Memorandum

To: Regional Director, Bureau of Reclamation, UpPelorado Regional Office, Salt
Lake City, Utah

Area Manager, Bureau of Reclamation, Provo Aréc€ Provo, Utah
Area Manager, Western Area Power Administratiadf Lake City, Utah

From: Field Supervisor, Utah Field Office Fish aNddlife Service
Salt Lake City, Utah

Subject:  Final Biological Opinion on tl@peration of Flaming Gorge Dam

In accordance with section 7 of the Endangeredi8pdxt (ESA) of 1973, as amended (16
U.S.C. 1531 et seq.), and the Interagency Cooper&egulations (50 CFR 402), this transmits
the Fish and Wildlife Service's (Service) finallbigical opinion for impacts to federally listed
endangered species for Reclamation’s proposedndactioperate Flaming Gorge Dam to protect
and assist in recovery of populations and desighaté&cal habitat of the four endangered fishes
found in the Green and Colorado River Basins. Refee is made to your February 1, 2005,
correspondence (received in our Utah Field officd=ebruary 1, 2005) requesting initiation of
formal consultation for the subject project. Basadhe information presented in the biological
assessment and the Operation of Flaming Gorge &@mgntal Impact Statement that you
provided, | concur that the proposed action mayeeskly effect the threatened Ute ladies’-
tressesQpiranthes diluvialis) and the endangered Colorado pikeminr§Btychocheilus lucius),
humpback chubGila cypha), bonytail Gila elegans), and razorback suckexXyfrauchen

texanus) and critical habitat.

Based on the information provided in the biologaséessment, | also concur that the proposed
operation of Flaming Gorge Dam may affect, butaslikely to adversely affect, the bald eagle
(Haliaeetus leucocephalus) and southwestern willow flycatchegrfpidonax traillii extimus). In
addition, | concur with the determination of noeeff for the California condof&ymnogyps
californiannus), black-footed ferretN\Justela nigripes) and Canada lynkyhx canadensis). The
bald eagle’s preferred prey are fish and waterfewt] the proposed action involves
implementation of flow recommendations that shaugdport its prey and benefit the riparian
forest that eagles use for roosting. The southwestélow flycatcher nests in riparian corridors,
islands and sandbars vegetated with willow, tarkasl other shrubs. The species may occur
in low numbers during the summer along the GreeeiRiownstream of Ouray, Utah, though
subspecific identity has not been confirmed. Rgrahabitats utilized by the southwestern
willow flycatcher are expected to benefit from implentation of a flow recommendations for
the endangered fishes that would result in a materal flow regime. The California condor is
not a resident in the Green River subbasin anddvool be affected. The proposed action
would also have no effect on black-footed ferratisl lynx since their upland habitats and their
prey base are not affected by Flaming Gorge Damatipes.



Consultation History

Construction of Flaming Gorge Dam predates the Bgeleed Species Act of 1973 and as a
result consultation on its construction has neeambrequired. Consultation on operations at
Flaming Gorge Dam and other Reclamation projecteenGreen River subbasin first started in
the late 1970s and early 1980s. The earliestdetlwveen operations at Flaming Gorge Dam and
other Reclamation consultations was in Novembe®1#7en the Service issued a jeopardy
biological opinion for the Upalco Unit of the CeaittJtah Project and stipulated in the
Reasonable and Prudent Alternative (RPA) that FigrmBorge would compensate for depletions
of the project.

On February 27, 1980, the Service requested catsultunder Section 7 of the ESA for
projects currently under construction in the Up@etorado River Basin and for the continued
operation of all existing Reclamation projectshie basin, including the Colorado River Storage
Project (CRSP). Reclamation agreed with the recaregs formal consultation on the operation
of Flaming Gorge Dam was initiated on March 27,A9&suance of a final biological opinion
by the Service for the operation of Flaming GorgerDwvas delayed until data collection and
studies related to habitat requirements for theegdred fishes could be completed and used to
recommend specific flows in the Green River dowaestn from the dam. Between 1980 and
1991 there were a series of agreements betweearRa&iwbn and the Service delaying the
issuance of a biological opinion until sufficienformation was collected. Existing dam
operations were initially evaluated for potentitieets on endangered fishes from 1979 to 1984.
In 1984 the Service and Reclamation reached arnirmfeow agreement that constrained
summer flows to benefit the endangered fishes ahdden 1985 and 1991 effects of the
constrained summer flows were studied. Reclamatoned as the lead agency for this
consultation, with Western Area Power Administrat{§Vestern) becoming a party to the
consultation in 1991.

During this same period, the Service issued a fir@bgical opinion (USFWS 1980) for the
Strawberry Aqueduct and Collection System (SAC3)agor feature of the Central Utah
Project. The SACS biological opinion determineat tfiow depletions from the Duchesne and
Green Rivers would likely jeopardize the contineadstence of the endangered Colorado
pikeminnow and humpback chub. The SACS biologipahion also included a RPA that stated
“Jeopardy from the Bonneville Unit, considered witle other CUP units, could be avoided by
operating Flaming Gorge Dam in a more environménsansitive manner. Since modification
of the Flaming Gorge penstock in 1978, this resecauld be operated with much less impact
on endangered fishes. Modified operations wouldondy compensate for effects of CUP, but
also could help restore the Green River to a hgalindition for the listed fishes.”

Using information collected from 1979 to 1991, Bielogical Opinion on the Operation of
Flaming Gorge Dam (1992 FGBO) was issued on Nove@be1992 (USFWS 1992a). The
opinion stated that the then-current operationlafing Gorge Dam was likely to jeopardize the
continued existence of the endangered fishes iGteen River. Flow recommendations in the
1992 FGBO for spring, summer, autumn, and wintereviiased on the best available
information and professional judgment of researsidro had collected and analyzed much of



the data. The recommended flows were intendedstorea more natural hydrograph and to
provide a flow regime that would allow for enhanesrand recovery of endangered and other
native fishes in the Green River. Because of dati#dtions and the desire to protect areas
believed to be crucial for protection of the endzmed fishes, the 1992 FGBO only
recommended target flows for the Green River atil& Geological Survey (USGS) gage near
Jensen, Utah (located 157 km, or 98 mi, downstream the dam). The 1992 FGBO also called
for refining operations so that temperature regimepecially downstream of the confluence of
the Green and Yampa Rivers, would more closelymbse historic conditions and to examine
the feasibility and effects of releasing warmerewaturing the late spring/summer period.

The 1992 FGBO described elements of a Reasonat|Praidient Alternative (RPA) that would
offset jeopardy to the endangered fishes (USFW24RTJ he RPA included the following
elements:

* Refine the operation of Flaming Gorge Dam so tlhat fand temperature
regimes of the Green River more closely resemld®hc conditions.

» Conduct a 5-year research program that includesewand spring research
flows, to allow for potential refinement of flowsrfthese seasons.

» Determine the feasibility and effects of releasiveymer water during the late
spring/summer period and investigate the feasjbdit retrofitting the river
bypass tubes to include power generation, therabyithting higher spring
releases.

* Legally protect Green River flows from Flaming Gerigam to Lake Powell.

* Initiate discussions with the Service after condnsof the 5-year research
program to examine further refinement of flows tlee endangered Colorado
River fish. Under this element, results of the agsk program will be used to
reevaluate and, if necessary, refine recommendatipresented in the
biological opinion.

The five-year research program concluded in 199@hat time, the Recovery Implementation
Program for Endangered Fish Species in the Upplar&io River Basin (Recovery Program)
developed a report that summarized research arelaped flow recommendations that were
based on all the available information. That refduth et al. 2000) provided the basis for
Reclamation’s proposed action evaluated in thesy &ld this biological opinion.

During the time that consultation for the 1992 FGB&s ongoing, other ESA related activities
were occurring in the basin. In 1984, the Depantnoé the Interior, Colorado, Wyoming, Utah,
water users, and environmental groups formed adamaiing committee to discuss a process to
recover the endangered fishes while new and egistater development proceeded in the Upper
Colorado River Basin in compliance with Federal &tate law and interstate compacts.



After 4 years of negotiations, the Secretary ofltiterior; Governors of Wyoming, Colorado,
and Utah; and the Administrator of the Western APeaver Administration (Western) cosigned
a Cooperative Agreement on January 21-22, 198&ptement the Recovery Implementation
Program for Endangered Fish Species in the Upplrr&ito River Basin (Recovery Program).
Current participants in the Recovery Program inelutle Service, Reclamation, National Park
Service, Western, Colorado, Utah, Wyoming, WesRgrource Advocates, The Nature
Conservancy, Colorado Water Congress, Utah Waterdsssociation, Wyoming Water
Development Association, and the Colorado Rivergn®istributors Association. The goal of
the Recovery Program is to recover the listed ggewhile providing for new and existing water
development in the Upper Colorado River Basin. paiticipants agreed to cooperatively work
toward the successful implementation of a recopeogram that will provide for recovery of the
endangered fish species, consistent with Fedexadhal all applicable State laws and systems
for water resource development and use. Eachtsignassumed certain responsibilities in
implementing the Recovery Program. In particulag, refined operation of Federal reservoirs
by Reclamation to reduce or eliminate impacts weegered fish and contribute to their
recovery was identified as critical to the Recoverggram. To further define and clarify
processes outlined in sections 4.1.5, 4.1.6, add 5f the Recovery Program (USFWS 1987),
the Section 7 Consultation, Sufficient Progress, and Historic Projects Agreement (Section 7
Agreement) andRecovery Implementation Program Recovery Action Plan (RIPRAP) were
developed in 1993 and updated yearly (USFWS 2008).Section 7 Agreement established a
framework for conducting section 7 consultationglepletion impacts related to new projects
and impacts associated with existing projects enupper basin. Procedures outlined in the
Section 7 Agreement are used to determine if saffiqprogress is being accomplished in the
recovery of endangered fishes to enable the Reg®regram to serve as a reasonable and
prudent alternative to avoid the likelihood of jaogly and/or adverse modification of critical
habitat.

Since the inception of the Recovery Program, theiG&shas consulted on over 700 projects
depleting water from the Upper Colorado River Basiihe Recovery Program, through its
implementation of the RIPRAP, has avoided the ilitadd of jeopardy and/or adverse
modification of critical habitat on behalf of thesmjects.

The RIPRAP outlines specific recovery actions,udahg such measures as acquiring and
managing aquatic habitat and water, re-operatimjieg reservoirs to provide instream flows
for fishes, constructing fish passage facilitie®jtoolling nonnative fishes, and propagating and
stocking listed fish species. It also stipulatesciwlentity is responsible for taking action, when
these actions would be undertaken, and how theyddmifunded. The RIPRAP was finalized
on October 15, 1993, and has been reviewed andegdanually.

One high priority RIPRAP element under the FY 2@¥éen River Action Plan: Green River
above Duchesne River .A.3.d., is to operate Flgn@orge Dam to provide winter and spring
flows and revised summer/fall flows, pursuant te tiew Flaming Gorge biological opinion.
Implementation of this priority RIPRAP item by Rawclation through adoption of Flow
Recommendations is intended to offset in part theeese effects of water depletions by other
projects and fulfill a commitment by Reclamatiorréfine operations at its facilities, including



Flaming Gorge to assist in meeting instream flogureements for endangered fishes (USFWS
1987).

Other consultations that rely on Flaming Gorge ana RPA to offset their depletions include;
the 1998 programmatic biological opinion for thechasne River Basin (447,000 af) and the
2000 Narrows Project (5,717 af). Projects covensder the programmatic biological opinion
for the Duchesne River include; Strawberry Vallegject, Provo River Project, Moon Lake
Project, Midview Exchange, Ute Indian Irrigatiorofict, and the Central Utah Project which
includes the Bonneville, Uintah and Upalco Uni@onsultations that received non-jeopardy
biological opinions but also depend operation @iniihg Gorge Dam to meet flow
recommendation as part of continued sufficiengpess of the Recovery Program to offset
water depletions include the Price-San Rafael binilhe Salinity Control Program (1992) and
the Programmatic Biological Opinion on the Managetian for Endangered Fishes in the
Yampa River Basin.

BIOLOGICAL OPINION
DESCRIPTION OF THE PROPOSED ACTION

Scope of Biological Opinion

Emergencies

This biological opinion does not cover emergencgrapons at Flaming Gorge Dam. Where
emergency circumstances mandate the need to camsultexpedited manner, consultation may
be conducted informally through alternative progeduhat are consistent with the requirements
of section 7 (a)-(d) of the Act. This provisionpdips to situations involving acts of God,
disasters, casualties, national defense or se@mgrgencies, etc. (50 CFR 402.05). The timing
and nature of emergencies are typically not pratlletbut at Flaming Gorge Dam they may be
associated with dam safety, personal safety oViddals or groups associated with recreation or
other activities on the river or power system ctinds. Emergencies associated with dam safety
could include unforeseen releases or operatiopsatiect dam infrastructure. Emergencies
associated with the safety of individuals or groops/ be associated with river rescue or
recovery operations. Types of emergency powermgpatations are discussed in Section 1.6 of
the Operation of Flaming Gorge Dam Environmentgdit Statement (FGEIS) and include
insufficient generation capacity, transmission (tad and voltage control), load shedding and
system restoration. Emergency operations aredifpiof short duration as a result of
emergencies occurring at the dam or within thestraasion network. In the event of an
emergency, Reclamation and/or Western will corttaetService in a timely manner for advice
on measures to minimize the effects of the responspecies and critical habitat, and formal
consultation, if needed, will be conducted after fidict. This should not be interpreted to mean
that an emergency response should be delayeis ifhdt possible to contact the Servi@&pills
associated with normal dam operations or to meeptbposed action are not considered
emergencies and are covered in this biologicaliopin



Action Area

Under the proposed action, Flaming Gorge Dam wbeldperated to achieve the flow and
temperature regimes recommended in Muth et al.QR@thile maintaining all authorized
purposes of the Flaming Gorge Unit of the CRSPjqadarly those related to the development

of water resources in accordance with the ColoRider CompactThe flow and temperature
recommendations describe the peak flows, duratisater temperatures, and base flow criteria
believed by the Service to be necessary for thawalrand recovery of endangered fishes. This
biological opinion addresses the effects of theppsed action and associated flow regime on the
endangered Colorado pikeminnow, humpback chub,tadand razorback sucker and the
threatened Ute ladies’-tresses in the Green Rigemndtream of Flaming Gorge Dam

The flow and temperature recommendations includeipd peak and base flows (Table 1) to
be achieved in the three portions of the GreenRleéned as follows:

* Reach 1: Flaming Gorge Dam to the Yampa River confluenceve(ri
kilometer [RK] 555 to 660, or river mile [RM] 346 #10). Flow in this reach,
which is measured at the USGS gage near Greendiale, is almost entirely
regulated by releases from Flaming Gorge Dam.

* Reach 2:Yampa River confluence to White River confluencé(B96 to
555, or RM 246 to 345). Flow in this reach is meaduat the USGS gage
near Jensen, Utah. In this reach, tributary flomamf the Yampa River
combine with releases from Flaming Gorge Dam toviplke® a less regulated
flow regime than in Reach 1.

* Reach 3:White River confluence to Colorado River (RK 0 ®@63r RM 0 to
246). Flow in this reach is measured at the USG§&: geear Green River,
Utah. In this reach, the Green River is furthetuahced by tributary flows
from the White, Duchesne, Price, and San RafagRiv

These three reaches (Figure 1) of the Green Riettlee adjacent 100 year floodplain constitute
the action area considered in this biological amni

Flow and Temperature Recommendations

The proposed action would provide increased intarahvariability in peak and base flows.
Such variability is thought to support in-channed doodplain geomorphic processes that would
maintain the ecosystem dynamics to which the eretaddfishes are adapted. Not all objectives
for each species can or need to be met within gaah Different species occupy different
ecological niches, and distinct life stages berigdin different specific hydrologic conditions.

For all species, short-term adverse effects of biglow flows would be offset by longer-term
benefits. The flow patterns of the proposed actipproximate unregulated flow conditions more
closely than the flow conditions required under1882 FGBO. The magnitude, duration, and
timing of releases from Flaming Gorge Dam wouldibé to the anticipated hydrologic



condition in a given year. This approach would temchimic the natural hydrology of the Green
River subbasin and provide within-year and betwgear- variability.

Forecasted runoff volume would be used to deterthiaenagnitude, duration, and timing of
releases from Flaming Gorge Dam to enhance dovamthabitat conditions. When above-
average runoff conditions are forecasted, bypdssstor the spillway at Flaming Gorge Dam
would be used to increase peak spring flows in dirgam reaches. During average or drier
years, spring releases would be at maximum poveat fdvels or greater to achieve specific
target peak flows in downstream reaches. Peaksetsdaom Flaming Gorge Dam would be
timed to coincide with peak and immediate post-geaks of the Yampa River to maximize the
magnitude and duration of the peak, restore inHsllgprocesses, inundate floodplain habitats,
and extend the duration of peak flows in Reachasd3. Similar to peak flows, base flows
during summer—winter would be tied to annual hyalgat conditions and would be higher in
wetter years than in drier years.

Under the proposed action, hydrologic conditionang given year would be placed in one of
the following categories:

+  Wet (0-10% exceedandg. Annual forecasted runoff volume is larger than
almost all of the historic runoff volumes (10% pabldity of occurrence).

* Moderately wet (10—30% exceedancefnnual forecasted runoff volume is
larger than most of the historic runoff volumes Y20probability of
occurrence).

* Average (30-70% exceedancepnnual forecasted runoff volume is larger
than about half of the historic runoff volumes (40ptobability of
occurrence).

* Moderately dry (70-90% exceedance)Annual forecasted runoff volume is
less than most of the historic runoff volumes (288bability of occurrence).

* Dry (90-100% exceedance)Annual forecasted runoff volume is less than
almost all of the historic runoff volumes (10% pabldity of occurrence).

These exceedance intervals were chosen to prouvidamge for setting peak- and base-flow
targets under different hydrologic conditions sacaachieve the desired hydrologic variability.
In reality, annual runoff volume is a continuousiable, and any categorization scheme is
somewhat arbitrary. Release patterns in any giean ywould reflect where within the wet to dry
continuum the hydrologic condition in that yeaidal

1 Exceedance values refer to the percentage of dedoflows that have been higher than that value. An
exceedance value is equivalent to 1 minus the ptkee
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(Source: Muth et al. 2000)



Due to the fact that it was not feasible to cowarg contingency in the flow recommendations,
the authors of the flow recommendations recommetiugdeal-time data and other available
year-specific information would be factored intoaal implementation of the proposed action.
Yearly patterns of releases from Flaming Gorge Dameet the recommended flows and
temperatures for each hydrologic condition coukhtbe adjusted on the basis of information
about hydrology, the status of endangered fishsliéges and populations, and habitat conditions.
Muth et al. (2000) recommended that Reclamationsté/a, and the Service establish a
technical working group of biologists and hydrokigito help refine release plans for each year
and provide advice on modifying releases duringhgiveg hydrologic conditions.

Table 1 summarizes the recommended peak and loagefflom Muth et al. (2000) for all three
reaches of the Green River. Under the proposedradiaming Gorge Dam would be operated
with the goal of achieving these recommended flassften as possible while maintaining the
other authorized purposes of Flaming Gorge DamRaservoir.

Operations under the Proposed Action

This section describes the process that Reclamatiaihd use to implement the proposed action
while maintaining other authorized purposes andrass safe operations of Flaming Gorge Dam
under normal operational conditions. Operatiotahp, however, may be altered temporarily to
respond to emergencies. Safe operation of Fla@orge Dam is of paramount importance, and
is applicable to all dam operations under the psedaction. In order to safely and efficiently
operate Flaming Gorge Dam, forecasted future irglowst be incorporated into the decision
making process. These forecasted future inflowgereided by the National Weather Service
through the River Forecast Center and are issuatbathly or seasonal (April through July)
volumes of unregulated inflow that are anticipatedccur during the forecast period. A forecast
error is the volume difference between the forexhand actual inflow volume for the period.
Forecast errors mostly are attributable to hydrclegriability and to a much lesser degree the
forecasting procedure. Consequently, forecastemdl always be a factor associated with the
operation of Flaming Gorge Dam.

Analysis of the historic forecast errors at Flam@grge Dam was performed by the Colorado
River Forecasting Service Technical Committee (CRE)Sn April 1987. They determined the
magnitude of 5% exceedance forecast errors assdaiath the various forecast products issued
by the Colorado River Basin Forecast Center (CBRFQ)ese errors occur in one out of every
20 years on average and errors of greater magnitcwe less frequently. From the information
provided by the CRFSTC, forecast errors at the 2ééedance level (1 out of every 100 years)
were computed.

Safe operation of Flaming Gorge Dam limits the n§kincontrolled spills to 1% when the
greatest foreseeable forecast error occurs. Ir othels, safe operation must assure that 99% of
the foreseeable forecast errors can be successbullgd through Flaming Gorge Reservoir
without uncontrolled spills occurring. To limit ghrisk, Reclamation maintains vacant storage



TABLE 1 Recommended Magnitudes and Duration of Maxnum Spring Peak and
Summer-to-Winter Base Flows and Temperatures for Edangered Fishes in the Green
River Downstream From Flaming Gorge Dam as Identited in the 2000 Flow and
Temperature Recommendations

Hydrologic Conditions and 2000 Flow and TemperatureRecommendationd

Moderately Moderately
Flow and Wet Wet Average Dry Dry
Temperature (0-10% (10-30% (30-70% (70-90% (90-100%
Location | Characteristics| Exceedance) | Exceedance) | Exceedance)| Exceedance) | Exceedance)

Reach 1 Maximum >8,600 cfs >4,600 cfs >4,600 cfs >4,600 cfs >4,600 cfs
Flaming Spring Peak | (244 cubic (130 m3/s) (130 m3/s) (130 m3/s) (130 m3/s)
Gorge Dan Flow meters

to Yampa per second

River [m3/s])

Peak flow duration is dependent upon the amounhodégulated inflows into the Green River and th

flows needed to achieve the recommended flows acRes 2 and 3.

1”4

Summer-to- 1,800-2,700 cf$1,500-2,600 cf$800-2,200 cfs [800-1,300 cfs |800-1,000 cfs
Winter Base [(50-60 nils) |(42-72nils) |(23-62nils) |(23-37 nils) | (23-28 ni/s)
Flow
Above Water > 64 °F (18 °C)| > 64 °F (18 °C)| > 64 °F (18 °C)| > 64 °F (18 °C)| > 64 °F (18
Yampa Temperature |for 3-5 weeks |[for 3-5 weeks [for 3-5 weeks [for 3-5 weeks |°C) for 3-5
River Target from mid- from mid- from mid-July |from Juneto |weeks from
Confluence August to August to to March 1 March 1 mid-June to
Marchl March 1 March 1
Reach 2 | Maximum >26,400 cfs >20,300 cfs >18,600 cf8 >8,300 cfs >8,300 cfs
Yampa Spring Peak | (748 nils) (575 nils) (527 nils) (235 nils) (235 nils)
River to Flow
White >8,300 cf§
River (235 m3/s)
Peak Flow Flows greater |Flows greater |Flows greater [Flows greater |Flows greater
Duration than 22,700 cfs| than 18,600 cfs| than 18,600 cfq than 8,300 cfs |than 8,300 cfs
(643 ni/s) (527 ni/s) (527 ni/s) (235 nils) (235 nils)
should be should be should be should be should be
maintained for | maintained for | maintained for [ maintained for | maintained for]
2 weeks or 2 weeks or at 2 weeks in ajat least 1 week] 2 days or morg¢
more, and flowg more. least 1 of exceptin
18,600 cfs (527 4 average years. extremely dry
m?/s) for years 98%
4 weeks or exceedance).
more.
Summer-to- 2,800-3,000 cf$2,400-2,800 cf$1,500-2,400 cf$1,100-1,500 cf$900-1,100 cfs
Winter Base [(79-85ni/s) [(69-79 ns) |(43-67 nils) |(31-43 n¥s) | (26-31 ni/s)
Flow

10



TABLE 1 (Cont.)

Hydrologic Conditions and 2000 Flow and TemperaReeommendatiofs

Moderately Moderately
Flow and Wet Wet Average Dry Dry
Temperature (0-10% (10-30% (30-70% (70-90% (90-100%
Location |Characteristics| Exceedance)| Exceedance)| Exceedance)| Exceedance)| Exceedance)
Below Water Green River Green River Green River |Green River Green River
Yampa Temperature |should be no |should be no |should be no |should be no [should be no
River Target more than 9 °F|more than 9 °F [ more than 9 °F|more than 9 °F [ more than 9 °F
Confluence (5 °C) colder |(5°C) colder |(5°C) colder |[(5 °C) colder [(5 °C) colder
than Yampa |than Yampa |than Yampa |than Yampa [than Yampa
River during River during River during | River during River during
summer base |summer base [summer base |summer base [summer base
flow period. flow period. flow period. flow period. flow period.
Reach 3 |Maximum >39,000 cfs >24,000 cfs >22,000 cfé >8,300 cfs >8,300 cfs
White Spring Peak | (1,104 nd/s) (680 ni/s) (623 ni/s) (235 nils) (235 ni/s)
River to Flow
Colorado
River Peak _Flow Flows greater |Flows greater [Flows greater |Flows greater [Flows greater
Duration than 24,000 cfs| than 22,000 cfs|than 22,000 cfd than 8,300 cfs |than 8,300 cfs
(680 ni/s) (623 ni/s) (623 ni/s) (235 n/s) (235 ni/s)
should be should be should be should be should be
maintained for | maintained for | maintained for [ maintained for | maintained for
2 weeks or 2 weeks or 2 weeks in at |at least 1 week]2 days or more
more, and flowg more. least 1 of 4 except in
22,000 cfs (623 average years. extremely dry
m?/s) for years,98%
4 weeks or exceedance).
more.
Summer-to- 3,200-4,700 cf$2,700-4,700 cf$1,800-4,200 cf$1,500-3,400 cf$1,300-2,600 cfs
Winter Base [(92-133 n¥s) |[(76-133 n¥s) [(52-119 n¥s) |[(42-95nis) |[(32-72 nils)
Flow

#Recommended flows as measured at the USGS gagedawear Greendale, Utah, for Reach 1; Jensen, fdtah
Reach 2; and Green River, Utah, for Reach 3.
® Recommended flows18,600 cfs (527 fifs) in 1 of 2 average years.
°Recommended flows8,300 cfs (235 ris) in other average years.

4Recommended flows22,000 cfs (623 fits) in 1 of 2 average years.

space in the reservoir at various times of the y@absorb the additional inflow volume if a
forecast error occurs. Reservoir elevation is imnveally drawn down by Reclamation during the
fall and winter months to accommodate additionibim.

The upper limit draw-down levels for safe operatieere determined through routing studies of
forecast error scenarios. These scenarios werel loasthe 1% exceedance forecast errors. The
scenario that had the largest risk of an uncomdadlpill was routed through the reservoir
beginning in May with various reservoir elevati@m various inflow volumes that were based
on historic records. The highest elevations, wiieedargest risk scenario successfully routed
the inflow volume through the reservoir withoutwrcontrolled spill, was established as the
upper limit draw-down levels for that forecast vole.
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Inter-agency coordination would be used to implenties flow and temperature
recommendations of Muth et al. (2000). A techniatking group representing Reclamation,
Service, and Western, as well as other qualified/iduals who choose to participate on a
voluntary basis, would convene at various timesughout the year to discuss future operational
plans and to refine these plans to best meet thesnaf the endangered fish. Release patterns for
all seasons would be discussed by this technicedimg group and recommendations would
incorporate real time and year specific informaiaentified in Table 5.3 of Muth et al. (2000).
These meetings would also provide an opportunitjigouss historic operations in terms of the
accomplishments and short comings of meeting the dnd temperature recommendations.
Reclamation would maintain an administrative reaafrthese meetings to document the
planning process.

Operations in May through July (Spring Period)

Under the proposed action, Reclamation would estalthe hydrologic classification for the
spring period (May through July) based on the faséed unregulated inflow to Flaming Gorge
Reservoir for the April through July period. Thagdcast is issued by the River Forecast Center
beginning in early January and is updated twicenpanth until the end of July. Reclamation
would classify the hydrology of the Green Rivertsys into one of the five hydrologic
classifications described above (wet, moderately saxerage, moderately dry, and dry).

The hydrologic classification would be used to lel$a the range of flow magnitudes and
durations that could be targeted for the approachpring release period. These targets would
be incorporated into a spring operations plan. plas would be prepared each year by
Reclamation in coordination with the technical wogkgroup prior to the spring Flaming Gorge
Working Group meeting. Various year-specific fastbsted in Table 5.3 of Muth et al. (2000)
along with the established hydrologic classificatwould be considered in the development of
the operations plan.

It is expected that in most years, the flow magitesiand durations achieved in Reach 2 each
spring would be consistent with the flow magnitudad durations described in Muth et al.
(2000) for the hydrologic classification establidhie May of each year. However, because
factors listed in Muth et al. (2000) are also cdaestd, particularly runoff conditions in the
Yampa River, there would be some years where thk f\@ws that occur in Reach 2 achieve the
targets for either one or two classifications hrglveetter) or one classification lower (drier) than
the actual classification established for the Giee#er. It is anticipated that in some years, when
the hydrologic classification for the Green Riveaverage, that conditions would be such that it
would be possible to achieve the targets estallistreeither the moderately wet or wet
classifications. Conversely, there would be sonagelassified as moderately wet when the
conditions would be such that targets establisbethe average classification would be met.
There could also be years classified as wet whedenately wet targets would be achieved
because of year-specific conditions. It would bel®®mation’s responsibility in coordination

with the technical working group to assure thatrdkie long term, Flaming Gorge Dam
operations are consistent with the Muth et al. @0@dw and temperature recommendations.
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The operations plan would describe the currentdlgdic classification of the Green River
subbasin and the hydrologic conditions in the YamRper Basin, including the most probable
runoff patterns for the two basins. The operatigas would also identify the most likely Reach
2 flow magnitudes and durations that would be t&djéor the upcoming spring release.
Because hydrologic conditions often change dutiegApril through July runoff period, the
operations plan would contain a range of operattragegies that could be implemented under
varying hydrologic conditions. Flow and durationgets for these alternate operating strategies
would be limited to those described for one cléssiion lower or two classifications higher than
the classification for the current year.

In years classified as wet, bypass releases wauldlly be required for both safe operation of
the dam and to meet the flow recommendations. imesgears classified as wet, spillway
releases would be necessary for safe operatidrealdm. Releases above powerplant capacity
in these wet years would be expected to be made feriod of about 4 to 9 weeks. The exact
magnitude of the release and duration of the releamild depend upon the year-specific
conditions of factors listed in Table 5.3 of Muthaé (2000) as well as the carryover storage
from the previous year. Wet year high releases avbalexpected to occur from mid-May to
early July (and in very wet years through July)e ypass and spillway releases, required for
safe operation of the dam in wet years, would iedi with the objective to meet Reach 2 wet or
moderately wet year targets depending upon theoktygic conditions in the Yampa River. The
initiation of bypass and spillway releases wouleetplace in mid to late May coincident with the
Yampa River peak. In extremely wet years, releabese powerplant capacity could be initiated
in April or early-May before the Yampa River peak.

