of screens/barriers have been applied in the UCRB to aid control of nonnative,
nonsalmonid fishes. These include installation of screens on outlets of reservoirs or in
stream channels to control escapement, entrainment, or downstream movement by
nonnative fishes from these sources. Irving and Montoya (2002) and Martinez (2004)
provides examples of screens adaptable for use on small ponds releasing low flows from
their outlets. Second, natural features or constructed barriers (screens) camlgeite t
fish movement into rivers, canals or ponds. Last, an effort to limit downstream
movement of piscivores from their area of greatest reproduction, recruitment or
abundance has been attempted by their select
upstream source area and critical habitat for endangered fishes below the buffer.

Assumptions about the effectiveness of nets, screens, buffers or strategies intended to

limit or prevent fish escapement or movement into Critical Habitat should be avoided
without a preliminary assessment, including outside-peervi ew of t he screent
and design, or ongoing monitoring of their effectiveness and a reevalotiwar

function and suitability for controlling the movement of problematic fishesdpmment

is documented. Equally important is the capacity and commitment to sustain the
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operation and function of these structures or strategies in perpetuity, in lieu of eradication
or sufficient suppression of the source population of problematicespeci

An example of a reservoir screen is the spillway net at Highline Lake in west
central Colorado, which i&bricated of the high tech fiber Dyneema, a high molecular
weight polyethylene material. This material was well suited for the net at Highiened
its resistance to abrasion, light degradation, and fatigue without special coverings or
coatings (Martinez 2002). The net is 363 feet wide, 19 feet deep, has a dry weight of
1,400 pounds and mesh openings of 0.25 inches (Martinez 2001). Thetfinsidma
projected service life of up 5 years under local conditiMertinez 2009 and was in
place six and a half years, until March 2006. It was determined that the net could be left
in place yearound, even during winter when the lake is frozen (Maz 2001). The net
that was initially installed in 1999 was replaced with an identical net in 2006. A dive
team has been used to cledgal/debriduildupfrom the net two to three times per year
(Martinez 2002).

In addition to the yearound moniteing and maintenance of the net by State
Parks personnel, the Colorado Division of Wildlife (CDOW) performed an evaluation of
fish escapement following the netds installa
controlling escapement of resident atmtked nonnative fishes from the reservoir was
favorable (Martinez 2002). The Recovery Program has recommended maintaining a net
at this site to continue to control escapement of nonnative fish (PDO 2002). The stocking
of warmwater fish species was alled under the StockingroceduregUSFWS 1996)
due to the placement of the net at Highline Lake has proven popular with anglers. The
effectiveness of outlet screens is dependent on their monitoring and maintenance to
ensure their function. Implementinfjeanate strategies to best prevent nonnative fish
escapement from unscreened outlets, such as releasing water during periods of
hypolimnetic oxygen depletion to prevent or minimize fish entrainment/escapement, is
recommended.

Mandatory annual maintenaglopeing of the Highline Lake outlet, which would
be an unscreened release of water from the reservoir, is recommendeatmbeed
during the summertime period of hypolimnetic oxygen depletion to prevent/minimize
entrainment or escapement of warmwditdr species Fiperet al.(1982) reported that
fish thrive at> 5 mg/l of oxygen, show a decrease in feeding and growth frérmag/I,
and may die from-3 mg/l, depending on the species. The EPA (1986) provides
information showing that various lifeagjes of several species of nonnative warmwater
fish known to occur in Highline Lake are tolerant of oxygen levels < 5 mg/I, including
smallmouth basMlicropterus dolomieyEdwards et al. 1983) whose escapement from
the reservoir is of particular concerBurdick et al. (1954) reported that lethal oxygen
concentrations for smallmouth bass ranged from-@.18 mg/l at 6680° F. Martinez
(2002, 2003) reported that oxygen levels typically fell below 2/mg/l beloepth o6-8
from mid-July until late Augusaind recommended this 2 mg/l threshold for future
unscreened outlet releases. Given annual variation, monitoring oxygen levels near the
outlet in Highline Lake to detect the period when oxygen is > 2 mg/l should provide up to
a sixweek window between #hfirst week of July and the first week of September in
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which the mandatory annual maintenance/opening of the Highline Lake outlet could be
performed.In 2013,CPW developed a sock net attachment for the outlet works, which
could be deployed during futuesnual outlet tests

In contrast, Elkhead Reservoir in northwest Colorado was equipped with outlet
screens, but not a spillway scredtikhead Reservoir wagcentlyenlarged to improve
water storage capabilities in the Yampa River Basin and to swaéyr for
supplementing the depleted base flows of the Yampa River to benefit engldfigh in
Critical Habitat (Roehm 2004)As part of the reservairs enl ar gement , mul t i j
screening devices were installed in the outlet tower to control fish escapemen
Monitoring of recaptured, tagged bass revealed excessive escapement of resident and
translocated smallmouth bass from Elkhead Reservoir, attributed in part a greater
magnitude and frequency of spills from the reservoir following reconstruction (Breton
al. 2012). Due to the impracticality of net/screen in the spillway or at a downstream
location to control fish escapement, the translocation of smallmouth bass from the Yampa
River into Elkhead Reservoir was suspended in 2011 (CRRP 2011a). Bretq2@12)
further stated that escapement rates of smallmouth bass from Elkhead Reservoir would
render smallmouth bass removal efforts in the Yampa River ineffective in a short time.

A third screen desighas been used at Juniata Reservoir in the GumiRseer
drainage and &Rifle Gap Reservoir, near the town of Rifle, Coloradinese screens
were constructedn the tributary below the dam, controlling the downstream movement
of fish escaping or entrained in releases from either the spillway or (U88R 2011a).
TheRifleGaps cr eends | ocati on -senavbynerRCRRPN under went
personnel with regional expertise and monitoring for fish escapement past the screen and
ongoing maintenance were stres¢dienqUSFWS eval uat
2011a) Due to the presence of a suite of nonnative predatory species, including northern
pike, smallmouth bass, and walleye in the reserttoérU. S. Fish and Wildlife Service
recommended a five year monitoring periocevaluate the screeérs ef f ect i veness
preventing the downstream movement of figb&-WS 201a). Specimens of each of
these predatory species captured in the Colorado River within critical habitat have been
suspected (smallmouth bass, McAda and Burdick 2005) or confiimoeithern pike,
Johnson et al. 2013; walleye, Wolff et al. 2012) to have originated from Rifle Gap
Reservoir.

While additional screesmay be installed to contrescapement of noative
fishes from reservoirs or ponds in the UCRB, it must be undetsthad maintenance of
screens and their infrastructure is an ongoing, necessary, and expensive commitment.
Screens may facilitate stocking or maintenance of high densities of predatory sport fishes
in reservoirs for angling recreation, which may contettiotthe escapement of sufficient
numbers of a particular species exceeding its propagule size and capable of triggering an
invasion if the screen fails periodically or for an extended period. It is recommended as a
fihigh priority 0 NNF 0209, NNF1012) tha screens be used to manage sport fish
populations based ddompatibldist species that are considered to be compatible with
endangered fish recovery and not for managemenhtarfcompatible lisor
demonstrably invasive species in the UCRB, includingheon pike and smallmouth
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bass. Monitoring of all screens on public waters and reporting on their function and
mai nt enance on an annuhidh prlortysoi st oi sh erl egpc cenmnseunr dee
reliability in preventing/controlling fish escapemeRNF1012).

Exclusion barriers

Exclusion barriers of varying scale have been applied, exist, or have been
proposed in a variety of habitats. Martinez (2004) installed weadigescreens to
prevent invasion of ponds, but found that some larval nonnigives were able to pass
through 0.5 mm openings. Hill (2004) evaluated the potential placement of barrier
screens in the mouths of backwaters in the upper Yampa River to prevent northern pike
access spawning habitats. Small aperture screens (1/4lachll in the mouths of
backwater in the Green River suggests that this treatment excludes nonnative predators,
primarily centrarchids, and may increase the numbers of yofiggar native fishes
(Hedrick et al. 2010). Larger scale examples of exclusaondrs exist at the selective
fish passage structures on the Gunnison and Colorado rivers near Grand Junction,
Colorado. These fish ladders are operated seasonally and before individual fish can pass
upstream, they are manually sorted to remove nonnspieeies. While highly effective
at preventing the upstream movement of nonnative fishes, the upstream river reaches they
protect are vulnerable to escapement from reservoirs or illegal introductions of
problematic species in upstream habitats (Johnsaln 2009). A natural barrier
(waterfall) at the mouth of the San Juan River where it empties into Lake Powell (USBR
2011b) created by the reservoiros drawdown,
nonnative fishes from the reservoir into riverine criticabitat. A potential strategy for
creating similar barrier scenarios would be the use of a floating weir in a select river
reach or tributary mouth to exclude nonnative fishes (Monroe et al. 2009; Tobin 1994;
Stewart 2002, 2003). Exclusion barriers havteptial to benefit recovery and
preservation of native f i Hghprisritydn dst hdai mafyu rote
among the few methods to locally manage the negative impacts of nonnative small
bodied fishes in native fish nursery habitdd®lF1012. The use of large passive weirs
inamulttgear approach to control/ exhghude non
priority 0 al t hough it was acknowledged that t
(NNF0209.

Downstream buffers

Efforts to rem@e northern pike from Lake Catamount, situated in the upper
Yampa River basin, and from the Yampa River between Hayden and Craig provide
examples of buffers between source areas of northern pike, and suitable habitats
downstream. The buffer concept propeso intercept northern pike within the buffer
area in an attempt to reduce their abundance and predation within the buffer and in
habitats downstream. Lake Catamount is known to contribute northern pike downstream
into the Yampa River, including in ddal habitat (Orabutt 2006; Finney and Haines
2008; Martin and Wright 2010). Intensive removal of northern pike from Lake
Catamount using trap nets, electrofishing, and angling have reduced the numbers of
northern pike (B. Atkinson, Colorado Division cafRs and Wildlife (CPW), unpublished
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data), but pike careinvadethe reservoir from Stagecoach Reservoir upstream (Rogers

et al. 2005) where pike had been introduced illegally. The highly suitable habitat for

northern pike in Lake Catamount (extensit®tal and vegetated areas; Fitzpatrick and

Wi nkel man 2009)reppreatote acé@pakeo in which
expected to rapidly repopulate without a dedicated level of ongoing removal to sustain
suppression of the population or ede them from original source upstream in

Stagecoach Reservoir.

Northern pike in the upper Yampa River near Steamboat Springs are believed to
originate from the numerous ponds in the floodplain that connect to the river (Hill 2004),
and from Catamount Rervoir (Fitzpatrick and Winkelman 2009). In 2004 and 2005,
the density of northern pike800 mm TL) in 28 miles of this reach averaged 28.3/mile
(Finney and Atkinson 2005). Many of the northern pike in the Yampa River buffer
between Hayden and Craidp€tupper limit of critical habitat) originate from upstream
sources, as indicated by movement of tagged pike (Finney and Haines 2008). Northern
pike tagged within the buffer and upstream in the Yampa River move downstream into
critical habitat in the Yamgand Green rivers (Finney and Haines 2008; Monroe and
Hedrick 2008; Martin and Wright 2010), a pattern exacerbated by the high densities of
northern pike in these upstream reaches. The average density of norther30iBe (

mm TL) in the buffer (38 milg) from 20042010 was 30.8/mile (Finney and Haines

2008; Webber 2008, 2009, 2010). Both annual densities {#8.4/mile) and the

average density of northern pike in the buffer remained higher than in the middle Yampa
River (76 miles) during the samenie period which ranged from 8.24.1/mile and

averaged 10.2/mile for pike > 300 mm TL (Wright 201@entifying and remedyg

channel modification in Yampa River (elsewhere if appropriate) to advantage native fish
reproductiorandrecruitment and to dilvantage nonnativgsrimarily northern pikeis

r ec o mme n tighdrioaty o NI{FF209).

Relying on the fAbuffer approachodo as the p
downstream invasion by northern pike into critical habitat is not a sustainablégiong
approacho promote recovery of Colorado pikeminnow in the Yampa River or within the
UCRB. The average density of northern pike in the Yampa River above critical habitat,
~30/mile, is over 10 times that of the reduced pike density, 2.67/mile, tatgeieerim
criteria in theYAR Strategy(Valdez et al. 2008). A more receaiterionrecommends
that the density of northern pike not exceed that of Colorado pikeminnow in critical
habitat, which is presently depressed at 1.9/mile (Bestgen et al. #g@iOporthern pike
remain aboutive timesmore abundant than Colorado pikeminnow within critical habitat.
The current strategy of selectively removing northern pike only in certain habitats has
failed to adequately suppress the density of northern pikgtical habitat. The release
of tagged pike in the buffer was ceased in 2011 to increase the number of pike removed
annually (CRRP 2011a)To more effectively reduce pike abundance in the Yampa
River, a more comprehensive approach, targeting aduh® imainstem river and in
source habitats used for reproduction will require increased use of currently applied
techniques (eleatfishing, trap nets, barriers, angling), incorporation of wutidized
techniques (muskill regulations, harvest incentisepiscicides) and experimentation
with new techniquese(g., sound cannons in spawning concentration areas). This
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approach implies and conveys that maintaining northern pike in upstream reach with a

direct connection to critical habitat is compatibléhvwendangered fish recovery.

Replacing this strategy with one more focused on eradication of northern pike in the

rivers and connected habit ahighpriority ot h e UCRB i
(NNF1012.

Mandatory harvest and monetary incentives

The removal of bag and possession limits for nonsalmonid sport fish within
critical habitat in the UCRB was intended to promote the harvest of these fishes, reduce
their populations within riverine habitats, and to convey the management priority given to
nativefishes in these rivers. More recently, the removal of bag and possession limits for
nonsalmonid sport fishes has been expanded in Colorado to include river reaches above
critical habitat and larger tributaries flowing into critical habitat. In Utah,latigns
have been adopted requiring anglers to kill any smallmouth bass or burbot they catch in
the Green River. Despite expansion of these liberalized harvest regulations for
problematic piscivores, it is uncertain whether anglers are presently cangibut
meaningfully to the reduction of these species. In Utah, the densities of the species
subject to the muskill regulation are comparatively low, so the regulation may be
preemptive. In Colorado, where densities of the target species aramigffigt is
underway to normalizéhe messagamongstvarious agenciet® promoe sport fishing
that is compatible with native species conservatiothin critical habitat and in adjacent
reaches or connecting habitats. A more coordinated message and ebapsieation
of mustk i | | regul ations for invasi thigh predatory |
priority 6 NNF0209, NNF1012). The policy and practice of translocating problematic
predatory species removed from rivers represents a direct contrast and cegdirding
the invasive threat these species have demonstrated and pose for endangered fish
recovery. Rather than convey or support the need to eradicate these species in rivers
riches or adjoining habitats enjoining or adjacent to rivers supportaangered fishes,
the species continue to be st obigherbrityabn d pr o mo
(NNF1012) that of problematic species removed from UCRB rivers no longer be
translocated to any habitats within the UCRB.

Incentives that entice argglto pursue target species and reward them for
removing and killing problematic fishes may facilitate the effectiveness of regulations
intended to contribute to the reduction and control of target problematic species.
Presently, a harvest incentiveoisly applied in one location in the UCRB, in Wolford
Mountain Reservoir near Kremmling, Colorado for illegally introduced northern pike
(Ewert 2010). A $20 reward for each pike killed by anglers is paid by the Colorado River
Water Conservation District @VCD 2011). In addition to concerns about predation by
northern pike on stocked salmonids (CRWCD 2011), the reservoir contains a population
of native roundtail chub (Ewert 2010). Bounties ranging from$&l®for predatory
salmonids in Lake Pend Oreil{slartinez et al. 2009) accounted for half of the 100,000+
lake troutSalvelinus namaycuskmoved from the lake (CBB 2010). A similar reward
program i s r eligh pnioriey® dNBFLO13 geg.aYanipa River northern
pike, White River smallmouth kg, etc.) to better incorporate the concepts of Integrated
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Pest Management and the application of multiple gear types, two strategies that rate as
fihigh priority 0 NNF0209). Zipkin et al. (2009) examined life history characteristics of
various nuisance annvasive species and categorized northern pike as a species that
would not display overcompensation in response to intensive hdovdsttunately the

same researchers reported that a sgean removal effort fosmallmouth bass

population ina northen temperate lakeesulted in a lager population size. &
demonstrates the need to devdiogggrated Pest Management appresctinat are

species and sigpecific.

[1l. Researchand Monitoring

Research to better understand the food web intewe#dtips of native and
nonnative aquatic species would help to prioritize the most problematic species for
eradication or control using available techniques, or reveal the need for research to
develop the appropriate strategies and tools for species foh wbintrol techniques are
not readily available. For all nonnative aquatic species subject to control, identifying
target levels of population suppression will be required to evaluate progress toward
achieving removal goals. To achieve and sustain mamagegoals for nonnative
aguatic species and their presently occurring or threat of invasive impacts, research to
identify and implement additional or new equipment, techniques, or strategies, needed to
prevent, eradicate or control problematic populatiervgarranted.Recommendations for
this section and a timeline for implementation are provided in Table 3.

Propagule pressure

Propagule pressure is a combination of the number of discrete release events
(propagule number) and the number of individualease in a single event (propagule
size; Lockwood et al. 2005). Functionally, propagule pressure is single or multiple
additions of nonnative species from individual or multiple sources or pathways that
contribute eggs, larvae, juveniles or adults capabkreating a reproducing propagule
that establishes a salfistaining, potentially invasive population. Establishment of
nonnative species which may become invasive is correlated with the frequency of
introduction events and the number of individuatsaduced = propagule pressure
(Colautti et al. 2006) Simberloff (2009oncludedhat ircreasing propagule size
enhances establishment probabipityimarily by lessening effects of demographic
stochasticity, whereggopagule number acts primarily byrdhishing impacts of
environmentaktochasticity. A continuing rain of propagules, particularly from a variety
of sources, may erase or vitiate the expected genetic bottleneck for invagiated by
few individuals (as most are), thereby enhancindihked of survival. Therefore the
Recovery Program should focasntrol / containment effortsn chronicsources of
escapement.

Species that have been purposefully, accidentally, or illegally introduced may
become invasive, threatening the prests of perpetuating native aquatic communities in
the UCRB upon which the recovery of endangdisites depends. For example,
Franssen et al. (2007) demonstrated the preference for available native prey fish by
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endangered Colorado pikeminnow, despitertbmerical dominanamnd availabilityof
nonnative fish prey.

Information in Appendix G illustrates that single introduction events in reservoirs
can establish populations of nonnative fish that have or may escape into UCRB rivers.
Further, this informi@aon suggests that very low propagule densities in rivers have the
potential to establish populations of nonnative predatory fishes that may become
invasive, hampering the recovery of endangered fishes. Interim targets for reductions of
smallmouth bass (Bsmallmouth bass >200 mmTL/mile) and northern pike (3/mile)
within critical habitat in the Yampa River (Valdez et al. 2008) may allow a rapid
resurgence of these species. Thus, these targets should not be adopted for other rivers in
the UCRB and shouldkely be lowered for the Yampa River in accordance with the risk
of population establishment or resurgence associated with the propagule densities
discussed in Appendix TableZ Mueller (2005) recommended convening a panel of
experts to assist in develog strategies to combat predation on native fishes, including
reducing and maintaining densities of unwanted communities by 8&mination of
the interim reduction criteria for northern pike and smallhdaiss the Yampa River
(Valdez at al. 2008) is e ¢ 0 mme n dhighcprioatys 0 NNFID12) using propagule
size. Basing target removal densities on an aerial rather thamriteelbasis may better
identify an ecologicallbased target density suited to the kbegn suppression of
invasive piscivores.

The low propagule densities identified in Appendix Tabi2 @&so illustrate the
need to better prevent access by nonnative predatory fishes into critical habitat from
upstream river reaches, tributaries, ponds, and reservoirs, or via illegal stocking
Allowing an ongoing influx of new or existing species into critical habitat undermines
removal efforts and reduces the prospects of sustaining suppression of problematic
species.Introductions of inadequate size or frequency will result in establishiaikme
= reduce propagule pressundreducel invasion risk (Drake and Lodge 2006).
Applying the concepts of propagule size (Duggan et al. 2006; Reaser et al. 2008) or Allee
thresholds (Keitt et al. 2001; Drake and Lodge 2006) may provide a beterstamiling
for projecting and evaluating critical population densities below which target invasive
species cannot persist.

Population modeling

Evaluation of available population data for smallmouth bass (Haines and Modde
2007; Winkelman et al. 2011) émorthern pike (Bestgen et al. 2011) in the UCRB will
evaluate the status of these populations in critical habitat, identify their population trends
in response to removal efforts, and provide a basis for adjusting the amount of control
effort required tachieve reduced levels of abundance for these invasive species (Bestgen
etal. 2011; Breton et al. 2013jurther, population modeling for smallmouth bass has
helped identify and verify problematic river reaches for this invasive species in the
UCRB andmay facilitate allocation of removal effort to increase the likelihood of
achieving and sustaining its suppression (Breton et al. 2013). In analogous removal
efforts for lake trout in large lakes in the western U. S., population modeling has been
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used taassess prospects for successful suppression, the effectiveness of suppression
efforts and to prescribe the level of removal effort required to collapse invasive lake trout
populations to target levelsi@nsen et al. 2008; Dux et al 2011; Syslo 2010; Sstsé.

2011). For population eradication/suppression to be successful the number of individuals
produced in a population must be exceeded by the number removed (Bomford and
O6Brien 1995; Syslo et al. 2011).

Understanding population metrics, and movetand distribution patterns, are key to
implementing successful suppression programs and avoiding reactionary, quick actions
that may result in a less effective approach to suppression (Dux et al. R&sBarch to
better understand abundance and pdpulalynamics of northern pike in theORB is

being conducted by Bestgen et al. (201This research is expected to evaluate the effect
of pike removal in the buffer area on pike populations in downstream critical habitat, aid
assessment of immigratiorofn sources upstream, explore the influence of important
environmental factors on northern pike abundance, and project trajectories of pike
populations under different levels of removal effdftowever, rapid detection arah
expediensuppression respomgemain advisable tmcrease the effectiveness of
eradication efforts (Simberloff 2003; Syslo et al. 201Given the negative impact to
native and endangered fish attributed to northern pike in critical habitat in the Yampa
River, it is recommended as high priority 6 NNF1012) that control of this invasive
predator should proceed in an aggressive manner, incorporating refinements as more is
learned from control and modeling efforts.

Sources of nonnativieshes

Evaluation of nonnative fish escaperm&rom reservoirs has been conducted at
several UCRB reservoirs including Highline (Martinez 2001, 2002) and Elkhead
reservoirs (Miller at al. 2005; Breton et al. 2013) in Colorado, and Starvation Reservoir
in Utah (Brunson et al. 2007). The recaptureagged fishes in escapement studies
facilitates estimation of escapement rates and distance moved following escapement.
However, conducting studies of tagged fishes at all potential sources of problematic
species would likely be impractical due to tlenenitment of time and funds necessary
to capture, tag and recapture the tagged specimensRebowery Prograrhasfunded or
related research has demonstrated the utility of microchemical analysssiailly
occurringstable isotopes and elemental signes of water and otoliths for identifying
sources of fishes at both fingend largescales in the UCRB (Martinez et al. 2001;
Whitledge et al. 2006; Whitledge et al 2007; Fitzpatrick and Winkelman 2009; Wolff et
al. 2012). Assessing the risk of nonnatimensalmonid fish escapement from reservoirs
in the UCRB, including the use of microchemical techniques, is a recommended strategy
(NNF0209. The need to identify origins of nonnative, nonsalmonid fish species already
present in the UCRB inew locationr at higher denses in critical habitat and the
appearance of new fish species will continue to arise in the future. Microchemical
analyses also offer potential as a forensic tool for tracking illegal stocking of fishes
(Johnson et al. 2007; Gibséteiremer et al. 2009).
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Identifying origins and incidence of nonnative nonsalmonid fishes in critical
habitat that have escaped from ponds or reservoirs can contribute to identifying the most
problematicsources of thesgpecies and prioritizing locations wkeactions are needed
to prevent escapement of nonnative fisiNF0209). Application of this technique in the
UCRB has bhighprornteo NFO209, NNF1012). Additional research is
recommended s madiufn priority 0to refinethe capabilities of tisi microchemical
techniqudor water with similar signature®NNNF1012). Just as DNA evidence is useless
without a suspect, otoliths obtained from fish suspected of escaping from a pond or
reservoir must be compared to suspected sources. Chemical sigoatmany sources
in theUCRB have already been documented but in some cases it may be necessary to
collect additional reference samples from a capture location and possible source
locations. Species effects on signatures are insignificant for all bity@ahd some
additional work to examine mechanisms for that difference is n¢éidie1012). More
researchis also e ¢ 0 mme n aneddum prigritya to Bvaluate differences in river vs.
reservoir ggnatures near damaslNF1012).

Streamflow trend and resasir release effects on nonnative fishes

High spring discharge is often benefidiahative fishes in the Colorado River
basin (Osmundson and Burnham 1999; Paukert and Rogers 2004; Gido and Propst 2012),
however, negative impacts to nonnative fishestdud®w induced environmental effects
may be difficult to discern (Coggins et al. 2011pw stream flows in the UCRB appear
to favor species such smallmouth bass and virile crayfish which benefit from earlier
reproduction and longer growing seasons tdugarmer water temperatures (Martinez
2012). Northern pike and largemouth bass abundance in UCRB rivers appears to
increase following high water events which may be due to the earlier and extended
connection of floodplain habitats, possibly facilitatnegroduction or access to the river
from habitats that were formerly disconnected from the mainstem (Whitledge et al.
2007). Gaining a better understanding of the influence of discharge on water temperature
and habitat inundation or connection in relatiomeproduction, recruitment, growth,
di spersal, and abundance of highpnoritad i ve fi shes
(NNF0209, NNF1012. In addition to the potential ecological implication of flow events
or manipulationsprolonged periods of sustaingows may facilitate removal of
nonnative fishes. Examining the utility of flow releases from Elkhead Reservoir to
prolong access to key habitats for extensi@simertimgemoval of nonnative fishes vs.
reserving releases to supplement base flows isirete n d e dmediusn préorityio
(NNF0209, NNF1012).

Experimental manipulation of reservoir releases to disadvantage nonnative fishes
or prolong mechanical removal of problematic nonnative species may become more
complex if the flow adjustments negativaifect native fishes or enhance the success of
other nonnative fishes (Brown and Ford 2002; Craven et al. 2010). Smallmouth bass and
white sucker appear to be recent invaders in the Lodore Canyon reach of the Green River,
Colorado, within Dinosaur Nati@h Monument (Bestgen et al. 2007c¢). River flows and
water temperatures in Lodore Canyon can be influenced by releases from Flaming Gorge
Dam in Utah and may provide a means to disadvantage reproduction by smallmouth bass.
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Smallmouth bass begin to spawhem water temperatures reacli@%Lukas and Orth

1995), but white suckers typically do not spawn in water temperatures exceetfing 15
(Hamel et al. 1997). Bestgen et al. (2007c) reported that sdmteers in Lodore Canyon
declined from upstream to doviresam, a pattern expected for a species that is more
common in cooler upstream reaches than in warmer waters downstream. Increases in
flows and a reduction in water temperatures that may disadvantage smallmouth bass may
prove advantageous for white sucki®estgen et al. 2007c) or northern pike. Increases in
the distribution of nonnative fish@sthe UCRB, or the addition of new species, may
complicate or eliminate some management options that might have been used to control
specific invasive species bife stages if the control strategy results in collateral impacts

by other invasive species.

Investigating the availability and utility of reservoir releases to alter hydrographs,
and potentially thermographs and sediment transport (turbidity), to ditadea
spawning and nesting behaviors hgimd success o
priority 0 NNF0209 NNF1012. Smallmouth bass spawning success in lotic habitats
may be negatively affected by acute reductions in water level which can cause nest
abandoment (Montgomery et al. 1980). Conversely, high flows can be associated with
yearclass failures (Smith et al. 2005), which may sweep eggs or fry from nursery areas
(Mason et al. 1991). Smallmouth bass spawning and recruitment is often favored by
lower flows and associated warmer water temperat@esham and Orth 198&wenson
et al. 2002), thus higher flows coupled with lower water temperatures may prove
detrimental to smallmouth bass reproduction. Smallmouth bass may also be susceptible
to increasedurbidity or siltation which can disrupt spawning or feeding (Berkman and
Rabeni 1987; Sweka and Hartman 2008etter understanding of these mechanisms by
examining daily otolith increments can provide the dates of spawning, thereby facilitating
the foas of removal effort during times when spawning, nesting, or hatching might be
interrupted to reduce recruitment of problematic species. Analysis of yudtyear
(YOY) smallmouth bass otoliths to better understand their spawning chronology in
relationtof | ow events or mani puhighpriodynds i s r ecomme |
(NNF1012. Evaluating the utility of this technique for similarly understanding the
timing of spawning in other speciesde YOY largemouth bass, northern pike and
walleye) as an aid iratgeting removal or reducing recruitment during the period or at the
| ocation of their s praadiaom pigiy ® SNFL0&2 o mmended as

Potential effects of climatéhange

The terms fAcli mateo and fAcl i maemal chan
Panel on Climate Change (I PCC 2007). n C
different types of weather conditions over time, with 30 years being a typical period for
such measurements, although shorter or longer periods also may be Gs2@Q07).

The term Acli mate changeo thus refers to a c
more measures of climate (e.g., temperature or precipitation) that persists for an extended

period, typically decades or longer (IPCC 200Various types oEhanges in climate can

have direct or indirect effects on species. These effects may be positive, neutral, or

negative and they may change over tiodepending on the species and other relevant
considerationssuch as the effects of interactions of clienaith other variables (e.g.,
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habitat fragmentation; IPCC 2007Hellman et al. (2008) listed five mechanism that

might changeinrespeea t o cl i mate change and t hat migh
or management: 1) mechanisms of transport anddatton; 2) climatic constraints on

an nvasive species; 3) distribution of existing invasive species; 4) impact of existing

invasive species; and 5) effectiveness of management strategies for an invasive species.

The challenges in restoring and consegunative aquatic species will likely
become more difficult due to the interaction of invasive species and climate change
(Rahel et al. 2008). The abundance of nonnative species can increase rapidly under
favorable conditions such as low flow prolongeddbgught (Moyle and Mount 2007).
Droughts are part of the normal climate pattern in the CRB, but they do not occur in
cyclic fashion and they are difficult to forecast (CSBCRBWM 2007). However, while
the drought of the early 2000s will eventually be fokal by wetter conditions, future
droughts of varying severity are predicted to recur with increased frequency and duration
(CSBCRBWM 2007).Resluting reductions in water stores and stream fldws to
climate change will likelyntensify demand for remaimy water supplies antiay hasten
proposed water development, includinghe Yampa River (NCWCD 2006; Kinseka
al. 2008; Rahel et al. 2008; Palmer et24108;2009; Repanshek 2009k.or example,
longterm climate and water development forecasts esigitpw scenarios for the Yampa
River that will functionally mimic drought conditions, including reduced stream
discharge, smaller stream size, and an increase in summertime water temperatures
(Roehm 2004; Johnson et al. 2008).

Martinez (2012) reviewede implications of reduced stream flows and resulting
elevated water temperatures for impacts by invasive virile cra@fisbnectes virilisand
smallmouth bass in the Yampa River and other similar rivers in the UCRB. Several other
invasive species, inaling green sunfishepomis cyanelluand largemouth bass
Micropterus salmoidesave higher thermal tolerances than many of the fish species
native to the CRB, and some native species such as speckleRhdaichthys osculus
may be disadvantaged by thetrmcreases and extended periods of low summer
discharge (Propst and Gido 2004; Carveth et al. 2006; Rahel et al. 2008). Species that are
widely distributed in the United States, including in the UCRB, such as fathead minnows
Pimephale promelagreen sufish, and channel catfish, are projected to benefit from
climate change (Eaton and Scheller 1996). The projected increase in channel catfish
growth rate (McCauley and Beitinger 1992) could increase piscivory by larger catfish in
the UCRB (Tyus and Nikirk990). Smaibodied, warmwater nonnative fishes,
including the juveniles of larger species, also pose a predatory threat to larval eedanger
fishes (Karp and Tyus 199Buppert et al. 1993; Brandenburg and Gido 1999; Carpenter
and Mueller 2008; Schoolest al. 2008).