In years classified as moderately wet, bypass sekewould usually (but not always) be required
for safe operation of the dam. Occasionally, sosesaf the spillway might also be required in
moderately wet years for safe operation of the ddypass volume in moderately wet years
would be less than in wet years and would genecaltyr for a period of about 1 to 7 weeks.
The timing of these releases would be from mid Majune and could sometimes extend into
July. Releases from Flaming Gorge Reservoir in metdéy wet years would be timed with the
objective of meeting Reach 2 wet, moderately weaverage year targets depending upon the
hydrologic conditions in the Yampa River basin atfuer factors.

In years classified as average, bypass releasds wotlikely be required for safe operation of
the dam, but would periodically be needed to meebbjectives of the flow and temperature
recommendations of Muth et al. (2000). In most ageryears, spring peak releases would be
limited to power-plant capacity (about 136/e[4,600 cfs]) with peak releases taking place for
about one to eight weeks usually in mid-May to-atee (but occasionally extending into July).
In about one out of three average years, bypasases$ from Flaming Gorge Dam might be
required to achieve the Reach 2 flow recommendaié@k and duration targets. In these years,
the objective would be to achieve targeted flowR@ach 2 of 527 #ts (18,600 cfs) for

two weeks. To conserve water, bypass releasegse fiverage years would be made only to the
extent necessary to achieve this target. It caexpected that bypass releases, when required to
meet flow recommendations in average years wouldhpéemented for a period of less than

two weeks. In some years classified as averageatgets that would be achieved during the
spring would be moderately wet or wet targets eessalt of Yampa River flows.

13



The objective in dry and moderately dry years wdagdo conserve reservoir storage while
meeting the recommended peak flow targets in R2athe bypass tubes and the spillway
would not be used to meet flow targets in modeyatey and dry years but on rare occasion
might be needed to supplement flows that cannogleased through the power plant because of
maintenance requirements. In dry years, a pea&gsel@ower-plant capacity or less) of one day
to one week would occur during the spring and tdlisase would be timed with the peak of the
Yampa River. In moderately dry years, a one toweek power-plant capacity release would
occur during the spring and would be timed withpleak and post peak of the Yampa River.

After the spring flow objectives have been achiewreclamation would establish a release
regime within powerplant capacity that graduallgrd@ses the release rate limited to the down
ramp rates described in Muth et al. (2000) ungl teginning of the base flow period which
begins some time between mid-June and mid-Augegemting on the hydrologic classification
set during the spring.

The bypass tubes and the spillway at Flaming Gbaya have been utilized historically, as
needed, for safe operation of the dam. In yeais Wwgh inflow, bypass releases, and sometimes
spillway releases, may be required under the pexpastion to meet the flow and temperature
recommendations. Bypass and spillway releasesireeqior safe operation of the dam and to
meet the flow and temperature recommendations,duvoelischeduled coincident with Yampa
River peak and post peak flow (the mid-May to midte) time period) with the objective of
meeting flow recommendation targets in Reach 2r& euld be some years (moderately wet
years and average years) where use of the bypadd nat be required for safe operation but
would be needed to meet the flow recommendatioagakt of the annual planning process
discussed above, Reclamation would consult wittS#reice and Western and coordinate with
the technical working group and make a determinatibether bypasses should be attempted to
achieve the targeted Reach 2 magnitudes and dusatio

Cawvitation resulting from use of the spillway ha&geb shown to cause excessive erosion in
concrete spillway structures at other Reclamatamgl In 1984, the spillway at Flaming Gorge
Dam was retrofitted with air slots that have bessted and deemed successful in reducing
cavitation. However, should damage to the spilllvagome excessive as a result of increased
use repairs would be made and use of the spillwajdde limited to levels that do not cause
damage or to only times when hydrologically necessa

Operations in Auqust through February (Base-Flovioe®

Under the proposed action, Reclamation would datise hydrology of the Green River during
the base-flow period into one of the five hydrotogiassifications (wet, moderately wet,
average, moderately dry, and dry). For the montAuzfust, the hydrologic classification would
be based on the percentage exceedance of the vofumeegulated inflow into Flaming Gorge
Reservoir during the spring period. For the momthSeptember through February, the
percentage exceedance would be based on the psevianth’s volume of unregulated inflow
into Flaming Gorge Reservoir. If the unregulateitbin during the previous month is such that
the percentage exceedance falls into a differesisdication than the classification assigned for
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the previous month, then the hydrologic classifarator the current month could be shifted by
one classification to reflect the change in hydggladr his shift would only be made when the
reservoir condition indicates that the shift wobh&lnecessary to achieve the March 1 drawdown
level of 1,837 m (6,027 ft) above sea level. Othsewhe hydrologic classification for the

current month would remain the same as for theipusvmonth.

The range of acceptable base flows for Reach 2dMoeilselected from the flow and temperature
recommendations for the hydrologic classificatiehfsr the current month. Reclamation would
make releases to achieve flows in Reach 2 thaw#inén the acceptable range that also assure
that the reservoir elevation on March 1 would bénigier than 1,837 m (6,027 ft) above sea
level.

The flow and temperature recommendations for tise{fl@w period allow for some operational
flexibility, and the proposed action accommodakes flexibility. Under the proposed action, the
flows that would occur in Reach 2 during the bdeerperiod would be allowed to vary from

the targeted flow by #0% from August through November and_b®5% from December
through February as long as the day to day chanlymited to 3% of the average daily flow and
the variation is consistent with all other applieatiow and temperature recommendations.
Reclamation would utilize the allowed flexibility the extent possible, to efficiently manage the
authorized resources of Flaming Gorge Dam. Flar@ogge Dam would be operated through
the base-flow period so that the water surfaceagienr would not be greater than 1,837 m (6,027
ft) above sea level on March 1.

During the base-flow period, hourly release pattdrom Flaming Gorge Dam would be
patterned so that they produce no more than a QQ.3¥t) stage change each day at the Jensen

gage.

Operations in March and April (Transition Period)

Muth et al. (2000) make no specific flow recommeiate for the period from March 1 through
the initiation of the spring peak release (typigdtis occurs in mid to late May). For the
proposed action, releases during this transitisiogevould be made to manage the reservoir
elevation to an appropriate drawdown level basetheriorecasted unregulated inflow into
Flaming Gorge Reservoir for the April through JpBriod. Appropriate drawdown levels under
normal operations during the transition periodtamse that would allow for safe operation of
the dam through the spring.

Implied in the drawdown levels is the assumptiaat thipstream regulation above Flaming Gorge
Reservoir remains relatively consistent with histoegulation. In the event that less storage
space would be available above Flaming Gorge Resaturing the spring, these drawdown
levels may have to be lower than those specifieddte operation of Flaming Gorge Dam. In
extremely wet years, the drawdown level for Maylild be lower than what is specified to
maintain safe operation of the dam.

Reclamation would determine the appropriate resedrawdown based on the percentage
exceedance of the forecasted volume of unreguiatledv into Flaming Gorge Reservoir
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between April and July. The forecast is issued times each month during March and April.
Under normal operations during the transition pirieleases would be between 23¥s1{800
cfs) and power-plant capacity (13®/s1[4,600 cfs)).

Releases during the transition period would beepagd to be consistent with the release patterns
of the preceding base-flow period. Muth et al. (@08o not make recommendations for hourly
fluctuation patterns during the transition peribldwever, Reclamation would maintain the
fluctuation pattern limitations of the base flowripéd to provide operational consistency as has
been done historically.

Use of Adaptive Management in Implementing the Propsed Action

This biological opinion and the Operation of Flagi@orge Draft EIS present a number of
uncertainties regarding the endangered fish agsacwith implementing the proposed action.
These uncertainties would be addressed by integrati adaptive management process into the
current framework of dam operations, while maintagrthe authorized purposes of the Flaming
Gorge Unit of the CRSP. This would involve usinge@&ch and monitoring to test the outcomes
of implementing the proposed action and employireggknowledge gained to further refine
operations as required. It is expected that angesfents in operation of Flaming Gorge Dam
would be within the scope of the current proposea and that implementation of refinements
would occur with appropriate Section 7 consultatfimnmal or informal). Research and
monitoring studies would be conducted within tharfework of the ongoing Recovery Program
with regard to native fish, undesirable nonnatigl,fand related habitat issues. These studies
may involve research or test flow releases fronmittg Gorge Dam. As participants in the
Recovery Program, Reclamation, Western and thacgemould be involved in the

identification, discussion, implementation and awpi of new tasks within the Recovery
Program to address refinement of flows below Flan@orge Dam.

Uncertainties about riparian vegetation and geomorgurfaces, particularly as they may affect
Ute ladies’-tresses will be addressed through aitmamg plan developed by Reclamation,
Western, Service, NPS, and other knowledgeablatssie. Recommendations for actions to
assist riparian vegetation health and Ute ladiesges conservation developed as a result of the
monitoring efforts will be will be coordinated blya Service and forwarded to Reclamation or
other entities as appropriate. Any requests tawdlto benefit Utes’-ladies tresses would be
reconciled by the Service with flow needs for oteedangered species.

Conservation Measures

Conservation measures are actions that the agjemcg agrees to implement to further the
recovery of the species under review. Section df2fie draft EIS for Operation of Flaming
Gorge Dam specifies ten environmental commitmegitded to implementation of the proposed
action. Several of those commitments are reitdragee in order to clarify operations under the
proposed action:

» The Flaming Gorge Working Group, an informal stakdhr group, which
meets two times per year, would continue to fumcie a means of providing
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information to and gathering input from stakehoddand interested parties on
dam operations, as described in Section 1.5 ofitiak EIS.

» The adaptive management process will rely on theoRsy Program for
monitoring and research studies to test the outsoaieimplementing the
proposed action and proposing refinements to dagnatipns.

* Reclamation agrees to develop a process for opgrathe selective
withdrawal structure consistent with the objectieésmproving temperature
conditions for the endangered native fish. Sucpr@ess would include
identification of lines of communication for plamgi and making changes to
selective withdrawal release levels, coordinationthwother agencies,
recognition of equipment limitations that may affebe ability to release
warmer water, and the costs and equipment impastscated with operating
at higher temperatures.

* Reclamation, in coordination with the Service, Naél Park Service, and
other knowledgeable scientists, agrees to deveidgraplement a monitoring
plan for Ute ladies’-tresses populations for deteation of possible effects
from the proposed action. Possible effects to beitoied include response to
any habitat changes (such as geomorphic, hydrglognd vegetation)
associated with the proposed action.

* Reclamation will establish the Technical WorkingoGo, as detailed in
Section 2.5.3 of the draft EIS, consisting of bgits and hydrologists
involved with endangered fish recovery issues. Téehnical Working Group
would meet at various times throughout the yeacdmment and provide
input on endangered fish needs and implementatidn the flow
recommendations.

* Implementation of the proposed action will includevelopment of an
administrative record and annual report to docuraenual operations and the
information used to develop those operations. Qwee, it is expected that
these data will be of benefit in correlating andlgming conditions for the
endangered fish species and their habitat dowmstfeam Flaming Gorge
Dam.

Monitoring and research to evaluate the effectsodified flows and temperatures will be
conducted through the Recovery Program, and inqlLidmvestigations to determine the effects
of increased spillway releases and the concomitdease of fishes from the reservoir on the
downstream fish community; (2) an evaluation oféffects of increased release temperatures
on the downstream fish community, and (3) an evalnaf increased floodplain inundation in
Reach 2 on the fish community. Reclamation, Westeththe Service will use any new
information collected in these studies and othadiss to determine the need for management
actions or modification of operations as determiapgropriate.
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STATUS OF THE SPECIES AND CRITICAL HABITAT

Colorado Pikeminnow

Species/Critical Habitat Description

The Colorado pikeminnow is the largest cyprinidhfiminnow family) native to North America
and evolved as the main predator in the Coloraderr&ystem. It is an elongated pike-like fish
that during predevelopment times may have growlarge as 6 feet in length and weighed
nearly 100 pounds (Behnke and Benson 1983). Tddialprado pikeminnow rarely exceed 3
feet in length or weigh more than 18 pounds; sigthdre estimated to be 45-55 years old
(Osmundson et al. 1997). The mouth of this spasiEsge and nearly horizontal with long
slender pharyngeal teeth (located in the throdgpted for grasping and holding prey. The diet
of Colorado pikeminnow longer than 3 or 4 inchessists almost entirely of other fishes
(Vanicek and Kramer 1969). Males become sexuadijune earlier and at a smaller size than do
females, though all are mature by about age 7 @8dvm (20 inches) in length (Vanicek and
Kramer 1969, Seethaler 1978, Hamman 1981). Aduéstrongly countershaded with a dark,
olive back, and a white belly. Young are silvengdaisually have a dark, wedge-shaped spot at
the base of the caudal fin.

Critical habitat was designated for Colorado pikemow on March 21, 1994 (59 FR 13374).
Designated critical habitat makes up about 29%efspecies’ original range and occurs
exclusively in the Upper Colorado River Basin. Rik@aches (including the 100-year
floodplain) that make up critical habitat for Cado pikeminnow in the Green River system
include the Yampa River from Craig, Colorado, dotneem to the Green River; Green River
downstream of the Yampa River to the confluencé wie Colorado River; and White River
from Rio Blanco Reservoir downstream to the GreaeiR

Colorado: Moffat County The Yampa River and its 100-year floodplain fritva State
Highway 394 bridge in T. 6 N., R. 91 W., sectio61 Principal Meridian) to the
confluence with the Green River in T. 7 N., R. M3 section 28 (6th Principal
Meridian).

Utah: Uintah, Carbon, Grand, Emery, Wayne and 8an Counties; and Colorado:
Moffat County The Green River and its 100 year floodplain fittve confluence with
the Yampa River in T. 7 N., R. 103 W., section &8 Principal Meridian) to the
confluence with the Colorado Riverin T. 30 S.1B.E., section 7 (Salt Lake Meridian).
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Colorado: Rio Blanco County and Utah: Uintah Counfye White River and its 100-
year floodplain from Rio Blanco Lake Dam in T.1R96W., section 6 (6 Principal
Meridian) to the confluence with the Green RivemifS., R20E., section 4 (Salt Lake
Meridian).

The Service has identified water, physical habéat the biological environment as the primary
constituent elements of critical habitat (59 FR 283 Water includes a quantity of water of
sufficient quality delivered to a specific locationaccordance with a hydrologic regime
required for the particular life stage for eachcspe The physical habitat includes areas of the
Colorado River system that are inhabited or podigthabitable for use in spawning and
feeding, as a nursery, or serve as corridors betwesse areas. In addition, oxbows,
backwaters, and other areas in the 100-year fleiapivhen inundated, provide access to
spawning, nursery, feeding, and rearing habit&tsod supply, predation, and competition are
important elements of the biological environment.

Status and Distribution

Based on early fish collection records, archaeckldinds, and other observations, the Colorado
pikeminnow was once found throughout warmwaterheaof the entire Colorado River Basin
down to the Gulf of California, and including reaslof the upper Colorado River and its major
tributaries, the Green River and its major tribigisrand the Gila River system in Arizona
(Seethaler 1978). Colorado pikeminnow apparendyewever found in colder, headwater
areas. The species was abundant in suitable h#bibaghout the entire Colorado River Basin
prior to the 1850s (Seethaler 1978). By the 198y were extirpated from the entire lower
basin (downstream of Glen Canyon Dam) and portidrise upper basin as a result of major
alterations to the riverine environment. Havingtlsome 75 to 80 percent of its former range
due to habitat loss, the Colorado pikeminnow wadeffally listed as an endangered species in
1967 (Miller 1961, Moyle 1976, Tyus 1991, Osmundaod Burnham 1998). Full protection
under the Act of 1973 occurred on January 4, 1974.

Colorado pikeminnow are presently restricted tollpger Colorado River Basin and inhabit
warmwater reaches of the Colorado, Green, and &anrdvers and associated tributaries. The
Colorado pikeminnow recovery goals (USFWS 2002aiiifly occupied habitat of wild
Colorado pikeminnow as follows: tlig&reen River from Lodore Canyon to the confluencthef
Colorado River; the Yampa River downstream of Cr&8iglorado; the Little Snake River from
its confluence with the Yampa River upstream intpovding; the White River downstream of
Taylor Draw Dam; the lower 89 miles of the Price&j the lower Duchesne River; the upper
Colorado River from Palisade, Colorado, to Lake &lgwhe lower 34 miles of the Gunnison
River; the lower mile of the Dolores River; and Ih0es of the San Juan River downstream
from Shiprock, New Mexico, to Lake Powell.

Recovery goals for the Colorado pikeminnow (USFV82a) were approved on August 1,
2002. According to these recovery goals, dowmigstian be considered if, over a 5-year period:
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a genetically and demographically viable, selfausbg population is

maintained in the Green River subbasin such thath@ trends in separate
adult (age 7+; > 450 mm total length) point estesator the middle Green
River and the lower Green River do not decline iicantly, and (b) mean

estimated recruitment of age-6 (400-449 mm totajtle) naturally produced
fish equals or exceeds mean annual adult mortéitythe Green River

subbasin, and (c) each population point estimat¢hi® Green River subbasin
exceeds 2,600 adults (2,600 is the estimated mmimtable population

needed to ensure long-term genetic and demograjtidity); and

a self-sustaining population of at least 700 aduitsnber based on inferences
about carrying capacity) is maintained in the uppelorado River subbasin
such that (a) the trend in adult point estimatessdwot decline significantly,
and (b) mean estimated recruitment of age-6 ndyyrabduced fish equals or
exceeds mean annual adult mortality; and

a target number of 1,000 age-5+ fish (> 300 mm tetayth; number based on
estimated survival of stocked fish and inferendesu& carrying capacity) is
established through augmentation and/or naturabdegetion in the San Juan
River subbasin; and

certain site-specific management tasks to minincizeemove threats have
been identified, developed, and implemented.

Delisting can be considered if, over a 7-year gebeyond downlisting:

a genetically and demographically viable, selfaustg population is

maintained in the Green River subbasin such thath@ trends in separate
adult point estimates for the middle Green Rivet thre lower Green River do
not decline significantly, and (b) mean estimatextruitment of age-6

naturally produced fish equals or exceeds meanaradult mortality for the

Green River subbasin, and (c) each population pestitnate for the Green
River subbasin exceeds 2,600 adults; and

either the upper Colorado River subbasin self-guisig population exceeds
1,000 adults or the upper Colorado River subbaslirssistaining population

exceeds 700 adults and San Juan River subbasihatiopus self-sustaining

and exceeds 800 adults (numbers based on inferahoes carrying capacity)

such that for each population (a) the trend in tadaint estimates does not
decline significantly, and (b) mean estimated riécrent of age-6 naturally

produced fish equals or exceeds mean annual aduiality; and

certain site-specific management tasks to minincizeemove threats have

been finalized and implemented, and necessary dewél protection are
attained.
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Life History

The Colorado pikeminnow is a long-distance migraaolults move hundreds of miles to and
from spawning areas, and require long sections/ef with unimpeded passage. Adults require
pools, deep runs, and eddy habitats maintaineddbydpring flows. These high spring flows
maintain channel and habitat diversity, flush sesita from spawning areas, rejuvenate food
production, form gravel and cobble deposits usedpawning, and rejuvenate backwater
nursery habitats. Spawning occurs after springffuat water temperatures typically between
18 and 23C. After hatching and emerging from spawning sabet larvae drift downstream to
nursery backwaters that are restructured by highgflows and maintained by relatively stable
base flows. Flow recommendations have been deseélthat specifically consider flow-habitat
relationships in habitats occupied by Colorado pilkenow in the upper basin, and were
designed to enhance habitat complexity and to restad maintain ecological processes. The
following is a description of observed habitat usethe Upper Colorado River Basin.

Colorado pikeminnow live in warm-water reacheshaf €Colorado River mainstem and larger
tributaries, and require uninterrupted stream pges$ar spawning migrations and dispersal of
young. The species is adapted to a hydrologicecgicaracterized by large spring peaks of
snow-melt runoff and low, relatively stable basew$. High spring flows create and maintain
in-channel habitats, and reconnect floodplain @etine habitats, a phenomenon described as
the spring flood-pulse (Junk et al. 1989; Johndal.€1995). Throughout most of the year,
juvenile, subadult, and adult Colorado pikeminn®e telatively deep, low-velocity eddies,
pools, and runs that occur in nearshore areas iof rivar channels (Tyus and McAda 1984;
Valdez and Masslich 1989; Tyus 1990, 1991; Osmumés@l. 1995). In spring, however,
Colorado pikeminnow adults use floodplain habitdtmyded tributary mouths, flooded side
canyons, and eddies that are available only dumglg flows (Tyus 1990, 1991; Osmundson et
al. 1995). Such environments may be particulagiydficial for Colorado pikeminnow because
other riverine fishes gather in floodplain habitat&xploit food and temperature resources, and
may serve as prey. Such low-velocity environmeafgs may serve as resting areas for Colorado
pikeminnow. River reaches of high habitat comgleappear to be preferred.

Because of their mobility and environmental tolees) adult Colorado pikeminnow are more
widely distributed than other life stages. Digtitibn patterns of adults are stable during most of
the year (Tyus 1990, 1991, Irving and Modde 2000j,distribution of adults changes in late
spring and early summer, when most mature fishategio spawning areas (Tyus and McAda
1984; Tyus 1985, 1990, 1991, Irving and Modde 2008igh spring flows provide an important
cue to prepare adults for migration and also enthateconditions at spawning areas are suitable
for reproduction once adults arrive. Specificalignkfull or much larger floods mobilize coarse
sediment to build or reshape cobble bars, anddhesgte side channels that Colorado
pikeminnow sometimes use for spawning (Harvey.€t293).

Colorado pikeminnow spawning sites in the GreereRsubbasin have been well documented.
The two principal locations are in Yampa Canyorttemlower Yampa River and in Gray
Canyon on the lower Green River (Tyus 1990, 1991ese reaches are 42 and 72 km long,
respectively, but most spawning is believed to oetwne or two short segments within each of
the two reaches. Another spawning area may ooacdDesolation Canyon on the lower Green
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River (Irving and Modde 2000), but the location amgortance of this area has not been
verified. Although direct observation of Coloragi@eminnow spawning was not possible
because of high turbidity, radiotelemetry indicasgadwning occurred over cobble-bottomed
riffles (Tyus 1990). High spring flows and subsexupost-peak summer flows are important
for construction and maintenance of spawning sategr(Harvey et al. 1993). In contrast with
the Green River subbasin, where known spawning aite in canyon-bound reaches, currently
suspected spawning sites in the upper Coloradar Ridgbasin are at six locations in
meandering, alluvial reaches (McAda 2000).

After hatching and emerging from the spawning sabst Colorado pikeminnow larvae drift
downstream to backwaters in sandy, alluvial regiargere they remain through most of their
first year of life (Holden 1977; Tyus and Haine®19Muth and Snyder 1995). Backwaters and
the physical factors that create them are vitautwcessful recruitment of early life stages of
Colorado pikeminnow, and age-0 Colorado pikeminmowackwaters have received much
research attention (e.g., Tyus and Karp 1989; taamel Tyus 1990; Tyus 1991; Tyus and
Haines 1991; Bestgen et al. 1997). It is importamtote that these backwaters are formed after
cessation of spring runoff within the active chdrared are not floodplain features. Colorado
pikeminnow larvae occupy these in-channel backwateon after hatching. They tend to occur
in backwaters that are large, warm, deep (aveadg®jt 0.3 m in the Green River), and turbid
(Tyus and Haines 1991). Recent research (Day &08BPa, 1999b; Trammell and Chart 1999)
has confirmed these preferences and suggested plaaticular type of backwater is preferred by
Colorado pikeminnow larvae and juveniles. Sucltkbaters are created when a secondary
channel is cut off at the upper end, but remaimmeoted to the river at the downstream end.
These chute channels are deep and may persistdaandischarge levels change dramatically.
An optimal river-reach environment for growth anohsval of early life stages of Colorado
pikeminnow has warm, relatively stable backwatewsm river channels, and abundant food
(Muth et al. 2000).

Threats to the Species

Major declines in Colorado pikeminnow populatiomsurred during the dam-building era of the
1930s through the 1960s. Behnke and Benson (K288jnarized the decline of the natural
ecosystem, pointing out that dams, impoundmentswaater use practices drastically modified
the river’s natural hydrology and channel charasties throughout the Colorado River Basin.
Dams on the mainstem broke the natural continuutheofiver ecosystem into a series of
disjunct segments, blocking native fish migratiaesiucing temperatures downstream of dams,
creating lacustrine habitat, and providing condisithat allowed competitive and predatory
nonnative fishes to thrive both within the impouddeservoirs and in the modified river
segments that connect them. The highly modified flegime in the lower basin coupled with
the introduction of nonnative fishes decimated pafens of native fish.

The primary threats to Colorado pikeminnow areastrélow regulation and habitat
modification; competition with and predation by native fishes; and pesticides and pollutants
(USFWS 2002a). The existing habitat, altered legéhthreats, has been modified to the extent
that it impairs essential behavior patterns, sichraeding, feeding, and sheltering. These
impairments are described in further detail below.
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Stream flow regulation includes mainstem damsd¢hase the following adverse effects to
Colorado pikeminnow and its habitat:

* block migration corridors,

* changes in flow patterns, reduced peak flows aokased base flows,

* release cold water, making temperature regimestessoptimal,

» change river habitat into lake habitat, and

* retain sediment that is important for forming angimaining backwater habitats

In the Upper Basin, 435 miles of Colorado pikeminrt@bitat has been lost by reservoir
inundation from Flaming Forge Reservoir on the Greever, Lake Powell on the Colorado
River, and Navajo Reservoir on the San Juan RiGeld water releases from these dams have
eliminated suitable habitat for native fishes, utithg Colorado pikeminnow, from river reaches
downstream for approximately 50 miles below FlanBwyge Dam and Navajo Dam. In
addition to main stem dams, many dams and waterslon structures occur in and upstream
from critical habitat that reduce flows and altemf patterns, which adversely affect critical
habitat. Diversion structures in critical habidatert fish into canals and pipes where the figh ar
permanently lost to the river system. It is unkndvev many endangered fish are lost in
irrigation systems, but in some years, in somer nigaches, majority of the river flow is diverted
into unscreened canals. High spring flows maintaibitat diversity, flush sediments from
spawning habitat, increase invertebrate food prodiicform gravel and cobble deposits
important for spawning, and maintain backwater exyrsabitats (McAda 2000; Muth et al.
2000). Peak spring flows in the Green River asdanUtah, have decreased 13-35 percent and
base flows have increased 10-140 percent due ttatemn by Flaming Gorge Dam (Muth et al.
2000).

To summarize the threat of streamflow regulatioorttical habitat, we first consider the direct
effects on two of the primary constituent elemewtster and physical habitat. The quantity of
water of sufficient quality has been reduced dudritical periods of the year; most notably
during the spring runoff period when high seasdioals serve to connect floodplain habitats,
shape in-channel habitats, and provide importah&eral cues to spawning adult fish. Stream
flow regulation affects the quality of water in se&l ways: a). colder than normal, hypolimnetic
releases from main channel impoundments renderiually occupied reaches unsuitable for
native fish; b). elevated baseflows can resuleotuced temperatures and changes in the
distribution and abundance of shoreline nurseryththfor endangered fish. Stream flow
regulation also indirectly affects the third constint element: the biological environment. A
reduction in the magnitude and durations of thénggpeak limits floodplain inundation.
Floodplain inundation provides a critical seas@mlrce of nutrients / food items for fish in a
big river ecosystem.

Predation and competition from nonnative fishesehasren clearly implicated in the population
reductions or elimination of native fishes in thel@ado River Basin (Dill 1944, Osmundson
and Kaeding 1989, Behnke 1980, Joseph et al. 1@fiigan and Berry 1979, Minckley and
Deacon 1968, Meffe 1985, Propst and Bestgen 19@heR1991). Data collected by
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Osmundson and Kaeding (1991) indicated that ddowgwvater years nonnative minnows
capable of preying on or competing with larval emgkxred fishes greatly increased in numbers.
More than 50 nonnative fish species were intentigmatroduced in the Colorado River Basin
prior to 1980 for sportfishing, forage fish, biologl control and ornamental purposes (Minckley
1982, Tyus et al. 1982, Carlson and Muth 1989)nrddive fishes compete with native fishes in
several ways. The capacity of a particular areaupport aquatic life is limited by physical
habitat conditions. Increasing the number of g an area usually results in a smaller
population of most species. The size of each spgmpulation is controlled by the ability of
each life stage to compete for space and food ress@and to avoid predation. Some life stages
of nonnative fishes appear to have a greater abditompete for space and food and to avoid
predation in the existing altered habitat than aoe life stages of native fishes. Tyus and
Saunders (1996) cite numerous examples of botheicidand direct evidence of predation on
razorback sucker eggs and larvae by nonnative epedintroductions of nonnative species
affect critical habitat by degrading one of itshpairy constituent elements; the biological
environment. Predation and competition, althougisered a normal component of the
Colorado River ecosystem, are out of balance dugrtoeduced nonnative fish species.

Threats from pesticides and pollutants includedsatial spills of petroleum products and
hazardous materials; discharge of pollutants froamium mill tailings; and high selenium
concentration in the water and food chain (USFW&2). Accidental spills of hazardous
material into critical habitat, particularly whearnsidering water of sufficient quality as a
primary constituent element, can cause immediatéatity when lethal toxicity levels are
exceeded. Pollutants from uranium mill tailingsg@high levels of ammonia that exceed water
guality standards. High selenium levels may adlgraffect reproduction and recruitment
(Hamilton and Wiedmeyer 1990; Stephens et al. 1B@2nilton and Waddell 1994; Hamilton et
al. 1996; Stephens and Waddell 1998; Osmundsdn Z0@0).

Management actions identified in the recovery g@i<€olorado pikeminnow (USFWS 2002a)
to minimize or remove threats to the species iradd

» provide and legally protect habitat (including floegimes necessary to restore and
maintain required environmental conditions) necgsgaprovide adequate habitat and
sufficient range for all life stages to supportaeered populations;

* provide passage over barriers within occupied habiotallow adequate movement and,
potentially, range expansion;

* investigate options for providing appropriate waenperatures in the Gunnison River;

* minimize entrainment of subadults and adults irediion canals;

* ensure adequate protection from overutilization;

* ensure adequate protection from diseases and feaasi

* regulate nonnative fish releases and escapemerthiatmain river, floodplain, and
tributaries;

» control problematic nonnative fishes as needed,;

* minimize the risk of hazardous-materials spillgiitical habitat; and

* remediate water-quality problems.
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Status of Colorado pikeminnow and Critical Habitathe Action Area

Preliminary population estimates presented in teedRery Goals (USFWS 2002a) for the three
Colorado pikeminnow populations (Green River Subihddpper Colorado River Subbasin, San
Juan River Subbasin) ranged from 6,600 to 8,900 adlults. These numbers provided a general
indication of the total wild adult population siaethe time the Recovery Goals were developed,
however, it was also recognized that the accurétiyeoestimates vary among populations.

Monitoring of Colorado pikeminnow populations isgmmng, and sampling protocols and the
reliability of the population estimates are beisgessed by the Service and cooperating entities.
A recent draft report on the status of Coloradepikanow in the Green River subbasin (Bestgen
et al. 2004) presented population estimates folt &450 mm total length (TL)) and recruit-
sized (400-449 mm TL) Colorado pikeminnow. Thevi®errecognizes that at this time, the
report is draft and the analysis of the data isimpieary, however, the Service finds this is the
best scientific information available regardingremt population status in the Green River
subbasin. The draft report suggests that ovesttiaty period (2001 to 2003) there was a decline
in abundance of Colorado pikeminnow in the GreareRsubbasin from 3,338 (95 percent
confidence interval, 2815 to 3861) animals in 2692,324 (95 percent confidence interval 1395
to 3252) animals in 2003. In the Yampa River estasaf adult abundance declined from 322
animals in 2000 to 250 animals in 2003. Adult atancte estimates in the White River declined
from 1,115 animals in 2000 to 465 animals in 2008 recruit-sized estimates declined from 44
animals in 2000 to zero in 2003. In the middlegar&iver (Yampa River confluence to
Desolation Canyon) abundance estimates for adariged from 1,629 animals in 2000 to 747
animals in 2003 and estimates of abundance ofitesimed fish ranged from 103 animals in
2000 to 50 animals in 2003. Estimates for the Rewm-Gray Canyon reach of the Green River
ranged from 681 adults in 2001 to 585 adults in28ad recruit-sized estimates ranged from
162 animals in 2001 to 64 animals in 2003. Inltveer Green River (Green River, Utah to the
confluence of the Colorado River) abundance estésvaere 366 adults in 2001 and 273 adults
in 2003 and recruit-sized estimates ranged fronmZW01 to 104 in 2003. Studies indicate that
significant recruitment of Colorado pikeminnow nragt occur every year, but occurs in
episodic intervals of several years (OsmundsonBamdham 1998).

All life stages of Colorado pikeminnow in the Grdeiver demonstrate wide variations in
abundance at seasonal, annual, or longer timessdalereasons for shifts in abundance are
poorly understood. Bestgen et al. (1998) captdréting larvae produced from the two main
spawning areas in the Green River system and fotohet-of-magnitude differences in
abundance from year to year. They reported thvt ¢w high-discharge years were often
associated with poor reproduction but could notias@ specific cause-effect mechanism
(Bestgen et al. 1998). In general, similar numlo¢ige-0 fish were found in autumn in the
middle Green River, in spite of different-sized odh of larvae produced each summer in the
Yampa River. Conversely, numbers of Colorado pikaow larvae produced in the lower
Green River were similar among years but resuhiedhriable age-0 fish abundance in autumn.

In the Green River subbasin, radio-telemetry stutdeve shown that distribution of adults

changes in late spring and early summer when mastrefish migrate to spawning areas in the
lower Yampa River in Yampa Canyon and the lowere@rRiver in Gray Canyon (Tyus and
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McAda 1984; Tyus 1985; Tyus 1990; Tyus 1991; Irvamgl Modde 2000). Those fish remain in
spawning areas for 3—8 weeks before returning tehanges. Because adult Colorado
pikeminnow converge on spawning areas from througtiee Green River system to reproduce
at these two known localities, migration cues aréngortant part of the reproductive life
history. In general, adults begin migrating irelapring or early summer. Migrations began
earlier in low-flow years and later in high-flowams (Tyus and Karp 1989; Tyus 1990; Irving
and Modde 2000). Migrations to the Yampa Rivemspag area occur coincident with, and up
to 4 weeks after, peak spring runoff when watemperatures are usually 14-3® (Tyus 1990;
Irving and Modde 2000). Rates of movement forvidiials are not precisely known, but 2
individuals made the approximately 400 km migrafimm the White River below Taylor Draw
Dam to the Yampa River spawning area in less thareks. Alteration of the natural
hydrograph may alter the environmental cues triggethese spawning migrations.

High magnitude flows of infrequent occurrence ageassary to create and maintain spawning
habitat. Infrequent intense flooding redistribua@sl creates spawning bars (O'Brien 1984).
Annual lower-level flooding followed by recessiofilaws dissect and secondarily redistribute
gravels, preparing them for spawning (Harvey e1883). These studies conducted at a known
spawning location in Yampa Canyon show that botit@sses are important for habitat
maintenance and activities that reduce or re-timeannual peak or reduce the frequency of high
magnitude flows are likely to reduce essential spag/habitat in amount and quality.

Similar to adults, distribution of early life stagef Colorado pikeminnow is dynamic on a
seasonal basis and linked to habitat in the mam&eeen River downstream of spawning areas.
After hatching and emergence from spawning sulestlatvae are dispersed downstream. A
larva may drift for only a few days, but larvae ocm main channels of the Yampa and Green
rivers for 3—8 weeks depending on length of theuahreproductive period (Nesler et al. 1988;
Tyus and Haines 1991; Bestgen et al. 1998). ThmpéaRiver spawning area consistently
produces more larvae than the spawning area ilotter Green River (Bestgen et al. 1998).

Currently, two primary reaches of Colorado pikenawmursery habitat are present in the Green
River system. The upper one occurs from near defltah, downstream to the Duchesne River
confluence. The lower one occurs from near GragarRUtah, downstream to the Colorado
River confluence (Tyus and Haines 1991; McAda e1994a; McAda et al. 1994b; McAda et

al. 1997). Larvae from the lower Yampa River &@ught to mostly colonize backwaters in
alluvial valley reaches between Jensen, Utah, lae@®uray National Wildlife Refuge. Most
floodplain habitat along the current-day Green Rigeoncentrated in this reach. Although the
density of age-0 fish in autumn was usually highdhe lower than in the middle Green River
(Tyus and Haines 1991; McAda et al. 1994a), diffees in habitat quantity may have
confounded abundance estimates. The reach ofrden@®iver defined mostly by Desolation
and Gray Canyons also provides nursery habita€&dorado pikeminnow (Tyus and Haines
1991; Day et al. 1999b). These backwaters areceslyemportant during the Colorado
pikeminnow’s critical first year of life.

Backwaters and physical factors that create thenvigal to successful recruitment of early life

stages of Colorado pikeminnow. Occasional veryisigring flows are needed to transport
sediment and maintain or increase channel compglegediment transport from the Little Snake
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River provides an estimated 60 percent of the saelment supply to the Green River and is
important to maintain equilibrium channel morphogl@nd ensure continued creation and
maintenance of backwater nursery habitats for @dl@pikeminnow and humpback chub
(Hawkins and O’'Brien 2001). During high-dischamyents, the elevation of sand bars increases
and if high flows persist through summer, few baatevs are formed (Tyus and Haines 1991).
Post-runoff low flows sculpt and erode sand bas@eate complex backwater habitat critical
for early life stages of all native fishes, partasty Colorado pikeminnow. Deeper, chute-
channel backwaters are preferred by age-0 Colgud@minnow in the Green River (Tyus and
Haines 1991; Day and Crosby 1997, Day et al. 1998anmell and Chart 1999). Alterations to
the amount and timing of flows defining the naturatirology and sediment transport processes
may inhibit the processes that create and maiti@se habitats.

Past research indicated that certain dischargéslevay optimize backwater habitat availability
below Jensen for age-0 Colorado pikeminnow (Pudiheteal. 1990; Tyus and Haines 1991;
Tyus and Karp 1991). However, many geomorphicgsses are dynamic over time and driven
by the level of spring flows, the frequency of laftpods, and post-peak discharge levels (Bell et
al. 1998; Rakowski and Schmidt 1999). Consequegfitiys to achieve optimum backwater
availability may be different each year and depehdpon year-to-year bar topography
(Rakowski and Schmidt 1999).

Muth et al. (2000) summarized flow and temperahgeds of Colorado pikeminnow in the
Green River subbasin as:

“...Colorado pikeminnow are widespread in the systerouwing in both the main stem
and tributaries. The Green River downstream afatgfluence with the Yampa River
supports the largest population of adults and yedrlarval and juvenile rearing areas;
thus, this portion of the system is critical fos&ining Colorado pikeminnow
populations. Reproduction of Colorado pikeminnowweed in all years studied, and the
current abundance of adults is comparatively high.

However, the abundance of larval and age-0 stageaiglly variable among years and is
currently low compared to the abundance observéeimate 1980s. Recruitment has
been low or nonexistent in some reaches and years.

Habitat requirements of Colorado pikeminnow varyskegson and life stage. In spring,
adults utilize warmer off-channel and floodplairbttats for feeding and resting.
Declining flow, increasing water temperature, plpetood, and perhaps other factors in
early summer provide cues for reproduction. Degfirflow in summer also removes fine
sediments from spawning substrates, and increaseater temperature also aid gonadal
maturation. Reproduction begins when water temperatreach 16-2€. After hatching
and swim-up, larvae drift downstream and occupynb&margin backwaters. The
potential for cold shock to Colorado pikeminnowk drifting from the Yampa River
and into the Green River in summer could be eliteid@r reduced if warmer water was
provided in Reach 1 (Flaming Gorge Dam to the YaRpa&r confluence). Warm water
also promotes fast growth of Colorado pikeminnowwijcl reduces effects of size-
dependent regulatory processes such as predahemwarmer water also may provide
conditions suitable for spawning in Lodore CanybReach 1 and would enhance
growth of early life stages in nursery habitatg.(ebackwaters) throughout Reach 2
(Yampa River to the White River confluence). Loelatively stable base flows create

27



warm, food-rich backwaters that are thought to ptenenhanced growth and survival of
early life stages through autumn and winter. SirtyiJdow, relatively stable winter flows
may enhance overwinter survival by reducing disoupof ice cover and habitat.

In-channel habitats used by Colorado pikeminnowf@med and maintained by spring
peak flows that rework existing sediment depositeur vegetation from deposits, and
create new habitats. The magnitudes of these flesve highly variable prior to flow
regulation, and this variability appears to be imgat for maintaining high-quality
habitats. In-channel habitats preferred by younpi@do pikeminnow are relatively
deep (mean, 0.3 m) chute-channel backwaters. Higk flows maintain these habitats
by periodically removing accumulated sedimentsabailding the deposits that provide
the structure for formation of backwaters afteméorecede.”

Critical Habitat for Colorado pikeminnow is locatdatoughout Reaches 2 and 3 of the action
area. As was discussed above, all primary comestitelements (water, physical habitat, and
biological environment) have been affected throughiesignated critical habitat on the Green
River and in other occupied areas (Reach 1) antdi dmufurther influenced through
implementation of the proposed action. To datdemguantity and quality has been affected by
flow regulation and land management practicesg@ted agriculture), which has resulted in
increased concentrations of contaminants (mosbhoslenium). Physical habitat (spring adult
staging areas (floodplain), spawning and nursebjtais) has been affected through flow
regulation, land management practices (diking), @mtoachment of nonnative vegetation
(primarily tamarisk). The biological environmerashbeen altered primarily due to the
introduction of numerous species of nonnative @isupting the natural balance of competition
and predation. All constituent elements of desigd Colorado pikeminnow critical habitat
along the Green River will be considered in ourysis of the effects of the proposed action.

Razorback Sucker

Species/Critical Habitat Description

Like all suckers (family Catostomidae, meaning “domvouth”), the razorback sucker has a
ventral mouth with thick lips covered with papillaed no scales on its head. In general, suckers
are bottom browsers, sucking up or scraping offllsimeertebrates, algae, and organic matter
with their fleshy, protrusible lips (Moyle 1976].he razorback sucker is the only sucker with an
abrupt sharp-edged dorsal keel behind its hea@. KEbl becomes more massive with age. The
head and keel are dark, the back is olive-coldtezlsides are brownish or reddish, and the
abdomen is yellowish white (Sublette et al. 199@lults often exceed 3 kg (6 pounds) in

weight and 600 mm (2 feet) in length. Like Colargdkeminnow, razorback suckers are long-
lived, living 40-plus years.

Critical habitat was designated for razorback suokeMarch 21, 1994 (59 FR 13374).
Designated critical habitat makes up about 49%efspecies’ original range and occurs in both
the Upper and Lower Colorado River Basins (USFWS4)9The primary constituent elements
are the same as those described for Colorado pikewi.
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River reaches (including the 100-year floodplaihgratical habitat for razorback sucker in the
Green River system include the lower 89 km (55ahthe Yampa River (i.e., from the mouth of
Cross Mountain Canyon to the confluence with theg@rRiver), the Green River between the
confluences of the Yampa and Colorado Rivers,dtet 29 km (18 mi) of the White River, and
the lower 4 km (2.5 mi) of the Duchesne River.

Colorado: Moffat County The Yampa River and its 100-year floodplain fritve@ mouth
of Cross Mountain Canyon in T. 6 N., R. 98 W., get@3 (6th Principal Meridian) to
the confluence with the Green River in T. 7 N.,1IB3 W., section 28 (6th Principal
Meridian).

Utah: Uintah County; and Colorado: Moffat Counfijhe Green River and its 100-year
floodplain from the confluence with the Yampa Riuef. 7 N., R. 103 W., section 28
(6th Principal Meridian) to Sand Wash in T. 11R&.18 E., section 20 (6th Principal
Meridian).

Utah: Uintah, Carbon, Grand, Emery, Wayne, andJsam CountiesThe Green River
and its 100-year floodplain from Sand Wash at riméde 96 at T. 11 S., R. 18 E., section
20 (6th Principal Meridian) to the confluence witie Colorado Riverin T. 30 S., R. 19
E., section 7 (6th Principal Meridian).

Utah: Uintah County The White River and its 100-year floodplain frtme boundary of
the Uintah and Ouray Indian Reservation at rivderh8 in T. 9S., R. 22E., section 21
(Salt Lake Meridian) to the confluence with the &r&iver in T. 9 S., R. 20 E., section 4
(Salt Lake Meridian).

Utah: Uintah County The Duchesne River and its 100-year floodpleamfriver mile
25inT. 4S., R. 3E., section 30 (Salt Lake Menndito the confluence with the Green
Riverin T.5S., R. 3 E., section 5 (Uintah Meaial).

The Service has identified water, physical hab#aat the biological environment as the primary
constituent elements of critical habitat (59 FR 283 Water includes a quantity of water of
sufficient quality delivered to a specific locationaccordance with a hydrologic regime
required for the particular life stage for eachcépe The physical habitat includes areas of the
Colorado River system that are inhabited or podigthabitable for use in spawning and
feeding, as a nursery, or serve as corridors betwesse areas. In addition, oxbows,
backwaters, and other areas in the 100-year fleipivhen inundated, provide access to
spawning, nursery, feeding, and rearing habit&tsod supply, predation, and competition are
important elements of the biological environmenhe Service gave special consideration to
habitats required for razorback sucker reproducioeh recruitment when critical habitat was
designated.

Status and Distribution

On March 14, 1989, the Service was petitioned taloet a status review of the razorback
sucker. Subsequently, the razorback sucker wagrdged as endangered under a final rule
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published on October 23, 1991 (56 FR 54957). Tritad fule stated “Little evidence of natural
recruitment has been found in the past 30 yeatsnambers of adult fish captured in the last 10
years demonstrate a downward trend relative tofigstbundance. Significant changes have
occurred in razorback sucker habitat through diverand depletion of water, introduction of
nonnative fishes, and construction and operatiataais” (56 FR 54957). Recruitment of
razorback suckers to the population continues ta peblem.

Historically, razorback suckers were found in trematem Colorado River and major tributaries
in Arizona, California, Colorado, Nevada, New MeaxitJtah, Wyoming, and in Mexico (Ellis
1914; Minckley 1983). Bestgen (1990) reported thet species was once so numerous that it
was commonly used as food by early settlers amthdy that commercially marketable
guantities were caught in Arizona as recently a819n the Upper Basin, razorback suckers
were reported in the Green River to be very abundear Green River, Utah, in the late 1800s
(Jordan 1891). An account in Osmundson and Kaddi®8Q9) reported that residents living
along the Colorado River near Clifton, Coloradcsetved several thousand razorback suckers
during spring runoff in the 1930s and early 194Bsthe San Juan River drainage, Platania and
Young (1989) relayed historical accounts of razokimuckers ascending the Animas River to
Durango, Colorado, around the turn of the century.

Currently, the largest concentration of razorbagtksr remaining in the Colorado River Basin is
in Lake Mohave on the border of Arizona and Cafifar Estimates of the wild stock in Lake
Mohave have fallen precipitously in recent yeaosfi60,000 as late as 1991, to 25,000 in 1993
(Marsh 1993, Holden 1994), to about 9,000 in 2008KWS 2002b). Until recently, efforts to
introduce young razorback sucker into Lake Mohaae=Hailed because of predation by non-
native species (Minckley et al. 1991, Clarksonle1893, Burke 1994). While limited numbers
of razorback suckers persist in other locatiorthénLower Colorado River, they are considered
rare or incidental and may be continuing to decline

In the Upper Colorado River Basin, above Glen Caryam, razorback suckers are found in
limited numbers in both lentic (lake-like) and nivee environments. The largest populations of
razorback suckers in the upper basin are founkdamupper Green and lower Yampa rivers (Tyus
1987). In the Colorado River, most razorback stgkecur in the Grand Valley area near Grand
Junction, Colorado; however, they are increasingtg. Osmundson and Kaeding (1991)
reported that the number of razorback sucker captiarthe Grand Junction area has declined
dramatically since 1974. Between 1984 and 1996nsive collecting effort captured only 12
individuals in the Grand Valley (Osmundson and Kiagd 991). The wild population of
razorback sucker is considered extirpated from@bhenison River (Burdick and Bonar 1997).

Razorback suckers are in imminent danger of extopan the wild. As Bestgen (1990) pointed
out:

“Reasons for decline of most native fishes in tisdo@do River Basin have been
attributed to habitat loss due to construction afrmetream dams and subsequent
interruption or alteration of natural flow and plofshemical regimes, inundation of river
reaches by reservoirs, channelization, water quaégradation, introduction of
nonnative fish species and resulting competititeractions or predation, and other man-
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induced disturbances (Miller 1961, Joseph et al718ehnke and Benson 1983, Carlson
and Muth 1989, Tyus and Karp 1989). These facmrsalmost certainly not mutually
exclusive, therefore it is often difficult to det@ne exact cause and effect relationships.”

The virtual absence of any recruitment suggests@mation of biological, physical, and/or
chemical factors that may be affecting the survara recruitment of early life stages of
razorback suckers. Within the Upper Basin, recpediorts endorsed by the Recovery Program
include the capture and removal of razorback ssckem all known locations for genetic
analyses and development of discrete brood stothese measures have been undertaken to
develop refugia populations of the razorback sufiken the same genetic parentage as their
wild counterparts such that, if these fish are geaklly unique by subbasin or individual
population, then separate stocks will be availédrduture augmentation. Such augmentation
may be a necessary step to prevent the extincficazorback suckers in the Upper Basin.

Recovery goals for the razorback sucker (USFWS BP@2re approved on August 1, 2002.
According to these recovery goals, downlisting barconsidered if, over a 5-year period:

» genetically and demographically viable, self-sustey populations are
maintained in the Green River subbasin and eithethe upper Colorado
River subbasin or the San Juan River subbasin thati{a) the trend in adult
(age 4+; > 400 mm total length) point estimates éach of the two
populations does not decline significantly, andr{il®an estimated recruitment
of age-3 (300-399 mm total length) naturally praetluéish equals or exceeds
mean annual adult mortality for each of the two yafons, and (c) each
point estimate for each of the two populations eree5,800 adults (5,800 is
the estimated minimum viable population needednguee long-term genetic
and demographic viability); and

* a genetic refuge is maintained in Lake Mohave ef ltwer basin recovery
unit; and

» two genetically and demographically viable, selftaining populations are
maintained in the lower basin recovery unit (exggjnstem and/or tributaries)
such that (a) the trend in adult point estimatesefich population does not
decline significantly, and (b) mean estimated riécrent of age-3 naturally
produced fish equals or exceeds mean annual adoitality for each
population, and (c) each point estimate for eacpufation exceeds 5,800
adults; and

» certain site-specific management tasks to minindzegemove threats have
been identified, developed, and implemented.

Delisting can be considered if, over a 3-year gebeyond downlisting:

» genetically and demographically viable, self-sustey populations are
maintained in the Green River subbasin and eithethe upper Colorado
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River subbasin or the San Juan River subbasin thatha) the trend in adult
point estimates for each of the two populationssdoa decline significantly,
and (b) mean estimated recruitment of age-3 ndyyrabduced fish equals or
exceeds mean annual adult mortality for each oftwleepopulations, and (c)
each point estimate for each of the two populatexeeds 5,800 adults; and

* agenetic refuge is maintained in Lake Mohave; and

» two genetically and demographically viable, selftaining populations are
maintained in the lower basin recovery unit sucit {fa) the trend in adult
point estimates for each population does not decéiignificantly, and (b)
mean estimated recruitment of age-3 naturally preddish equals or exceeds
mean annual adult mortality for each populatiord &) each point estimate
for each population exceeds 5,800 adults; and

» certain site-specific management tasks to minindzegemove threats have
been finalized and implemented, and necessary dew€l protection are
attained.

Life History

McAda and Wydoski (1980) and Tyus (1987) reporfaihgtime aggregations of razorback
suckers in off-channel habitats and tributarieshsaggregations are believed to be associated
with reproductive activities. Tyus and Karp (1989@d Osmundson and Kaeding (1991)
reported off-channel habitats to be much warman tha mainstem river and that razorback
suckers presumably moved to these areas for feadisigng, sexual maturation, spawning, and
other activities associated with their reproductiyele. Prior to construction of large mainstem
dams and the suppression of spring peak flowsyiacity, off-channel habitats (seasonally
flooded bottomlands and shorelines) were commoveylable throughout the Upper Basin
(Tyus and Karp 1989; Osmundson and Kaeding 19B&ns changed riverine ecosystems into
lakes by impounding water, which eliminated thelfeclbannel habitats in reservoirs. Reduction
in spring peak flows eliminates or reduces thedesgy of inundation of off-channel habitats.
The absence of these seasonally flooded riveribgdts is believed to be a limiting factor in the
successful recruitment of razorback suckers irr thegive environment (Tyus and Karp 1989;
Osmundson and Kaeding 1991). Wydoski and Wick 8) 8®entified starvation of larval
razorback suckers due to low zooplankton densitiéise main channel and loss of floodplain
habitats which provide adequate zooplankton dessitr larval food as one of the most
important factors limiting recruitment.

While razorback suckers have never been directbgted spawning in turbid riverine
environments within the Upper Basin, captures g Specimens (in spawning condition), both
males and females, have been recorded (Valdez B3&2a; McAda and Wydoski 1980; Tyus
1987; Osmundson and Kaeding 1989; Tyus and Karp;IBgis and Karp 1990; Osmundson
and Kaeding 1991; Platania 1990) in the Yampa, iGr€elorado, and San Juan rivers.
Sexually mature razorback suckers are generallgated on the ascending limb of the
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hydrograph from mid-April through June and are asged with coarse gravel substrates
(depending on the specific location).

Outside of the spawning season, adult razorbadkessioccupy a variety of shoreline and main
channel habitats including slow runs, shallow teglpools, backwaters, eddies, and other
relatively slow velocity areas associated with samloistrates (Tyus 1987; Tyus and Karp 1989;
Osmundson and Kaeding 1989; Valdez and MasslicB;1©8mundson and Kaeding 1991; Tyus
and Karp 1990).

Habitat requirements of young and juvenile razoklmckers in the wild are not well known,
particularly in native riverine environments. Prio 1991, the last confirmed documentation of
a razorback sucker juvenile in the Upper Basin avaapture in the Colorado River near Moab,
Utah (Taba et al. 1965). In 1991, two early jule(B6.6 and 39.3 mm total length (TL))
razorback suckers were collected in the lower GRigar near Hell Roaring Canyon
(Gutermuth et al. 1994). Juvenile razorback suchare been collected in recent years from
Old Charley Wash, a wetland adjacent to the GreearRModde 1996). Between 1992 and
1995 larval razorback suckers were collected imtiddle and lower Green River and within the
Colorado River inflow to Lake Powell (Muth 19990 2002, eight larval razorback suckers
were collected in the Gunnison River (Osmundsor2200lo young razorback suckers have
been collected in recent times in the Colorado Rive

Threats to the Species

A marked decline in populations of razorback susk®m be attributed to construction of dams
and reservoirs, introduction of nonnative fishes] eemoval of large quantities of water from

the Colorado River system. Dams on the mainstelor&@to River and its major tributaries have
segmented the river system, blocked migration sywted changed river habitat into lake habitat.
Dams also have drastically altered flows, tempeeatland channel geomorphology. These
changes have modified habitats in many areas sohiaare no longer suitable for breeding,
feeding, or sheltering. Major changes in speamsposition have occurred due to the
introduction of numerous nonnative fishes, manwhbich have thrived due to human-induced
changes to the natural riverine system. Theseatosnfishes prey upon and compete with
razorback suckers.

The primary threats to razorback sucker criticddite, are stream flow regulation and habitat
modification (affecting both the water and physicabitat constituent elements); competition
with and predation by nonnative fishes; and petgiand pollutants (USFWS 2002b) (affecting
the biological environment). The existing habitdtered by these threats, has been modified to
the extent that it impairs essential behavior pastesuch as breeding, feeding, and sheltering.
The threats to razorback sucker are essentiallgahee threats identified for Colorado
pikeminnow.

Management actions identified in the recovery gé@isazorback sucker (USFWS 2002b) to
minimize or remove threats to the species included:
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» provide and legally protect habitat (including floegimes necessary to restore and
maintain required environmental conditions) necgstsaprovide adequate habitat
and sufficient range for all life stages to suppedovered populations;

* provide passage over barriers within occupied habotallow unimpeded movement
and, potentially, range expansion;

» investigate options for providing appropriate wanperatures in the Gunnison
River;

* minimize entrainment of subadults and adults irediion/out-take structures;

* ensure adequate protection from overutilization;

* ensure adequate protection from diseases and feaasi

* regulate nonnative fish releases and escapemerthiatmain river, floodplain, and
tributaries;

» control problematic nonnative fishes as needed,;

* minimize the risk of hazardous-materials spillgiiical habitat;

* remediate water-quality problems; and

* minimize the threat of hybridization with white &ec.

Status of Razorback Sucker and Critical Habitdah@éAction Area

The largest concentration of razorback suckerkenpper Basin exists in low-gradient flat-
water reaches of the middle Green River betweerirathading the lower few miles of the
Duchesne River and the Yampa River (Tyus 1987; ByusKarp 1990; Muth 1995; Modde and
Wick 1997; Muth et al. 2000). This area includas greatest expanse of floodplain habitat in
the Upper Colorado River Basin, between Parietsenlat river mile (RM) 238 and the
Escalante Ranch at RM 310 (Irving and Burdick 1995)

Lanigan and Tyus (1989) used a demographicallyedasodel with capture-recapture data
collected from 1980 to 1988 and estimated thatiltzlle Green River population consisted of
about 1,000 adults (mean, 948; 95 percent confelerterval, 758-1,138). Based on a
demographically open model and capture-recaptuseatdlected from 1980 to 1992, Modde et
al. (1996) estimated the number of adults in thedbei Green River population at about 500 fish
(mean, 524; 95 percent confidence interval, 351).6%6at population had a relatively constant
length frequency distribution among years (mosjdent modes were in the 505-515 mm-TL
interval) and an estimated annual survival ratélopercent. Bestgen et al. (2002) estimated the
current population of wild razorback sucker in thieldle Green River to be about 100, based on
data collected in 1998 and 1999. There are ne@otpopulation estimates of razorback sucker
in the Yampa River due to low numbers capturecaent years.

The lower Yampa River provides adult habitat, spagiabitat, and potential nursery areas
occur downstream in the Green River (USFWS 1998ajlde and Smith (1995) reported that
adult razorback suckers were collected between BRléinH RM 0.1 of the Yampa River. They
also reported only one juvenile razorback suckerldesen collected in the Yampa River. The
single fish (389 mm) was collected at RM 39 in Ju@@4. The Green River from the
confluence with the Yampa River to Sand Wash hadatgest existing riverine population of
razorback sucker (Lanigan and Tyus 1989, Moddé @086). Razorback suckers are rarely
found upstream as far as the confluence with tkieel$nake River (McAda and Wydoski 1980
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and Lanigan and Tyus 1989). Tyus and Karp (199€3tkxl concentrations of ripe razorback
suckers at the mouth of the Yampa River duringsgireng in 1987-1989. Ripe fish were
captured in runs associated with bars of cobbke/alr and sand substrates in water averaging
0.63 m deep and mean velocity of 0.74 m/s.

Razorback suckers are permanent residents of thenGriver below its confluence with the
Yampa River and are reliant on in-channel haba@aspawning and flooded off-channel habitats
for several aspects of their life history. In tutimese habitats are created and maintained by the
natural hydrology and sediment transport providgthle Yampa River.

Spring migrations by adult razorback suckers wesmaated with spawning in historic accounts
(Jordan 1891; Hubbs and Miller 1953; Sigler andéfiL963; Vanicek 1967), and a variety of
local and long-distance movements and habitat-agems have been subsequently
documented. Spawning migrations (one-way moventri29.4—-106.0 km) observed by Tyus
and Karp (1990) included movements between theyoamd Jensen areas of the Green River
and between the Jensen area and the lower Yampa Rnitial movement of adult razorback
suckers to spawning sites was influenced priméxylyncreases in river discharge and
secondarily by increases in water temperature (BywasKarp 1990; Modde and Wick 1997,
Modde and Irving 1998). Flow and temperature cunayg serve to effectively congregate
razorback suckers at spawning sites, thus incrgasproductive efficiency and success.
Reduction in spring peak flows may hinder the &pdif razorback suckers to form spawning
aggregations, because spawning cues are reducettiégMmd Irving 1998).

Captures of ripe fish and radio-telemetry of adirtspring and early summer were used to
locate razorback sucker spawning areas in the mi@déen River. McAda and Wydoski (1980)
found a spawning aggregation of 14 ripe fish (2dk® and 12 males) over a cobble bar at the
mouth of the Yampa River during a 2-week periodany to mid-May 1975. These fish were
collected from water about 1 m deep with a velooftgbout 1 m/s and temperatures ranging
from 7 to 16C (mean, 12C). Tyus (1987) captured ripe razorback suckethkriee reaches: 1)
Island and Echo parks of the Green River in Dinos&tional Monument, including the lower
mile of the Yampa River; 2) the Jensen area of3teen River from Ashley Creek (RM 299) to
Split Mountain Canyon (RM 319); and 3) the Ourageaof the Green River, including the lower
few miles of the Duchesne River. The Jensen aystaibuted 73 percent of the 60 ripe
razorback suckers caught over coarse sand sulsstraite the vicinity of gravel and cobble bars
in those 3 reaches during spring 1981, 1984, a86.19

Recently, tuberculate or ripe razorback sucker® leeen collected from reaches of the lower
Green River in Labyrinth Canyon near the moutrhef$an Rafael River at RM 97 (Tyus 1987,
Miller and Hubert 1990, Muth 1995, Chart et al. 229Muth et al. (1998) suggested that many
of the 439 razorback sucker larvae collected froenlower Green River between RM 28 and 97
during spring and early summer 1993-1996 had besnwrsed downstream of RM 110 (lower
end of the Green River Valley reach), possibly ieammouth of the San Rafael River.