Climate change and its effects on water temperature may also alter the dynamics
of parasite and disease transmission and host susceptibility, exposing immunologically
naive native fish to outbreaks of pathogens (Marcogliese 2001; Ficke260@| Rahel
and Olden 2008). For example, tm@philic Asian tapewornBothriocephalus
acheilognathimay become more widespread and increase its infection intensity due to
higher water temperatures associated with Isuenmertimdlows (Clarkson et all997;
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Hoffnagle et al. 2006). Incidence of infection may be higher in small fish and infected
fish may grow more slowly, prolonging their exposure to increased infection and
predation, and potentially reducing the survival of native cyprinids (Broudé&; Y8&rd
2005). Thermal modeling for key invasive spece&g.(northern pike and smallmouth
bass) i s r eoomediumenonteod taos faorfecast i f changes
temperatures due to reduced precipitation or stream flows will prove beneficial or
detrimental to existing invasive species in the UCRB as it relates to the control and
suppression of their populations in critical habitdNF1012). Further, it is

recommended that climate changed be emphasized in Recovery Program messaging
regarding the red going forward for increasingly preventive measures in the
management of nonnative aquatic species due to the anticipated aggravating impact of
elevated water temperatures in critical habitIF1012).

Electrofishing Evaluation

Concern has been exgzsed about the potential deleterious effect of the multiple
electrofishing passes required for the removal of target nonnative fishes on native fishes.
Martin and Wright (2010) expressed concern alpotdntial chronic and/or acute impacts
of increased lectrofishing on Colorado pikeminnovExamination of factors contributing
to reduced survival of adult Colorado pikeminnow did not identify sampling mortality as
problematiqPDO 2006). SimilarlyBestgen et al. (2007a) presented field observations and
gpecific experimental results of other studies indicating that repeated electrofishing
associated with development of Colorado pikeminnow population estimates in the Green
River basin did not appear to be a significant source of mortality. Additional extom of
Colorado pikeminnow dateollected during 200@008 further indicated that repeated
capture by electrofishing did not negatively affect survival of Colorado pikeminnow (Bestgen
et al. 2010). Native UCRB fishes may be affected differently byrelshing. Muth and
Ruppert (1996) reported internal injuries and reduce hatching success in razorback sucker
shocked at 60Hz and 24% duty cyclRuppert and Muth (1997) reported no significant
difference in injury or mortality in juvenile bonytailstiseeen controls and taxis or
narcosis treatments at 30 Hz and 12% duty cycle or 60 Hz and 24% duty cycle. Bohl et
al. (2009) reported reduced survival of cyprinid embryos subjected to electroshock,
however, 60 Hz PDC, which is recommended for use in UGRBsrwas less harmful
and has been shown to be minimally harmful with repeated use (Gatz and Linder 2008).
Investigating the effects of the repeated use of electrofishing on native fishes was ranked
a shigli priority 6 NNF0209).

Hybridizationwith nonrative fish

At present, the primary threat of hybridization between nonnative and native
fishes in the UCRB is between nonnative white sucker and its native sucker species
(UDWR 2006). Whilehybridizationbetween native and endangered razorback sucker
mayoccur in the wild at a low leveB{th et al. 198y, the mass release of any native
suckers hybridized with nonnative suckers would threaten gene pools of wild native or
endangered suckers in the UCRB. Hybridization between sucker species native to the
UCRB with the nonnative white sucker is known to oc&wyglas and Douglas 2003
McDonald et al. 2008; Quist et al. 200H)ybridization of closely related native species
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or with nonnative species reduces genetic integrity and reproductive fithessvafuadi

native species and may endanger rarer species through outbreeding depression (Perry et
al. 2002, McDonald et al. 2008, Muhlfeld et al. 2008hus, hybridization may pose an
additional threat to the native aquatic community required to promoteusiein

recovery of UCRB endangered razorback sucker (USFWS 2002d). McDonald et al.
(2008) revealed that hybridization of native bluehead and flannelmouth suckers with the
white sucker increased introgression between the native suckers. This mechafdsm co
ultimately pose an increased threat of hybridization for razorback sucker (USFWS
2002d).

Incidental removabf white suckers and their hybrids in the UCRB at the
selective fish passages on the Colorado and Gunnison Rivers and those captured by
electrd i shing in the Green and hghphprityor asemas i s
index of their population status and to reduce their numbiN&1012). Initially,
standardizing the criteria and identification key used by field personnel to identify hybrid
suckers i s r éeighopnomitgd dtea @met enthi ally provide a
the percentage of sucker hybridization in the UCRB overall or more specifically between
individual species in specific locationdN[F1012). The use of genetic technigs is
recomme n doe prioridy® NHF10i12 to monitor the integrity/ introgression of
native sucker species (Cooke et al. 2004mer et al. 2009 Examination of white
sucker maturity in relation to age and size through examination of gonads asyl f
sections to potentially focus mediomv al by si z
priority 0 (NNF1012).

Population and food web impacts to native aquatic communities

Nonnative and invasive aquatic species may impact native fishes in several ways.
They may compete for environmental resources of native fishes through exploitative
competition for food, interference competition for feeding sites or shelter, or by apparent
competition (hyperpredation) which intensifies and sustains predation on nsttiee by
a nonnative piscivore(s) (Bryan et al. 2002, Carpenter 2005, Magdiy. Further,
nonnative fishes may harbor exotic diseases or parasites which may reduce vitality of
native fishes, contributing to increased mortality (Ward 2005, Hoffnagle 2006,
Rahel and Olden 2008N\ativefishes of the Glorado River basiappear to lack
competitive and predator defense abilities compared to fishes that evolved in more
speciesich regions (Moyle 1986; Minckley and Douglas 1991; Johnson et al; 1993
Rogowski and Stockwell 2006; Pilger et 2008). Mtive Colorado River warmwater
cyprinids and catostomids -@volved with a single piscivore, Colorado pikeminnow,
while many of the introduced nonnative species evolved in fish communities containing
many predatory fish species (Clarkson et al. 2006)toduced predators may have
particularly strong effects on naive native prey that do not recognize or respond
appropriately to an invader (Moyle and Light 1996; Simon and Townsend RR@Her
et al. 2@7; Mitchell and Knouft 2009).

Nonnative piscivores appear to be the most negatively correlated with native
species and are most likely to alter native fish assemblages and raise extinction risk (He
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and Kitchell 1990; Moyle and Light 1996; Findlay et2000; Mitchell and Knouft

2009). Pedation on early life stages juveniles of native fishes lryonnativepredatory
speciesincludingnonnative crayfish and smdibdied fish or on all life stages by larger

predatory fishescan reduce population nuntsedy compromising recruitment of young

fish or by reducing the number of reproductive adults (Mueller et al.; ZA®enter and

Mueller 2008;Johnson et al. 2008)he suite of nonnativéarge-bodied predatory fish

speciesn the UCRB such as smallmah bass, northern pike, walleyend burbomay

reduce carrying capacity for adult Colorado pikeminnow in critical habitat. Because

fishes in lotic systems that are top predators tend to consume energetic resources that are

one trophic level below thermd assimilate only a fraction of these resources, less

energetic resources are available for predator production (McGarvey et al. 201i).

predatory fishes that rivéthe body mas®f adult Colorado pikeminnow would be

expected to compete for the egetic resources available for top predators within critical

habitat (McGarvey et al. 2010). Partitioning available energetic resources among

multiple predator species would inevitably be expetwedduce the density of adult

Colorado pikeminnow (McGaryeet al. 2010)Resear ch i s rBwommended
priority 0 t o better understand the ecol ogical i ni
partitioning lotic energetic resources between native and nonnative aquatic species

(NNF1012.

Emerging Techniques

A variety of techniques are being applied, tested or developed for the control of
invasive species. Some of the items included here have a longer history of development
and application, but they remain novel techniques in the UCRB. Other more recent
techniques @ presently unproven in their effectiveness in controlling invasive aquatic
species, but may become candidates for testing or application for the control of
problematic species in the UCRB. Because these techniques are highly varied, only brief
coveragas provided here. If a particular technique is to be further considered for
application or further research, a literature review, consultation with recognized experts
or site visits where the technigue is being applied/tested would be recomnasnded
fimedium priority 0 (NNF1012).

Genetic biocontrol

Bi ocontrol, including g¢eedampricritybdue hni ques,
to its anticipated difficulty of implementatioNNF0209. Recovery Program
participation in the Genetic Biocontrol Workshopgche Minneapolis, MN in June 2010
(Kantola and Martinez 2010) provided information on the suite of genetic techniques
potentially available for the control of problematic populations of nonnative fish
(Kapuscinski and Patronski 2005; Thresher 2008). @miguple of these techniques
appeared applicable or potentially pursuable at the present time. The aforementioned
triploidy method (Appendix B) can be applied to limit the reproduction of stocked fish,
reducing the risk of invasion in the UCRB, but itypically not capable of inducing a
population reductionf reproducing resident fistHowever, nale triploid fish have
testes, producing sperm and hormones that may allow them to be competitors for fertile,
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diploid females. If behaviorally competitiamd reproductively successful, their

offspring would not be viable (Feindel et al. 2010), offering the potential for population
controlif sufficient numbers of triploid males could be stockddhis strategy of stocking
triploid males would be highly depdent on their reproductive competiveness and

success in mating with fertile, diploid females. Supporting or conducting research on the
guestion of reproductive competitiveness for a-nentrarchid, target species of

predatory fish€.g., walleye) in theUCRB is recommended s low pridrity 0

(NNF1012.

It is recommended s madiufn priority 0that research be encouraged,
supported or conducted on autocidal techniques that drastically reduce the ratio of
females to males within a population (ThresH@®® NNF1013. This technique may be
especially applicable to widespread, problematic species in the UCRB such as channel
catfish or red shinegCyprinella lutrensiswhich may respond favorably to climate
change, intensifying their negative impacts onrtagve aquatic community. The Trojan
Y Chromosome strategy requires species that have Xdetexminatiorand are
amenable to sereversal (Gutierrez et &2012). Sexreversed females carrying two Y
chromosomes are released into the population asaaswd eventual eradication
(Gutierrez and’eem 2@6). The work ofChaimongkol (2009) with channel catfish and
common carp (cyprinids) may facilitate the development bfr -®oed t i nct i ono gende
ratio distortion similampotoetcheai guepdIdd e da
Engaging in discussion or making a site visitamdidate research facilitiesge Auburn
University in Alabama) is recommendads low pridrity 0to ascertain the dizs of
existing technology and the prospects forlfating or funding genetic biocontrol
research for species and applications in the UQWRBR1012).

Non-physical,stimulus barrierscreens

In addition to the physical/structural screens/barriers described above, fish
guidance and repelling technologga@lincludes noiphysical, stimulus based
technologies including electrical fields (shock), flashing lights (strobes), acoustic arrays
(sound) and bubble curtains (visual). None of these technologies are known to be in use
in the UCRB, but they are increagly being used elsewhere to repel fish to prevent their
entrainment, escape or invasion either singly or in combination asstinitilus
screen/barriemistallations (Turnpenny et al. 2010)here likely are scenarios in the
UCRB where this technologg or may become applicable to control movement of
problematic nonnative aquatic species. Site specific consideration would include public
safety or nuisance concerns, habituation by target species resulting in reduced
effectiveness, or potential effeat oontarget species (Turnpenny et al. 2010).
Application of this technology at the present time in the UCRB for the control of
movements by nonnati veloWprierity ® 8INF1G2.r ec o mmend e d

Physical Technigues

Gross et al. (2010) providessummary of innovative physical techniques that
may be adapted to control invasive fishes. Some apply familiar techniques in alternate
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ways, such as electricity applied to the substrate as opposed to the water column to target
fish embryos. Similarlygovering the substrate with fine particulate matter (silting)

would deprive embryos of oxygen. Other techniques rely on technology developed for
other purposes, such as the use of seismic technology (water guns) to target adult fish.
This pulse pressutechnology is being evaluated for its effectiveness in suppressing
invasive northern pike (Gross 2010), and thus may become of interest for application to
concentrations of adult pike in spawning habitats in the UGRBIs recommended as a
fimedium priorityd f or e x p éNNF1OI&n t a | use

Chemicals

Gross et al. (2010) summarized the potential use of both familiar (carbon dioxide)
and lesser known chemicals (peracetic acid) for the control of fish embryos and larvae.
Numerous considerations, includirigetapplication concentration, potential of
application, detoxification requirements, regulatory constraints, toxicity taarget
organisms, etc., would have to be addressed prior to the use of these chemicals as
pesticides. However, additional toolsciantrol or eradicate problematic fishes, including
targeting early life stages, would contribute to an IPM approach and the application of
mul tiple gear t vy phspriorityd NFB209v Aremoniahiase d a s f
emerged as a potential alternatigeagpesticide for local eradication af/asive fish
(Ward et al 2013pr invertebrates (g., crayfish; Clearwater et al. 2008), and further
consideration of it use for spot smallscale treatments is recommenddiredium
priority 0 NNF1012).

Invertelrate Control

Techniques and technology to control most invasive invertebrates have yet to be
developed for application on large scales, thus prevention is the absolute best method to
prevent their invasive impacts. Four of the crdyBpecies in the Yapa River (vrile,
rustyO. rusticus papershelD. immunisand ringedD. neglectug for example, are
considered to be highly invasive (Larson and Olden 2010, 2011; Gherardi et al. 2011,
Martinez 2012). Martinez (2012) described potential impacts ofishaiy the UCRB,
and the ecological implications of invasive virile crayfish and the recently invading rusty
crayfish (Brown 2011) in the Yampa River basinewNinvaderssuch as rusty crayfish,
should be targeted for early eradication because of unattepmpacts (Cambray 2003;
Strayer et al. 2006; Moyle and Marchetti 2006; Gren 2008). Hyatt (2003) and Gherardi
et al. (2011) summarized potential control options for crayfish ranging from trapping to
chemical treatments.

Trapping is being employed lrake Catamount, a reservoir on the upper Yampa
River, in an effort to eradicate rusty crayfish (B. Atkinson, Colorado Division of
Wildlife, personal communication). Zipkin et al. (2009) categorized rusty crayfish as
good candidates for eradication/coh&tiorts due to their low propensity for population
overcompensation in response to harvéxintrol of crayfish was among the highly
recommended strateglowepmqgiybutduett wasncankadntas
treatment costs or effectivenddiNF0209). However given the nonnative status of

34



crayfish in the Colorado River Basin atiebir invasivecapacity and potential to

negatively reconfigurenative lotic foodwebs, t i s r e c omgheriordyedod as a
(NNF1012 thatall states in the UCRshould prohibit the importation, movement, sale,
possession, and stocking of any live crayfish (Martinez 2012).

Biocontrol

The potential use of biocontrol options to control/eradicate problematic nonnative

species, including species specific or geradty modified diseases or parasites, predators

or competitors or behavioral chemicals to attract or repel target species, has received

little attention i n t lowpriori/RBNEI208. One consi der
initial example attempted the uskwhite sucker as a pheromone source to bait northern

pike, but was unsuccessful and suggested the use of mature adult pike as potential

attractants to increase the catch of pike (Martin and Wright 2010). It is recomnaanded

a low priority 0that futureapplications of such techniques be undertaken experimentally

to evaluate their potential utility for target species in the UQRBF1012).

Environmental DNA (eDNA)

Eradication and control of an introduced species is more likely to be successful if
it is detected early when its spatial distribution is restricted and its abundance is low
(Myers et al. 2000). However, this limited distribution and abundance may hinder early
detection (Hoffman et al. 2011). Environmental DNA in suspended, sloughed tissues
may allow detection of even rare organisms in aquatic environments that may remain
undetected by traditional sampling methods (DeJean et al. 2011; Jerde et al. 2011).
Further, eDNA may have potential to estimate species biomass, allowing detection of
seasnal concentration of target species in reproduction, feeding or refuge habitats
(Takahara et al. 2012). It is recommendes low pridrity othat the utility of this
technology in the UCRB be considerdteaits adoption becomes more widespread
(Darling and Mahon 2011§NF1012).

IV. Policy and Enforcement

Presently, the primary method for encouragimyye preactive Recovery
Program policies is the annugiifficient Progress Mem@SFWS 201k). This
document identifies and evaluates both accormpients and deficiencies of the
coordinated efforts tdetermine if ongoing recovery actions are sufficient to offset
effects of water depletions.This annual evaluation applies primarily to the recovery
status of endangered fishes falling under thisgiiction of the ESA and the USFWS.
Achieving an enduring recovery of endangered fishes in the UCRB will be dependent on
a relatively intact native aquatic community of species which falls under the self
regulation jurisdictions of the states of the UCREcause of the complex and
sometimes conflicting missions of fishery agencies in providing both recreational and
conservation services for aquatic resources (Clarkson et al. 2005; Carey et al. 2011), their
responsiveness or s@hforcement in implememg or adhering to effective policies,
regulations and enforcement to improve prevention strategies for invasive species to
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native aquatic communities may be confounded (Carey et al. 2012). This scenario may
ultimately inspire or invite adapting or adomginewregulations or enforcement

strategies.It will also require appropriate preventive and remediation responses to
preserve native aquatic communities, sustain recovery, and prevent future listings under
the ESA. Ultimately, management of endangeiguket upon their recovery will

transition from primarily federal responsibility for the implementation of nonnative aquatic
species control to ongoing implementation by the UCRB states. Preparation for this
transi ti on medumpriordynokNEO208)s A

Crossjurisdictional Coordination

Responsibility for invasive species polisyiften divided among a number of
agencies, a regulatory approach that discourages an integrated or uniform approach to
prevention and controfoodhue and McKee 2006gaiser 2005 In the case of the
UCRSB the jurisdictional unit is primarily at the state level, althoughipilalagencies
may be involved (@., wildlife, agriculture). A problem arisesvhen deficient regulations
in one jurisdiction increase the risk otiioductions or invasive impacts regiafide in
adjacent jurisdictions (Peters and Lodge 2009). Ultimatelypribigability forsuccess of
anindividualst at eés efforts to prevent invasive sp
endangered fishes or presemative aquatic species in the UCRBnigltiplied by their
nei ghbor 6s si mi ICeordinated managenemt  eecomraehdedas & .
fihigh priority 6 NNF1012) in the UCRB to prevent invasive impacts to native aquatic
species by nonnative aquasigecies in accordance with ecological considerations rather
than along political boundarieBgvies and Jackson 2006; Gersen 2009

On a national level, crayfish regulations pose another example of how cross
jurisdictional coordination could be improvddiBtefano et al2009 Peters ad Lodge
2009 Larson and OldeB011 Crayfish regulations in the UCRB also display this
inconsistencyMartinez 2012) No crayfish species@anative to the Colorado River
basin and their deleterious impacts to native qdeod webs are increasingly
recognized (Martinez 2012). While the regulatory situation for crayfish has improved
recently to include more states with prohibitions on the transport of live crayfish (AZ,
CO, UT), other states only prohibit the movemdntgty crayfishOrconectes rusticus
(NM, WY), which can be difficult to distinguish from other species in the field
(Distefano et al. 2009; Peter and Lodge 2009). Further, commercial transport or
importation of live crayfish for the aquarium and foodles may be unaddressed by
existing regulations intended to prevent species introductions. Martinez (2012)
recommended that all movement of all live crayfish be prohibited for any purpose in the
UCRB. Reviewing and modifying crayfish regulations in theRBGvas ranked as
fimedium priority 0 NNIF0209).

Inconsistent coordination can applyjtmisdictional policies and practices well.
Northern pike, for example, are highly problematic for native fishes in the Yampa River,
and it would be iHadvised to aw their establishment or invasive impacts to manifest in
other UCRB locations. Despite this, fishing for northern pike continues to be promoted
in rivers and reservoirs in the UCRB. While this promotion is tempered in songe case
with the message thaorthern pike can be problematic for native or sport fishes, the

36



species is disparately promoted among the UCRB stétesome cases, illegally

established populations of northern pike are promoted. This promotion may entrench an
expectation among angtethat such fisheries be perpetuated, despite the invasion risk or
the existing invasive impacts in critical habitathe development of a consistent, cross
jurisdictional approach to aquatic invasive species prevention and control was ranked as a
fihigh priority 0 NNF1012). Also, the need for information and education about
predatory i mp ahighpriorily® NYFO208.k ed as 0

lllegal Introductions

Appendix H summarizes the current extent of the problem of illegal introductions
in the UCRB andsows that this illegal activity has been escalating (Tab®).HIn
addition, the most highly piscivorous nonnative species in the UCRB, northern pike,
smallmouth bass, and walleye, ranked as the specigsoed the greatest threat to
prospects for erahgered fish recovery and native fish preservation in the UCRB due to
their piscivory in rivers, invasiveness in riverine habitats, and their high incidence of
illegal transfers into ponds and reservoirs (Appendix H, TabB. Hllegally introducing
fish has increased the propagule pressure of these predatory species in the UCRB and the
likelihood that their distribution and abundance in critical habitat will expand. This risk
will be compoundedf this problemproceedsinchecked, increasing recovery tsofor
endangered fishes and management costs to prevent future listings of additional species.

lllegal introductions impart additional management complexities for both native
and sport fish management. Northern pike, for example, can greatly impatisksth
comparatively innocuous sport fisheries based on species that may be approved under the
Stocking Procedurdsr the UCRB (Appendix Table-T), such as salmauts,
largemouth bass, bluegdl yellow perch (Pauckert and Willis 2003ebates et al.aD3
Flinders and Bonar 2004, 2008%ort fisheries typically respond positively to removal
and reductions in northern pike (Jolley et al. 200& menkoet al. 201). Golden shiner
Notemigonugrysoleucasillegally introduced into Rifle Gap Reservéippendix Table
H-2), appear highly resistant to predation by both centrarchids and northern pike (He and
Kitchell et al. 1990; Findlay et al. 2000), and may pose an unforeseen threat to native
fishes if they escape from the reservoir and become estabirskiee rivers of the
UCRSB.

lllegal stocking subverts the preventive measures found i8ttheking
Procedure§ USFWS 2009) . Resolutions adopted by t
ColoradeWyoming Chapter (CWAFS 2007) and Western DivisidfDAFS Resaltion;
Appendix H, Figure HL) to address the problem of illegal introductions illustrate the
perception among fishery professiagagionally that this problem is in need of urgent
attention. lllegal stocking represents a major pathway that may nanerdase the
distribution and abundance of problematic fish species, but may also transfer other
undetected, hitchhikers. Either of these avenues, illegal transport or invasive hitchhikers,
could expand existing problems, further threatening native iaqeahmunities and
risking ruin of existing, productive sport fisheries.
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Increasing penalties for illegal introductions and reducing or eliminating the
incidence of ill egal i mighrpoodty G(NNFG209s Theve r e
Sufficient Prgress Memo for 202Q011(USFWS 2014) acknowledged thaliegal
introductiors of nonnative aquatic species continues inlRB and posesignificant
risk to endangered fisheMichalski (2007), Johnson et al. (2009), and\WBAFS
Resolutionoffer a varety of potential strategies to address this probleumt adoption of
many of these tactics have not been undertaken or uniformly applied in jurisdictions of
the UCRB.Wy omi ngdés 2010 iarepstévergeaalttie$10,000 fine¥orf
"stocking fih without consent'Ut a h 6 ementatiom bf musitill policies for burbot
statewide i n 20 1%kilregalatidn fo€ adyfish iratlie avéstern pant sf t
the state in 2011 to reinforce the prohibition against movement of rusty crayfish répresen
positive and proactive steps to help address the problem of illegal introductions. But it is
recomme n thighdrioetyso at hiat t hi s effort in the
strengthened through a consistent educational message, more uniform reguldtions an
severity of penalties, and a coordinated approach to surveillah@manant incentives,
and enforcementNNF1012).

Attempting to detect and prosecute illegal stocking after the fact can be difficult
and may forego actual costs of restitution if thaleiggthment and invasion by the
illegally introduced species is delayed, unwitnessed, or repetifioasistent policies in
the UCRB addressingducation, increased enforcementprmant incentivesand more
severe penalties for the live transport of rettive aquatic specieés recommended as a
fihigh priority 0 NNF1012) tointervene at an earlier, more preventable stage of the act
and violation of actually performing the act of illegally releasing, stocking or introducing
species that may/will prove prahatic for sport, native or endangered fishes by
subsequent expansioescapemertdr invasion. The seriousness of illegal stocking does
not appear to beell understood by the judicial systertah recently convicted an
individual of illegal introductiorof a nonnative species of trout. That individwals
found guilty, butonly fined ~$30Q Program partners shouldovk with the court system
to develop a better understanding of the ecological / financial damage caused by illegal
introductionswrecomma d e d hagls pricaity @ .

lllegal Introductions- Waterquality model fornonnativeinvasivespecies

Preventing invasive species introductions to promote and preserve native aquatic
species may not reach the same level of public, political or adraiinistawareness or
regulatory support devoted to preventing water contamination that diminishes conditions
for aquatic life or human use, but there are emerging analogies. Some nonnative species
are more dependent on source populations in reservoiraitdaim their presence or
abundance in stream and rive@&do and Franssen 200 Dbut they nonetheless add to the
cumulative impact on lotic food webs that support native and endangered species
(McGarvey et al. 2010). In analogous water quality termoywl(@hapman 2007
nonnative species introduced into or entetiagitats valuable for preserving native
species whose community effects may range from innocuous to incidental can be viewed
as fibiological cont ami nant sadeddueBouilte risk of e n
introducing diseases or parasites. Of t e
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species can be attributed to a point source(s). Invasive species that increase in

distribution and abundance, resulting in adverse biologicattsfin the aquatic

community can be vi eweldnkias200ZHbrancahddypi c a | pol | u
2005;Davies and Jackson 2006; Chapman 2007).

Invasive species may also ongte from a single point soutrdaut unlike
industrial or municipal pollutiothat would be most concentrated nearest the source and
diminishing in concentration as it dispersed downstream, many invaders can move into
and reproduce in both upstream and downstream habitats without further anthropogenic
assistance, thus becoming rawint pollutants Einnoff et al. 200k Because such
species can individually or cumulatively reconfigure native aquatic food webs to the
detriment of native fish communities as their numbers and deleterious effects increase,
sometimes far from their indl point of invasion, they should be viewed administratively
and ecologically as fAproliferative pollutant
biological pollution by nonnative species is economically infeasible (Shogren and
Tschirhart 2005), it isecommended that new introductions or reintroductions of known
problematic species in the UCRB be avoided.

This concept oillegally introduced or escapdsh as pollutants has scientific and
legal precedent, but regulatory reform due to transbounsgsings among jurisdictions
has proven challengin@érry and VanderZwaag 2007Brinninkmeyer (1999yiewed
fish that escaped from salmon farms as pollutants originating from a point source and
argued for better containment or the use of sterile fishatbatd not reproduce in the
wild. Further, escaped salmon were viewed as agricultural or industrial waste on the
basis that courts have declared, in some instances that live fish that had escaped
constituted biological pollutionFirestone and Barber (2BPasserted that intentionally
stocked fish, accidentally released fish or fish that have escaped represent point sources
of pollution when they reduce native fishes in habitats that otherwise remain well suited
to the native species. They further ackreniged that sport fish tend to be viewed
positively regardless of their role in ecosystems, but anticipated that philosophical,
scientific and legal challenges to the status quo are warranted and should be expected.
Recognizing and identifying nonnativeuadic and terrestrial species which have become
probl ematic for endangered fish recovery as
I&E efforts.

Native Fish Conservation Areas

Martinez (20062007 proposed the designation of conservation areasrwith
critical habitat for endangered fishes in the UCRB to elevate public and agency
awareness about the management needs of native fishes, primarily nonsalmonid species,
and to promote the protection of these vulnerable species and the habitats nedd#ad for t
preservation. Analogous protective designations exist and are widely recognized by
anglers and agencies for native and nonnative salmonids in the form of gold medal waters
that restrict harvest, wild trout waters that restrict stocking or as naiithe@at trout
water that restrict both harvest and stocking to maintain their numbers and genetic
integrity. These designations often carry messages about the need to protect or enhance
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the habitat, along with penalties for the degradation of thesatsabiSimilarly, the
application and recognition of protected areas for nonsalmonid native species could be
used to promote the preservation of native aquatic communities within critical habitat and
adjacent waters in the UCRB.

The continued decline ofative fishes in the UCRB suggests that additional,
proactive management approaches that address entire fish communities rather than the
individual species approach of recovery actions are needed (Dauwalter et al. 2011). The
basin aquatic wildlife managemeplans for the major rivers in the UCRB within
Colorado functionally designate the lower reaches of these rivers, including adjoining
reaches of some tributaries, as native fish conservation areas. These basin plans for the
Colorado (CDOW 2003a), Gunmwis (CDOW 2003b), San Juan (CDOW 2003c), and
Yampa (CDOW 2010), prioritize the management of the native, warmaggemblage
of cyprinids and cagiomids and state the need to control nonnative fishes. However,
this native fish emphasis in these loweeriand tributary reaches, which encompass
critical habitat for endangered fishes, is not promoted and remains obscure to the public,
anglers and agencieBesignation and promotion of native fish conservation areas are
not only intended to facilitate pengeration of native aquatic communities and their
habitat, but to shift away from the sole concept of a federal legal designation to-a multi
agency, multistate recognized, embraced, and protected resource. The emphasis on
preserving the ecological integyrof the native aquatic community to promote and
sustain recovery of endangered fishes, and to deter future listings under the ESA, would
become more prominent through cooperative designation and widespread recognition of
native fish conservation areasthe UCRB.

Williams et al. (2011)
stressed the importance of native

When discussing NFCA within the Recovery
Program a common stumbling block has beainat
would such a designation meanthe UDWR offered

fish conservation areas (NFCAS) tq
reverse the trend of declining nativ

the following tenets they think would help define a
e NFCA: 1) States will not manage or promote the

fishes, to facilitate recovery of
threatened and endangered aquati
species, and to protect native
aquatic comranities while allowing
compatible uses. Four critical
elements for NFCAs were identifie
including 1) providing for habitat
complexity and connectivity, 2)
addressing all life stages of the
fishes to be protected, 3)
incorporating watersheds of sufficiestale for longerm persistence of native fish
populations, and 4) applying management that is sustainable over time. While designated
critical habitat provides some legal protections for endangered fishes and their habitat, its
specific focus on individal endangered species fails to instill the urgency to protect the
native aquatic community required to facilitate and sustain recovery or prevent future
listings of native aquatic species. Designating native fish conservation areas may

nonnative specgwithin the designated area; &)rapid

lc response plan will be implemented when a "new" or
problematic species is documentadhe NFCA; 3) The
NFCA will be promoted in the Fish Proclamation (or
like docunents); 4) A must kill regulation for NOP,
burbot, walleye, smallmouth bass, channel catfigh

l be enforced in the NFCA; Fhe NFCA will be
promoted through media 6) Coordiian with Native
American tribes will beequired where applicablée.g.
the lower 24miles of the White River
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improve both pubt and agency awareness about challenges facing native fishes and was
r a n k e dighgpsoritao NiF0209).

V. Information and Education

Efforts to inform and educate the public about the work of the Upper Colorado
River Recovery Program are stratedigaleveloped by the Information and Education
(I&E) Committee. According to thRecovery Implementation Program Recovery Action
Plan (RIPRAP; Amended March 25, 201ff)e goals of the Information and Education
program are:

1. Develop public involvement sttegies at the beginning of any and all projects

2. Educate target audiences (including media, the public and elected officials) about
endangered fish and increase their understanding of and support for the recovery of
these fish atdcal, state and natiahlevels.