Substantial numbers of razorback sucker adults haga found in flooded off-channel habitats

in the vicinity of mid-channel spawning bars shptiefore or after spawning. Tyus (1987)
located concentrations of ripe fish associated wihm floodplain habitats and in shallow
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eddies near the mouths of tributary streams. Sitpjlelolden and Crist (1981) reported capture
of 56 adult razorback suckers in the Ashley Cresksdn area of the middle Green River from
1978 to 1980, and about 19 percent of all ripaibetculate razorback suckers collected during
1981-1989N = 57) were from flooded lowlands (e.g., Old ClalVash and Stewart Lake
Drain) and tributary mouths (e.g., Duchesne Rivet Ashley Creek) (Tyus and Karp 1990).
Radio-telemetry and capture-recapture data compiyedodde and Wick (1997) and Modde
and Irving (1998) demonstrated that most razorlsacker adults in the middle Green River
moved into flooded environments (e.g., floodplaabitats and tributary mouths) soon after
spawning. Tyus and Karp (1990, 1991) and ModdeValiwk (1997) suggested that use of
warmer, more productive flooded habitats by acagbrback suckers during the breeding season
is related to temperature preferences (23c2Bulkley and Pimental 1983) and abundance of
appropriate foods (Jonez and Sumner 1954; Vani@éK;IMarsh 1987; Mabey and Shiozawa
1993; Wolz and Shiozawa 1995; Modde 1997; Wydos#iick 1998). Twelve ripe razorback
suckers were caught in Old Charlie Wash duringNédg—early June 1986, presumably due to
the abundant food in the wetland (Tyus and Karpl)9®ight adult razorback suckers collected
from Old Charlie Wash in late summer 1995 entehedaetland when it was connected to the
river during peak spring flows (Modde 1996). Restlispring flooding caused by lower
regulated river discharges, channelization, anddesonstruction has restricted access to
floodplain habitats used by adult razorback suck@rgemperature conditioning, feeding, and
resting (Tyus and Karp 1990; Modde 1997; ModdeWhck 1997; Wydoski and Wick 1998).
The fact that these fish actively seek out thistdlBuggests that the conditioning it provides
them is important to their continued successfutadpction.

Razorback sucker larvae were collected each yaaeiGreen River during 1992-1996. Over
99 percent (N = 1,735) of the larvae caught inthedle Green River during spring and early
summer were from reaches including, and downsti&athe presumed spawning area near the
Escalante Ranch (Muth et al. 1998). Based onaWddrvae = 6) recorded from collections

in the Echo Park reach in 1993, 1994, and 199@pdejtion by razorback suckers at the lower
Yampa River spawning site appeared minimal, butpdiaign efforts in the two reaches
immediately downstream of that site were compaeétilow (Muth et al. 1998). Mean catch per
unit effort (CPUE) was highly variable among yeasl river reaches but it is unclear whether
this was a true measure of population abundaneasibiased by differences in sampling
efficiency (Muth et al. 1998). Numbers of razorbaacker larvae captured per year ranged
from 20 in 1992 to 1,217 in 1994 for the middle &r&river and from 5 in 1995 to 222 in 1996
for the lower Green River.

Collections in the lower Green River during 199334 @roduced the first ever captures of
razorback sucker larvae from this section of rivierthe lower Labyrinth-upper Stillwater
Canyon reach, 363 razorback suckers were cauglfipa flooded side canyons, washes,
backwaters, and side channels. Razorback suakeelavere collected in the Echo Park area of
the Green River in 1993, 1994, 1996, indicatingcessful spawning in the lower Yampa River
(Muth et al. 1998).

Historically, floodplain habitats inundated and neated to the main channel by overbank

flooding during spring-runoff discharges would hdesn available as nursery areas for young
razorback suckers in the Green River. Tyus ang KE990) associated low recruitment with
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reductions in floodplain inundation since 1962 ¢cie of Flaming Gorge Dam), and Modde et
al. (1996) associated years of high spring disehargl floodplain inundation in the middle
Green River (1983, 1984, and 1986) with subsegsigsiected recruitment of young adult
razorback suckers. These floodplain habitats sserdgial for the survival and recruitment of
larval fish. Relatively high zooplankton densitieghese warm, productive habitats are
necessary to provide adequate zooplankton den&itidsrval food. Loss or degradation of
these productive floodplain habitats probably repnés one of the most important factors
limiting recruitment in this species (Wydoski andc®/1998). The importance of these habitats
is further underscored by the relationship betwaeral growth and mortality due to non-native
predators (Bestgen et al. 1997). Predation bytaddishiners on larvae of native catostomids in
flooded and backwater habitats of the Yampa, Gree@olorado Rivers was documented by
Ruppert et al.(1993) and Muth and Wick (1997). &alepletions and changes in timing of
flows may reduce the quantity and availability lobidplain habitat, thus reducing larval growth
and recruitment.

Muth et al. (2000) summarized flow and temperahgeds of razorback sucker in the Green
River subbasin as:

“Current levels of recruitment of young razorbaaoklgers are not sufficient to sustain
populations in the Green River system; wild staalescomposed primarily of older
individuals that continue to decline in abundan@ek of adequate recruitment has been
attributed to extremely low survival of larvae godeniles. Reproduction by razorback
suckers in the Green River was documented throagtuces of larvae each year during
199411996, but mortality of larvae was apparently highssibly as a result of low
growth rates and the effect of small body size @metition and the risk of predation.
Only six juveniles have been collected from Gree@reRbackwaters since 1990, but 73
juveniles were collected from the Old Charlie Wasdmaged wetland in Reach 2 during
1995/1996.

Floodplain areas inundated and temporarily condetctéhe main channel by spring peak
flows appear to be important habitats for all 8tages of razorback sucker, and the
seasonal timing of razorback sucker reproducti@gssts an adaptation for utilizing
these habitats. However, the frequency, magnitaiie duration of seasonal overbank
flooding in the Green River have been substantiadiuced since closure of Flaming
Gorge Dam. Restoring access to these warm and gireeinabitats, which are most
abundant in Reach 2 within the Ouray NWR area, dpubvide the growth and
conditioning environments that appear crucial &movery of self-sustaining razorback
sucker populations. In addition, lower, more stdlaes during winter may reduce
flooding of low-velocity habitats and reduce theddtup of ice cover in overwintering
areas and may enhance survival of adults.

Spring peak flows must be of sufficient magnitudénundate floodplain habitats and

timed to occur when razorback sucker larvae ardadola for transport into these flooded
areas. Overbank flows of sufficient duration woptdvide quality nursery environments
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and may enhance the growth and survival of youstyg BBecause at least some young
razorback suckers entrained in more permanent pbfudpression) sections of
floodplains may survive through subsequent wintgpsing inundation will need to be
repeated at sufficiently frequent intervals to pdevaccess back into the main channel.”

Critical Habitat for razorback sucker is locaterbtighout Reaches 2 and 3 of the action area.
As was discussed above, all primary constituemhefgs (water, physical habitat, and biological
environment) have been affected throughout deseginaitical habitat on the Green River and to
a lesser extent in other occupied areas (ReacH4dbitat in those areas could be further affected
through implementation of the proposed action.d@te, water quantity and quality has been
affected by flow regulation and land managementtares (irrigated agriculture), which has
resulted in increased concentrations of contamin@nost notably selenium). Physical habitat
(spring adult staging areas (floodplain), spawrand nursery habitats) has been affected
through flow regulation, land management pract{ddséng), and encroachment of nonnative
vegetation (primarily tamarisk). The biologicabeonment has been altered primarily due to
the introduction of numerous species of nonnaiste disrupting the natural balance of
competition and predation. All constituent eleisesf designated razorback sucker critical
habitat along the Green River will be consideredunanalysis of the effects of the proposed
action.

Humpback Chub

Species/Critical Habitat Description

The humpback chub is a medium-sized freshwater(liess than 500 mm) of the minnow
family. The adults have a pronounced dorsal huamarrow flattened head, a fleshy snout with
an inferior-subterminal mouth, and small eyeshald silvery sides with a brown or olive colored
back.

The humpback chub is endemic to the Colorado Rasin and is part of a native fish fauna
traced to the Miocene epoch in fossil records @1ill946; Minckley et al. 1986). Humpback
chub remains have been dated to about 4000 B.Cthddish was not described as a species
until the 1940s (Miller 1946), presumably becausigsarestricted distribution in remote white
water canyons (USFWS 1990). Because of thisyiggnal distribution is not known. The
humpback chub was listed as endangered on March9bY,

Until the 1950s, the humpback chub was known omgnfGrand Canyon. During surveys in the
1950s and 1960s humpback chub were found in theruppeen River including specimens from
Echo Park, Island Park, and Swallow Canyon (SnB0]1 Vanicek et al. 1970). Individuals
were also reported from the lower Yampa River (ldaldnd Stalnaker 1975b), the White River
in Utah (Sigler and Miller 1963), Desolation Canyafrthe Green River (Holden and Stalnaker
1970) and the Colorado River near Moab (SiglerMiiigr 1963).

Critical habitat was designated for humpback chulMarch 21, 1994 (59 FR 13374).

Designated critical habitat makes up about 28%efspecies’ original range and occurs in both
the Upper and Lower Colorado River Basins. Althobhgmpback chub life history and habitat
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use differs greatly from the other endangered @olomRiver fish the Service determined that the
primary constituent elements (water, physical lepénd biological environment) of their
critical habitat were the same.

Critical habitat for humpback chub in the GreendRisystem include the Yampa River within
Dinosaur National Monument, Green River from itafteence with the Yampa River
downstream to the southern boundary of DinosauioNalt Monument, and the Green River
within Desolation and Gray Canyons.

Colorado, Moffat County The Yampa River from the boundary of Dinosautidfeal
Monumentin T. 6 N., R. 99 W., section 27 (6th Byal Meridian) to the confluence
with the Green Riverin T. 7 N., R. 103 W., sect&(6th Principal Meridian).

Utah, Uintah County; and Colorado, Moffat Couniijhe Green River from the
confluence with the Yampa River in T. 7 N., R. M3 section 28 (6th Principal
Meridian) to the southern boundary of Dinosaur blzi Monument in T. 6 N., R. 24 E.,
section 30 (Salt Lake Meridian).

Utah, Uintah and Grand Countie$he Green River (Desolation and Gray Canyons)
from Sumner's Amphitheater in T. 12 S., R. 18 Ectisn 5 (Salt Lake Meridian) to
Swasey's Rapid in T. 20 S., R. 16 E., section 8 (S&e Meridian).

Status and Distribution

Failure to recogniz&ila cypha as a species until 1946 complicated interpretasfdmstoric
distribution of humpback chubs in the Green Ri&ryglas et al. 1989, 1998). Best available
information indicates that before Flaming Gorge Dhonmpback chubs were distributed in
canyon regions throughout much of the Green Rivem the present site of Flaming Gorge
Reservoir downstream through Desolation and Grayaras (Vanicek 1967; Holden and
Stalnaker 1975a; Holden 1991). In addition, thecggs occurred in the Yampa and White
rivers. Pre-impoundment surveys of the Flamingg8dReservoir basin (Bosley 1960; Gaufin et
al. 1960; McDonald and Dotson 1960; Smith 1960pregal both humpback chubs and bonytails
from the Green River near Hideout Canyon, now irmted by Flaming Gorge Reservoir.

Historic collection records of humpback chub ekistn the Yampa and White rivers, both
tributaries to the Green River. Tyus (1998) vedfthe presence of seven humpback chubs in
collections of the University of Colorado Museurllected from the Yampa River in Castle
Park between 19 June and 11 July 1948. A singigpback chub was found in the White River
near Bonanza, Utah, in June 1981 (Miller et al.Zl8and a possible bonytail-humpback chub
intergrade was also captured in July 1978 (LanggahBerry 1981).

Present concentrations of humpback chub in the iJpasin occur in canyon-bound river
reaches ranging in length from 3.7 km (Black Ro¢&s)0.5 km (Desolation and Gray
Canyons). Humpback chubs are distributed throughnmst of Black Rocks and Westwater
Canyons (12.9 km), and in or near whitewater reacfi€ataract Canyon (20.9 km), Desolation
and Gray Canyons (65.2 km), and Yampa Canyon (4#8)3with populations in the separate
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canyon reaches ranging from 400 to 5,000 adultsgseulation dynamics). The Utah Division
of Wildlife Resources has monitored the fish comityuim Desolation and Gray Canyons since
1989 and has consistently reported captures oDagerenile, and adulBila, including
humpback chub, indicating a reproducing populafhart and Lentsch 1999b). Distribution of
humpback chubs within Whirlpool and Split Mount&anyons is not presently known, but it is
believed that numbers of humpback chub in thesgossoof the Green River are low.

The Yampa River is the only tributary to the Gré&aver presently known to support a
reproducing humpback chub population. Between E®51989, Karp and Tyus (1990)
collected 130 humpback chubs from Yampa Canyonradidated that a small but reproducing
population was present. Continuing captures aéfiles and adults within Dinosaur National
Monument indicate that a population persists in [gar@anyon (T. Modde, U.S. Fish and
Wildlife Service, personal communication). Smalhbers of humpback chub also have been
reported in Cross Mountain Canyon on the YamparmRiwd in the Little Snake River about

10 km upstream of its confluence with the YampaeR{Wick et al. 1981; Hawkins et al. 1996).

Recovery goals for the humpback chub (USFWS 20@2c¢¢ approved on August 1, 2002.
According to these recovery goals, downlisting barconsidered if, over a 5-year period:

» the trend in adult (age 4+; > 200 mm total lengtbint estimates for each of
the six extant populations does not decline sigaiftly; and

* mean estimated recruitment of age-3 (150-199 mia tength) naturally
produced fish equals or exceeds mean annual aduttlity for each of the
six extant populations; and

* two genetically and demographically viable, selétaining core populations
are maintained, such that each point estimateddn eore population exceeds
2,100 adults (2,100 is the estimated minimum vigideulation needed to
ensure long-term genetic and demographic viabjlagpy

» certain site-specific management tasks to mininizegemove threats have
been identified, developed, and implemented.

Delisting can be considered if, over a 3-year gebeyond downlisting:

» the trend in adult point estimates for each of glxeextant populations does
not decline significantly; and

* mean estimated recruitment of age-3 naturally pcteddish equals or exceeds
mean annual adult mortality for each of the siaakpopulations; and

» three genetically and demographically viable, setaining core populations

are maintained, such that each point estimatedon eore population exceeds
2,100 adults; and
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» certain site-specific management tasks to minindzegemove threats have
been finalized and implemented, and necessary dewtl protection are
attained.

Life History

Unlike Colorado pikeminnow and razorback suckerciiare known to make extended
migrations of up to several hundred miles to spagiireas in the Green and Yampa rivers,
humpback chubs in the Green River do not appearate extensive migrations (Karp and Tyus
1990). Radio-telemetry and tagging studies onrdthenpback chub populations have revealed
strong fidelity by adults for specific locationsttviittle movement to areas outside of home
canyon regions. Humpback chubs in Black Rocksd®aknd Clemmer 1982), Westwater
Canyon (Chart and Lentsch 1999a), and DesolatidriGray Canyons (Chart and Lentsch
1999b) do not migrate to spawn.

Generally, humpback chub show fidelity for canyeaahes and move very little (Miller et al.
1982a; Archer et al. 1985; Burdick and Kaeding 19&%eding et al. 1990). Movements of
adult humpback chub in Black Rocks on the Colomader were essentially restricted to a
1-mile reach. These results were based on theteesof Carlin-tagged fish and radiotelemetry
studies conducted from 1979 to 1981 (Valdez €t@82) and 1983 to 1989 (Archer et al. 1985;
Kaeding et al. 1990).

In the Green River and upper Colorado River, huroklzhubs spawned in spring and summer
as flows declined shortly after the spring peakl¢¥a and Clemmer 1982; Valdez et al. 1982;
Kaeding and Zimmerman 1983; Tyus and Karp 1989pkeaud Tyus 1990; Chart and Lentsch
1999a, 1999b). Similar spawning patterns werenteddrom Grand Canyon (Kaeding and
Zimmerman 1983; Valdez and Ryel 1995, 1997). ¢.ilknown about spawning habitats and
behavior of humpback chub. Although humpback dmabbelieved to broadcast eggs over mid-
channel cobble and gravel bars, spawning in theé kaaks not been observed for this species.
Gorman and Stone (1999) reported that ripe malephiack chubs in the Little Colorado River
aggregated in areas of complex habitat structuge (natrix of large boulders and travertine
masses combined with chutes, runs, and eddies2.0.5+-deep) and were associated with
deposits of clean gravel.

Chart and Lentsch (1999b) estimated hatching date®ungGila collected from Desolation
and Gray Canyons between 1992 and 1995. Theyndetsd that hatching occurred on the
descending limb of the hydrograph as early as @ 1992 at a flow of 139 #s and as late as
1 July 1995 at a flow of 731 #s. Instantaneous daily river temperatures onhiragodates over
all years ranged from 20 to 2Z.

Newly hatched larvae average 6.3—7.5 mm TL (Holt&r3; Suttkus and Clemmer 1977;
Minckley 1973; Snyder 1981; Hamman 1982; BehnkeBerwison 1983; Muth 1990), and
1-month-old fish are approximately 20 mm long (Haamm.982). Unlike Colorado pikeminnow
and razorback sucker, no evidence exists of losgadce larval drift (Miller and Hubert 1990;
Robinson et al. 1998). Upon emergence from spaywiavels, humpback chub larvae remain
in the vicinity of bottom surfaces (Marsh 1985) nsggawning areas (Chart and Lentsch 1999a).
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Backwaters, eddies, and runs have been reporteahason capture locations for young-of-year
humpback chub (Valdez and Clemmer 1982). Theseiddicate that in Black Rocks and
Westwater Canyon, young utilize shallow areas. itdabuitability index curves developed by
Valdez et al. (1990) indicate young-of-year prefeerage depths of 2.1 feet with a maximum of
5.1 feet. Average velocities were reported atf@e2 per second.

Valdez et al. (1982) Wick et al. (1979) and Wiclakt(1981) found adult humpback chub in
Black Rocks and Westwater Canyons in water avegaginfeet in depth with a maximum depth
of 92 feet. In these localities, humpback chubengssociated with large boulders and steep
cliffs.

Threats to the Species

Although historic data are limited, the apparemigexwide decline in humpback chubs is likely
due to a combination of factors including altenatas river habitats by reservoir inundation,
changes in stream discharge and temperature, ciimpe&tith and predation by introduced fish
species, and other factors such as changes inrésodrces resulting from stream alterations
(USFWS 1990).

The primary threats to humpback chub are stream fgulation and habitat modification
(affecting constituent elements: water and phydedlitat); competition with and predation by
nonnative fishes; parasitism; hybridization withet nativeGila species; and pesticides and
pollutants (USFWS 2002c) (all affecting constituel@ment: biological environment). The
existing habitat, altered by these threats, has hemlified to the extent that it impairs essential
behavior patterns, such as breeding, feeding, lagitesing. The threats to humpback chub in
relation to flow regulation and habitat modificatjgpredation by nonnative fishes, and pesticides
and pollutants are essentially the same threatdifdel for Colorado pikeminnow.

The humpback chub population in the Grand Canytinresatened by predation from nonnative
trout in the Colorado River below Glen Canyon Danis population is also threatened by the
Asian tapeworm reported in humpback chub in théd @olorado River (USFWS 2002c). No
Asian tapeworms have been reported in the uppén papulations.

Hybridization with roundtail chubGila robusta) and bonytail, where they occur with humpback
chub, is recognized as a threat to humpback cAularger proportion of roundtail chub have
been found in Black Rocks and Westwater Canyomduaw flow years (Kaeding et al. 1990;
Chart and Lentsch 2000), which increase the chdiocds/bridization.

Management actions identified in the recovery gé@$iumpback chub (USFWS 2002c) to
minimize or remove threats to the species included:

» provide and legally protect habitat (including floegimes necessary to restore and

maintain required environmental conditions) necgstaprovide adequate habitat
and sufficient range for all life stages to suppedovered populations,
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» investigate the role of the mainstem Colorado Rinenaintaining the Grand Canyon
population,

* investigate the anticipated effects of and opti@ngroviding warmer water
temperatures in the mainstem Colorado River thrgsigind Canyon,

* ensure adequate protection from overutilization,

* ensure adequate protection from diseases and fesasi

* regulate nonnative fish releases and escapemerthiatmain river, floodplain, and
tributaries,

» control problematic nonnative fishes as needed,

* minimize the risk of increased hybridization amdsita spp, and

* minimize the risk of hazardous-materials spillgiiical habitat.

Status of Humpback Chub and Critical Habitat inAlotion Area

Monitoring humpback chub populations is ongoing] aampling protocols and reliability of
population estimates are being assessed by th&eSamnd cooperating entities. The humpback
chub recovery goals (USFWS 2002c) provided thetalhg preliminary population estimates
for adults in the six populations:

Black Rocks, Colorado River, Colorado -- 900-1,500

Westwater Canyon, Colorado River, Utah -- 2,00009,

Yampa Canyon, Yampa River, Colorado -- 400-600

Desolation/Gray Canyons, Green River, Utah -00,5

Cataract Canyon, Colorado River, Utah -- 500

Grand Canyon, Colorado River and Little ColoradeeR Arizona -- 2,000—4,700

Low numbers of humpback chub have been capturédhimpool Canyon and Split Mountain
Canyon on the Green River in Dinosaur National Moant; however, these fish were
considered part of the Yampa River population emRecovery Goals (USFWS 2002c), and not
separate populations.

Tyus and Karp (1991) found that in the Yampa ange@rrivers in Dinosaur National
Monument, humpback chubs spawn during spring arlg eammer following peak flows at
water temperatures of aboutZD) They estimated that the spawning period for ppleck chub
ranges from May into July, with spawning occurreaglier in low-flow years and later in high-
flow years; spawning was thought to occur only bigia 4-5 week period (Karp and Tyus
1990). Similar to the Yampa and Green rivers, gesikh ofGila larvae in Westwater Canyon
on the Colorado River appears to occur on the delsog limb of the hydrograph following
spring runoff at maximum daily water temperatureagproximately 20 to 2C (Chart and
Lentsch 1999a). Tyus and Karp (1989) reportedhbatpback chubs occupy and spawn in and
near shoreline eddy habitats and that spring dealsfwere important for reproductive success
because availability of these habitats is greateshg spring runoft.

High spring flows that simulate the magnitude amirtg of the natural hydrograph provide a

number of benefits to humpback chubs in the YanmgbGreen rivers. Bankfull and overbank
flows provide allochthonous energy input to thetsysin the form of terrestrial organic matter
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and insects that are utilized as food. High spfiogs clean spawning substrates of fine
sediments and provide physical cues for spawnktigh flows also form large recirculating
eddies used by adult fish. High spring flows (®80gent exceedance or greater) have been
implicated in limiting the abundance and reproducf some nonnative fish species under
certain conditions (Chart and Lentsch 1999a, 1988k)have been correlated with increased
recruitment of humpback chubs (Chart and Lents@9a}

Critical habitat for humpback chub includes canyeaches of the Green River (Whirlpool, Split
Mountain, Desolation, and Gray Canyons), which Haaen affected by stream flow regulation.
However, Whirlpool and Desolation Canyons havenmtgdeen invaded by high numbers of
smallmouth bass changing the biological environnoémtitical habitat.

Muth et al. (2000) summarized flow and temperatgeds of humpback chub in the Green
River subbasin as:

“...The habitat requirements of the humpback chub razempletely understood. It is
known that fish spawn on the descending limb ofgpeng hydrograph at temperatures
greater than C. Rather than migrate, adults congregate in neameseddies during
spring and spawn locally. They are believed tdbtmadcast spawners over gravel and
cobble substrates. Young humpback chubs typiceiéylow-velocity shoreline habitats,
including eddies and backwaters, that are moregbeav under base-flow conditions.
After reaching approximately 460 mm TL, juveniles move into deeper and higher-
velocity habitats in the main channel.

Increased recruitment of humpback chubs in Deswlatatnd Gray Canyons was
correlated with moderate to high water years frd@@82Lto 1986 and in 1993 and 1995.
Long, warm growing seasons, which stimulate fisbwgh, and a low abundance of
competing and predatory nonnative fishes also Ihe@es implicated as potential factors
that increase the survival of young humpback chubs.

High spring flows increase the availability of tlaege eddy habitats utilized by adult
fish. High spring flows also maintain the comp#ioreline habitats that are used as
nursery habitat by young fish during subsequeng fflasvs. Low-velocity nursery
habitats that are used by young fish are warmemnaoré productive at low base flows.”

Bonytail

Species/Critical Habitat Description

Bonytail are medium-sized (less than 600 mm) fisthe minnow family. Adult bonytail are
gray or olive colored on the back with silvery sidend a white belly. The adult bonytail has an
elongated body with a long, thin caudal pedundlee head is small and compressed compared
to the rest of the body. The mouth is slightlydneg by the snout and there is a smooth low
hump behind the head that is not as pronouncdaedsump on a humpback chub.
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The bonytail is endemic to the Colorado River Basid was historically common to abundant
in warm-water reaches of larger rivers of the b&sim Mexico to Wyoming. The species
experienced a dramatic, but poorly documentedjriestarting in about 1950, following
construction of several mainstem dams, introduadiomonnative fishes, poor land-use practices,
and degraded water quality (USFWS 2002d).

Currently, no self-sustaining populations of boilyee known to exist in the wild, and very few
individuals have been caught anywhere within th@rbhaAn unknown, but small number of wild
adults exist in Lake Mohave on the mainstem Colofatver. Since 1977, only 11 wild adults
have been reported from the upper basin (Valdet 4994).

A total of 499 km (312 miles) of river has beenigeated as critical habitat for the bonytail in

the Colorado River Basin, representing about 14%h@fkpecies’ historic range (59 FR 13374).
River reaches that have been designated as chitistat in the Green River extend from the
confluence with the Yampa River downstream to thenalary of Dinosaur National Monument
and Desolation and Gray Canyons. In additionicalihabitat has been designated in the Yampa
River from the upstream boundary of Dinosaur Natidlonument to its confluence with the
Green River.

Colorado, Moffat County The Yampa River from the boundary of Dinosautidveal
Monumentin T. 6 N., R. 99 W., section 27 (6th Bipal Meridian) to the confluence
with the Green Riverin T. 7 N., R. 103 W., sectifh(6th Principal Meridian).

Utah, Uintah County; and Colorado, Moffat Couniyhe Green River from the
confluence with the Yampa River in T. 7 N., R. M3 section 28 (6th Principal
Meridian) to the boundary of Dinosaur National Morent in T. 6 N., R. 24 E., section
30 (Salt Lake Meridian).

Utah, Uintah and Grand Countie$he Green River (Desolation and Gray Canyons)
from Sumner's Amphitheater in T. 12 S., R. 18 Ectisn 5 (Salt Lake Meridian) to
Swasey's Rapid (river mile 12) in T. 20 S., R. 16sEction 3 (Salt Lake Meridian).

The Service has identified water, physical hab#aat the biological environment as the primary
constituent elements of bonytail critical habi&® FR 13374). Water includes a quantity of
water of sufficient quality delivered to a specification in accordance with a hydrologic regime
required for the particular life stage for eachcépe The physical habitat includes areas of the
Colorado River system that are inhabited or podigthabitable for use in spawning and
feeding, as a nursery, or serve as corridors betwesse areas. In addition, oxbows,
backwaters, and other areas in the 100-year fleiapivhen inundated, provide access to
spawning, nursery, feeding, and rearing habitktsod supply, predation, and competition are
important elements of the biological environmergcént information collected by the Recovery
Program suggests that floodplain habitats may be mnaportant to the survival and recovery of
the bonytail than the Service originally thought.
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Status and Distribution

The bonytall is the rarest native fish in the Catby River. Little is known about its specific
habitat requirements or cause of decline, becdesbdnytail was extirpated from most of its
historic range prior to extensive fishery surveitswas listed as endangered on April 23, 1980.
Currently, no documented self-sustaining populatiexist in the wild. Formerly reported as
widespread and abundant in mainstem rivers (JaddrEvermann 1896), its populations have
been greatly reduced. Remnant populations prgseatur in the wild in low numbers in Lake
Mohave and several fish have been captured in Pakeell and Lake Havasu (USFWS 2002d).
The last known riverine area where bonytail wenaiecmn was the Green River in Dinosaur
National Monument, where Vanicek (1967) and Holded Stalnaker (1970) collected 91
specimens during 1962-1966. From 1977 to 1983%amytail were collected from the Colorado
or Gunnison rivers in Colorado or Utah (Wick et¥79, 1981; Valdez et al. 1982; Miller et al.
1984). However, in 1984, a single bonytail wademéd from Black Rocks on the Colorado
River (Kaeding et al. 1986). Several suspectedtadrwere captured in Cataract Canyon in
1985-1987 (Valdez 1990). Current stocking plambfmytail identify the middle Green River
and the Yampa River in Dinosaur National Monumenthe highest priority for stocking in
Colorado and the plan calls for 2,665 fish to loeletd per year over the next six years (Nesler
et al. 2003).

Recovery goals for the bonytail (USFWS 2002d) wagrproved on August 1, 2002. According
to these recovery goals, downlisting can be consdli, over a 5-year period:

» genetically and demographically viable, self-susty populations are
maintained in the Green River subbasin and uppédor&to River subbasin
such that (a) the trend in adult (age 4+; > 250 tota length) point estimates
for each of the two populations does not declimgmiicantly, and (b) mean
estimated recruitment of age-3 (150-249 mm totajtle) naturally produced
fish equals or exceeds mean annual adult mortédityeach of the two
populations, and (c) each point estimate for eachhe two populations
exceeds 4,400 adults (4,400 is the estimated mmimiable population
needed to ensure long-term genetic and demograjidity); and

* a genetic refuge is maintained in a suitable locafe.g., Lake Mohave, Lake
Havasu) in the lower basin recovery unit; and

» two genetically and demographically viable, selftaining populations are
maintained in the lower basin recovery unit (engajnstem and/or tributaries)
such that (a) the trend in adult point estimatesefch population does not
decline significantly, and (b) mean estimated rigrent of age-3 naturally
produced fish equals or exceeds mean annual adoitality for each
population, and (c) each point estimate for eacpufation exceeds 4,400
adults; and

e certain site-specific management tasks to minindzegemove threats have
been identified, developed, and implemented.
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Delisting can be considered if, over a 3-year gebeyond downlisting:

* genetically and demographically viable, self-sustegy populations are
maintained in the Green River subbasin and uppdor&to River subbasin
such that (a) the trend in adult point estimateséxh of the two populations
does not decline significantly, and (b) mean edthaecruitment of age-3
naturally produced fish equals or exceeds mean aremult mortality for
each of the two populations, and (c) each poiniesé for each of the two
populations exceeds 4,400 adults; and

* agenetic refuge is maintained in the lower basgaovery unit; and

* two genetically and demographically viable, selftaining populations are
maintained in the lower basin recovery unit sucit {fa) the trend in adult
point estimates for each population does not decsignificantly, and (b)
mean estimated recruitment of age-3 naturally preddish equals or exceeds
mean annual adult mortality for each populatiord &) each point estimate
for each population exceeds 4,400 adults; and

» certain site-specific management tasks to minindzegemove threats have
been finalized and implemented, and necessary dew€l protection are
attained.