3. Provide opportunities for the public to participate in activities that support recovery

4. Improve communication and cooperation among members of the Recovery Program

In addition to the RIPRAP guidance, the work of RexoveryProgram to
edwate and inform the public is generally guided by an annually adjusted, overall scope
of work (PIP-12 Information and EducatignEfforts related to communicating about
nonnative aquatic species are detailed in a separate scope oPN&A2( Nonnative
Fish). These scopes of work are intentionally structured as public involvement plans
(PIPs).

The Nonnative Fish Management Policy (Adopted by the Implementation
Committee, Feb. 2004) states that "a comprehensive public communication and
involvement plan omonnative fish management has been developed by the Recovery
Programé and i mplementation of this plan
is being done and why, and has confidence that the process is driven by science and is
clear, open and honteg\dditionally, the document lays out the following policy for
RecoveryProgram Information and Education:

6. Agency and public understanding of the purpose and scope of nonnative
fish management actions by the Recovery Program and its participating
agercies is critical to the success of the effort. Recovery Program partners
agree to support and actively participate in public communication and
involvement.

Prior to 2003, communication messages regarding nonnative fish typically
focused on basic facts.@.,there are more than 50 nonnative fish species in CRE)
nonnative fish species have contributed to declines in endangered fish populations; some
nonnative fish prey upon endangered fish or compete with native fish for food and
space)RecoveryProgram communications also focused on early research and removal
messages to advise the public regarding specific activities that were occurring.
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Since 1997, U.S. Fish and Wildlife Service staff has promoted awareness of
RecoveryProgram work through pacipation in Ute Water's annual children's water
festival event in Grand Junction. The event provides an opportunity to highlight the
differences between native and nonnative fishes. Othgenson events also provide
opportunities to share informationaoneon-one environment. To that end, information
is provided during the Colorado Water Congress annual meeting in Denver, the Colorado
River Water Users Association annual meeting in Las Vegas and the Utah Water User
Workshop in St. George.

Since 2000elementary and high school classes in western Colorado have raised
endangered razorback sucker or Colorado pikeminnow in classroom aquariums during
the school year and released them into the river each spring. This school program is run
through Colorado &ks and Wildlife. Since 2003, the Recovery Program has shared the
costs for aquarium supplies.

In 2005, the Recovery Program produced a bookseiaéd information piece
targeted at boaters in Dinosaur National Monumehis resulted in better acceptance
among boaters in the Monument who had previously complained about the noise from
researcherso equi pment .

Beginning in 2003, the Recovery Progranepared and implemented a
comprehensive communications plan to raiseipwwareness about the purpose of
nonnative fish management. Efforts included developing informational materials and
posting them on the Recovery Programb6s publii
and other elected officials; and proactively seekiaggs media coverage, including
inviting reporters to accompany biologists as they conducted their work. In 2003, public
meetings were held in Grand Junction, Steamboat Springs and Craig, Colorado. The Utah
Division of Wildlife Resources developed and immpknted its own communication plan
to support the Recovery Programbs communicat
presentations at Regional Advisory Council meetings in Green River and Vernal, Utah.

In August 2006, a public meeting was held in Craig, Coloradaddress the
publicdés concerns about nonnative sportfish
a few members of the public in attendance.

In August 2007, a public meeting was held in Grand Junction, Colorado. The
purpose of the meeting was twpide information to anglers in the area who continue to
believe that the Recovery Program is removing their preferred sportfishfabnly
members of the public attended.

In 2009, the Information and Education Committee began redesigning
communication poducts to stress tangible benefits of the Recovery Program while
pointing out that nonnative fish removal is necessary to achieve those benefits. The new
key messages stressed: recovery of four endangered fish species found only in the
Colorado River basi continuation of water development while recovery occurs; and the
collaborative program that is a model for other endangered species recovery efforts.
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In 2011and 2012key messages amecovery lPogram 'Frequently Asked
Questions' were updated to betteftect an emphasis on prevention. The Recovery
Program issued two versions of a news release related to nonnative fish management. The
Colorado version announced that smallmouth bass would not be translocated to Elkhead
Reservoir due to research findirtgat showed many smallmouth bass placed in the
reservoir in past years subsequently escaped over the spillway during periods of high
flows and reentered the Yampa RivEhe Colorado Division of Wildlife spoke with the
manager of Elkhead State Park anteotkey stakeholders in advance of the news release
to explain the reason for this change and the science behind it. The Utah version of the
press release announced that projected high flows from higher than normal snowpack in
the Green and Yampa Rivershbasins may help the endangered fishes by reducing
populations of some species of nonnative fishes.

Al so in 2012, the Recovery Programbs Wat e
group of Upper Yampa River drainage interested parties (Water District refptesses)
Trout Unlimited, Bass Masters, TriState, City of Craig, CPW, the Recovery Program
Directordés Office) to discuss how persistent
progress to endangered fish recovery and therefore compromising Sectionliamoenp
for water use. The goal of the meahgs wago openly discuss (i.e. ndsinding)
potential solutions to address the problem. Although the outcome of those meetings
remains to be determined, preliméoridary i ndi ca
prove to be a key component in the successful delivery of the message.

Messaging basics

Communicating with the public and helping to educate people about efforts to
manage nonnative fish is an important part of the work of the Recovery Program's
Information and Education Committee. In addition to nonnative fish messages, the
committee is responsible for working with partners on communicationcarch&on
related to the larger Recoveryogram including, but not limited to: lifecycles and
biology of the four endangered species; native fish habitat; divestianture mitigation;
water management including coordinated reservoir operations; and hydropower
generation. Nonnative fish management is a critical component of messaging as
nonnative fish hae been deemed the most significant remaining threat and obstacle to
species recovery.

Consistent and creative nonnative fish messaging is important to the overall goals
of theRecoveryProgram however it is not the only, nor the easiest, communicaiézad
faced by thdRecoveryProgram. Some of the opinions that people living or recreating in
the UCRB have formed are based on wedd beliefs, attitudes and values regarding the
desirability of sport fishing for popular nonnative fish. Changing thesgheld beliefs,
attitudes and values is complex (Fishbein 1967, 1973, 1980; Fishbein & Ajzen, 1975). It
is also widely understood by social scientists that merely providing information is not
sufficient to change people's opinions on an isgjme6 1992;Holbrook et al. 2005).
Even attending programs that provide a large amount of additional information has been
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shown to have little impact on participant attitudes (Cable and Knudson, et al. 1987;
Knapp and Barrie 1998; Morgan et al. 1997; Orams 1997t P@84; Pettus 1976; and
Wiles and Hall 2005).

Much of the prevalent social research finds that strongly thematic information
must be developed and must be very relevant to what people know and care about to
begin to change their beliefs about relatesties (Ham 1992). To better reach these kinds
of relevantthemes, Recovery Program key messages were developed based on the issues
of (1) beneficial water development, (2) beneficial species recovery and 3¢tbgery
Program's status as a model for otvedangered speciescovery efforts across the
country. These messages are deemed by the Information and Education Committee to be
more effective at opening a dialogue with stakeholders versus thefflestve
messaging related to nonnative controljolihis viewed by the vocal angling/business
public in the critical reaches of the UCRB as a negative consequence of recovery. By
raising public support through thelated themesf water use and benefits of species
recovery, the I&E committee believes ahe literature supports that it is more possible
to change the lonbeld beliefs related to other program issues such as nonnative control
(see Ham and Weiler. 2005; Cacioppo and Petty 1989; and Cacioppo et al. 1994).

Effective message development idical and multiphase. Initial messaging is
designed to highlighiRecovery pogram benefits but secondary messages regarding
nonnative fish management, prevention of nonnative introductions, damage caused by
illegal stocking of nonnative species, criticabiitat designations, implications of climate
change and future native fishery opportunities may need to be developed and released in
conjunction with the primary messages.

In the 1990s, an attitudinal survey was conducted to determine public values of
theRecovery ProgranRRepeating the survey could be useful in assessing communication
success and shortfalsndwould have some benefits for further shagregovery
Program messagingddditionally, better communication uses for such an outlay would
need b be considered by the I&E committee. Beyond the attitudinal survey, a socio
economic analysis of endangered fish recovery could also prove beneficial for shaping
messaging

Merely developing messages is insufficient to spur a change in public attitade o
change in specific behavior. In addition to the need for message relevance, repetition,
integrity and innovation, messages must also be effectively delivered.

The concept of educating the public about nonnative fish impacts is important,
and may be&apable of changing attitudes. Campaign successsweidely, but
development and funding of a large education effort should be researched and similar
campaigns at a regional and statewide level should be assessed.

The I&E Comnitteemay choose to condtia Human Dimensions Study to
identify a messaging approach that has the greatest probability of long term dDocess.
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Cornel |l Uni versitydéds Human Dimensions of Nat
(http://www.humarndimensions.org/they describe the issue as follows:

Human Dimensions of Natural Resoureea reference to the social

attitudes, processes, and behaviors related to Wwewnaintain, protect,

enhance, and use o0ur natumltresaure | resources. T
managers are increasingly recognizing that natueslource management

involves not only ecological processes,but also social processes and

consequences as well. In a very basic sense, Human Dimensions examines

how t he fAscience o fy-basadsoaia sciencesceare ms 0 or t he
aid in natural resource management.

Currently the Recovery Program relies on two main communication efforts to
reach the general public: press releases and partners. Press releases are effective
communication tools but don'l@wv for message control through media outlets and press
releases may or may not reach necessary audiences. Partner communication can be
leveraged and is important, but Recovery Program partners are facing declining budgets.
Many agencies are losing dokan the area of conservation messaging while marketing
outreach funding to generate revenue is emphasized. Conservation is often viewed as a
Tuxury'.

Marketing strategies proposed

To effectively communicate the reasons for the importance of nonfiiative
management efforts in the UCRB, the Recovery Program must first communicate the
need for thdRecovery lPogram itself. As previously explained, the key messages are
crafted but lack a delivery method to reach the general public. Additionally, fajow
attitudinal research has not been conducted to determine the effectiveness of past
communication efforts nor provide a baseline for future marketing campaigns.

Without marketing funding, the I&E Committee and partner agencies should
continue to developommunication strategies and materials based on specific goals and
objectives that focus on target audiences and include measurable outcomes to the extent
possible. While this Strategy cannot list or anticipate all communication strategies, the
following strategies could be implemented. The strategies laid out below would serve to
inform a small portion of the public and also to make internal constituents feel better
about the work of th&ecoveryProgram.

The Recovery Program I&E committee could develamapage flyer or
advertisement that highlights the benefits of the Recovery Program as explained
through the previously developed key messages. This flyer can be distributed
throughout the UCRB by staff members who can post the flyers on community
bulletin boards or in other places frequented by the public.

The Recovery Program I&E committee could develop a web page separate from the
existingwebsitethat would be geared more toward public education about the
messages such as:
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oNNF management

opreventionof nonnative introductions
ocritical habitat designations

oproper fish locations

ofuture native fishery opportunities
oimplications related to climate change

The Recovery Program I&E Committee should develop a list of potential
communication partners outsief theRecoveryProgram. These potential
partners should be contacted to team on communication efforts, especially those
related to nomative fish control.

The Recovery Program I&E Committee should consider conducting a Human
Dimensions to develop anfettive communications plan for difficult issues (e.g.,
illicit introductions).

fThe Recovery Program partners could be asked to issue press releases related to the
predatory impacts by nonnative piscivores on native and endangered fishes. This
was rankd as "high priority" in Appendix A (Figure &; Table Al).

The Recovery Program partners should be encouraged to issue press releases that
explain why species such as northern pike (predation on adult native fish),
smallmouth bass (hyperpredation on drbaldied native fishes), crayfish
(apparentcompetition with smalbodied native fishes), and white sucker
(hybridization with native catostomids) are problematic in the UCRB.

YEfforts to educate children and anglers about native fishes should continise and
ranked as "high priority" in Appendix A (Figure-2 Table Al).

If implemented under the other sections of this document, the I&E committee and its
member partners should identify ways to communicate the concepts of native fish
conservation areaspmpatible and norcompatible specidssts, and other new
management tools.

The I&E committee will work with partners to eliminate mixed messages in policy
and promotion. For example, the committee will discuss examples that come to
light where partners pron positives of nomative fishing opportunities absent
strong messages regarding the need for protecting endangered fish populations.
Additionally, thel&E committee should work in conjunction with the biology
committee and the management committee toesddpolicy revisions that might
be needed by partner agencies or organizations.

Summary: Basinwide Strategy

The downlistingof UCRB endangered fishes will require meaningful reductions

in the abundance, distributipandsourcef nonnative aquatic spees and their

negative ecological impact to the native aquatic community to remove the impediment
they pose for recoveryThe USFWS has begun discussiabsutthe potential

downlistingof Colorado pikeminnowbut the biggest obstacle may becdmeexising

and future threat of invasive ecological impacts by nonnativatiaggpecies, particularly
predatory sport fishes. It could be argued that the pace of progress has been too slow,
particularly as species known to be problematic in onebsisin begirto invade in

another sulbasin. This Basirwide Strategys intendedo accelerate progress remove
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the invasive impacts and threat of nonnative fishes in the UCRB to an exteéhetrae

no longer an impediment to recovery over the next dec@iiecurrent approach needs

to expand to incorporate conceptsrofasive specieprevention The probability of

success will also be improvéisgrougha diversified approach employing more of the

available techniques, including treating source populatioosyporaing the concept of

propagule pressuies ameasures of success)dbetter messagin@ . gmust killé

regulations, a Stop lllicit Introductions campaigtc.). Manyof thechanges in the

current approach to nonnative fish management in theBJ@Rd to be made through

changes t&tate poliesand regulatioa This Basinwide Strategycapitalizes on 1.

efforts to address nonnative aquatic species in the UCRB during the past two d&cades,

i nformation exchanges iatveFithaVokBhepsdunngthey Pr ogr a
past decadend 3.on scientific information to support its recommendations and provide

guidance to implement the changes, policies and practicesdtee@duce the impacts

and threats of nonnative aquatic species iIMG&B. Ultimately, overallsuccess of this

strategy (inconcert with all otherecovery actions) will be measured by meeting the
demographiccriteriik dent i fied i n the USFWSO6s endanger e
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APPENDIX A

Consideration of the nonnative, largebodied, predatory fish
density in occupied critical habitat relative to recovery goals
for Colorado pikeminnow in the Upper Colorado River Basin

Demographic criteria in the drdRecovery Plan for the Colorado Pikeminnow
(Ptychocheilus lucidsdated 24 June 201BdreinafteDraft Plar), include a proposed minimum
viable population (MVP = 3,000) for adult Colorado pikeminnewd$0 mm TL) in the upper
Colorado River basin (UCRB) and estimates of carrying capacity for adult Colorado pikeminnow
in the Colorado and @en River sulbasins (Valdez at al. 2012). These population parameters
were compared with mean estimates of adult Colorado pikeminnow abundance contained in the
Draft Planon the basis of density, expressed as the number of adult Colorado pikeminnow per
rivermile. These comparisons were made for critical habitat occupied by Colorado pikeminnow
in the Colorado (241 rivermiles) and Green River (587 rivermilespagins and within the
UCRB (828 rivermiles).

Annual population estimates and their low arghtbounds provided mean, minimum,
and maximum population densities to compare the twebasins and a mean density for the
two basins representative of average ecological conditions in the UCRB (4.2/rivermile; Table A
1). Similarly, carrying capacitigsr adult Colorado pikeminnow in the UCRBr@ft Plar)
provided estimates of minimum, maximum, and mean densities that might be sustained in the
two subbasins and under average conditions the UCRB (5.3/rivermile; Tab)e Ahe
difference between the e population estimate of adult Colorado pikeminnow and the MVP
density (3.6/mile) was 1.1/mile (Tablely. The difference between the mean carrying capacity
of adult Colorado pikeminnow and the MVP density was 1.7/mile. These density comparisons
suggesthat the UCRB may have a relatively low productive capacity to sustain adult Colorado
pikeminnow at a density much exceeding that of the MVP, suggesting that the top predator
trophic level in the UCRB should be reserved for Colorado pikeminnow to prahnsate
population security, stability and resiliency. Further, there could be competition for energetic
resources from low densities of larigedied nonnative predatory fish species within the top
trophic level occupied by adult Colorado pikeminnow witiie UCRB, resulting in local
population displacement or broader ecological replacement of adult Colorado pikeminnow.