Life History

The bonytall is considered a species that is adaptenainstem rivers, where it has been
observed in pools and eddies (Vanicek 1967; Minckl@73). Spawning of bonytail has never
been observed in a river, but ripe fish were ctdlden Dinosaur National Monument during late
June and early July suggesting that spawning oedwat water temperatures of about@8
(Vanicek and Kramer 1969). Similar to other clgselatedGila species, bonytail probably
spawn in rivers in spring over rocky substratesyspng has been observed in reservoirs over
rocky shoals and shorelines. It has been recbgpgthesized that flooded bottomlands may
provide important bonytail nursery habitat. Of fis;gecimens captured most recently in the
upper basin, four were captured in deep, swiftkyaranyons (Yampa Canyon, Black Rocks,
Cataract Canyon, and Coal Creek Rapid), but thie s taken in Lake Powell. Since 1974, all
bonytails captured in the lower basin were caugheservoirs.

Threats to the Species

The primary threats to bonytail are stream flonutagion and habitat modification (affecting
constituent elements: water and physical habitatppetition with and predation by nonnative
fishes; hybridization with other nati&la species; and pesticides and pollutants (USFWS
2002d) (affecting constituent element: biologicatieonment). The existing habitat, altered by
these threats, has been modified to the extentttimapairs essential behavior patterns, such as
breeding, feeding, and sheltering. The threatmtoytail in relation to flow regulation and
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habitat modification, predation by nonnative fishesd pesticides and pollutants are essentially
the same threats identified for Colorado pikeminndwreats to bonytail in relation to
hybridization are essentially the same threatstified for humpback chub.

Management actions identified in the recovery gé@®onytail (USFWS 2002d) to minimize
or remove threats to the species included:

» provide and legally protect habitat (including floegimes necessary to restore and
maintain required environmental conditions) necgstsaprovide adequate habitat
and sufficient range for all life stages to suppedovered populations;

* provide passage over barriers within occupied habotallow unimpeded movement
and, potentially, range expansion;

* investigate options for providing appropriate waemperatures in the Gunnison
River;

* minimize entrainment of subadults and adults a¢mdivvn/out-take structures;

» investigate habitat requirements for all life seaged provide those habitats;

* ensure adequate protection from overutilization;

* ensure adequate protection from diseases and fesasi

* regulate nonnative fish releases and escapemerthiatmain river, floodplain, and
tributaries;

» control problematic nonnative fishes as needed,;

* minimize the risk of increased hybridization amd@sita spp.;

* minimize the risk of hazardous-materials spillgiitical habitat; and

* remediate water-quality problems.

Status of Bonvtail and Critical Habitat in the AxtiArea

Bonytail were extirpated between Flaming Gorge avuh the Yampa River, primarily because
of rotenone poisoning and cold-water releases ftedam (USFWS 2002c). Surveys from
1964 to 1966 found large numbers of bonytail in@reen River in Dinosaur National
Monument downstream of the Yampa River conflueManicek and Kramer 1969). Surveys
from 1967 to 1973 found far fewer bonytail (Holdmmd Stalnaker 1975). Few bonytail have
been captured after this period, and the last decbcapture in the Green River was in 1985
(USFWS 2002d). Bonytail are so rare that it igently not possible to conduct population
estimates. A stocking program is being implemetdegestablish populations in the upper
Colorado River basin.

In the Green River, Vanicek (1967) reported thatybails were generally found in pools and
eddies in the absence of, although occasionallycadi to, strong current and at varying depths
generally over silt and silt-boulder substratesulAtonytail captured in Cataract, Desolation,
and Gray Canyons were sympatric with humpback ahghoreline eddies among emergent
boulders and cobble, and adjacent to swift curféaldez 1990). The diet of the bonytail is
presumed similar to that of the humpback chub (USR2002d).

The only known bonytail that presently occur in ¥empa River are the individuals recently
reintroduced at Echo Park, near the confluence thiglGreen River. In July of 2000
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approximately 5,000 juveniles (5 to 10 cm) werekta. Between 1998 and 2003, the number
of bonytail stocked in the Green River subbasin %88438 fish, with majority of the fish being
juveniles at the time of stocking.

Critical habitat for bonytail includes canyon reaslof the Green River (Whirlpool, Split
Mountain, Desolation, and Gray Canyons), which Haeen affected by stream flow regulation.
However, Whirlpool and Desolation Canyons havemdgdeen invaded by high numbers of
smallmouth bass changing the biological environnog¢gtitical habitat.

Although sufficient information on physical procesghat affect bonytail habitats was not
available to recommend specific flow and temperategimes in the Green River to benefit this
species, Muth et al. (2000) concluded that flow temdperature recommendations made for
Colorado pikeminnow, razorback sucker, and humploack would presumably benefit
bonytail and would not limit their its future recay potential.

Ute Ladies’-Tresses

Species/Critical Habitat Description

The Ute ladies’-tresses is a perennial orchid (fa@rchidaceae). Its leaves are up to 1.5 cm
(0.6 in.) wide and 28 cm (11 in.) long; the longesives are near the base. The usually solitary
flowering stem is 20 to 50 cm (8 to 20 in.) tadlirhinating in a spike of 3 to 15 white or ivory
flowers. Flowering is generally from late July tbgh August. However, depending on location
and climatic conditions, it may bloom in early Jolymay still be in flower as late as early
October. No critical habitat has been designatedhie species.

Status and Distribution

The current range of Ute ladies’-tresses includeei@do, Idaho, Montana, Nebraska, Utah,
Washington, and Wyoming, with an historical occooein Nevada. Ute ladies’-tresses are known
from 11 counties in Utah, and 10 counties in Calora

Populations of Ute ladies’-tresses orchids are knfyram three broad general areas of the interior
western United States: near the base of the easltgye of the Rocky Mountains in southeastern
Wyoming and adjacent Nebraska and north-centracanttal Colorado; in the upper Colorado

River basin, particularly in the Uinta Basin; andhe Bonneville Basin along the Wasatch Front

and westward in the eastern Great Basin, in naetitral and western Utah, extreme eastern Nevada,
and southeastern Idaho. The orchid has recently biscovered in southwestern Montana and in
the Okanagan area and along the Columbia Riveoritn+tentral Washington.

Life History

Ute ladies’-tresses orchid is endemic to moistssoilwet meadows near springs, lakes, or perennial
streams. The range in elevation of known Ute Edrmesses orchid occurrences in Utah is from
1,300 to 2,100 meters (4,300 to 7,000 feet) (Si@83). The orchid occurs along riparian edges,
gravel bars, old oxbows, high flow channels, andstto wet meadows along perennial streams. It
typically occurs in stable wetland and seepy aasasciated with old landscape features within
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historical floodplains of major rivers. It is almund in wetland and seepy areas near freshwater
lakes or springs (U.S. Fish and Wildlife Servic®2B, L. Jordan, U.S. Fish and Wildlife Service,
pers. comm., 1998). Jennings (1990) and Coyn&9)18bserved that Ute ladies’-tresses orchids
seem to require “permanent sub-irrigation,” indiegta close affinity with floodplain areas where
the water table is near the surface throughougtbeing season and into the late summer or early
autumn. This observation has been corroborategtdiynd water monitoring research conducted in
Dinosaur National Monument (Martin and Wagner 19®ulder, Colorado (T. Naumann, City of
Boulder Open Space Department, pers. comm., 1888)Diamond Fork Canyon, Utah (Black
1998). Soils are generally silty-loam, but occooes in peat and other highly organic substraies ar
known (Hreha and Wallace 1994, L. Jordan, U.S. &ish Wildlife Service, pers. comm., 1998).

The Ute ladies’-tresses orchid occurs primarilgieas where the vegetation is relatively open and
not overly dense or overgrown (Coyner 1989 andidgsri989, 1990). A few populations in
eastern Utah and Colorado are found in ripariandlaowls, but generally the species seems
intolerant of shade, preferring open, grass, sealge forb-dominated sites. Where colonies occur in
more wooded areas, plants are usually found oedfes of small openings and along trails. Plants
usually occur as scattered groups comprised ofvarféividuals (5 to 50) and occupy relatively

small areas within the riparian system. Howewage and dense colonies are known from several
of the more stable historic floodplain meadow s{&®ne 1993, L. Jordan, U.S. Fish and Wildlife
Service, pers. comm., 1998).

The Ute ladies’-tresses orchid appears to be welpted to disturbance caused by water movement
through floodplains (T. Naumann, City of BoulderédpgSpace Department, pers. comm., 1992, L.
Riedel, National Park Service, pers. comm., 1994 riparian settings, the species is most typycal
found in mid-successional habitats (i.e. well elsthld soils and vegetation) within older floodplai
features (for example, oxbows and high flow chasineTl hese sites may receive periodic inundation
that helps maintain their hydrologic and vegetatibaracteristics. However, they are generally
scoured or significantly reworked by flows that ocat a frequency of approximately 10 years.

Very little is known about the life history and degnaphy of the Ute ladies’-tresses orchid. The
orchid first appears aboveground as a rosetteickehed grasslike leaves that is very difficult to
distinguish from other vegetation. A distinctivevier stalk appears in late summer (July
through September), at which point location, ide&rgtion, and population size estimates are
typically determined. Some individuals remain ungi®und or do not flower each year (Arft
1993). The percentage of flowering individuals ipapulation can range from 23% to 79%
(Ward and Naumann 1998). Thus, fluctuations imbers of observed flowering individuals do
not necessarily correspond to population fluctusttior indicate habitat alterations. The life
span of individuals is unknown.

Ute ladie&tresses orchid requires pollinators for reproductiBecause of the unique anatomy of
orchid flowers, only certain insects can affectipation. To date, both bumblebe&woinbus spp.)

and anthophorang\gthophora spp.) (Sipes and Tepedino, 1995a, 1995b) haveileatified as
species able to accomplish pollination. Theseciissasit the orchids for the nectar and pollinatio

is accomplished incidentally. Because these milhirs require both pollen and nectar to nourish
their young, other flowering species (that proyidden) must also be available in the same area and
at the same time. Furthermore, these insects mawst suitable habitat nearby.
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Population estimates are generally based uponaigsrs of flowering individuals, although on
occasion it is possible to observe and count noweting individuals that have produced vegetative
aboveground growth (basal rosette). Informatiorstablishment, recruitment, and longevity is
lacking. Therefore, it is usually undeterminableether a marked individual that fails to flower has
died or is merely dormant. Criteria have not bestablished for determining mortality based on the
number of seasons without appearance of aboveguansl

Apparent population numbers, based on floweringviddals, fluctuate greatly, confounding at
least short-term estimates of population trends. eikample, in Diamond Fork Canyon in Utah, one
colony was counted as 203 individuals in 1992 g@d#individuals in 1993. Another colony had
27 individuals in 1992, 615 individuals in 1993d&1 individuals in 1994 (Central Utah Water
Conservancy District 1998) The Van Vleet colohgZay of Boulder Open Space had nearly 5,500
flowering individuals in 1986, only about 200 in8A and over 3,000 in 1992 (Arft 1995). Without
a better understanding of life history and spemsponse to environmental factors, it would likely
require decades of monitoring at a site to detegrfong term population dynamics.

Although the range of the orchid is large, it tylig occurs as localized clusters of colonies. Mos
colonies are small, with fewer that 100 individyalsd many fewer than 10. A few colonies have
large numbers of individuals, in some cases betsg@®0 and 10,000 individuals, however, these
large colonies may be the only occurrence of tleidrin that portion of its range. In 1995, th@ato
estimated population size was 20,500 individu&lsth discoveries since 1995, population estimates
have increased. However, as of the date of thisment, the total population size of Ute ladies
tresses orchid is estimated at less than 60,000 dlochls.

Threats to the Species

The Ute ladies’-tresses was federally listed asatened on January 17, 1992 (USFWS 1992b).
As stated and documented in the final listing rthés action was taken, in part, because of (1)
the threats of habitat loss and modification and&ause the orchid’s small population and low
reproductive rate make it vulnerable to other tteea

Threats to populations of Ute ladies’-tresses idelmodification of riparian habitats by
urbanization, stream channelization and other Hgdio changes, conversion of lands to
agriculture and development, heavy summer livesgwaking, and hay mowing during the
flowering period. Most populations are small antheuable to extirpation by habitat changes or
local catastrophic events (USFWS 1992b). Sevesabhc populations in Utah and Colorado
have been extirpated.

Status of Ute's Ladies-Tresses in the Action Area

A large number of colonies of Ute ladies’-tressesun along the Green River within Reach 1.
The occurrence of Ute ladies’-tresses is influertmgdver-channel geometry, hydrology, and
depositional and erosional patterns (Ward and NanmM&98). Surveys conducted in 1999
located colonies of Ute ladies’-tresses at 10 sité&ed Canyon, 23 sites in upper Browns Park,
and two sites in lower Browns Park (Grams et al2)0Surveys in 1998 had identified colonies
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at the two sites in lower Browns Park and at 8dssih Lodore Canyon (Ward and Naumann
1998). The numbers of Ute ladies’-tresses at tloesgions were generally low, ranging from
one to 50; however, several sites in Lodore Carrpmtained hundreds of flowering individuals.

Within Reach 1, most Ute ladies’-tresses occuhenpiost-dam floodplain and intermediate
bench geomorphic surfaces; both of these featoresed in response to Flaming Gorge Dam
operations (Ward and Naumann 1998; Grams et aR)20Be post-dam floodplain is a
relatively flat surface that is inundated annuély130 n#/s (4,600 cfs) flows, and averages 0.8
m (2.6 ft) above the elevation of base flow (2331800 cfs]). The intermediate bench which is
also a relatively flat surface, is higher in eléwat is a greater distance from the river margin,
and averages 1.9 m (6.2 ft) above base flow. Tteerrediate bench is inundated only by flows
that exceed powerplant capacity, such as occunr@é897 (244 r#/s [8,600 cfs]) and 1999 (308
m3/s [10,900 cfs]) (Grams et al. 2002). Nearly althé occupied sites in Red Canyon and upper
Browns Park occur at or just downstream of rapidsfites, and most occur on the intermediate
bench (Grams et al. 2002).

In Lodore Canyon, Ute ladies’-tresses occurs mostraonly on channel expansion cobble bars,
which are located downstream of tributary debnmssfaAs in Browns Park, Lodore Canyon
substrates supporting Ute ladies’-tresses typiaahsist of cobbles in a sand matrix or a sand
veneer over cobbles. Species associated with Qiesfatresses include wild licorice, redtop
(Agrostis stolonifera), marsh paintbrusiCastillgja exilis), sea milkwort Glaux maritima),

Western evening primros®énothera elata), and silverweed cinquefoiPbtentilla anserina)

(Ward and Naumann 1998). Otherwise suitable susfied have been invaded by tamarisk may
support few or no Ute ladies’-tresses.

Within Reach 2, Green River flows are stronglyueficed by flows from the Yampa River, and
suitable habitat for Ute ladies’-tresses is lesammon (Ward and Naumann 1998). In Island Park
and Rainbow Park, Ute ladies’-tresses typicallyusson post-dam floodplain and intermediate
bench surfaces, which are inundated more frequémly in Reach 1. In this portion of the river,
the post-dam floodplain averages 1.3 m (4.3 ftyvaldmase flow and is inundated at about

455 m¥/s (16,100 cfs), the post-dam 2-year flood. Therinediate bench averages 2.4 m (7.9 ft)
above base flow and likely is inundated by flowswa600 nd/s (20,000 cfs). Most occurrences
of Ute ladies’-tresses were found on surfaces amately 1 m (3 ft) above the 93%s (3,300

cfs) elevation. In this reach, nine colonies of Bidies’-tresses were found in Island and
Rainbow Parks in 1998, and two colonies were fdueldw Split Mountain Canyon (Ward and
Naumann 1998). An additional three colonies wetmibbelow Split Mountain Canyon in 1999
(Grams et al. 2002). Species associated with Uiesatresses in Reach 2 include wild licorice,
prairie cordgrassSartina pectinata), coyote willow, western goldenro8qlidago occidentalis),
common dogbane, common scouring rustu{setum hyemale), common reed, and marsh
paintbrush. Although terraces dominated by Frensotibnwood and box elder are generally too
dry for Ute ladies’-tresses, and average 4.2 nftjlabove base flow, a small colony of Ute
ladies’-tresses (about 20 individual plants) wasited on such a terrace in Island Park. The site
showed no evidence of inundation (Ward and Nauni®98). No Ute ladies’-tresses have been
found in Reach 3.
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ENVIRONMENTAL BASELINE

The environmental baseline represents the pagpr@sént impacts of all Federal, State, or
private actions and other human activities in doaa@rea, the anticipated impacts of all
proposed Federal projects in an action area theg alseady undergone formal or early section 7
consultation, and the impact of State or privateas that are contemporaneous with the
consultation in process (USFWS and NMFS 1998b)irBnmental baselines do not include the
effects of the Federal action(s) under review aa¢bnsultation. As such, the environmental
baseline for this biological opinion is represengdhe current physical and biological
conditions within the Green River. For the purgosgthis consultation baseline hydrology is
considered to be those flows that would be reletseaeet the flow objectives for the 1992
FGBO which has also been defined as the No Actilberdative in the FGEIS. The hydrologic
model developed by Clayton and Gilmore (2002) mtesithe baseline flow conditions for the
Green River under existing (No Action) conditiomgldhe proposed action.

The current condition of the physical environmamd atatus of the listed species considered in
this opinion also reflect the effects of past andaing activities and events. Consequently, the
description of the environmental baseline presehezdin includes a description of the changes
that have occurred in the environment (includingsthresulting from flow regulation) and how
those changes have affected listed species andhitgiats.

General Description of the Green River subbasin

The Green River subbasin occupies a total area®B800 ki (45,000 m#) in Wyoming,
Colorado, and Utah. The Green River originateiéWind River Range of Wyoming and
flows south about 1,230 km (764 mi) through Coloradd Utah, joining the Colorado River in
Canyonlands National Park. The Green River isdhgelst tributary of the Colorado River.
Nearly half of the flow of the Colorado River & tonfluence with the Green River is from the
Green River subbasin.

Precipitation varies considerably across the GRigar subbasin. In the semiarid rangelands,
which make up most of the basin’s area, annualitation is generally less than 25 cm

(20 in.). In contrast, many of the mountainous sutéat rim the upper portion of the basin
receive, on average, more than 1.0 m (3.3 ft) etipitation per year.

Most of the total annual stream flow in the GreeveRsubbasin is provided by snowmelt.
Because of this, natural flow is very high in lapging and early summer and diminishes rapidly
in midsummer. Although flows in late summer throaghumn can increase following rain
events, natural flow in late summer through wingegenerally low.

Dams and reservoirs have been constructed in gia bainly to supply water for irrigated
agriculture. The largest depletion in the GreeneRaubbasin occurs in the Duchesne River
Basin. In addition to depleting flow volume, resarg modify the pattern of flow in the Green
River to meet demands of irrigation, power generatrecreation, and other uses. Of the
reservoirs in the basin, Flaming Gorge, which igatde of storing approximately twice the
annual inflow, has the largest effect on Green Riilosv patterns.
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Historic and current operations of Flaming GorgenD®ave reduced the sediment load in the
river downstream. This reduction results primafiitym the presence of the dam, which traps
sediment. Following completion of the dam, André®@386) estimated that mean annual
sediment discharge at the USGS gage near Jenssm,ddicreased by 54% compared with the
average annual pre-dam suspended sediment loadai8inthe decrease in mean-annual
sediment load at the USGS gage near Green Rivah, Wias estimated to be 48% following
completion of Flaming Gorge Dam (Andrews 1986). Aaves (1986) also noted that the
decrease in mean annual suspended sediment Idadsan is approximately equal to the
incoming sediment load to Flaming Gorge ResenAtiGreen River, Andrews (1986) noted
that the decrease in suspended sediment load fajoveservoir closure greatly exceeded the
amount of sediment trapped in the reservoir. Sedinméow to the Green River downstream
from the Duchesne River exceeds the transportcirsnt out of Reach 3 (Andrews 1986).

Description of the Green River Downstream of Flamig Gorge Dam

The longitudinal profile of the Green River dowmestm from Flaming Gorge Dam includes

steep- and low-gradient segments, and the gradi¢étiiese segments do not systematically
decrease in a downstream direction. In generakdmaient reaches of the river have sandy
substrates, while steeper-gradient segments havelgsr cobble substrates (Schmidt 1996).

Reach 1, between Flaming Gorge Dam and the Yame Ronfluence, is about 104 km

(65 mi) long (Figure 1). Reach 1 is straight to niing and, with the exception of Browns
Park, tightly confined by the adjacent steep-watladyon topography of Red Canyon and
Lodore Canyon. Except for usually minor flow cobtriions from tributary streams, flow in
Reach 1 is completely regulated by Flaming GorgsDBhe mean annual discharge (about
60 m¥/s [2,100 cfs]) has not been affected by Flamingg@@am operations, but the pattern of
flow has changed. Prior to regulation, the seastoalpattern for Reach 1 featured high spring
flows and low summer, autumn, and winter base fldRedeases for power generation have
resulted in relatively more uniform monthly releasdumes but greater within-day variation.

Reach 2, between confluences with the Yampa Rivé\ehite River, is about 158 km (98 mi)
long (Figure 1). This reach is relatively long andandering, with numerous segments that have
different geomorphic characteristics. Includedhis reach are Whirlpool Canyon, Rainbow
Park, Island Park, Split Mountain Canyon, and the/eal areas of the Uinta Basin. Bed

materials range from cobbles to sand, and vegetateédinvegetated islands are common. The
Uinta Basin portion of Reach 2 contains importamsery habitats for the Colorado pikeminnow
(in-channel backwaters) and razorback sucker (iatewtifloodplains). Reach 2 exhibits a more
natural flow and sediment regime than Reach 1 ksecatiinputs from the relatively unregulated
Yampa River. Despite this input, the magnitudehefinean annual flood at the Jensen gage has
decreased 26% since closure of Flaming Gorge Dé&m.YBmpa River adds about 1.7 million
metric tons (1.9 million tons) of sediment to thee@ River annually.

Reach 3, between the White River and Colorado Rigafluences, is about 394 km (245 mi)

long (Figure 1). The White and Duchesne Rivershatupper end of Reach 3, add considerable
sediment (about 4.4 million metric tons or 4.9 failltons per year) to the Green River. A
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portion of the flow of the Duchesne River is dieetout of the Green River subbasin. Before
entering Desolation and Gray Canyons in Reache3Giieen River meanders through the Uinta
Basin. Numerous sandbars occur in this portiomefreach at low flow, and low-elevation
floodplain areas are prominent. In Desolation anay&anyons, gravel bars are abundant, and
many of the banks are composed of coarse debrsriaterial or talus. Recirculating eddies are
also prevalent, and there are many regions of atadlows in these canyons. The lower 148 km
(92 mi) of the Green River flows through the lovadjent Labyrinth and Stillwater Canyons.

Green River Flows

Flow in the Green River is dominated by snowmedt)ysequently, there was a great deal of
seasonal variability in the flow regime prior tgutation. Regulation has resulted in a reduction
of flows from April through July and an increasdlmws from August through March (Table 2).
Reach 1, whose flow is dominated by releases framifg Gorge Dam, has been most affected
(Figure 2). The effects of regulation are reduceReéaches 2 and 3, because intervening
tributaries, especially the Yampa River, contribilg/s with seasonal distributions that are less
affected by regulation. Nevertheless, flow vari@pih the system has been reduced in all three
reaches.

TABLE 2 Percent Change in Mean Monthly Flow of the Green Rier Because of Regulatio

Percent Change in Mean Flow

River Reach/Gage Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Reach 1/Greendale +8C +12C +24¢ +214Z +14% +8 -30 -50 -70  -46 +1€ 472
Reach 2/Jensen +52 471 +140 +121 +82 +6 -13 -17 35 -32 +10 +54
Reach 3/Green River+31 +39 +89 +83 +53 +6 -10 -13 -27  -28 +2 +34

The magnitude of annual spring peak flows has beeuced since construction of Flaming
Gorge Dam(Figure 2). Before construction of Flam@wrge Dam, median spring peak flow in
Reach 1 was about 3333%m (11,700 cfs); it was reduced to about 83sni3,000 cfs) after the
dam was built. Releases greater than 28 1§7,000 cfs) have occurred five times since thad
was completed; such releases occurred in 1983, 19846, 1997, and 1999. The Flaming Gorge
hydrology model (Clayton and Gilmore 2002) predictieat under baseline operations to meet
the requirements of the existing 1992 FGBO, saézeation of water from the reservoir during
wetter years would necessitate use of the bypaes tn 23% of all years and use of the spillway
in 5% of all years.

The frequency of high peak flows also has beenaediby regulation. The difference between
regulated and unregulated flows is greatest in Réawith effects of regulation diminishing
downstream (Figure 2). At the Jensen gage (Reath&@nedian peak flow was 66$/s
(23,625 cfs) without regulation and 448/m(15,820 cfs) with regulation (Table 3). At the
Green River gage (Reach 3), the median peak fl@bkan reduced from 788w (27,800 cfs)
to 575 nd¥/s (20,300 cfs). The percent reduction in peak $lasyorovided in Table 5.
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The duration and timing of peak flows have alsonbaféected by regulation. Unregulated flows
of 475 and 575 #is (16,800 and 20,300 cfs) were exceeded at tre=deyage 8% and 4% of the
time, respectively. With regulation, however, these flows are exceeded only 3% and 1% of
the time. On average, peak flows now occur eari¢ne year than they did before regulation.

For Reaches 2 and 3, regulated peak flows generediyr about a week earlier than unregulated
peak flows.

TABLE 3 Probabilities of Exceedance for Regulate@nd Unregulated Flows of the Green River
at the USGS Stream Gages near Jensen (Reach 2) dhaken River, Utah (Reach 3), 1963-1996

Probability of Recurrence  Flow at Jensen Gage $ap Flow at Green River Gage &)
Exceedance Interval

(%) (years) Regulated Unregulated Regulated Unregulated
50 2 448 669 575 788
20 5 618 934 836 1,132
10 10 727 1,076 1,003 1,321
20 827 1,192 1,158 1,477
100 1,045 1,396 1,495 1,753

a To convert from r#'s to cfs, multiply by 35.3.

TABLE 4 Percent Reduction in Annual Peak Flows ofhe Green River because of Regulatio
at Various Exceedance Values, 1963996

Percent Flow Reduction Because of Regulation aiovar® Exceedance Values

River Reach/Gage 10 20 30 40 50 60 70 80 90
Reach 1/Greendale -61 -73 -70 -67 -63 -61 -60 -58 52 -
Reach 2/Jensen -32 -34 -34 -34 -33 -32 -30 -28 -23
Reach 3/Green River -24 -26 -27 -27 -27 -26 -25 -23 -19

About 70% of the annual natural flow of the GreaweiRoccurs between April and July as a
result of melting snow. During the remainder of ylear, natural flows (base flows) are generally
low. The source of unregulated base flows is predataly groundwater, with occasional
augmentation by rain and snowmelt. Regulation Aecestablishment of the 233t (800-cfs)

minimum release from Flaming Gorge Reservoir hagelted in higher base flows than
occurred pre-dam.
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Although unregulated base flows in the Green Rarergenerally considered stable, variability
in flows occurs during the base-flow period evethait hydropower-induced fluctuations.
Variability can occur at a number of different tiseales, including between years, within years,
between days, and within days. Between-year vdit\abi base flows is largely related to
annual hydrologic conditions, with higher base fliovwvetter years than in drier years. Within-
year variability in base flow as measured at thesde gage in Reach 2 was higher during the
pre-dam period (48% coefficient of variation [C\an during the post-dam period (25% CV).
Variability during both pre-dam and post-dam pesiogs less in the winter (December through
February) than in the summer and autumn (Augusttyir November). During the pre-dam
period there was less within-year variability imedryears than in wetter years. Between-day
differences in base flows were about 3% (range, &886) pre-dam and 5% (range, 0 to 139%)
post-dam.

Water-surface elevation (stage) is dependent om thait the nature of that relationship varies
along the river and is strongly influenced by crelrmorphology. Stage-flow relationships at the
Greendale, Jensen, and Green River gages are fg@sefrigure 3. This figure illustrates the
differences in the relationship at these diffefenations and the asymptotic nature of each
relationship (i.e., as flow increases, the relatngzemental increase in stage lessens).
Differences in channel width and floodplain chaesistics at each location are reflected in the
shape of the curves depicted in Figure 3. The is/eonsiderably wider at the Jensen and Green
River gages than at Greendale; consequently, asifflcreases, the rate of stage change at
Jensen and Green River gages is less than thatréte Greendale gage.

Variations in channel morphology along the rived émbutary inputs serve to dampen flow and
stage fluctuations that result from hydropower apiens at Flaming Gorge Dam. The degree of
attenuation of operations-induced fluctuations alspends on specific release parameters,
including the ramp rate (the rate of change fromimim and maximum flow expressed as
m3/s/h or cfs/h), minimum and maximum flow levelsdaturation of peak releases. This
dampening, or attenuation, becomes greater atasitrg distances from the dam.

Immediately downstream of Flaming Gorge Dam, flmaa change from 23 3s to 130 /s

(800 to 4,600 cfs) within a 24-hour period duringximum power-plant-capacity operations.
This daily fluctuation would become attenuated dstigam, and, under the same operational
regime, flows would vary from 62.3 to 141.6s1(2,200 to 5,000 cfs) at the Jensen gage. These
releases would produce daily stage changes of I5fthat Greendale and 0.6 m (2 ft) at
Jensen (Yin et al. 1995). During August and Sepemiperations that comply with the 1992
FGBO produce flows within a day that vary from 286 n#/s (1,000 to 3,000 cfs) at Greendale
and 38 to 48 ®is (1,300 to 1,700 cfs) at Jensen. These daily @oanges produced stage
changes of 90 cm (36 in.) at Greendale and 10 am)4t Jensen (Yin et al. 1995). Further
attenuation occurs between Jensen and Ouray irhReand hydropower-related fluctuation
effects are difficult to detect by Green River, kitan Reach 3.
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FIGURE 3 Relationships between Stage and Flow imé Green River
at the USGS Stream Gages near Greendale, JensenddBreen River,
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Green River Water Temperatures

Winter snows accumulate in the Green River subdasin October through mid-April. When
air temperatures in the basin begin to rise in Maued April, snowmelt and runoff begin. As

flow increases, the cold water gets warmer asudtresinteractions with the channel bed, the
atmosphere, and direct solar radiation.

Summer water temperature is important to the ereltaddishes because temperature affects the
productivity of the aquatic food base, growth and/val of larval fish, and conditioning of

adult fish. Summer water temperature is a funatibspecific weather conditions and the

volume and temperature of releases from Flamingg&8ram during this period.

As a general rule, in water yedsgith more snowmelt and runoff, the water tempeeguemain
colder into summer. Water years in which snowmedt minoff occur early (such as in water

2 A“water year” begins on October 1 and extendsubh September 30 of the next calendar year.
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year 1962, when the peak flow occurred from mid#Aprmid-May) are exceptions. During
water year 1995, which had a high volume of watihn Wong peak-flow duration, water
temperatures stayed low well into July. During watears with less water, water temperatures
get warmer earlier in the season because base #ieisw and are reached earlier in the year.

The dominant factor influencing water temperatar®each 1 is the temperature of water
released from Flaming Gorge Dam. Release temperest@djusted through the use of a
selective withdrawal structure. During typical venbperations, water is drawn from deep
within the reservoir. Released water {€439°F) and is the warmest available at this tihe
year. During spring (beginning in late May), warmaater from nearer the surface is released.
Reservoir operators adjust the withdrawal systefmtba layer of water with a temperature of
13°C (55°F) throughout the summer, so that a cons¢éamperature of release water is
maintained until mid-October, when the releasecewiatcolder. Because temperatures of water
that can be released through the selective witharatsucture are affected by the rate at which
the reservoir stratifies and warms, releases thralg selective withdrawal structure are cooler
from June through August than pre-dam water tentpesgin the Green River, but are warmer
during September and October. During the autumnnearelease temperatures persist later
than would have occurred in the river before tha deas constructed.

Air temperature strongly affects water temperathte this effect is influenced by flow volume
(Bestgen and Crist 2000). At higher flows, the wadeslower to respond to air temperatures than
it is at lower flows. Thus, in summer, higher flotesid to be colder and slower to warm than
lower flows. The influence of ambient air temperatincreases in importance in a downstream
direction. Because ambient air temperature has aslatge effect, annual variations in regional
weather patterns play an important role in deteimgithe thermal regime of the Green River
downstream of Flaming Gorge Dam.

As the river flows through Browns Park, it widemglavater temperature increases. From
Browns Park, the river enters Lodore Canyon, whiaf a north-south orientation that limits
exposure to direct solar radiation. Summer wataptgature in the Green River from the Gates
of Lodore to the confluence with the Yampa Rivgri¢glly increases abouf@ (4°F) as the

rock mass of the canyon radiates heat to the dimanter.

Thermal mixing at the confluence of the Green aadga Rivers is seasonally dynamic and has
an important effect on Green River water tempeestuduring winter, water released from
Flaming Gorge Dam is warmer than Yampa River watkhough the Yampa River begins to

get warmer in spring, temperature in the Green Remnains low and stable as a result of cool
Flaming Gorge Dam releases. From the beginningmig runoff through mid-summer, the
temperature of the Green River downstream of tidlwence is strongly influenced by the
temperature of the relatively large spring flonenfrthe Yampa River. During late summer, the
situation reverses as the temperature is controlettie cooler, higher-volume releases from
Flaming Gorge Dam.

From the Yampa River confluence, the Green Riv@vdlwest into Whirlpool Canyon and then

into Island and Rainbow Parks. Water temperatweeases in Island and Rainbow Parks during
the summer because the river slows down and spoedadsxposing the water to a large channel
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and radiant solar energy. From Rainbow Park, ther drops into Split Mountain Canyon, where
it is shaded by canyon walls and where its watiroity increases. Consequently, the water
temperature changes little through this canyon.Gheen River enters the Uinta Basin near
Jensen, Utah. Through this broad alluvial arearittez spreads out into a wide meandering
channel, and, during summer, the water temperé&tufger increases.

The Duchesne and White Rivers join the Green Riear Ouray, Utah, but do not appreciably
change the temperature of the Green River. Semelas downstream from the confluence of the
Green River with the White and Duchesne RiversGheen River enters Desolation and Gray
Canyons, where diel fluctuations in water tempeetwe moderated by warmth from the canyon
walls radiating to the air and water at night.

Downstream from Gray Canyon, the Green River ergesscond large alluvial plain, where the
city of Green River, Utah, is located. The riveaohel widens in this area, water velocity
decreases, and water temperature increases sliBelgw Green River, the increase in solar
radiation is significant; day and night temperasusiee higher and the river is warmer here than
upstream.

Flaming Gorge flow and temperature recommendatibhgh et al. 2000) state that
temperatures in upper Lodore Canyon should realdast 18 C (64 F) for two to five weeks at
the beginning of the base flow period and that GiRrer water temperatures should not be
more than 5 C (9 F) colder than water from the YarRpver at the confluence of the Green and
Yampa Rivers during the summer base flow periodxiMam daily water temperatures in
Browns Park have occasionally met or exceeded&he (64 F) target during June, July, and
August, but only in July was the temperature tanget or exceeded on more than 10% of days.
Water measurements made in the Green and YampesRigar the confluence since 1998
indicate that the mean difference between watepégaiures of the two streams at the
confluence was less than 5 C (9°F) during the nwatldune through July. However, maximum
differences during all months exceeded 5 C (9 F).

Geomorphic Processes in the Green River

Channel Morphology

The Green River downstream of Flaming Gorge Dansistgof a series of linked segments of
three channel planform types without a systematiergtream change from one planform to the
next. The channel planform types are restrictednoes, fixed meanders, and canyons with
abundant debris fans.

Restricted meanders occur in broad alluvial tesdbat are bounded by relatively more resistant
geology. Valleys in which restricted meanders o@errelatively wide (greater than 1.5 km [1
mi]), and only the outside bends are in contachWwedrock. Restricted meanders occur in
Reach 1 (Browns Park) and much of Reach 2.
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Fixed meanders are confined by resistant geolodyotim outside and inside bends and result
from symmetrical incision associated with rapid dowutting through the geologic formation.
Labyrinth Canyon in Reach 3 is characterized bgdimeanders.

Typical elements of fixed and restricted meandeckide the channel, vegetated islands,
unvegetated bank-attached compound bars, unvegésiad-attached compound bars, and
unvegetated mid-channel compound bars. Permarantissare less common in fixed meanders
than in restricted meanders. In-channel depositsyaically sand, although gravel bars
sometimes occur. Typically, bank-attached compdard occur on alternating sides of the
river. Shoreward from these bars is the vegetdtediplain at the edge of the “bankfull” channel
(i.e., the channel that can accommodate stream\iitmout overtopping the banks), and
streamward from the bars is the meandering thalweg.

At low discharge, exposed compound bars have agutar topography caused by chute
channels that dissect the bar platform. Chute aflarare oriented in a downstream direction,
crossing from the streamward to shoreward sideeatipstream end of the bar and from the
shoreward to streamward side at the downstreanokthe bar. The topography of a bar is more
complex where there are more chute channels. Aesites and in some years, secondary bars
become attached to the shoreward margins of thespaund bars. At the downstream end of
most compound bars, chute channels may converg®mn# persistent and deep secondary
channel that separates the downstream end of thpazond bar from the floodplain. The
remainder of the bars consists of broad, levefqiats and linear ridges that may be partly
vegetated.

As flow recedes from the annual peak dischargéhdriglevation portions of the bar platform
are exposed, and small areas of separated flowagewethe lee of these islands. At these
discharges, chute channels actively transport sEdinldpon further recession of flow, chute
channels at the upstream end of the compound lcanteexposed, and flow in the secondary
channel ceases. Thereafter, the secondary chamc@ines an area of mostly stagnant water.
These low-velocity areas (backwaters) provide irtgparnursery habitats for larval fish,
especially the Colorado pikeminnow.

Canyons consist of relatively straight sectionsdr with resistant geology on both sides of the
river. Debris fans are areas of coarse sedimergsitspat the mouths of tributaries; these
sediments are delivered to the main channel duniglg-flow events in tributaries. In canyons,
debris fans form a sequence of conditions thatohes (1) a slack-water area upstream from the
debris fan, (2) a channel constriction at the detam, (3) an eddy or eddies and associated bars
in the expansion area downstream from the fan(&nhd downstream gravel bar (Schmidt and
Rubin 1995). These debris fan-eddy complexes axigte mouths of nearly all tributaries.
Downstream of Flaming Gorge Dam, canyons with abahdebris fans include Lodore Canyon
(Reach 1), Whirlpool and Split Mountain Canyonsdgte2), and Desolation and Gray Canyons
(Reach 3).

Many debris fans in Desolation Canyon (Reach 3)aage. Only the small, active portion of the
fan delivers sediment that restricts flow and causpids and eddies in the modern channel,
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whereas the main portion of the debris fan is sgeléhat it acts more like a meander bend as the
river flows around the fan (Orchard and Schmidt®00

Within a particular reach, shoreline complexitaitected by sediment-deposition processes and
geologic conditions. Consequently, shoreline comiptevaries considerably among different
planform types. An understanding of shoreline camipy is important because it affects the
distribution and suitability of habitats, includibgckwaters and other low-velocity habitats used
as nursery areas by the endangered fishes, edpé&nddrado pikeminnow and humpback chub.

Shoreline complexity is greatest at those discleavwgeen the bar surface is partly inundated and
where chute channels are inactive. At a very lasrrstage, complexity is determined by the
topography of the bar margins, which are typicaiiypler in shape than are the upper-bar
surfaces. When higher discharges inundate theuntace, complexity is determined by the
planform of the floodplain edge. Olsson and Schr{fi8©3) showed that the elevation of
greatest shoreline complexity changes from yegeto because the elevation and topographic
complexity of bars change depending on the hydrolaggime during spring runoff.

Restricted meanders have considerable shorelinpleaity at bankfull discharge because of the
presence of vegetated mid-channel islands. In asitlixed meanders have relatively little
available habitat at bankfull discharge becausd#mks are relatively smooth and there are few
permanent mid-channel islands. At intermediateestagomplexity increases dramatically, and
some segments have significantly more complexiy thther segments. At a very low stage,
there is little difference in habitat complexitytiwveen fixed and restricted meanders, but these
segments have higher habitat complexity than can{8ohmidt 1996).

Except at very low flow, shoreline-complexity indgccan be relatively high in canyons with
abundant debris fans. In contrast to alluvial reaclwhose banks typically have smooth
transitions from one orientation to another, defarssegments have banks that are composed of
coarse, angular deposits where bank orientations $taarp angles. These divergences give rise
to low-velocity habitats even at high river stage.

An important component of shoreline complexity ackwater habitat, which comprises areas of
low or no velocity that serve as important nurdeaipitats for young fishes. After the 1987
spring peak, Pucherelli et al. (1990) found thatttital area of backwater habitat in Reach 2 was
maximized at flows between 37 and 58&$1(1,300 and 1,900 cfs). The relationship to faw

two study areas within Reach 3 was less clearrlmeasurements made by Bell (undated)
indicated that flows that optimized habitat avaiiapvaried from year to year, and that annual
peak flows had an important influence on the refeghip between habitat availability and flow.
Rakowski and Schmidt (1999) supported Bell's fimgirand concluded that establishing a single
target flow intended to maximize habitat availakiBvery year is inappropriate because bar
topography, and therefore habitat availability,radpes annually in response to the passage of
peak flows.

Eddies are another important component of low-uid@bitat in the Green River, but these

habitats form behind geomorphic features (e.g.ridéans, large rocks) that are more resistant
than sediment bars to annual peak flows. In Deisoland Gray Canyons, increases in flow
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change the distribution and type of eddy habitasent, but the total area of eddy habitat
changes little (Orchard and Schmidt 2000). At ameig flow, approximately 25% of the
shorelines occur within eddies.

Although the availability of low-velocity shorelifebitat apparently changes little in Desolation
and Gray Canyons with changes in flow, habitat ¢dents as determined by substrate
characteristics in those habitats may change ceradtly (Orchard and Schmidt 2000). Low
flows produce highly complex shoreline habitatswitostly bare sand and gravel substrates.
Higher flows submerge these bars and substantraigase the amount of inundated vegetation
along shorelines. The amount of talus shorelineslties peaked near 198/m(7,000 cfs) and
declined at higher flows.

Flooded side canyons also provide low-velocity tebiused by fish; the relationship between
the area of flooded side-canyon habitat and floRé&ach 3 was examined by FLO Engineering,
Inc. (1996). Flooding of side canyons begins asalthrge of about 1983s (7,000 cfs). At
greater flows, the area of flooded side-canyontaébicreases linearly until bankfull discharge

of 1,104 n¥/s (39,000 cfs) is reached; at this flow, only XBacres) of flooded side-canyon
area is available.

Sediment Dynamics

Sediment characteristics and dynamics are impoféairs that affect the availability and
quality of habitat for listed species. Flow patgehave an important influence on sediment
dynamics. Flow regulation reduces the dynamicsdirsent deposition and erosion patterns.
Each year, sediment deposits exposed during bass #re colonized by vegetation, and if
subsequent floods do not scour these areas, agsrotehannel narrowing and increasing bank
elevation can occur. At some point, this procesoimes difficult to reverse because older,
deeper-rooted vegetation is difficult to removeatiybut the most extreme flood events.

Andrews (1986) described a sequence of degradatiprilibrium, and aggradation downstream
from Flaming Gorge Dam that has developed in respon flow and sediment regulation by the
dam. The degrading portion of the Green River cehrwhere sediment outflow exceeds
sediment inflow, occurs just below Flaming GorgerDa Reach 1. Equilibrium conditions,
where sediment inflow equals sediment outflow, odcuReach 2. Aggradation, where sediment
inflow is greater than sediment outflow, occur&ieach 3, especially just downstream of the
confluences with the White River and Duchesne River

Andrews (1986) described channel narrowing in R&aah a response to changes in sediment
load and flooding caused by Flaming Gorge Dam djmers. He determined that, on average, the
channel had narrowed by 13% from 213 to 186 m (@08L0 ft) since dam closure and that
further narrowing would continue for another 30rge&yons et al. (1992) conducted additional
analyses and arrived at somewhat different cormhgsiTheir results indicated that, in Reach 2,
channel narrowing in response to construction efdam had stopped by 1974 and that a 6%
reduction from 217 to 204 m (712 to 670 ft) hadwoed. The large floods from 1983 to 1986
reversed some of this narrowing and produced arageechannel width of 208 m (680 ft), a 4%
reduction from pre-dam width.
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Merritt and Cooper (1998) examined channel chamgBsowns Park in Reach 1. Three stages
of channel change were identified. Stage 1 (chamaebwing and development of banks)
occurred initially after closure of the dam. St@gehannel widening, subaqueous bar formation,
braided channel) was observed from 1977 to 19%€eS8 (bar stabilization, fluvial marsh
development, and continued channel widening) has bbserved since 1994. Merritt and
Cooper (1998) projected that channel widening iovBrs Park could continue for several
decades but that coalescence of islands will leddrtnation of a smaller meandering channel
over a longer time span.

High releases in 1997 resulted in significant rettistion of sand in Lodore Canyon in Reach 1
and at least some reversal of the long-term trémth@annel narrowing and vegetation
encroachment (Martin et al. 1998). Measurementisaeld that sediment transport at 243sn
(8,600 cfs) was more than 3 times higher than sediinnansport at 130 3s (4,600 cfs).

Orchard and Schmidt (2000) determined that theyacthannel through Desolation and Gray
Canyons decreased an average of 19% since thenbegof the century. They identified two
episodes of channel narrowing as evidenced by swsurfaces along the channel. The
cottonwood terrace is an abandoned floodplaintiegan to stabilize between 1922 and 1936 as
a result of drier weather conditions. After closafé-laming Gorge Dam, a second lower surface
has become densely colonized by riparian vegetatiohis accumulating sediment through
vertical accretion. This process is continuing apgdears to be contributing to a loss of
in-channel fish habitat.

Allred (1997) studied channel narrowing and vettazretion at the Green River gage in Utah
and described the process by which in-channel dsgmscome stabilized. The stabilization
process includes the following steps: (1) emplace#raed accretion of a lateral bar as large
amounts of sediment are moved through the sys@nhpy flood magnitude in years following
bar emplacement; (3) rapid encroachment of riparegetation onto the exposed bar surface;
(4) stabilization of the bar through extensive reygtem development; and (5) continued vertical
accretion of the bar surface during periods of dation when existing vegetation captures
additional sediment.

Channel narrowing occurred at the Green River @age 1930 to 1938; rapid accretion

occurred from 1957 to 1962; and further narrowinguwred after 1962 (Allred 1997; Allred and
Schmidt 1999). That research indicates that chamarebwing occurred in response to weather
changes and as vegetation (primarily tamarisk)dedaand stabilized newly formed inset
floodplain deposits. The large floods of 1983 a@84Ldid not reverse the narrowing trend at this
site but instead resulted in the deposition ofreedits at higher elevations.

Cobble and gravel deposits free of silt and sargeferred spawning areas of the endangered
fishes, and the suitability of these areas for spagvis affected by sediment-transport and
depositional patterns. Two spawning areas have steeined to date: a bar used by razorback
suckers upstream of Jensen, Utah, in Reach 2, badused by Colorado pikeminnow at the
head of Gray Canyon in Reach 3. High flows areassible for forming both bars, and
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recessional flows clean the bars of fine sedinténts making them suitable for spawning by
these species (Wick 1997; Harvey and Mussetter)1994

Floodplain Inundation

Floodplains develop along rivers where the vallegifis extensively covered with alluvium.

The normal-flow channel, carved in the alluviumflasmked by this low-relief surface that
becomes part of the riverbed during high-flow pésio The natural integrity of large-river
ecosystems is dependent on this interaction (Weatoerh995, Junk et al. 1989 and Wydoski and
Wick 1998). Interrelations between overbank flawsl the floodplain provide a conduit for the
exchange of nutrients and maintain physical habgatponents of the system (Annear et al.
2004). Restricting river-floodplain interactiordreces the ecological integrity of the system and
limits the growth, conditions and abundance ofdsbependent on that environment. The
frequency and extent of floodplain inundation veoysiderably along the Green River, largely
in response to site-specific channel morphologglditing the presence or absence of natural or
manmade levees).

Irving and Burdick (1995) conducted an inventoaygkly on the basis of aerial photography, of
potential flooded bottomland habitats in the GrBarer. They determined that approximately
644, 3,500, and 3,300 ha (1,590, 8,650, and 8,&fpwere present in Reaches 1, 2, and 3,
respectively. In Reach 3, about 1,100 ha (2,708saavas present between the White River
confluence and Pariette Draw, and about 760 h8Q1a8res) was present in Canyonlands
National Park in the lower portion of the reacheThghest priority bottomlands for endangered
fishes are in Reach 2 and the upper portion of R8g&scalante Ranch to Pariette Draw).

In the Ouray portion of Reach 2, significant inutiaia of floodplain areas occurs at about 527
m3/s (18,600 cfs). At this flow, and with artificiEvees in place, a total of 514 ha (1,270 acres)
of floodplain area is inundated. The area of inteddabitat increases greatly as flow exceeds
527 n¥/s (18,600 cfs): 1,457 ha (3,600 acres) is inuntaté&75 /s (20,300 cfs); 3,238 ha
(8,000 ac) at 643 #fs (22,700 cfs); and 3,561 ha (8,800 acres) a8 (26,400 cfs) (FLO
Engineering, Inc. 1996). Recently, removal or migdifon of artificial levees in important
habitat areas has allowed flooding to be initiseflows of 368 /s (13,000 cfs).

Most of the floodplain habitat in Reach 3 is lochite the upper portion of the reach just
downstream of the confluences with the White andH2sne Rivers, and this habitat is
contiguous with the floodplain habitats of Reaclnzhe upper portion of Reach 3 examined by
Bell et al. (1998), the total areas of floodplaimmdation were 265, 425, and 767 ha (655, 1,050,
and 1,895 ac) at 623, 680, and 928931§22,000, 24,000, and 32,500 cfs), respectivady,
measured at the USGS gage near Green River, Utah.

Floodplain habitats in Reaches 2 and 3 of the GRieer can be classified as depression
floodplains or terrace floodplains. Depression dplains are usually separated from the main
channel by an elevated levee (nhatural or constuiyieted typically retain water for a relatively
long time after river flows recede. Terrace floaip$ are sloping features that fill and drain with
changes in river stage (Valdez and Nelson 2004th Bbthese floodplain habitat types may
become inundated during annual spring peak flowdspravide a variety of direct biological
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benefits to the endangered fishes. Colorado pikeaw and razorback sucker utilize both types
of floodplain habitats for growth resting and cdrating, particularly for adult fish preparing to
migrate In addition both types of floodplain halstbut in particular depression floodplains
appear to provide nursery habitat for the razorlsaker (Birchell et al. 2002). Overbank flows
that inundate depression and terrace floodplaiitdtakalso provide allochthonus energy input to
the river system in the form of terrestrial orgamatter and insects that are utilized directly and
indirectly by the endangered fishes in the river.

As peak flows recede, depression floodplain h&bretain water at an elevation determined by
the elevation of associated levee features. Duhiadase-flow period, the amount of water in
depression floodplains will usually decrease dueviporation and percolation losses. The
length of time that water is retained in depres$ioodplains is often site-specific, and some
depression floodplains can hold water through onaare years. For these habitats, subsequent
spring peak flows of sufficient magnitude will recwct the floodplain to the main channel
before the water in the wetland has been deplétazbntrast, terrace floodplains drain as flows
recede; and therefore do not serve as nurseryabdbiitrazorback suckers once peak flows
recede.

Valdez and Nelson (2004) identified 16 prioritydtiplain sites (Figure 4) in the Split Mountain
to Desolation Canyon reach of the Green River (RQaand upper Reach 3) and evaluated the
potential importance of each of these sites aglbar sucker nursery areas. Important
floodplain characteristics considered by Valdez Bietson (2004) included the type of
floodplain (e.g., depression or terrace), the flawhich the floodplain becomes inundated, the
potential area of inundation, and the distance filoenknown razorback sucker spawning bar in
the Green River, which is located upstream in DasodNational Monument. Characteristics of
these priority floodplains for razorback sucker smenmarized in Table 6.
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TABLE 6 Floodplain Type, Connecting Flow, Inundatel Area, and Distance from the
Razorback Spawning Bar for Sixteen Priority Wetlands

o

Corresponds to numbered locations on Figure 4
D = depression, T = terrace

Inundated Area at  Distance from
Site Connecting Flow | Connecting Flow| Spawning Bar
No.? | Floodplain Site Typge (cfs) (ac) (river mi)
1 | Thunder Ranch D 13,000 330 5
2 | IMC T 18,600 4 8
3 | Stewart Lake D 7,500 570 11
4 Sportsman’s Lake D 20,000 132 14
5 Bonanza Bridge D 13,000 23 21
6 Richens/Slaugh T 18,600 45 25
7 Horseshoe Bend D 13,000 17 27
8 | The Stirrup D 13,000 20 36
9 Baeser Bend D 13,000 38 38
10 | Above Brennan D 13,000 41 45
11 | Johnson Bottom D 13,000 146 47
12 | Leota Ponds D 13,000 1,016 52
13 | Wyasket Lake T/H 18,600 850 55
14 | Sheppard Bottom D 25,300 1,350 58
15a | Old Charley Wash (Main) D 14,000 336 60
15b | Old Charley Wash (Diked) T 13,000 56 60
16 | Lamb Property T 18,600 463 70
a

¢ Inundation flows with notched levees as identified/iuth (2000). Valdez and Nelson (2004) repotteat levee
removal would allow inundation of the Thunder Rafiobdplain at 16,900 cfs.

depression, acts largely as a terrace floodplaaid&z and Nelson 2004).
¢ Although much of the area within Sheppard Bottons as terrace floodplain (Valdez and Nelson 200w),

entire area identified as floodable has been censita depression floodplain in this table.

Native and Nonnative Fishes of Flaming Gorge Resauir

Wyasket Lake has little potential to hold wateotighout the year and, except for a deep trenclaamdall

The fish community of Flaming Gorge Reservoir cetssof the following nonnative species:
lake trout Galvelinus namaycush), brown trout §almo trutta), rainbow trout Oncor hynchus

mykiss), cutthroat trout@ncorhynchus clarki), kokanee salmorOpncorhynchus nerka), white
sucker Catostomus commersoni), smallmouth bas3dMicropterus dolomieu), channel catfish

(Ictalurus punctatus), common carpQyprinus carpio),Utah chub Gila atraria), redside shiner
(Richardsonius balteatus), and the Bear Lake sculpi@dttus extensus). It also supports small
numbers of some native fish species, includingfémouth suckerGatostomus latipinnis),
mountain whitefishProsopiumwilliamsoni), and the mottled sculpit©ttus bairdi).

Since the reservoir was filled, rainbow trout haeen stocked annually, are the most sought-
after species by anglers, and provide the bulkeftarvest. Kokanee salmon and smallmouth
bass were stocked during the mid 1960s and haee dieveloped naturally reproducing
fisheries. After rainbow trout, kokanee salmontgpecally second in harvest and popularity
with anglers. Other sport fish occasionally stockethe reservoir include brown trout and
channel catfish.
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Lake trout, which drifted into Flaming Gorge frohetupper Green River drainage, have also
become established as a wild population. Lake @oeimanaged as a trophy fishery in Flaming
Gorge Reservoir. Regulations are designed to kaepttout numbers in balance with
populations of kokanee salmon and Utah chubs, ghiirary prey.

Smallmouth bass are found in rocky shoreline hathtaughout Flaming Gorge Reservoir. A
dense population dominated by smaller fish existsifthe dam north to Linwood Bay. From the
Antelope Flats area north, fewer but larger bass@md. Smallmouth bass in Flaming Gorge
Reservoir feed almost exclusively on crayfish. Tepgwn from late May through early July,
and during this period, mature fish move into shallvater. Smallmouth bass were introduced
into Flaming Gorge Reservoir to promote growth akénee salmon by reducing the Utah chub
population (Tuescher and Luecke 1996).

Native and Nonnative Fishes of the Green River

Twelve native fish species have been reported feanhes of the mainstem of the Green River
between Flaming Gorge Dam and the Colorado Rivefleence and from lower portions of the
river’s tributaries. This assemblage of fishesudels warm-water species that prefer or require
large-river habitats (e.g., razorback sucker anldi@do pikeminnow), species that prefer cool-
or cold-water streams or smaller river channels.(€olorado River cutthroat trout
[Oncorhynchus clarki pleuriticus], mountain whitefish, and mottled sculpin), anédps with
more generalized habitat requirements (e.g., raiinchiub [Gila robusta], speckled dace
[Rhinichthys osculus], and bluehead suckeCétostomus discobolus)).

Twenty-five nonnative fish species have been reggoifom the Green River between Flaming
Gorge Dam and the Colorado River confluence. THeshener Cyprinella lutrensis), common
carp, sand shineNptropis stramineus), fathead minnowRimephales promelas), channel

catfish, and smallmouth bass are widespread andnoonto abundant (Tyus et al. 1982; Jackson
and Badame 2002). Salmonids are generally restriot®each 1 and are most abundant in the
tailwaters of Flaming Gorge Dam.

Nonnative fishes dominate the ichthyofauna of tbéofado River Basin and have been
implicated as contributing to reductions in therilisition and abundance of native fishes as a
result of competition and predation (Carlson andhviif89; Lentsch et al 1996; Tyus and
Saunders 1996). Behnke and Benson (1983) attriititedominance of nonnative fishes to
dramatic changes in flow regimes, water quality] habitat characteristics. They reported that
water development has converted a turbulent, higatiable river system into a relatively stable
system, with flow and temperature patterns thatadd for the proliferation of nonnative fish
species. Hawkins and Nesler (1991) identified t@des, common carp, fathead minnow,
channel catfish, northern pikBgox lucius), and green sunfisl.épomis cyanellus) as the
nonnatives considered to be of greatest concerausef their suspected or documented
negative interactions with native fishes. Whitel&ranay affect populations of some species of
native suckers, including the endangered razorbacker, through hybridization.

Recently, considerable concern has been expresgatiing the potential for smallmouth bass
to adversely affect native fish populations, arelRecovery Program is currently evaluating
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methods to control this species in the Green Riserallmouth bass prey on native species,
especially young, and also compete with native fisHood and cover. They occur in Lodore
Canyon in small numbers (Bestgen and Crist 200@®),ilacrease in abundance further
downstream.

Riparian Communities

Riparian vegetation occurs along most of the GRieer below Flaming Gorge Dam. Riparian
vegetation is found along all portions of the riegcept in those areas where sheer rock walls
abut the river. Before construction of Flaming GoBam, the vegetation along the river
occupied two distinct zones (Fischer et al. 19B@arest the river, flooding occurred each year
during the spring, and plants in this flood zoneeygredominantly annuals or scour-tolerant
perennials such as wild licoric@lf/cyrrhiza lepidota), common dogbane\pocynum

cannibinum), and sedgesCarex spp.). Dominant species above the flood zone dexibox

elder Acer negundo), squawbushRhus trilobata), Fremont cottonwoodPppulus deltoides.
wislizenii), and coyote willow $alix exigua) (Holmgren 1962). After construction of the dam
and the elimination of annual floods, riparian vagien from adjacent riparian and upland areas
colonized much of the old flood zone. Species $pa¢ad by underground stems (such as wild
licorice, common reed?hragmites australis|, and scouring rustHeuisetum spp.]) formed dense
stands along the shoreline in some areas. Thests @@abilize sediment deposits, and this
process appears to be gradually making the chawamelwer and deeper with steep banks.

Below Flaming Gorge Dam, the Green River alteriyatelvs through narrow canyons and
broad valleys that support different riparian cormmitias. The moderate to steep slopes of
canyons are vegetated with pinyon piRen(is edulis), Utah juniper Juniperus osteosperma),
Douglas-fir Pseudotsuga menziesii), or ponderosa piné(nus ponderosa). The riparian zone
occurs on a predominantly rocky substrate (mosthbte and boulder, with sand and gravel
becoming more common farther downstream). Vegetatt the summer water level to about 2
m above consists of wild licorice, redtofgfostis stolonifera), marsh paintbrustCastilleja
exilis), sea milkwort Glaux maritima), western evening primros®¢nothera elata), and
silverweed cinquefoilfotentilla anserina). Ute ladies’-tresses occurs in this zone. Abitvee
normal high-water line, grasses; scouring rusmtgahitetop Cardaria draba); wild licorice;
and a variety of woody species, including box eldeyote willow, tamariskTamarix
ramosissima, T. chinensis, or a hybrid of the two), and Fremont cottonwoo&, @mmon.