Largebodied nonnative predators present and capable of occupying the top trophic level
in UCRB critical habitat whose body mass rivédlattof largebodied Colorado pikeminnow
(recruitsize to large adults; 42860 mm TL at about 552,000 g) include burbot (45875 mm
TL; Luecke and Mears 2011), northern pike (4®® mm TL; Johnson et al. 2008), smallmouth
bass (325174 mm TL; Johnson et. 2008), and walleye (37560 mm TL; Leucke et al. 2001).

A published fish density model (McGarvey et al. 2010; 2011) supported the importance of
competition among top predators in lotic systems and suggestguathabning available

energetic resages among multiple predator species would inevitably reduce carrying capacity
for Colorado pikeminnowExamination of historic and recent trends in densities of laogiked
Colorado pikeminnow, northern pike, and smallmouth bass in the middle Yampa&Rjpgests
that largebodied invasive predators have functionally replaced Colorado pikeminnow as the
riverbés top predator.

75



Table A-1. Estimates of mean adult Colorado pikeminnow¥ 450 mm TL) carrying capacity and abundance in the Green and
Colorado rivers and for both rivers within occupied critical habitat in the upper Colorado River basin (UCRB) obtained
from the draft Recovery Plan for Colorado pikeminnow (Valdez et al. 2012).
Estimated carrying capacity for adult , . Difference between adult Colorado
. . . : : Adult Coloradopikeminnowmean . . . .
River and Colorado pikeminnowin occupied opulation estimates (198010) pikeminnow mean carrying capacity a
UCRB critical habitat in the UCRB Pop mean population estimate
Low High Mean Low CI High ClI Adults Low High Mean
Green 3,000 4,500 3,750 2,196 3,698 2,843 804 802 907
no./mile > 5.1 7.7 6.4 3.7 6.3 4.8 1.4 1.4 1.6
Colorado 500 800 650 475 959 658 25 - 159 -8
no./mile> 2.1 3.3 2.7 2.0 4.0 2.7 0.1 -0.7 ~0.0
Total 3,500 5,300 4,400 2,671 4,657 3,501 829 643 899
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APPENDIX B

Use of Sterile Sport Fishes (Triploid/Hybrid)
Stocked in the Upper Colorado River Basin

Per theProcedures for Stocking Nonnative Fish Species in the Upper Colorado River
Basin(Stockng ProceduredJSFWS 2009) to consider use of utilize sterile (hybrid/triploid)
fishes to help control nonnative fish species, the information herein provides a brief review of the
status of these technologies for various sport fishes. Many of thesesspedisome of the
hybrids are present or have been discussed for sport fish mamageie upper Colorado
River asin (UCRB) The use of sterile hybrids.¢e tiger muskie) or stde triploids (eg., grass
carp) may help restrict spread of thesecegmein watersheds (Carlson and Daniels 2004). The
stocking of approved sterile fish species in specific location equipped with screens or otherwise
managed to prevent fish escapement would provide redundancy and a more preventive strategy
to control theaccess of these nonnative fish species to critical habitat for endangered fishes.
Further, illegal transfers of sterile fish may help limit an expansion of overall propagule pressure
and the invasive capacity of those sport fishes that have proven patiblenthin critical
habitat of the UCRB. Stocking reproductively sterile fish may be an ecologicalgvéske
option compared to stocking diploid, fertile fish which may create problematicusgHining
populations (Budy et al. 2012).

Basic infomation on the use of hybrids and triploids in aquaculture anelriésh
management is provided in Bartley et al. (2001) and Tiwary (2004). The information contained
in this Appendix provides initial guidance based on available information concerniregtthiy f
of hybrids, the utility of triploidy for specific species, and whether hybridization should be used
in conjunction with triploidy to better promote sterility. Concern remains that the use of hybrids
may functionally introduce new genetic matendb the UCRB of unknown invasiveness should
a hybrid prove fertile and backcrossing occurs. Similarly, induction of triploidy may not be
100% or the method of confirming triploidy may not be precise, risking the stocking of fertile
individuals of a spaes of unknown invasive potential in the UCRB. Further, to provide and
sustain quality sport fisheries, survival, fithess, and overall performance in hatchery and stocked
environments should be evaluated (Kozfkay et al. 2006; Budy et al. 2012).

Salmonig (Oncorhynchus, Salmo, Salvelihus

Sterility in triploid salmonids of both sexes and inhibition of sexual maturation in triploid
females have been exploited in both commercial salmonid culture and fisheries management
(Ihssen et al. 1990). Triploidy sideen induced in many salmonid species by application of
thermal or pressure shocks to newly fertilized eggs (Galbreath and Samples 2000). While
salmonids are generally considered to be compatible with endangered fish recovery in the
UCRB, techniques tmduce sterility to control population expansion of salmonids are available,
achieving induction rates of 7800% (Budy et al. 2012), but often exceeding 95% (96.2%,
Kozfkay, et al. 2006; 98%, Koenig et al., 2011, 95%, Koenig and Meyer 2011).
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Channel atfishlctalurus punctatusind catfish hybridé punctatus< l. spp.

Channel catfish x blue catfighfurcatushybrids are fertile and offer desirable
characteristics , but these ybrids do not readily reproduce and performance, afidividuals
is inferior (Masser and Dunham 1998; Dunham and Argue 2000). Triploid induction of channel
catfish is feasible (Wolters et al. 1982; Chrisman et al. 1983), but the collection of large numbers
of fertilized eggs may have limited its widespread applicationk@iuand Hargreaves 2004).

Northern pikeEsox luciusand tiger muski€. luciusx E. masquinongy

Hybrid tiger muskie are generally considered to be functionally sterile (Wahl and Stein
1993; Bartley et al. 2004). While induction of triploidy in northpike is feasible (Luczynski
and Woznicki 1995; Kucharczyk et al. 1999), the technique has not been widely applied (UDWR
2010). The induction of triploidy in tiger muskie is apparently unreported, but has been
proposed to further ensure that hybridizati@tween tiger muskie and native muskellunge
cannot occur.

Striped bas#lorone saxatilisand palmetto bass (wipdy). saxatilis x white basdV. chrysops

Hybrid wipers are fertile (Harrell 1984, Hodson 1989), but this capacity to reproduce
appears to bmostly as concern where genetic introgression with striped bass or white bass in
their native range is a concern (Harrell 1997; Kerby et al. 2002). Typically, wipers must be
artificially produced and stocked regularly to sustain populations in impounsliiidgison et al.
2008). There is no evidence of recruiting populations of hybrid striped bass in a naturalized
setting that have resulted from continued hybridization with other hybrids or either parent
species. Although® hybrids have been found in thild (oneconfirmedin Avise and Van Den
Avyle 1984), at best their reproductive success is marginal and morphology and growth rates of
the resulting offspring are highly variabladuction of triploidy in striped bass and its hybrids is
feasible (Halleman 1994), but does not appear to be widely applied (Harrell 1997; Kerby et al.
2002; Nelson et al. 2008).

Centrarchid sunfish_epomisspp. andPomoxisspp) and their hybrids

Hybrid centrarchid sunfishes of the genkeepomis(e.qg.,bluegill L. macrahirus) and
Pomoxig(e.g., black crappie®. nigromaculatupare fertile, although they display reduced
reproductive capacity (Wills et al. 1994; Parsons and Meals 1997). Hybrids are often raised by
sunfish hatcheries and they are popular for stockingf@iponds (Bolnick 2009). Induction of
triploidy is feasible for both genera and their hybrids (Baldwin et al. 1990; Wills et al. 1994;
Parsons and Meals 1997; Wills et al. 2000), and may reinforce the partial sterility of hybrids
(Bolnick 2009), but théechnique does not appear to be widely applied (Arslan and Phelps 2004;
Wang et al. 2008).

Black bassMicropterusspp. and their hybrid

Natural hybridization by largemouth badgcropterus salmoideand smallmouth bass
M. dolomieus rare (Barthel et aR010). Artificial hybridization of these species has been
performed, to produce the "meanouth” hybrid, which is fertile, and has the ability to
backcross with the parent species, thus this hybrid has not been considered for use in fisheries
managementBecker 1983). Induction of triploidy has been performed in largemouth bass (Neal
et al. 2004), but the technique is hampered by the significant environmental and behavioral
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stimuli associated with final maturation and availability of eggs (Neal anceNAfilil8). It does
not appear that efforts to induce triploidy in smallmouth bass have been reported.

WalleyeSander vitreugsindsaugeye$. vitreusx saugelS. canadens)s

Hybrid saugeye are not sterile and have been documented to reproduce with other
saugeyes or with walleyes (Fiss et al. 1997, White et al. 2005). It is often recommended that
saugeye not be stocked in waters which contain native walleye or sauger populations or in
walleye or sauger brood sources which sustain hatchery and stockingnpsdgr these species.
Such policies attest to the fertility of saugeye and are intended to prevent interbreeding and
preserve the genetic integrity of native percids or perciddstocks (Garcidbiado et al2002;
Quist and Guy 2004; White 2005). lmetion and testing of triploidy has been performed in
walleye (Ewing et al. 199 Kebus 1996) and triploid walleyes have been produced and
considered for stocking in reservoirs to prevent hybridization with native saugeye (Henckel
2009). Hydrostatic sh&af walleye or saugeye eggs may yield triploid induction rates ranging
from 90% to 100% (Malison and Gareidiado 1996; Garcidbiado et al. 2001; Malison et al.
2001), with 100% triploidy in saugeye apparently being provided by use of a 2.7L vs. 1.0 L
pressure chamber (Abiado et al. 2007).
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Table B-1.

proposed for introduction in the upper Colorado River basin (UCRB).

Comparison of the use of hybridization and/or the induction of triploidy in warmwater fish species occurring or

Hybrid

Triploid induction

Triploidy commonly advised

Species or hybrid fertile? | commonly applied? to ensure hybrid sterility? Notes
Salmonids Some Yes Yes, triploidy used to control Triploidy techniques for salmonids
Liger trout, splake, etc. fertile No reproduction & hybridization well developed & wdely applied
Channel catfish (CCF) Yes Yes No - triploidy may be used to Hybrid not recommended for
Channel x blue catfish hybric Yes improve commercial growth UCRB; consider triploidy for CCF
Northern pike No No No - may be used minimize Tiger muskie previously approved
Hybrid tiger muskie No hybridization with muskellunge | for stocking in UCRB reservoirs
Moronids (striped bass=STB No STBin L. Powell;three individuals
collected in thedwer Colorado
River (n=1in2012 n=2 in 2013)
At the 2013 NNF Workshop)pper
Yes(see ) o Basinres_,earcher_s reviewed .
_ _ discussion Npl use_zd to prevent hy_brldlzatlo |nformat|on_ prow_ded b_y UDWR in|
Hybrid palmetto bass (wiper) No with native $riped or white bass | support of including wiper on the
on pg 82) . :
Compaible list. Risk was
determinedow enough tanclude
on the list, butuse of this hybrid
should be evaluatesh a case by
case basis.
Centrarchid sunfish Yes No NoT being researched/develope¢ Do not introduce new species or
Centrarchid sunfish hybrids No to maximize commercigrowth hybrids into UCRB
Black bass Yes No NoT reproductive/ environmental Do not allow hybrids in UCRB,;
Black bassybrids No cues & behavior limit application | triploidy insufficiently developed
Walleye Yes Yes Yesi used to limit reproduction | Only consider/allow stocking of
Hybrid saugeye Yes and hybridization with walleye | triploid walleye/saugeye in UCRB
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APPEN

DIXC

Proposed Lists of Nonnative Aquatic
and Riparian Specieghat are ConsideredCompatible or Non-Compatible

with Endangered Fish Recoveryn

Table C-1.

the Upper Colorado River Basin

Preliminary list of nonnative aquatic species conigatith
recovery/preservation of endangered/native, nonsalmonid aquatic species within

critical habitat of the upper Colorado River basin (UCRB). Judicious
management afompatiblespecies must conform &tocking Procedurg2009*)

which prohibits stockg directly i

nonsalmonid species be managed in isolated or screened ponds or reservoirs to

nto riverine critical habitat and requires that

prevent/control their escapement into critical habibdn-compatiblespecies
should not be further introduced stocked into any waters in the UCRB.

COMPATIBL E list

| NON-COMPATIBLE list

Fish

KokaneeOncorhynchus nerka

Rainbow troutOncorhynchus mykiss

Brown troutSalmo trutta

Brook troutSalvelinus fontinalis

Lake troutSalvelinus namaycush

Arctic charSalvelinus ecticus

Tiger muskieEsox lucius< E. maquinongy
Bluegill Lepomis macrochirus

Black crappiePomoxis nigromaculatus
Largemouth basklicropterus salmoides
Palmetto bass (wipeWl. savatilis x white bass
M. chrysops

Yellow perchPerca flavescens

Triploid grass carCtenopharyngodon idella
Fathead minnoWwimephales promelas

Smallmouth basMlicropterus dolomieu
Northern pikeEsox lucius

Walleye Sander vitreus

White suckeiCatostomus commersoni
Red shineCyprinella lutrensis
BurbotLota lota

Flathead catéh Pylodictis olivaris

Crustaceans

All crayfish species

Anchor wormLernaea cyprinacea

Moll

USCS

Drissena spp.

New Zealand mud snadotamopyrgus
antipodarum

Cestodes

| Asian tapewornBothriocephalus acheilognath

Plants

TamariskTamarixspp.,

Russian oliveElaeagnus angustifolia

Didymo Didymosphenia geminata
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APPENDIX D

The Introduction and Spread of Gizzard Shad
Dorsoma cepedianunm the Upper Colorado River Basin

Gizzard shadorsoma cepedianuire believed to have beerrmduced in the Colorado
River asin in 1996 by accidental stocking into Morgan Lake, wigdbcated along the San
Juan River near Farmington, New Mexico (Finney and Fuller 2008). Gizzard shad in Morgan
Lake likely originated from a shipment of largemouth bass from Inks Dam National Fish
Hatchery in Texas (Mueller and Brooks 2004. Inspeatfssubsequent shipments from this
hatchery found nine additional, unintentional fish species (Mueller and Brooks 2004).

Gizzard shad, first detected in the San Juan River just upstream of Lake Powellin Utah
Arizona in 2000 (Mueller and Brooks 2004), smte¢hroughout the entire reservoir by 2004
(Vatland and Budy 2007). They were detected in the Gunnison River at the Redlands Fish
Ladder in Colorado by 2006 and by 2007, gizzard shad were detected near the confluence of the
Green and Yampa rivers in Direag National Monument (Finney and Fuller 2008). The gizzard
shad is considered a facultative riverine species that proliferates in reservoirs and then moves
upstream in large numbers (Winston et al. 1991).

While gizzard shad were projected to have kaitmpact on the striped bagsrone
saxatilisthreadfin shad. petenenspredatofprey cycle in Lake Powell (Vatland and Budy
2007), concern remains about their capacity to impact these species and the overall fishery
(Vatland et al. 2008). Similarlyhé potential impact by gizzard shad to the riverine food web in
the upper Colorado River basin (UCRB) remains unknown. The planktovorous and
benthivorous food habits of gizzard shad and their disturbance of sediments can alter food
supplies for other fisks (Devries and Stein 1992, Gido 2003). Gizzard shad move into and
exploit food resources in floodplain habitats (Zueg et al. 2009), which are important nursery
habitats for razorback suck¥yrauchen texanus

The movement and feeding behavior of gizzrdd causes concern about their potential
impact to the water conditions and food supplies in backwater habitats of-gbyagr and
juvenile native and endangered fishes in the UCBRorupskiet al. (202) reported gizzard
shad in backwaters of the adile Green River in Utah. The capacity of gizzard shad to alter food
webs is well known (DeVries and Stein 1992; Vanni et al. 2005) and may include enhancing the
prey base for nonnative piscivores such as smallmouthMiasspterus dolomieand walleye
Sander vitreugWuellner et al. 2010) in the UCRB.
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APPENDIX E

HACCP Example: Wyoming Game & Fish
Proposal to transplant roundtail chub to Scab Lake
June 3, 2009

Background Information

Roundtail chub are native to the Green River and its tributaries (including the Little
Snake River drainage) within Wyoming (Baxter and Stone 1995). This species is most often
found in deep, slow pools with hiding cover in riversl atreams (Bezzerides and Bestgen
2002). In Wyoming, they can be found in large rivers (e.g., Green River), but they also inhabit
small headwater streams (e.g., Muddy Creek south of Rawlins) and several lakes near Pinedale,
Wyoming (Wyoming Game and Figbepartment, fisheries databases). Very few lentic
populations of roundtail chub have been documented outside of the upper Green River basin, and
lotic populations tend to disappear soon after impoundment in new reservoirs (Bezzerides and
Bestgen 2002).

The distinct population segment of roundtail chub located below Glen Canyon Dam has
been petitioned for listing under the Endangered Species Act (Center for Biological Diversity
2003). Within Wyoming this species is categorized as a Status 1 NativeS(¢8iS1),
meaning that populations are physically isolated and/or exist at extremely low densities
throughout their range, habitats are declining or vulnerable, and extirpation appears possible
(Wyoming Game and Fish Department 2005). Recent surveysnfilgdsame and Fish
Department, fisheries databases; Wheeler 1997; Gill et al. 2004; Gill et al. 2005) show that the
current distribution of roundtail chub in the Green River drainage is limited and fish numbers are
low. Gelwicks (2009) noted thatthe dist but i on of roundtail chub 1in
Green River drainage has contracted considerably in the last five decades.

Introduced species are probably the most serious threat tédongersistence of the
lentic populations of roundtail chdbund in the upper Green River basin. Predation by
introduced piscivorous fish species (e.g., brown trout, lake trout, rainbow trout) is probably the
biggest threat to these populations. Depending on the species involved, competition for food or
space, ad other mechanisms, such as parasites or disease transmission, can also be important
factors.

Several of the known lentic populations of roundtail chub contain very few individuals
(e.g., New Fork Lake, Willow, and Fremont Lakes), and other populatogs Boulder Lake)
appear to have been extirpated within the last few decades (Wyoming Game and Fish
Department, Lakestn database). In addition, all of the remaining lentic populations in the upper
Green River basin coexist with large numbers of intredyziscivorous fish species (notably
lake trout and brown trout), so they are likely under considerable predation pressure. Given that
it is not logistically or socially feasible to remove the introduced predaceous fish species, it
would be prudent to delop one or more refuge populations of lentic roundtail chub in areas
without predaceous fish species as a means to safeguard this genetic line from potential demise.
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Approach

Roundotail chubs will be captured with trap nets in Little Halfmoon andabinkbon
Lake. These lakes are only approximately 0.25 miles apart, and are connected by a large stream.
Suckers have been documented to move between these lakes, so it is likely that roundtail chubs
also move between these waters. Therefore, it ismahBoto assume that the populations in
these two lakes are panmictic, so mixing fish from bottergashould not be problematic.

Roundtail chubs will be captured in late July or August 2009, beginning one week prior
to the date when a helicopter will beailable to transport the fish to Scab Lake. Eight hours of
helicopter time has been included in the FY10 budget, which should be sufficient for one or two
trips between Hal fmoon Lake and Scab Lake (i
home lase and Halfmoon Lake). All fish captured will be identified to species, measured, and
weighed. Roundtail chub larger than 7 inches andtaayet species will be released to the lake
where they were captured. Smaller roundtail chubs will individuadlgeoted for parasites,
fungal infections, and other maladies, as recommended by Dave Money, Fish Pathologist. Those
that appear to be in good health and free of parasites, fungus, bacteria, and viruses will be placed
in a livecar and held until transloaat. Others will be returned to the lake where they were
captured.

At least 100, but not more than 500, roundtail chubs will be moved to Scab Lake. This
number could be captured in one week, based on catch rates recorded in previous years.
However, f fewer than 100 roundtail chubs of the target size are captured in this timeframe, then
an additional transplant will be done in 2010 (and possibly another in 2011) in order to assure
that a sufficient number of individuals are available to avoid gepeildlems in the new
population. Fish will be moved from the livecar to the helicopter for transportation to Scab
Lake, and then dropped into the lake from the air. Additional measures will be taken to reduce
the possibility of moving nottarget organismsDetails of these actions can be found in a
separatédazard Analysis and Critical Control Point Foamd a Fish Transplant Request Form.

Scab Lake will be visually checked within 36 hours of stocking to determine if any fish
died during transportationNets will be set in Scab Lake one year after at least 100 roundtail
chubs have been move to determine if some fish have survived through the winter. If survival is
documented at that time, nets will be set again two or three years later to deterogoesgaul
reproduction has occurred. Lessons learned from this transplant will be used to help define
additional potential sites for establishment of refuge populations and refine techniques needed
for successful translocations.
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WYOMING Fish Transplant Request

Who will have primary responsibility for this projed®ete Cavalli

Description of what you would like to move: Roundtail chub

Why do you want to move these fish@ establish another seustaining RTC population in the uppe
Green River drainage

Where is theaurce for these organisms? (be specific and include UTM and WaterID if poskitble):
Halfmoon Lake (12T 605360E 4750961N) and/or Halfmoon Lake (12T 604980E 4753559N)

Where do you want to transplant these organisms? (be specific and include UTM ani@®\ifat
possible):Scab Lake (12T 623649E 4740180N)

How far will the organisms be moved? Are there barriers?

Transplant in small watershed (< 10 miles) without barriers (continuous, streams wi
drainage)-

Transplant in small watershed (< 10 mjlasth barriers (barriers between streams with
drainage)

Transplant in tributary with barriers or body of water is totally isolated-¢aoinuous)

X | Transplant within river basin

Transplant out of river basin

Comments:

Habitat differences beten source location and transplant destination

Like habitat

X Known difference in habitat from source to destination-

Commentssource lakes are deeper and have large flowing inlets compared to destination Ig
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Differences in species assemblagesveen source location and transplant destination

No differences in known species assemblages

X Known difference in species assemblages, but not a concern

Known difference in species assemblages, and a concern

Commentsthe destination lake was selext because it is free of piscivorous fish

Presence of netarget species that could be a problem

No nontarget species in the source

X Potential of nts in source, but not a concern

Potential of nts in source and a concern

Commentsthe nontarget species are already widespread in the drainage

Aquatic Nuisance Species (ANS)

No known ANS in source

X ANS in the source,

ANS present in tributary, but not identified in source

ANS present in source, but controllable

ANS present in sourcand a concern

Commentsseveral species on nemative trout, minnows, and suckers

Optical Recognition is Virtually Impossible (ORVI) organisms

X No known ORVI present in source
ORVI present, but not a concern
ORVI present, but controllable in soe
ORVI in source

Comments:

Use the above evaluation to complete the fARIi s
| mportation And Transplanto. What is the ris

Level 8, but ANS can be removed following procedures outlined in the project peus, t
reducing the threat to an acceptable level
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HACCP Step 17 Activity Description

Activity Description

Facility: Site: Halfmoon, Little Halfmoon, and Scab Lak
Project Coordinator: Pete Cavalli | Activity/Management Obijective:
Site Manager: Pete Cavalli Collect genetically pure roundtail chub (RTC)

Address: WY Game and Fish Dept., from Little Hafmoon and Halfmoo_n Lakes for
PO Box 850, Pinedale, WY 82941 transplant to Scab Lake. to gstabllsh another s¢
sustaining RTC population in the upper Green

Project Description: i.e. Who; What; Where; When; How; Why
Who: FMPE

What: Transplant roundtail chub (RTC) from Halfmoon & Little Halfmoon Lakes to
Scab Lake.

Where: Halfmoon and Little Halfmoon Lakes (Pole Creek drainage) and Scab Lake
Fork dainage) are in the Green Riveadin.

When: July/August 2009; additional work may occur in 2010 and 2011, if enough fig
not caught in 2009

How: Collect RTC from Halfmoon and/or Little Halfmoon Lakes using trap nets.
Transfer to stockingank for transport to a suitable helicoplanding site. Using a
helicopter, transport fish to Scab Lake for release.

Why: Establish another genetically pure RTC population in the Green River drainag

HACCP Step 2i Identify Potential Hazards
(to be transferred to column 2 of HACCP SteépHazard Analysis Worksheet)

Hazards: Species or Contaminants Which May Potentially Be Moved/Introduced
Vertebrates: Lake trout, brown trout, brook trout, rainbow trout, cutttrsout, mottled
sculpin, mountain whitefish, flannelmouth sucker, white sucker, mountain sucker, hybrid
suckers, speckled dace, redside shiner, northern leopard frog, tiger salamander, boreal ¢
frog, wandering garter snake

Invertebrates: aquatic nsects, zooplankton (including Mysis), mollusks, oligocheates, an
possibly crayfish

Plants: various species of algae and aquatic macrophytes, upland vegetation seeds
Other Biologics (e.g. genetics, disease, pathogen, parasite, or npathogens:Chytrid
fungus, whirling disease, furunculosis, and other parasites and pathogens may be prese
Ligula is the only known species present in Little Halfmoon Lake, but Chytrid, whirling
disease, and furunculosis are known from other waters in the drainage.

Others (nontbiological contaminants e.g.pesticide residue, oil products, etc. or
harborage via packing or construction materials, etc.):None
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HACCP Step 3i Flow Diagram

Flow Diagram Outlining Sequential Tasks to Complete Activity/Project
Describel in HACCP Step 1 Activity Description (to be transferred
To column 1 of the HACCP Stepi4Hazard Analysis Worksheet)

Task 1

Capture fish with trap nets. Sort RTC from rtanget organisms, and return all Ro
target species to the source water. Attarn all RTC >7 inches total length and
those that have obvious parasites or pathogens to the source water.Place RT(C
suitable for translocation in a livecar held in the source water until at least 100
are available for translocation.

b

Task 2

Fill disinfected stocking tank with municipal water at the Pinedale Regional Offi
24 hours prior to translocation. Aerate and add ice to cool water, if necessary.

b

Task 3

Net fish from livecar and visually inspect each individual for parasites or pathog
Release all notarget organisms and RTC with obvious parasites or pathogens
source water, and place suitable candidates for transplantation in stocking tank
Transport RTC in stocking tank to an appropriate site for transfer to a helicopte

b

Task 4

Fill stocking device on helicopter with city water (what would be the source of t
water?) and RTC from stocking tank. Dump excess water from fishless stockir
tank in uplands away from ephemeral and perennial drainages.

b

| Task5 |

Use helicopteto transport RTC to Scab Lake and release fish from air. |

b

| Task 6 |

Disinfect all gear that was in contact with fish or water. \
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HACCP Step 41 Hazard Analysis Worksheet

1 Tasks (from HACCP
Step 3- Flow Diagram)

2 Potential hazards
identified in HACCP

3 Are any potential

hazards significant]

4 Justify evaluation for
column 3

5 What control measures ce
be applied to prevent

6 Is this task a
critical control

Task 1: Capture fish with
trap nets. Sort RTC from
non-target organisms,
and return all non-target
species to the source
water. Also return all
RTC >150mm total

length and those that
have obvious parasites or
pathogens to the source
water. Place RTC
suitable for translocation
in a livecar held in the
source water until at least
100 RTC are available for
translocation.

Step 2 (yes/no) undesirable results? point? (yes/no)
Vertebrates: lake trout
brown trout, brook
trout, rainbow trout,
cutthroat trout, mottled
scqlpl_n, mountain A“ .f"?’h will be All capturedfish will be
whitefish, flannelmouth individually handled ; .
: examined. RTC will be held
sucker, white sucker, before transport so any ..
. No : in live-cars, and notarget | No
mountain sucker, nontarget organism :
. vertebrates will be returned
hybrid suckers, can be removed at tha
. : to the source water.
speckled dace, redside time.
shiner, northern leopar|
frog, tiger salamander,
boreal chorus frog,
wandering garter snak
. . All fish will be
Invertebrates: aquatic L
) individually handlel
insects, zooplankton .
: : : before transport so any All non-target invertebrates
(including Mysis), No , . No
. nortarget organism will be returned to the watel
worms, and possibly
, can be removed at tha
crayfish :
time.
All fish will be
Plants: various specie individually handled
of algae and aquatic before transport so any All non-target plants will be
No . No
macrophytes, upland norttarget organism returned to the water.
vegetation seeds can be removed at tha
time.
All fish will be Follow visual inspection
individually handled protocol as outlined by
Other Biologics: before transport so any certified fisheries
. No ; . No
parasites, pathogens nontarget orgnism pathologist and return any
can be removed at thal potentially infected RTC to
time. the source water.
Others: None No
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HACCP Step 41 Hazard Analysis Worksheet (continued)

1 Tasks (from HACCP
Step 3- Flow Diagram)

2 Potential hazards
identified in HACCP
Step 2

3 Are any potential
hazards significant]
(yes/no)

4 Justify evaluation for
column 3

5 What control measures ce
be applied to prevent
undesirable results?

6 Is thistask a
critical control
point? (yes/no)

Task 2: Fill disinfected
stocking tank with
municipal water at the
Pinedale Regional Office
24 hours prior to
translocation. Aerate and
add ice to cool water, if
necessary.

Vertebrates: lake trout
brown trout,brook
trout, rainbow trout,
cutthroat trout, mottled
sculpin, mountain
whitefish, flannelmouth
sucker, white sucker,
mountain sucker,
hybrid suckers,
speckled dace, redsidg
shiner, northern leopar|
frog, tiger salamander,
boreal chorus frog,
wandering gadr shake

No

No nontarget species
present.

Invertebrates: aquatic
insects, zooplankton
(including Mysis),
worms, and possibly
crayfish

No

No nontarget species
present.

Plants: various species
of algae and aquatic
macrophytes, upland
vegetation seds

No

No nontarget species
present.

Other Biologics:
parasites, pathogens

No

No nontarget species
present.

Others: None

No

No nontarget species
present.
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HACCP Step 41 Hazard Analysis Worksheet (continued)

1 Tasks (from HACCP
Step 3- Flow Diagram)

2 Potential hazards
identified in HACCP
Step 2

3 Are any potential
hazards significant]
(yes/no)

4 Justify evaluation
for column 3

5 What control measures can
applied to prevent undesirable
results?

6 Is this task a
critical control
point?(yes/no)

Task 3: Net fish from
livecar and visually
inspect each individual
for parasites or
pathogens. Release all
non-target organisms and
RTC with obvious
parasites or pathogens to
the source water, and
place suitable candidates
for transplantation in
stocking tank. Transport
RTC in stocking tank to
an appropriate site for
transfer to a helicopter.

Vertebrates: lake trout,
brown trout, brook
trout, rainbow trout,
cutthroat trout, mottled
sculpin, mountain
whitefish, flannelmouth
sucker, white sucker,

Non-target
vertebrates may havq

All captured fish will be
exanined. RTC will be placed

: Yes . .| in stocking tank and netarget | Yes
mountain sucker, entered livecar while .
: : . vertebrates will be returned to
hybrid suckers, it was in the lake. the source water
speckled dace, redside ’
shiner, northern leopar|
frog, tiger salamander,
boreal chorus frog,
wandering garter snak
. . Handle each fish individually t
:Q\S/s(r;esb;i:gsiaggt%?]“c Zooplankton and check for nortarget
. ) p'a small insects may be| invertebrates and transfer RT(
(including Mysis), Yes . . Yes
worms, and possibly presenin the livecar to stocking tank_. Notarget
cra yfish in the lake. invertebrates will be returned t
the source water.
Plants: various specie Plant fragments and Hr?ndl!e; each fish |nd||\/|dually(tj
of algae and aquatic algae may be presen check for nortarget plants an
Yes . . . transfer RTC to stocking tank.| Yes
macrophyts, upland in the livecar in the )
vegetation seeds lake Non-target plants will be
' returned to the source water.
Handle each fish individually t
Parasites and check for nortarget parasites
Other Biologics: Yes pathogens may infec| and transfer RTC to stocking Yes

parasites, pathogens

fish in the livecar in
the lake.

tank. RTC infested with
parasites or pathogensll be
returned to the source water.