Through the wide valley areas (e.g., Browns Pdhid river meanders within a broad, open
floodplain of mostly sand and silt (and gravel pstream areas). Steep cutbanks are common,
and in some areas almost all banks are cut andedgwroded. The surrounding uplands support
sagebrushArtemisia spp.), desert shrubs, and, in some areas, pinyengnd Utah juniper.
Islands and backwaters are frequent throughoue tbestions of the river. The riparian zone is
relatively broad (up to 60 m [200 ft] wide) andexdis to 5 to 6 m (15 to 20 ft) above the low-
water level. In the higher elevation portions o tiparian zone, grasses, coyote willow, wild
licorice, giant whitetop, and scouring rush are owm. Large stands of mature Fremont
cottonwood occur on high terraces. These standmseestablished under pre-dam conditions.
Mature cottonwoods are now prone to premature dedaigh is likely a result of the reduction
in inundation frequency that has occurred since danstruction (Williams 2000). Maintenance
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of these elevated riparian woodlands is a con@specially in Reach 1, because reproduction
requires occasional high flows for seedling essiiofient, but normal dam operations reduce the
frequency of such flows.

Summary

The Service has consistently concluded in prevammsultations that water depletions and the
operation of infrastructure associated with thosgletions are a major factor contributing to the
reductions in the populations of the Colorado pikeraw, humpback chub, bonytail, and
razorback sucker. Impacts of depletions and assatcsorage infrastructure such as dams and
reservoirs have resulted in changes in flow ang&Fature regimes which in turn affect
endangered species and their habitat. Removingriiraim the river and stabilizing the system
through regulation reduces the ability of the riteecreate and maintain important habitats and
reduce the frequency and duration of availabilityhese habitats. Food supply, predation, and
competition are important elements of the biologgavironment. Food supply is a function of
nutrient supply and productivity. High spring flowaindate bottomland habitats and increase
the nutrient supply and productivity of the riveweonment. Reduction of high spring flows by
water storage reservoirs that store water duringgmeak flows may reduce food supply.
Other major factors impacting the endangered fishe@ade competition from and predation by
nonnative fishes. These reductions in populatioslass of habitat caused the Service to list
these species as endangered and to implement preg¢paconserve the species. Implementation
of the proposed action in conjunction with othethaites by the Recovery Program is designed
to offset various depletion impacts to the Greeth @olorado River and to provide a suitable
flow and temperature regime for the endangeree$ish the Green River downstream of
Flaming Gorge Dam.

EFFECTS OF THE ACTION

The proposed action would have beneficial effeatshe four listed Colorado River fishes and
their critical habitats within the action areahege benefits include: Increased frequency and
duration of relatively high spring flows will inuate floodplain habitats, which will help
maintain the ecological integrity of the river sistand provide warm, food-rich environments
for subadult and adult Colorado pikeminnow, boriydad Razorback sucker as well as for
young razorback sucker. Increased peak flows amglged variability in peak flows is
expected to maintain spawning areas for the endaddishes and lead to increased in-channel
habitat complexity through formation and reworkofgn-channel sediment deposits. Scaling of
baseflows to the hydrologic conditions will helyda the formation of low velocity shoreline
nursery habitats in Reach 2 and 3. In generallementation of a flow regime that more closely
resembles the natural flow regime of the river witbvide benefits to all the endangered fishes
and the habitats on which they depend.

Analyses for Effects of the Action

The flow recommendations on which the proposeaads based are intended to meet the
habitat requirements of the four endangered fislygeroviding adequate flows. Flow regimes
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that would be produced under the proposed actiber diom those of the environmental
baseline in several important ways. The most ingmrdifferences between the new flow
recommendations and flows called for under the 1BOBO or No Action Alternative are (1)
the magnitude and duration of spring peak flowtt{2 level of variability in peak and base
flows between and within years, and (3) recommendater base flows (Muth et al. 2000).

The Flaming Gorge hydrology model (Clayton and Gilen2002) was developed to evaluate the
long-range effects of operating Flaming Gorge Daradhieve the Green River flow objectives
of the proposed action. Model results (especiakdted flow exceedance values) serve as the
basis for much of the effects analysis in thisdugidal opinion. The model includes all relevant
river features (reservoirs, river reaches, conftesndiversions, etc.) from Fontenelle Reservoir,
upstream of Flaming Gorge Reservoir, to the comnitesof the Green and Colorado Rivers. In
developing the model, emphasis was placed on dethiiver features directly below Flaming
Gorge Reservoir and on the Yampa River. The mddellates the year-round operation of
Flaming Gorge Dam to meet flow recommendationspaedicts flows at the USGS streamflow
gage on the Green River at Jensen, Utah approxiniié km (93 mi) downstream of Flaming
Gorge Dam. Flows are predicted that would occur av@9-yr period, beginning in January of
2002.

A model ruleset was developed for the proposedaethich incorporated the logic and
decision-making processes for achieving the floyedives. The ruleset was used primarily to
calculate the volume of water to be released frtamihg Gorge Dam so that the flow

objectives are achieved in Reaches 1 and 2. Tkeeautontrolled the reservoir elevation for safe
operation of the dam, maximized reservoir storagd, minimized bypass releases, while
attempting to meet the flow objectives during thergy peak release as well as during the base-
flow period. For Reaches 1 and 2, the model ind#tat the minimum target recommendations
could be met for all flows, durations, and frequeacThe model predicted that more frequent
use of the bypass tubes and spillway at Flamingy&Bram would occur under the proposed
action than under the baseline. The model predittathe bypass tubes would be used in 50%
of all years, under the proposed action, and tiibvsly would be used in 29% of all years. In
comparison, under baseline conditions, the bypdsesstwould be used in 23% of all years, and
the spillway would be used in 5% of all years. Phedicted increased use of the bypass tubes
and spillway under the proposed action is primaattyibutable to meeting the recommendation
to achieve flows of 18,600 cfs for at least 2 weiek&0% of years. Additional information
regarding the model results can be found in Clagimh Gilmore (2002).

The predicted future flows in Reach 3 were estich§@ayton and Gilmore 2003) by combining
the Reach 2 flows predicted by the Flaming Gorgel®lavith estimated inflows corresponding
to the historic input from all Reach 2 and 3 trdmigs, as well as losses occurring along the
channel due to evaporation, infiltration, and depfes. This estimate was obtained by
subtracting the historic flows recorded at the Gdade, Utah, gage (in Reach 1) from the flows
recorded at the Green River, Utah, gage (in Regali®h an estimated lag period of 5 days. The
recommended target of 10% frequency for a singjepaak flow of 1,100 ®is (39,000 cfs) in
Reach 3 would not be achieved by predicted flondeuthe proposed action; however, all other
recommended flows, durations, and frequencies woelthet.
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A review of the hydrology model by Reclamation @rdonne National Laboratory (see EIS
section 2.4) found that while the model performd wedry, moderately dry and average years,
it appeared to bypass or spill more water in maegravet and wet years. Reclamation
acknowledged in the FGEIS that the hydrology méageClayton and Gilmore (2003) may
overstate bypasses necessary to meet the Propotied £000 Flow and Temperature
Recommendations)

Critical Habitat Response to the Proposed Action

The primary constituent elements of critical hatfita the Colorado River endangered fishes are
water, physical habitat, and the biological envimemt (59 F.R. 13374). Water includes a
quantity of water of sufficient quality delivereal & specific location in accordance with a
hydrologic regime required for the particular léfage for each species. The physical habitat
includes areas of the Colorado River system theatrdrabited or potentially habitable for use in
spawning and feeding, as a nursery, or serve aslos between these areas. In addition,
oxbows, backwaters, and other areas in the 100flgemtplain, when inundated, provide access
to spawning, nursery, feeding, and rearing habitatseod supply, predation, and competition are
also important elements of the biological environtme

This biological opinion does not rely on the regaig definition of “destruction or adverse
modification” of critical habitat at 50 C.F.R. 402. Instead, we have relied upon the statutory
provisions of the ESA to complete the following s with respect to critical habitat.

Under the proposed action, releases from Flaming&bDam in most years would be patterned
to provide recommended flows in Reaches 2 andhi#grahan achieve specific targets in Reach
1, but releases would be high enough in wettersyaprovide significant channel maintenance
(i.e., rework and rebuild in-channel sediment dé@ppsicrease habitat complexity, and prevent
or reverse channel narrowing) in Lodore Canyon ¢Mettal. 2000). Increased channel
maintenance would improve in-channel habitat comatit for endangered fishes, reduce
vegetation encroachment of channel-margin sedithembsits, and, thus, create a more natural,
dynamic riparian corridor.

Under the proposed action, some flow fluctuatiouldaesult in Reach 1 from Flaming Gorge
Dam hydropower operations. These flow fluctuatisasild be limited to the extent necessary to
achieve recommended levels of variability in Reacharget water temperatures of I8 (64

°F) for two to five weeks in the beginning of thesbdlow period in upper Lodore Canyon are
expected to be achieved in most years by targetiegse temperatures of 13 to°C4(55 to 57
°F) during the midsummer. During high runoff yermay not be possible to meet target
temperatures due to the lack of warm water availédn release from Flaming Gorge Reservoir
(Muth et al. 2000). These temperatures are waramer more suitable for native fish than those
of the environmental baseline. In addition, tempeemodeling conducted for the EIS analysis
suggests that a difference of less tha& %9 °F) between waters from the Green and Yampa
Rivers will be achieved more consistently undergireposed action than have occurred since
implementing operations to meet the 1992 FGBO.
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Peak flows in Reach 2 would be sufficient to prevaignificant inundation of floodplain habitat
and off-channel habitats (e.qg., tributary mouthd side channels) in wet and moderately wet
years (30% of years) (Muth et al. 2000). This inati@h would establish river-floodplain
connections and provide warm, food-rich environradat growth and conditioning of fishes. In
wetter years, peak flows in Reach 2 under the megaction would also rework and rebuild in-
channel sediment deposits (including spawning sates), increase habitat complexity, form in-
channel sand bars, and prevent or reverse chaamehing.

In Reach 2, significant inundation of floodplairbitat and off-channel habitat would also occur
in at least one of four average years, with someding of off-channel habitats occurring in all
average years (Muth et al. 2000). Significant clehnmaintenance would occur in at least one of
two average years.

Under the proposed action, no floodplain inundati@uld be expected in Reach 2 during
moderately dry and dry years, but some floodingfbthannel habitat would still occur. In
addition, some sediment transport would occurlimalderately dry and dry years because peak
flows would exceed the incipient-motion thresholdhe sand substrate. These flows would
prevent vegetation establishment within the rivermel.

Under the proposed action, base flows in Reach@dvmore closely approximate pre-dam
levels of magnitude, duration, and variability tr@atur under current operations. Flows under
the proposed action would favor the formation ef-\eelocity shoreline habitats that would be
more stable and increase productivity of the re@system. Higher water temperatures would
occur at lower base flows in average and driers/€&0% of all years) and would enhance
ecological productivity.

Expected effects of the proposed action on physigdlecological conditions in Reach 3 would
approximate those described above for Reach 2 (Eludh 2000). However, floodplain habitat

in Reach 3 is more isolated from the river becaidsertical accretion of banks and vegetation
encroachment. As a result, less floodplain hakitatld be inundated in Reach 3 than in Reach 2
under the proposed action. Nonetheless, the freyusmd duration of floodplain inundation in
Reach 3 are expected to be greater under the md@asion than under current conditions.

Species Response to the Proposed Action

Colorado Pikeminnow

It is anticipated that Colorado pikeminnow wouldheft from the proposed action in several
ways. The frequency and duration of relatively héghing flows is expected to increase under
the proposed action. Floodplain habitats in thedJBasin portion of Reach 2 and 3 would be
inundated for at least two weeks in four of tenrgeand bankfull flows would be achieved in
one of two years. These high flows would resukubstantial inundation of floodplains,
tributary mouths, and side channels in Reach 2igpeér Reach 3 that would provide warm,
food-rich environments for growth and conditioniwfgsubadult and adult Colorado pikeminnow
prior to spawning. The increased duration of fldadpinundation would prolong the potential
benefits provided by these habitats to juvenile athalt Colorado pikeminnow. High peak flows
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could also result in significant reworking and ridhng of in-channel sediment deposits, leading
to increased habitat complexity and formation eflannel sandbars behind with associated
backwater habitats. Although little or no floodpl@éhundation would occur in drier years, some
off-channel habitats (e.g., side channels andtaityumouths) in Reaches 2 and 3 would be
inundated and could benefit juvenile and adult @alo pikeminnow in those years.

Habitats in Lodore Canyon that are occupied by f2alo pikeminnow could be improved and
maintained by the relatively frequent high flowstloé proposed action. The Flaming Gorge
hydrology model (Clayton and Gilmore 2002) predictieat peak flows would exceed
powerplant capacity in about 50% of all years, caregd with about 23% of all years under
baseline (current) operations. The model also ptedithat spillway releases (flows above 244
m>/s or 8,600 cfs) would occur in about 29% of yearder the proposed action compared to
about 5% of all years under current operations. SetBment reworking that would occur could
improve conditions on cobble beds that could sulxsetly serve as spawning sites.

Larval pikeminnow drift downstream from spawnings# occupy nursery habitats found in
Reaches 2 and 3. Colorado pikeminnow use backwatsery areas during their first year of life
throughout the base-flow period. These backwaterglaaracteristically low velocity areas
associated with main channel sand bars. RakowskBahmidt (1999) conducted a study in
Reach 2 to describe the process by which backwatens formed and maintained. They
concluded that a single base flow target from yeaear was inappropriate because the shape of
sand bars varied based on magnitude of the pregadinual spring flood.

Under the proposed action, base-flow magnitudeddvoe based on hydrological conditions,
and variability in flows around the mean base fleould be greater than under baseline
conditions during the base-flow season. Scaling lilasvs to hydrologic condition and the
antecedent peak flow should favor the formatiobaxfkwaters and other low-velocity shoreline
nursery habitats in Reaches 2 and 3. Maintainiagrthgnitude of annual mean base flows
during summer, autumn, and winter under the pragpaséon should promote favorable
conditions for Colorado pikeminnow in low-velocitgbitats. Although the level of fluctuation
restriction needed to fully protect low-velocitytitats is uncertain (Muth et al. 2000), it is
believed that keeping hydropower-induced changesaan base flows at Ouray within the
recommended levels of seasonal and within-day bifitiathroughout the summer, autumn, and
winter would promote favorable conditions for youdglorado pikeminnow in low-velocity
nursery habitats in Reach 2. Hydropower-induceddiations in flow are largely attenuated by
the time flows reach the Ouray portion of Reach 2.

Under the proposed action, warmer water would lEased from Flaming Gorge Dam during
portions of the base-flow period in most yearsaAgsult, summer water temperatures in Lodore
Canyon would typically be higher under the proposetibn than under baseline conditions.
These warmer summer temperatures could increasaitiability of Lodore Canyon for

spawning by Colorado pikeminnow (Muth et al. 2000)addition, the resulting decrease in the
difference between water temperatures in the GReeer and the Yampa River at the Echo Park
confluence during July would reduce the possibiitgold shock to Colorado pikeminnow

larvae drifting out of the Yampa River and into theeen River. Under the proposed action, the
recommendation to reduce the temperature differbati@een the Yampa and Green Rivers at

76



the confluence could be met more often than undseline conditions. Water temperatures in
the lower portions of Reach 2 and throughout Ré&aghder the proposed action would not
differ substantially from those under existing Baseconditions.

In addition to the potential benefits of the pragmaction to the Colorado pikeminnow described
above, there is the potential for some adversetsfies well. To achieve the recommended
magnitudes and durations of spring peak flows iadRe2, water may need to be released over
the spillway more than five times as often as umderent operations. Increased use of the
spillway increases the risk that nonnative fish lddue released into the Green River from
Flaming Gorge Reservoir. Of particular concerrhis potential to release smallmouth bass, a
warmwater predator that is thought to adverselgcfhative fish populations in the basin and
that is currently being targeted by Recovery Pnogeantrol efforts. Increased escapement of
this species through spillway releases, togeth#r thie increased water temperatures during
summer and early fall under the proposed action imagase the potential for smallmouth bass
or other nonnative fish to survive, reproduce, arpand their distribution in the Green River,
especially in areas of Reach 1 such as Lodore Ganyloere the colder summer temperatures
under baseline conditions may currently reduceigarand reproduction by nonnative fish.
Even if escapement from the reservoir does noltresincreased numbers of nonnative fishes
downstream, there is a potential for increasedigal;veproduction, and expansion of nonnative
fish species in Lodore Canyon due to increasedntateperatures alone.

Razorback Sucker

Access to floodplain habitat is considered criticalproviding larval and juvenile razorback
suckers with nursery habitat. Razorback sucker spayhas occurred at several locations, but is
concentrated in an area 154 to 172 km (96 tol0tdawnstream of Flaming Gorge Dam in
Reach 2. This spawning area is located immediatgtyream of most of the floodable habitat in
the vicinity of the Ouray National Wildlife Refugender the proposed action, flows in Reach 2
would reach or exceed 527/ (18,600 cfs) for at least two weeks in 41% afrgeas opposed

to only 16% of years under baseline conditions.ifigpeak flows to coincide with peak flows

in the Yampa River would result in an overlap betwéhe inundation period and the period
when drifting razorback sucker larvae are typicpligsent in most years, and would allow larval
razorback suckers to be entrained into inundatealsaBecause the proposed action would result
in bankfull or greater flows in one of two yeatsgtte would be sufficiently frequent

reconnection of depression wetlands (that maintater throughout the year) with the main
channel that razorback suckers would be able t@ee¢he main channel after growing to a
suitable size.

It is anticipated that peak flows under the proplaaetion would also regularly inundate
floodplains in the upper portion of Reach 3 (ebgtween the White River confluence and the
upstream end of Desolation Canyon) and would peosa@me in-channel habitat maintenance
throughout the reach in all years. In most yedwes proposed peak flows would also inundate
tributary mouths and side channels that providenwé&wvod-rich environments for growth and
conditioning Il_)%/ subadult and adult razorback sutiefore and after spawning. Although peak
flows of 527 ni/s (18,600 cfs) or greater would inundate floodplaébitats as described above,
recent modifications to existing levees allow flowfof some habitats at lower flows.
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Under the proposed action, peak flows are expdotéé of sufficient frequency, magnitude, and
duration to rework and rebuild in-channel sedindgyosits in portions of Lodore Canyon that
may be occasionally used by subadult or adult tsk suckers and would remove fine
sediments from spawning bars used by razorbaclessiogk Reaches 2 and 3.

Base flow magnitudes would be established eacha@arding to hydrological conditions, and
variability in flows around the mean base flow wibbk consistent with pre-dam variability
throughout the base-flow season. Scaling base flowgdrologic condition and the antecedent
peak flow would favor the development of backwaterd other low-velocity shoreline habitats
in Reaches 2 and 3 that are sometimes used by yamathack suckers. Maintaining the
magnitude of annual mean base flows during sumawmtumn, and winter periods under the
proposed action should promote favorable conditfonsazorback sucker in low-velocity
habitats (Muth et al. 2000).

Under the proposed action, warmer water would Eased from Flaming Gorge Dam during
the base-flow period. As a result, summer watep&natures in Lodore Canyon and the upper
portion of Reach 2 would typically be higher unttex proposed action than under current
operations. These warmer temperatures could impem@back sucker growth in those areas in
most years. Water temperatures in the lower podidReach 2 and throughout Reach 3 would
not differ substantially from those under basetinaditions.

In addition to the potential benefits of the progmsction to the razorback sucker described
above, there is the potential for some adversetsfies well. To achieve the recommended
magnitudes and durations of spring peak flows iadRe€2, water may need to be released over
the spillway more than five times as often as umderent operations. Increased use of the
spillway increases the risk that nonnative fish lddae released into the Green River from
Flaming Gorge Reservoir. Of particular concerrhis potential to release smallmouth bass, a
warmwater predator that is thought to adverselgcfhative fish populations in the basin and
that is currently being targeted by Recovery Pnogeantrol efforts. In addition, there is a
potential for white suckers, a species known toriayke with the razorback sucker, to be
released into the Green River. Increased escaparhdrgse species through spillway releases,
together with the increased water temperaturesdwummer and early fall under the proposed
action may increase the potential for smallmoutska other nonnative fish to survive,
reproduce, and expand their distribution in theg@rRiver, especially in areas of Reach 1 such
as Lodore Canyon, where the colder summer tempegatunder baseline conditions may
currently reduce survival and reproduction by naivedish. Even if escapement from the
reservoir does not result in increased number®phative fishes downstream, there is a
potential for increased survival, reproduction, argansion of nonnative fish species in Lodore
Canyon due to increased water temperatures alone.

Humpback Chub

Under the proposed action, the magnitude, frequearay duration of high spring releases from
Flaming Gorge Dam would increase relative to th@arenmental baseline. The Flaming Gorge
hydrology model (Clayton and Gilmore 2002) predictieat peak flows would exceed
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powerplant capacity in about 50% of all years, cared with about 23% of all years under
baseline (current) operations. Spillway releaseslavoccur in about 29% of years under the
proposed action compared to about 5% of years undegnt operations.

Humpback chub currently do not occur in Reach dl,ramdirect effects of the proposed action
in that reach are anticipated. If humpback chulukhbecome established within Reach 1 as a
result of implementing the proposed action, peawd$l would help maintain in-channel habitat
areas by reworking sediment deposits in Lodore Gaiy wetter years. The peak flows that
would occur under the proposed action are alsoat@geo mobilize in-channel sediment
deposits in currently occupied portions of Rea@n@ 3 (Whirlpool, Split Mountain, Desolation,
and Gray Canyons). The proposed action would bieimefinpback chub in these areas by helping
prepare and maintain substrates in spawning areaesasing habitat complexity, and preventing
or reversing channel narrowing. Although significehanges in channel morphology are not
anticipated, peak flows of the proposed actioneaggected to scour and maintain the large
recirculating eddies that are used as resting eedirig habitats by adults.

If humpback chub should become established witlgadR 1, it is anticipated that the base flows
under the proposed action would provide suitabiersar, autumn, and winter conditions for
humpback chub. These base flows would be apprefioatdevelopment of recirculating eddies
and for promoting development of complex shoreliabitat in Whirlpool, Split Mountain,
Desolation, and Gray Canyons. In addition, maimtgthe seasonal, daily, and within-day
variability of flows within the ranges identified the proposed action would maintain stability
of conditions in the shoreline habitats that aefemred by young fish.

Higher summer water temperatures in most yearsl@utourage movement and establishment
of humpback chub in the lower portions of Lodoren@m and could enhance growth and
survival of young humpback chub in Whirlpool Cany®emperature regimes in Split Mountain
Canyon and further downstream will be largely ueetééd by the proposed action. Water
temperatures in Reach 3 under the proposed adctoexpected to be indistinguishable from
those that occur under baseline conditions. Sumvagsr temperatures in Desolation and Gray
Canyons would continue to reach the desired humyptiaab spawning temperature of at least
17°C (62.6°F) during the descending limb of thergppeak in most years.

In summary, the proposed action is expected toflidnenpback chub in the Green River by
improving habitat conditions for all life stage$elproposed action would result in flows that
would maintain and improve conditions in the cutienccupied canyon reaches. The proposed
action would increase the temperature of wateasalé during summer months in most years.
Warmer summer water temperatures would improve itiond for growth and survival of
humpback chub in Whirlpool Canyon and could resuéixpansion of the population into
Lodore Canyon.

In addition to the potential benefits of the pragmaction to the humpback chub described
above, there is the potential for some adversetsfies well. To achieve the recommended
magnitudes and durations of spring peak flows iadRe2, water may need to be released over
the spillway more than five times as often as umderent operations. Increased use of the
spillway increases the risk that nonnative fish lddue released into the Green River from
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Flaming Gorge Reservoir. Of particular concerrhis potential to release smallmouth bass, a
warmwater predator that is thought to adverselgcfhative fish populations in the basin and
that is currently being targeted by Recovery Pnogeantrol efforts. Increased escapement of
this species through spillway releases, togeth#r thie increased water temperatures during
summer and early fall under the proposed action imagase the potential for smallmouth bass
or other nonnative fish to survive, reproduce, argand their distribution in the Green River,
especially in areas of Reach 1 such as Lodore Ganyloere the colder summer temperatures
under baseline conditions may currently reduceigarand reproduction by nonnative fish.
Even if escapement from the reservoir does noftresincreased numbers of nonnative fishes
downstream, there is a potential for increasedigaliweproduction, and expansion of nonnative
fish species in Lodore Canyon due to increasednteeperatures alone.

Bonytail

Little is known of the habitat requirements of thenytail because it was extirpated from most of
its historic range before studies were conductethé Green River, Vanicek (1967) generally
found bonytail in pools and eddies with low vel@st although these habitat features were often
located adjacent to areas of strong current. Silpjl¥aldez (1990) reported that bonytail
captured in Desolation and Gray Canyons were symopaith humpback chub in shoreline eddy
habitat with boulders and cobble. It has been ticagpothesized that flooded bottomlands

may provide important bonytail nursery habitat.e Recovery Program has been building their
stocking program to achieve a target release @®t&tchery produced bonytail (target size of
200 mm) in the upper and lower Green River each fggaix years. In excess of 20,000

bonytail (many < 200mm) have already been stockdgieaches 1 and 2 since 2000.

The peak flows that would occur under the propaszihn would rework and rebuild in-channel
sediment deposits in potential bonytail habitainiin Echo Park, Whirlpool and Split Mountain
Canyons in the upper portion of Reach 2. These fleas would similarly rework and rebuild
in-channel sediment deposits in Desolation and @ayyons in Reach 3, where bonytail have
historically been found. These proposed peak flosidd benefit reintroduced bonytail in these
areas by preparing and maintaining substratesawsing areas, promoting increased habitat
complexity, and preventing or reversing channetowing during wetter years. The proposed
peak flows would also scour and maintain eddieg. @ioposed peak flows would periodically
inundate flooded bottomland habitats and wouldvabacess to such areas by bonytail larvae in
some years.

Base flows that would occur under the proposedadtiould be scaled to annual hydrologic
conditions. These flows would provide eddies and@ex shoreline habitat in Echo Park,
Whirlpool, Split Mountain, Desolation, and Gray @ans.

Higher summer water temperatures in most yearslautourage movement and establishment
of bonytail within lower portions of Lodore Canyand could enhance growth and survival of
bonytail in Whirlpool Canyon. As occurs under catrbaseline conditions, summer water
temperatures in Desolation and Gray Canyons waadhr the desired humpback chub spawning
temperature of at least 17°C (62.6°F) during thecdeding limb of the spring peak in most
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years. It is assumed that such temperatures wdaddba suitable for reproduction and growth of
bonytail.

Although a great deal of uncertainty remains reiggronytail habitat requirements, the
proposed action is expected to benefit bonytailtreduced into the Green River and is expected
to provide appropriate conditions for survival aadruitment of this species. The proposed
action would result in flows that would maintainrdamprove substrate conditions in historically
occupied canyon reaches. In addition, the propastdn would increase the temperature of
water released during summer months in most yessalting in improved potential for
spawning, growth, and survival of bonytail in Whbl Canyon.

In addition to the potential benefits of the pragmaction to the bonytail described above, there
is the potential for some adverse effects as Wellachieve the recommended magnitudes and
durations of spring peak flows in Reach 2, watey mzed to be released over the spillway more
than five times as often as under current operstilmtreased use of the spillway increases the
risk that nonnative fish would be released into@meen River from Flaming Gorge Reservoir.
Of particular concern is the potential to releasalémouth bass, a warmwater predator that is
thought to adversely affect native fish populationthe basin and that is currently being
targeted by Recovery Program control efforts. laseel entrainment of this species in spillway
releases, together with the increased water teryesaduring summer and early fall under the
proposed action may increase the potential for lsmoalth bass or other nonnative fish to
survive, reproduce, and expand their distributiothe Green River, especially in areas of Reach
1 such as Lodore Canyon, where the colder summgreatures under baseline conditions may
currently reduce survival and reproduction by naivedish.

Ute Ladies’-Tresses

The distribution and abundance of Ute ladies’-&ess affected by changes in the frequency and
duration of inundation and by changes in pattefres@sion or deposition. Under the proposed
action, the magnitude and duration of peak flowsil@enerally be higher than those of the
environmental baseline, especially in wet yearghlei peak flows would result in greater depth
and duration of inundation in areas below the agsannual peak flow elevation, such as the
post-dam floodplain, along with potential increaseBow velocity. Higher elevation surfaces,
such as the intermediate bench or cottonwood-baer éérrace, could be inundated more
frequently than under the existing flow regime. Breging on local geomorphic characteristics,
sites supporting existing Ute ladies’-tresses detomay experience a range of effects from
increased sediment deposition to increased erosion.

Under the proposed action, annual peaks in Reaabuld generally be higher than under
existing baseline conditions, and geomorphic sedaupporting Ute ladies’-tresses would
generally be inundated more frequently. ResulthefFlaming Gorge Hydrologic Model
(Clayton and Gilmore 2002) indicate that, underghmposed action, the post-dam floodplain in
Reach 1 (inundated at 1334 [4,600 cfs]) would be inundated in all yearsiy peak releases
of at least one day duration, as under baselindittons. This surface would be inundated in
about 74% of years by flows of two weeks duratigmfrom about 46% under baseline, and in
about 55% of years by flows of four weeks duratigmfrom about 27% under baseline. The
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intermediate bench (inundated at about 2441§8,600 cfs]) would be inundated in about 30%
of years by the peak releases of at least one ui@idn under the proposed action, and about
7% of years under baseline conditions. The interatedbench would be inundated in about 8%
of years by flows of two weeks duration, slightly tniom about 7% under baseline, and in about
2% of years by flows of four weeks duration, sliglttown from about 3% under baseline.

Ute ladies’-tresses are able to tolerate occasjperabds of extended inundation. The post-dam
floodplain surfaces in Reach 1 are sometimes indd@ar a duration of up to eight weeks. All
Ute ladies’-tresses colonies inventoried in Redydarand Browns Park in 1999 were inundated
that year by peak flows of 3083fs (10,900 cfs), and most were inundated for @182 days
(Grams et al. 2002). These survived an averagerah(?2.3 ft) inundation, and up to 1.2 m (3.9
ft) at some sites. On average, sites supportindddies’-tresses are inundated from a few days
to 10 days per year under environmental baselinditons (1 to 3% of the time) (Grams et al.
2002). Post-dam floodplain sites would be inundide somewhat longer periods, with two and
four week inundations occurring in more years thader baseline conditions. In Red Canyon
and Browns Park, approximately 6% of the Ute ldeiesses colonies occur on the post-dam
floodplain, while about 23% occur on an undifferated post-dam floodplain/intermediate
bench surface. Intermediate bench sites may belatad more frequently, with the largest
difference from baseline being in the flow duratiaf at least one day. Approximately 71% of
the Ute ladies’-tresses colonies in Red CanyonBand/ins Park occur on Intermediate bench
surfaces, with 23% on the undifferentiated post-flamdplain/intermediate bench surfaces. In
extreme wet years, high flows could result in sonwetality on lower elevation surfaces (e.qg.,
post-dam floodplain sites) greater than what noeucunder the environmental baseline.