Others: None
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HACCP Step 41 Hazard Analysis Worksheet (continued)

1 Tasks (from HACCP
Step 3- Flow Diagram)

2 Potential hazards
identified in HACCP
Step 2

3 Are any potential
hazards significant]

(yes/ng

4 Justify evaluation for
column 3

5 What control measures ca
be applied to prevent
undesirable results?

6 Is this task a
critical control
point? (yes/no)

Task 4: Fill stocking
device on helicopter with
water and RTC from
stocking tank. Dump

excess wter from fishless

stocking tank in uplands

away from ephemeral and

perennial drainages.

Vertebrates: lake trout
brown trout, brook
trout, rainbow trout,
cutthroat trout, mottled
sculpin, mountain
whitefish, flannelmouth
sucker, white sucker,

Hazards were remove

mountain suker, No in Task 3.
hybrid suckers,
speckled dace, redside
shiner, northern leopar|
frog, tiger salamander,
boreal chorus frog,
wandering garter snak
Invertebrates: aquatic Use large F“eSh nst to filter q
insects, zooplankton nonrtarget invertebrates an
: N : Zooplankton and small| transfer RTC to helicopter.
(including Mysis), : . :
Yes insects may be presen| Dump stocking tank water in Yes
worms, and possip o
. water moved with fish.| uplands away from
crayfish :
ephemeral and perennial
drainages.
Use large mesh net to filter
Plants: various speciel norttarget plants and transfe
' pecie Plant fragments and | RTC to helicopter. Dump
of algae and aquatic . . .
No algae may be present i stocking tankvater in Yes
macrophytes, upland L
: water moved with fish.| uplands away from
vegetation seeds :
ephemeral and perennial
drainages.
Other Biologics: No Addressed in Task 3.

parasites, pathogens

Others: None
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HACCP Step 41 Hazard Analysis Worksheet (continued)

1 Tasks (from HACCP
Step 3- Flow Diagram)

2 Paential hazards
identified in HACCP
Step 2

3 Are any potential
hazards significant]
(yes/no)

4 Justify evaluation for
column 3

5 What control measures ca
be applied to prevent
undesirable results?

6 Is this task a
critical control
point? (yes/no)

Task 5: Use helicopter to

transport RTC to Scab
Lake and release fish
from air.

Vertebrates: lake trout
brown trout, brook
trout, rainbow trout,
cutthroat trout, mottled
sculpin, mountain
whitefish, flannelmouth
sucker, white sucker,
mountain sucker,
hybrid suckers,
speckled dace, redside
shiner, northern leopar|
frog, tiger salamander,
boreal chorus frog,
wandering garter snak

No

Hazards were removeq
in Task 3.

Invertebrates: aquatic
insects, zooplankton
(including Mysis),
worms, and possibly
crayfish

No

Hazards were removed
in Tasks 3 and 4.

Plants: various specie
of algae and aquatic
macrophytes, upland
vegetation seeds

No

Hazards were removed
in Tasks 3 and 4.

Other Biologics:
parasites, pathogens

No

Addressed in Task 3.

Others: None
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HACCP Step 41 Hazard Analysis Worksheet (continued)

1 Tasks (from HACCP
Step 3- Flow Diagram)

2 Potential hazards
identified in HACCP

3 Are any potential
hazards significant| column 3

4 Justify evaluation for

5 What control meases can
be applied to prevent

6 Is this task a
critical control

Step 2 (yes/no) undesirable results? point? (yes/no)
Vertebrates: lake trout
brown trout, brook
trout, rainbow trout,
cutthroat troutmottled
sculpin, mountain
whitefish, flannelmouth
sucker, white sucker, Hazards were removed in
. No
mountain sucker, Task 3.
hybrid suckers,
speckled dace, redside
shiner, northern leopar|
o frog, tiger salamander,
'I;]ask 6: l_)lsmfect all gﬁar boreal chorus frog,
]E. it was '? contact wit wandering garter snak
ISh or water. Invertebrates: aquatic .
) Eggs or other early life stage . . .
insects, zooplankton : . Disinfect all gear used in wate
: : : may be present in residual . . X
(including Mysis), Yes with a chlorine bleach solution| Yes
. water or attached to o
worms, and possibly . or other disinfectant.
, equipment.
crayfish
Plants: various specie Seeds, microscopic algae, a| Disinfect all gear used in wate
of algae and aquatic . . X
Yes plant fragments could be with a chlorine bleach solution| Yes
macrophytes, upland ; o
: present on equipment or other disinfectant.
vegetation seeds
Other Biologics: Iligfzcéfartlaésv L;?SZ?é:i?gsecegmd Disinfect all gear used in wate
gics- Yes g P with a chlorine bleach solution| Yes

parasites, pathogens

be present in residual water
or attached to equipment.

or other disinfectant.

Others: None

101




HACCP Step 51 HACCP Plan Form

HACCP Plan Form

(all CCP6s or fAyesbso fi Hwand Anaysisiworkshéet)of HACCIH
Task 3: Capture RTC with trap nets. Sort RTC andtamyet species.
(1) Critical Control Point: Return all nortarget species and RTC infected with parasites or
pathogens to the source water.
Significant Hazard(s): Introduction of nortarget species to Scab Lake.

Limits for Each Control Measure:

Zero nontarget vertebrates, invebrates, and plants moved to
Scab Lake. Parasites and pathogens to level detectable by vi
examination.

What:

Sort all fish captured in trap nets.

How:

Visual examination procedure specified by fish pathologist.

Monitoring Frequency:

Individual fish

Who:

FMPE

Evaluation & Corrective Action(s)
(if needed):

Place only healthy RTC in stocking tank; resort if possible
contamination is observed.

Supporting Documents (if any):

Stocking slip and recommendations from fish pathologist

(2) Critical Control Point:

Task 4: Dump excess water from fishless stocking tank in uplands
from ephemeral and perennial drainages.

Significant Hazard(s):

Introduction of invertebrates, plants, or other biologics (pathogens d
parasites) into other waters.

Limit s for Each Control Measure:

Zero nontarget vertebrates, invertebrates, plants, and parasitd
and pathogens moved to other waters.

What:

Stocking tank water.

How:

Dump water in uplands away from all waterways.

Monitoring Frequency:

After fish are remwed from stocking tank.

Who:

FMPE

Evaluation & Corrective Action(s)
(if needed):

Make sure no standing water remains in tank after draining. [
with towel or sponge, if necessary.

Supporting Documents (if any): none
(3) Critical Control Point: Task6. Disinfect all gear that was in contact with fish or water.
Significant Hazard(s): :/C;Z(rj;cuon of invertebrates, plants, parasites, or pathogens into ot

Limits for Each Control Measure:

Zero nontarget invertebrates, plants, parasites gattiogens
moved to other waters.

What:

All gear used in transplant project.

Monitoring How:

Disinfect all gear with chlorine bleach solution or other
appropriate disinfectant.

Frequency:

Before gear is used at another water.

Who:

FMPE and helicoptezontractor.

Evaluation & Corrective Action(s)
(if needed):

Ensure all surfaces are in contact with disinfectant for appropt
amount of time. Disinfect a second time if deemed necessaryf

Supporting Documents (if any):

WY Fisheries Management Protodoi Whirling Disease

Facility:

Activity/Management Objective: Establish a

Address:

new population of roundtail chub in the upper
Green River drainage.

Signature: HACCP Plan was followed. Date:
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APPENDIX F

Recommended Electrofishing Guidelines for Uper Colorado
River Basin Habitats Containing Endangered Fishes (2012)

Patrick J. MartineandA. Lawrence Kolz

Introduction

Electrofishing fleet standardization requires: 1) electrodes to idemiicalsize and
configuration to ensure nearly identiedéctrical resistance; 2) electrofishers that produce the
samepulsed direct current (PD@)ectrical waveform; and 3) anleity electrofishing equipment
(e.g., dip netsize and mesh) and operationg(enet, number of netteragtter experience, etc.)
that are similar (Martinez and Kolz 2009; Miranda 2009). The electrofishing fleet of the Upper
Colorado River Endangered Fish Recovery Prodifareinafter Recovery Programygludes
aluminum jo-boats boats with electrically conductive hulls and inflltathitewater rafts made
of non-conductive material. Boats provide increased mobility and are typically used during
higher flows when water conductivity for a particular river reach is lowewever, when
electrofishing in whitewater reaches and loveriflows, when water conductivity is often
higher, rafts are preferred because of their maneuverability and inherent safety.

Recovery Program electrofishing boats are equipped with two anodic hemispheres
suspended from forward projecting parallel boomdenthe smaller rafts are limited to a
singular anodic hemisphere. This difference in anodes necessarily implies that the electrified
vol umes of water created by the boats produce
rafts. However, it is @ssible to adjust the power output of the electrofishing units so that the
actual inwater electroshocking effects on the fish are comparable between the boats and rafts.

The metal hull of the boats serves as the cathodesdinereforean inherent coponent
to the systemdébs total e | e c The modcenducte/esrafts mustibe e : a
fitted with dualcathods, each consisting of multiple steel cables suspended from both sides of
the rafts. Thesefundamental differensein the numer of anodes and the relative size of the
cathodes contribut® the difference in electrical system resistaimtween these two types of
electrofishing crafts (Martinez and Kolz 2013).

Purpose

This sampling guide has been developed for the Recovegydn. These guidelines are
intended to standardize el ectrode configurat.i
electrofishing fleet consisting of alumindnulled jorboats and whitewater rafts (Martinez and
Kolz 2013). Further, these guidelingsecify initial settings for the ETS 1ERA electrofisher
recommended for use Recovery Program boats and rafts operating with standardized electrode
configurations.These equipmeraind electrofisher settingpbnsistencies are intended to provide
the folowing benefits to those conducting or participating in RecoveryrBnogrojects or
associated fish sampling activities in critical habitat:

1) Defensilbe scientific measurement to suppiotensive electrofishing as a safe, effective, and
efficient methodor the sampling and liveelease ohative and nomative fishes including
sensitive (e.g., ESAisted) species.
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2) Simplified personnel training due to similar-sgt of electrofishing boat and rafts, including
standardized electrode resistances andglesboatelectrofisher model used in both crafts.

3) Enable crew member interchangeabiityd flexibility due tothe similarity of boat and raft
electrode configurations and increased familiarity with selection ofdieatrofisher settings.

4) Direct apgdication of Power Transfer Theorem (Kdl®89; Miranda and Dolan 200@jth
calibratedpeakreading current and voltage meters suppliedtandard equipmentth the
ETS 1D72A electrofisher.

5) Expedited troubleshooting and interchangeability of faultpyponents among electrofishing
craft due to similarities of boat and raft equipment.

6) Optimized purchase and compatible serviceability of electrofishing system components from
vendors with potentially reduced costs to the Recovery Program.

Electrofishing Sampling Gear

Table 1 descrilethe recommended, standardized configurations and specifications for
UCRSB electrofishing boats and rafts. Figure 1 provides detailed specifications for ordering this
boat electrofisher with the 72 amp, high output curoption (MBS1DPFRRLY-CQOS).

Figure 2 shows the slots cut into-@n@h diameter stainless steel spherical anode to
facilitate submergence or draining, and provides the vendor information for ordering spheres for
uses as anodes. Figures 3 and 4 show thleytaent of anodes from electrofishing boats and
rafts, respectively. Figure 5 illustrates the design for the trailing cathodes required for use
electrofishing whitewater rafts, which have raomductive, sgthetic hulls.

Table 2 provides a simplified rtied using a multiplier to convert specific conductivity to
ambient conductivity. Figure 6 provides an electrofishing power chart to facilitate selection of
initial peak poweryoltage or current settings for different ambient water conductivities when
usng the ETS Electrofishing MBS HD2A boatelectrofisher in an electrofishing boat equipped
with standardized electrodes per UCRB specifications. Fig(irepfogress as of January
2014 provides an electrofishing power chart to facilitate selectioniti peak poweryoltage
or current settings for different ambient water conductivities when using the ETS Electrofishing
MBS 1D-72A boatelectrofisher in an electrofishing raft equipped with standardized electrodes
per UCRB specifications.

Table 3 povides the protocol for identifying and refining the fish threshold response to
the initial peakpower settings for boats and rafts. A field form for recording information about
the electrofishing conditions, including water temperature, conductivitytuabidlity,
electrofisher settings and output, and fish response is provided in Figure 8. Table 4 provides
instructions for operation of the FLUKE 87V current meter and i100 current clamp if verification
of current readings is necessary or desired.
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Table 1. Recommended specifications and electrode configurations for electrofishing boe
rafts, and generators for use in the electrofishing fleet of the Upper Colorado River Endan
Fish Recovery Program and the San Juan Endangered Fish Recoverydniatem Program.

I.  Electrofishingboat and rafspecifications and maintenance:

A. Aluminum jonboat 1618 feet in length

B.

1.

Whitewater raft or catardftl-16 feet in length (nowonductive synthetic hull)
1.

Appropriatelysized outboard motor

a. Propeller drive

b. Jetdrive

Anodes

a. Two %inch diameter staiess steel spherdx05-inch material thickness,
with ¥2inch FPT Hexfitting for connecting %diameter stainless steel cal
tothe anode,and¥snch sl i ts cut ver (Figuea3)
to facilitate submergence or draining

b. One aode mounted on each boom and extendeith@tes from bow of
boat at the waterline and spacedi®€hes apart

c. Anodes deployed haubmerged when actively electrofishing

Cathode

a. Aluminum jon boat hull

b. Hull cleaned periodically teemove excessive debyrilectrolysis deposits
or anodizing(i.e., when electrical system resistance changes > 10%)

Boat electrical system resistance for standardized electabdd$ pS/cm (i.e.,

equal fish and water conductivities) ~ 66 ohms

Appropriate steering / propulsion capabilities for navigation

a. Appropriatelysized and mounted oars

b. Appropriatelysized outboard motdpropeller or jet drive)

Anode

a. Single 9inch diameter stainless steel sphé&65-inch material thickness,
with ¥>inch FPT Hexitting for connecting *diameter stainless steel
cable to the anode, anditich slits cut vertically n s pduarardésd s
(Figure 3 to facilitate submergence or draining

b. Anode mounted on single boom and extendethbbes from of handail
at bow of raft

c. Anode deployed haldubmerged when actively electrofishing

Cathode

a. Two arrays of thee stainlessteel cables (Yinch diameter)each strand 48
inches long (Figure 6), with one array trailing from each sideeofdft 16
feet aft of the anode. The three cables are separated from oher dryot
about 2inches and are not to be bundledigroup.

b. Replace frayed cathode cables.

Raft electical system resistance for standardizesttebdesat 115 uS/cm (i.e.,

equal fish and water conductivities) ~ 162 ohms

105



Table 1 (continued). Recommended specifications and electrode cardigpns for
electrofishing boats, rafts, and generators for use in the electrofishing fleet of the Upper
Colorado River Endangered Fish Recovery Program and the San Juan Endangered Fish
Recovery Implementation Program.

II.  Boatelectrofisher

ETSElectrofishing, LLC, MBS 1B72A boatelectrofisher
1.
2.

A.

3.

Boatelectrofisher operational criteria

1. Pulsed directurrent (PDC)

2. 20% duty cycle

3. 60 Hz frequency (higher frequencies should be avoided to minimize injury t
largersize fusiform fishe- e.g., adult Colorado pikeminnow)

Generator

1. Capable of 5,500 W continuous

2. Single phase

3. 240 VAC output

4. 60 Hz

5. Generator MUShave a floating neutral (neutral ground broken), i.e., the ne
winding must NOT be connected to the generator framest generators of
recent manufacture have a floating neutral

6. Avoid generators that use "inverteéeéchnology generally these will have a

Equipped with optional 72 amp, high output current

Standard specifications hagkigs and outlets placed on the right side of the
boatelectrofisher box, but locating outlets and plugs in déffi: locations
should not affect interchangeability

Detailed MBS 1D72A boatelectrofisher specifications provided in Figure 3

small "i"* in their model number. The electronics of inverter technology do
work well with capacitive loads such as those in fecttrofishers
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Table2. Recommended speci fi cat i o-N4a eldctoofisherifert
use with electrofishing bagand rafts of the GRB Endangered Fish Recovery Program.
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