Erosion and deposition that could be caused by fleak would likely be low at many occupied
sites. The amount of sediment deposited durindpithie flows of 1999 at occupied sites in Red
Canyon and Browns Park ranged from none (mosteo§ities) to less than 5 cm (2 in.) of very
fine sediment (Grams et al. 2002). Total post-dapodition at these sites apparently averaged
11 cm (4.3 in.). Sediment deposition was greatenratcupied post-dam floodplain and
intermediate bench surfaces. Deposition also oedwn some post-dam floodplain and
intermediate bench surfaces in Lodore Canyon, saiménich were occupied. Partial and
complete burial of Ute ladies’-tresses were recdr@n channel margin deposits, as well as on
islands and expansion bars, in Lodore Canyon, depdsition and/or erosion was observed on
70% of post-dam floodplain and intermediate bencfases examined following the 1999 peak
flow (Grams et al. 2002). Intermediate bench arddiwnstream portions of post-dam
floodplain features tended to be subject to defwsitvith ranges of several centimeters to over
one meter observed.

Under the proposed action, sediment depositiondcimelease on some occupied sites, such as
in Lodore Canyon. However, occupied Ute ladiessses sites in Red Canyon and Browns Park
tend to be located in positions with low ratesediment deposition. Ute ladies’-tresses are able
to tolerate some sediment deposition. One colorypdore Canyon flowered and produced seed
after partial burial in 1999. However, some motyatif buried individuals could be expected.

Erosion at sites occupied by Ute ladies’-tressé®ad Canyon and Browns Park is generally
absent or minor. Erosion was observed in Lodorey@arhowever, as a result of 308/m
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(20,900 cfs) flows in 1999. Scouring resulted ibitet loss on upstream portions of channel
margin deposits, islands, and expansion bars, edlyest the post-dam floodplain level. Ute
ladies’-tresses were lost as a result. Increasakd jl@vs under the proposed action could result
in increased erosion of these Ute ladies’-tresses. s

Post-dam floodplain or intermediate bench surfélcasexperience erosion or deposition and
become available for development of early ser@esteegetation could be colonized by Ute
ladies’-tresses, and new reproductive coloniesccbatome established. However, some of
those new colonies might be only temporary. Fongla, some areas that are subject to
frequent disturbance from flooding (such as sonst-gdam floodplain surfaces), might not be
stable for the length of time required for Ute &glitresses to become established and to
reproduce (10 to 20 years) and might not develgpre early seral stage communities. In
addition, some new sites that are relatively stéiextended periods, (such as some
intermediate bench surfaces) might become colorbgetative woody species, such as coyote
willow or cottonwood, or invasive species, suchiamsarisk, giant whitetop, yellow sweetclover
(Mdlilotus officinalis), or common reed. Such sites might eventually becaonsuitable for
survival of Ute ladies’-tresses because of decrehghbt as a result of excess shading by other
species.

New colonies could become established on highemagtn sites in Red Canyon, upper Browns
Park, or Lodore Canyon. Studies indicate that bitkels’-tresses became established on the
higher pre-dam cottonwood-box elder terrace imidlBark after high flows in 1983 or 1984
(Grams et al. 2002). Deposition of fine sedimemnis iacreased frequency of inundation at these
higher elevations might increase site suitabilttyWte ladies’-tresses. However, some of these
areas may currently support other plants whoseeshmaght prevent Ute ladies’-tresses
establishment or survival.

Sites that support Ute ladies’-tresses typicallyeha shallow water table during August and are
positioned 0.5 to 0.9 m (1.5 to 2.8 ft) above tbemal flow elevation (Grams et al. 2002). Under
the proposed action, base flows during August aedémainder of the growing season, would
be higher in all but the driest years than undselae conditions and would be expected to
support colonies at existing elevations as wedltaslightly higher elevations. The average
monthly flow in Reach 1 during August under thegmeed action would be approximately 45
m?/s (1,600 cfs). This would be about 1%/$n(380 cfs) above baseline operations in August.
Under the proposed action, the highest base floReiach 1 would be 763s (2,700 cfs) and
would occur in wet years. Because base flows mayfvam targeted flows by as much as 40%
during this period under the proposed action, th@imum base flow expected in Reach 1 would
be 106 M/s (3,760 cfs), which is below the level of the tedam floodplain and intermediate
bench. Although flows in May, at the beginning loé growing season, may be somewhat lower
under the proposed action than under baseline tonsli the growth or survival of Ute ladies’-
tresses would not be affected as the differencddvoeismall, and flows would be considerably
higher than base flows, ascending to a peak in. Relatively low base flows during dry years
(about 1 n¥s [25 cfs] lower than baseline August operatiamsjild not be expected to adversely
affect Ute ladies’-tresses unless an extended sequ# dry years occurred.
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Effects of flow changes in Reach 2 would be sintitathose described for Reach 1. Model
results indicate that, under the proposed acti@pbst-dam floodplain in Reach 2 (inundated at
approximately 455 s [16,100 cfs]) would be inundated in about 72%rygédoy the peak
releases of at least one day duration, as undelibagsonditions. This surface would be
inundated in about 47% of years by flows of two kgeduration, up from about 35% under
baseline, and in about 19% of years by flows of f@aeks duration, slightly up from about 18%
under baseline. The intermediate bench (inundatatcaut 600 #'s [21,000 cfs]) would be
inundated in 39% of years by the peak releaseslefiat one day duration under the proposed
action, as under baseline conditions. This sunemald be inundated in about 14% of years by
flows of two weeks duration, up from about 9% unoleseline, and in about 5% of years by
flows of four weeks duration, as under baseline.

In Reach 2, the largest differences from baselirerathe flows of two-week duration or more
during the spring-peak period. Sites occupied g/ ladies’-tresses in Island Park and
downstream of Split Mountain might be subject tteexled inundation, increased deposition, or
increased erosion. The magnitude of effects onmedwsites might be limited in most years,
although peak flows in wet years could result imeanortality of Ute ladies’-tresses. There are
far fewer colonies in Reach 2 than in Reach 1, vewe

As in Reach 1, sites suitable for establishmentefladies’-tresses could become available at
higher elevations in Island and Rainbow Parksjiable sediments are deposited. However,
high peak flows in Reach 2 caused by Yampa Riautimight decrease the potential suitability
of some new sites on post-dam surfaces, suchesnatliate bench surfaces. Sites that are
subject to frequent disturbance from high flows maybe stable for long enough periods for
Ute ladies’-tresses establishment and reproduction.

Under the proposed action, base flows in ReachA&igust and the remainder of the growing
season would be higher in most years and woulkpeated to support colonies at existing
elevations as well as at slightly higher elevatiditee average monthly flow in Reach 2 during
August, under the proposed action, would be appratély 57 m/s (2,000 cfs). This would be
about 11 /s (400 cfs) above baseline operations in Auguse. Aighest target base flow in
Reach 2 would be 853s (3,000 cfs), and would occur in wet years. Beeaase flows may
vary from targeted flows by as much as 40% durimg period, the maximum base flow
expected in Reach 2 would be 118/sn(4,200 cfs), which is below the level of the tadam
floodplain and intermediate bench where Ute ladiessses occur. Relatively low base flows
during dry years under the proposed action woutdeaexpected to adversely affect Ute
ladies’-tresses in Reach 2 unless an extended isegjo¢ dry years occurred.

It is possible that the proposed action will faalke the spread and vigor of invasive species such
as tamarisk into occupied or potentially suitaldéitat of Ute ladies’-tresses orchid. However,
the rate and extent of invasion and habitat chageknown. Tamarisk is an aggressive
opportunist and persists in habitats they invade, @re resistant to natural vegetation
succession). Invasion tamarisk would result imificant detrimental impacts to habitat and
some colonies could be threatened with eventupation.
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In summary, Ute ladies’-tresses is well adaptechtinging conditions in riparian floodplains. It
typically occurs where streams exit steep terrm&tain moderate velocity, and begin to create a
meander floodplain corridor. It's occurrence isteep-walled canyon such as Lodore is
considered to be an artifact of Flaming Gorge dpmravhere both high and low flows have
been attenuated. This is corroborated by failarénd the species or suitable habitat conditions
along the Yampa River. In Reach 1, Ute ladiessges occurs on landforms just below debris
fans, conditions which replicate emergence of steeliom steep terrain into more moderate
terrain. Historically, it is likely that the orahdid not occur in Lodore Canyon, but rather in
various locations upstream of Flaming Gorge Dard,@ussibly in Browns, Island, and Rainbow
parks. While reoperation of Flaming Gorge Dam witire nearly replicate natural flow
conditions than historical or baseline operatiomill be insufficient to recreate riparian habitat
dynamics and complexity in areas such as Browfeds and Rainbow parks due to the
excessive sediment buildup in those areas sincedimewas built. Thus, we do not expect that
suitable potential habitat will be created andausd in those areas. In addition, it has been
speculated that an increase in the frequency aratidn of bypasses and spills from Flaming
Gorge Dam could adversely effect populations indRelathat were established under prior dam
operations.

Uncertainties
In their Biological Assessment, Reclamation and Mfes identified a number of uncertainties
associated with the proposed action and offerést aflactions to reduce potential adverse

effects to the listed species. We summarize tdasmissions below:

Uncertainties Associated with Hydrology

Reclamation and Western point out the limitatiohthe Flaming Gorge Hydrology Model
(Clayton and Gilmore 2002). The Service recognthasthe Flaming Gorge Model is not an
operations model, but was a tool developed to conclmparative analyses of impacts / effects
of alternatives in the environmental compliancenareUnder the proposed action, the Service,
through it's involvement on the Technical Workingo@p and the Flaming Gorge Working
Group, would work closely with Reclamation in recaending dam operations to meet the flow
and temperature recommendations. In our ITS, wetify the type of information we expect to
be included in Reclamation’s Annual Operations RepA thorough accounting of operations
will help the Service and others evaluate the eéxtewhich the recommendations were met in
the most recent year and how that relates to puswears of operation.

Uncertainty with Selective Withdrawal Operations

Reclamation included a conservation measure im gieposed action that addressed operational
uncertainty in their ability to meet the temperattecommendations. We have addressed
Reclamation’s concern in our ITS by requiring Rettion to develop a selective withdrawal
operations plan, which addresses their uncertaiatiel outlines a process to resolve them.
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Uncertainties Associated With Increased Spillwag Us

Based on past experiences, Reclamation foreseest@btstructural damages to the FGD
spillway each time it is used, and therefore comminspecting the structure after each spill
event. In the biological assessment, Reclamatatesthat if the amount of damage was
deemed unacceptable they would limit use of thivepy to those times it was hydrologically
necessary. The Service expects Reclamation totré@oresults of their post-spill spillway
inspections in their annual operations report (3&Term and Condition #6). Should
Reclamation determine that the increased use cfiitieay under the proposed action was
unacceptable the Service will consider if re-irtiia of Section 7 consultation is necessary.

We encourage Reclamation to coordinate with thee@tUtah’s ongoing tailrace trout
population monitoring to evaluate the level of ogfen super-saturation associated with use of
the spillway. If results of those ongoing effartsa change in Reclamation’s operations to meet
the flow recommendations, the Service would deteenifire-initiation of this Section 7
consultation was necessary.

The Service recognizes and agrees with Reclamatmoricern that spills from Flaming Gorge
Dam could result in unacceptable levels of entraninof nonnative reservoir fish species. We
have addressed these concerns by providing theewvark for an adaptive management process
that evaluates the proposed action (including emtrant) in our ITS.

Uncertainties in Fish Responses to Flow and Tenwnerdodifications

Reclamation and Western in their biological assessmaxpressed concern over how the fish
community and in particular nonnative species mrgepond to aspects of the flow and
temperature recommendations. Whereas, the agjiemcees and the Service recognize that the
intention of the proposed action is to benefiteéneangered fish in the long-term, the Service
shares the concern that implementation of the megaction could result in both temporal and
spatial short-term benefits to some nonnative ggeciEvaluating the effects of the proposed
action on the fish community will be of critical partance in determining how to best manage
the system for recovery of the endangered fishispedn our ITS (RPM #1 and T&C #1) we
identify the need for the action agencies and #&wi€e to work with the Recovery Program to
develop a Study Plan that evaluates this propostoha We recommend that the Recovery
Program consider uncertainties, identified byahthors of Muth et al (2000) and as identified
by Reclamation through their NEPA process, in teetbpment of that study plan. The Service
agrees with the action agencies that the Recouweaxgr&m is the appropriate science body to
take the lead in developing and implementing fitah. It is the Service’s opinion that
implementation of that study plan within the contekthe Recovery Program and full
communication of that plan with interested partiesthe Flaming Gorge Working Group
represents an appropriate adaptive managemeniosolatthese fish community uncertainties.

Uncertainties Associated With Floodplain Inundation

In their biological assessment, Reclamation andt®¥vedave brought into question the need for
some of the dam releases (based on results of logitonodeling presented in Reclamation’
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EIS) to meet Reach 2 floodplain magnitude and thnaargets as identified in Muth et al
(2000) to benefit larval razorback suckers. Rweel@gon and Western’s position on this issue is
based primarily on information that was presentethé Recovery Program sponsored
Floodplain Management Plan for the Green River &ainb(Valdez and Nelson 2004). It is the
Service’s opinion that based on the best availabtemation Muth et al (2000) should be
implemented, however the specific questions rdigetthe action agencies in their biological
assessment regarding floodplain inundation shoelddmsidered through the adaptive
management process outlined in RPM #1, T&C #1 ef Ti&.

Uncertainties Associated with Riparian Vegetation

There are uncertainties associated with the regpohisivasive plant species to the proposed
action. Recent research suggests that the floeg floay prevent additional tamarisk
establishment on post-dam floodplain surfaces idce Canyon, but may push establishment to
higher elevations. Information is lacking on thg® to which these responses would occur.

Uncertainties related to the response of certdiven@lant communities to the proposed action
include duration and magnitude of flood flows neeeg to stimulate a positive response in
mature cottonwoods and response of wetland speriagher base flows of late summer and
lower base flows of winter and early spring.

CUMULATIVE EFFECTS

Cumulative effects include the effects of futurat8tlocal or private actions that are reasonably
certain to occur in the action area consideredimbiological opinion. Future Federal actions
that are unrelated to the proposed action areortidered in this section because they require
separate consultation pursuant to section 7 oEtidangered Species Act. In the action area, the
Green River flows mostly through federal land. Ntufe state or private actions are known to

be in the planning stage in the action area thatldvoot require Section 7 consultation. For this
reason, no cumulative effects are anticipated eretidangered species or designated critical
habitat in the action area.

CONCLUSION

After reviewing the current status of the endanddishes and the Ute ladies’-tresses, the
environmental baseline for the action area, thec&ffof the proposed action and the cumulative
effects, it is the Service’s biological opinion thiae proposed action is not likely to jeopardize
the continued existence of the Colorado pikeminrfawmpback chub, bonytail, razorback
sucker or Ute ladies’-tresses and will not resulhie destruction or adverse modification of
critical habitat of these species. The implemémadf the proposed action is expected to result
in overall beneficial effects to the species antical habitat in the Green River downstream
from Flaming Gorge Dam and induce a positive sga@sponse, particularly with the
endangered fishes due to a more natural hydrotegime. The basis for the determination of
no jeopardy and no adverse modification of critizabitat for each listed species is summarized
below.
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Colorado Pikeminnow

The Service concludes that although some aspedisesétions to meet the flow and
temperature recommendations may result in increiasexctions between endangered and
nonnative fish species, the proposed action wslliltein long-term positive benefits for the
Colorado pikeminnow and critical habitat. Positeféects of the proposed action include;
increased inundation and access to floodplainstiwivuld provide warm, food rich
environments for adult and subadult Colorado pikerow, peak flows of sufficient magnitude
to maintain main channel habitats for adult fistiuding spawning bars, base flows that would
encourage development and maintenance of backwatdrsther low velocity shoreline habitats
favorable for young fish and a temperature regina would reduce temperature shock to
drifting Colorado pikeminnow larvae at the conflaerof the Green and Yampa rivers and
potentially improve growth of adult fish in loweeRch 1 and the upper portion of Reach 2.

Razorback Sucker

The Service concludes that although some aspedisesétions to meet the flow and
temperature recommendations may result in incremsexhctions between endangered and
nonnative fish species, the proposed action wslililtein long-term positive benefits for the
razorback sucker and critical habitat. Positifeas of the proposed action include; increased
inundation and access to floodplains for young maack suckers, peak flows of sufficient
magnitude to maintain main channel habitats foiftdthh, base flows that would encourage
backwater development and other low velocity shioedhabitats favorable for razorback suckers
and a temperature regime that could improve raosrbacker growth in lower Reach 1 and the
upper portion of Reach 2.

Humpback Chub

The Service concludes that although some aspecigepitions to meet the flow and
temperature recommendations may result in incremsexhctions between endangered and
nonnative fish species, the proposed action wslliltein long-term positive benefits for the
humpback chub. Positive effects of the proposéidrmmclude; peak flows of sufficient
magnitude to maintain main channel habitats foiftddin, base flows that would encourage
development of complex low velocity shoreline hatsitand a temperature regime that could
enhance growth and survivability of young humpbelokth in Whirlpool Canyon in Reach 2.

Bonvtail

Although there is uncertainty about some aspect®oytail life history and some aspects of
operations to meet the flow and temperature recamateons may result in increased
interactions between endangered and nonnativesfisbies, the Service concludes that the
proposed action will result in long-term positiveniefits for the bonytail and critical habitat by
providing conditions appropriate for survival amgnuitment. Positive effects of the proposed
action include; increased inundation and accefieddplains for young bonytail, peak flows of
sufficient magnitude to maintain main channel habifor adult fish, base flows that would
encourage backwater development and other low Nglsicoreline habitats and a temperature
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regime that could improve the potential for spawrand growth of bonytail in the Whirlpool
Canyon portion of Reach 2.

Ute Ladies’-tresses

The Service concludes that the proposed actioatiikely to jeopardize the Ute ladies’-tresses
or result in the destruction or adverse modificatid critical habitat since no critical habitat has
been designated for this species. Along the GRyesr, Ute ladies’-tresses occur on surfaces
that formed in response to construction and pastadions of Flaming Gorge Dam. Most
colonies are located in Reach 1, but several hiseeb@en found in Reach 2. Most individuals
occur on post-dam floodplain surfaces, near theianpeak-flow elevation, or on the
intermediate bench, which is at a slightly higheration. These sites are located within a zone
that is inundated between 1% and 3% of the timelddthe proposed action, mean annual peak
flows would increase, and the frequency of largsalkpflows would increase. While occupied
sites might be subject to some erosion, depositioextended inundation, direct effects on Ute
ladies’-tresses colonies as a result of these floanges are expected to be small because of site
characteristics that often are protective, sudardscape position and substrate composition.
The 1 to 3% inundation zone may shift to a slighilyher position along the river margin,
potentially resulting in reductions in the numbémalividuals at lower elevations, such as on
some post-dam floodplain surfaces. Locations atagilens slightly above the existing zone of 1
to 3% inundation may become more suitable for Btels’-tresses establishment. The indirect
effects of the proposed action include potentiainges in location, distribution, vigor, and
competitive ability of both native and non-nativeasive species, which may in turn adversely
affect the ability of Ute ladies’-tresses to occugoytable habitat.

Ute ladies’-tresses is adapted to and requiressamtal disturbance to maintain its preferred
seral stage; proposed-action flows would provide dlccasional disturbance while maintaining
appropriate soil-moisture conditions during thevgrg season. Implementation of the proposed
action may result in some losses of individual fdaat currently occupied sites due to erosion or
deposition during high flow events. New colonié$Jte ladies’-tresses may become established
at higher elevations and offset these losses. Hewawreased vigor or competitiveness of
native and non-native invasive species may preatudepede orchid establishment and long
term sustainability in occupied and potentiallytabie habitat.

There are several large populations of Ute ladiesses throughout it 7 state range, and many
small populations. Although the population in Redand 2 is considered significant,
anticipated adverse impacts are unlikely to rasudixtirpation either of this population or of the
species throughout its range.

INCIDENTAL TAKE

Section 9 of the Act and Federal regulation purst@msection 4(d) of the ESA prohibit the take
of endangered and threatened species, respectviéiyput a special exemption. Take is defined
as to harass, harm, pursue, hunt, shoot, wourgirkib, capture or collect, or to attempt to
engage in any such conduct. Harm is further ddflmethe Service to include significant habitat
modification or degradation that results in deatinjury to listed species by significantly
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impairing essential behavioral patterns includinggding, feeding, or sheltering. Harass is
defined by the Service as intentional or negligeattor omission that creates the likelihood of
injury to listed wildlife by annoying it to such axtent as to significantly disrupt normal
behavior patterns which include, but are not lichite breeding, feeding or sheltering. Incidental
take is defined as take that is incidental to, moicthe purpose of, the carrying out of an
otherwise lawful activity. Under the terms of sewt7(b)(4) and section 7(0)(2), taking that is
incidental to and not intended as part of the ag@ation is not considered to be prohibited
taking under the ESA provided that such takingnisampliance with the terms and conditions of
this incidental take statement.

The measures described below are nondiscretioaadymust be undertaken so that they become
binding conditions of any Federal discretionaryhatst, for the exemption in section 7(0)(2) to
apply. The following reasonable and prudent messand terms and conditions are intended to
be largely consistent with the 2004 Recovery Im@etation Program Recovery Action Plan
(RIPRAP) of the Upper Colorado River Endangerethi Recovery Prografn(Recovery

Program) and will be implemented according to thHeRRP schedule. This incidental take
statement, however, also contains several termsa@mditions not included in the 2004

RIPRAP. For these terms and conditions ReclamatimhWestern will either work with the
Recovery Program to include them in future RIPRA¥Sions or may assume responsibility for
their implementation. The participating Federal Agies have a continuing duty to monitor the
activity covered by this incidental take statemdhReclamation and Western through the
Recovery Program or as individual agencies 1téadssume and implement the terms and
conditions or 2) fail to retain oversight to ensaoenpliance with the terms and conditions, the
protective coverage of section 7(0)(2) may lapseHe projects covered by this incidental take
statement. In order to monitor the impact of iecithl take, Reclamation and Western must
report to the Service as specified in the incidetalee statement [50 CFR 402.14(i)(3)] (see
TC#5-annual report).

AMOUNT OR EXTENT OF TAKE

The Service believes that managing reservoir reletisbe consistent with the flow
recommendations is necessary for the survival aodvery of the endangered fish. The
Proposed Action is fully intended to benefit thel@mgered Colorado River fish, and the Service
expects an overall, long-term beneficial effeatdsult from implementation. However, the
Proposed Action also has the potential to causeases in nonnative fish within the action area.
Increases in nonnative fish may result in incidetatiee in the form of harm through predation on
and competition with the endangered fish (Hawkimd Hesler 1991; Lentsch et al. 1996; Tyus
and Saunders 1996). Incidents of predation by eantpike on endangered fishes have been

3 The Recovery Program was established in 1988 whe$ecretary of Interior; Governors of Wyoming|dado
and Utah; and the Administrator of the Western Apeaver Administration signed a cooperative agreeren
implement the program. The purpose of the RecoWrpgram is to recover the endangered fishes in the
Colorado River system while providing for existiagd new water development in the Upper Basin. The
Recovery Program is also intended to serve assomedle and prudent alternative to avoid the logd of
jeopardy to the continued existence of the endaubéshes and to avoid the likely destruction oveade
modification of critical habitat in Section 7 caitations on depletion impacts related to new ptsjend all
impacts (except contaminants) associated with tiésteater projects in the Upper Basin.
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observed in both the Yampa and Green rivers. Otbenative predators, such as smallmouth
bass and channel catfish, also present a thresd@angered fishes due to both predation and
competition for food and space. A rapidly expagddopulation of smallmouth bass in the
Yampa River during the recent drought years waséthfor precipitous declines in the
abundance of juvenile native fish (Anderson 200&allmouth bass have also recently
expanded into the Green River above its conflugvittethe Yampa River (Bestgen pers.
comm.). Small-bodied nonnative species such ashier, sand shiner, and fathead minnow
may also negatively interact (competition and ptiedd with early life stages of native species.

Mechanisms by which populations of nonnative fishyrbe increased as a result of the Proposed
Action include:

1. Release of water through the spillway as identiirethe Proposed Action may result in
the entrainment of nonnative fish. Use of thelapy and/or bypass tubes and the
resulting high flows during the spring may inhisidme nonnative fish populations in the
Green River in Reach 1. However, spillway releagéisalso likely result in the
entrainment of nonnative fish, particularly smallittobass from Flaming Gorge
Reservoir into the Green River during high watearge

2. Increased inundation of the floodplain (duratiod amagnitude) in Reach 2 and 3
provides important habitats preferred by both reaéind nonnative species

3. Increased release temperatures from Flaming Goage @eate habitat conditions in
Reach 1 that could benefit nonnative fish specesell as the native endangered fishes.

The Service is unable to determine the exact lelvigicidental take that would result from
increases in nonnative fish populations due to @mgntation of the Proposed Action.
Estimating the incidental take of individual listesh associated with a possible increase in
nonnative fish populations due to spills, tempeartaodification and increased floodplain
inundation is difficult to quantify for the followg reasons: 1) quantifying the amount of
predation is extremely difficult due to large extehthe action area and the difficulty of
estimating fish populations and predation ratese&jmates of nonnative predators in Flaming
Gorge Reservoir that are potentially subject toaéninent during a spill are unknown as well as
survival rates of fish that are entrained, 3) motthe floodplain inundation that will occur in
the future is dependent on the uncontrolled Yamiparspring flows, i.e., the incremental
amount of take that could be attributed to Recl&m&t operations to fully meet the spring flow
recommendations is unquantifiable, and 4) the amoitake directly attributable to the
proposed action is confused by a Lodore Canyonciishmunity that is rapidly changing in
response to drought conditions and nonnative spéwvading from the Yampa River.

In addition to take associated with nonnative fible, Service expects that an unquantifiable
level of take may occur as a result of drifting @addo pikeminnow larvae in the Yampa River
being exposed to thermal shock of differing wadenperature in the Green River at their
confluence. As larvae drift out of the Yampa Riweo the Green River they are exposed to
cold water released from Flaming Gorge Dam. Taldhfficult to quantify since effects of
cooler water temperatures on the survival of Calonaikeminnow larvae are largely unknown.
However, Berry (1988) and Tyus (1991) suggestettigher recruitment of Colorado
pikeminnow occurred in years when the temperatifferdnces between the two rivers wig 2
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or less and Muth et al. (2000) stated that tempezatifferences of 5-£C are common and may
cause indirect mortality. The Proposed Action isneet the temperature recommendation°@f 5
difference or less at the confluence of the Greeh¥ampa River during the time when
pikeminnow larvae are present. Temperature mangphowever, at the Yampa / Green Rivers
confluence has not been conducted long enouglsasafkeclamation’s ability to achieve the
recommendation.

According to Service policy, as stated in the Emggiad Species Consultation Handbook
(USFWS 1998b) (Handbook), some detectable mea$@feat should be provided, such as the
relative occurrence of the species or a surrogageiss in the local community, or amount of
habitat used by the species, to serve as a meiasuedke. Take also may be expressed as a
change in habitat characteristics affecting theigse such as water quality or flow (USFWS
1998b). Because estimating the number of indivglaathe four listed fishes that could be
taken by nonnative fishes and by thermal shockayd@do pikeminnow larvae in this biological
opinion is difficult, we have developed a surrogateasure to estimate the amount of anticipated
take to listed fish in the form of harm. The sg@ate we are using is flows in the Green River
below Flaming Gorge Dam. Flows of a magnitudeijrtgrand duration consistent with the
Proposed Action and the Flow Recommendations (Mu#i. 2000) provide the short and long-
term habitat conditions in the Green River suitdbiehe survival and recovery of the
endangered fisiTake would be exceeded if the Service, after coéasoh with the action
agencies, determined that flows in the Green Ryedow Flaming Gorge Dam were not
consistent with the flow recommendations as idesatiin the Proposed Action and there was
evidence of harm to listed species. This wouldlite significant habitat modification or
degradation when it kills or injures wildlife bygsiificantly impairing essential behavioral
patterns including breeding, feeding or sheltefiog failure to meet the flow
recommendationsWe exempt all take in the form of harm that woutdwr from normal
operations including spills and modified temperatigleases from Flaming Gorge Dam
operations that are consistent with the ProposemAto meet the flow recommendations
provided the action agencies, working in cooperatith the Recovery Program, comply with
the reasonable and prudent measures and the imutiegnéerms and conditions of this
Incidental Take Statement.

EFFECT OF THE TAKE

In the accompanying biological opinion, the Sendegermined that the anticipated level of
incidental take is not likely to result in jeoparaythe species or destruction or adverse
modification of critical habitat.

REASONABLE AND PRUDENT MEASURES

The Service, in cooperation with the Recovery Paogrdeveloped the flow and temperature
recommendations (Muth et al. 2000) with the althotige proposed flows would improve
endangered fish habitat that there will be times situations where warm water nonnative
species could benefit and drifting larval Colorgukeminnow may be impacted at the
confluence. Therefore, the Service believesttimteasonable and prudent measures to
minimize incidental take associated with the pr@pastion need to be focused on evaluating the
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effects of implementation of the flow and temperattecommendations (Proposed Action) and
understanding and managing negative interactiotvedas native and nonnative fish.

Through implementation of the proposed action, &eaaltion and Western intend to protect and
assist in the recovery of the populations and awedeyl critical habitat of the four endangered
fishes, while maintaining all purposes of the FlagnGorge Unit of the CRSP, particularly those
related to the development of water resourcespakisof their proposed action, Reclamation and
Western included a list of environmental commitrseanttheir biological assessment (identified
as conservation measures in this biological ophi@ome of those conservation measures
stemmed from uncertainties associated with theqeeg action that Reclamation identified in
their NEPA process and as were identified by Mutal.e(2000). As some of those uncertainties
are linked to potential take of the endangered fisdy serve as the basis for the following
Reasonable and Prudent Measures. The Servicedeliee following reasonable and prudent
measures are necessary and appropriate to avoithiaimdize the impacts of incidental take of
the listed Colorado River fishes:

1. Implementation and refinement of the proposetiba will occur through an

adaptive management process. Reclamation, Weatatnthe Service will work

through the Recovery Program to implement apprtgnmonitoring and research
studies to test the result of implementing the psagl action and identify the
potential for modifying or refining flows and tempéures from Flaming Gorge
Dam. The Service considers the Recovery Program theoppgpte science body to
develop and implement monitoring and research etudhat would address
uncertainties associated with the proposed actioaccordance with the Section 7
agreement, Reclamation, the Service, and Westelinwwerk with the Recovery

Program to revise the RIPRAP as necessary to incaip the approved studies
deemed necessary to evaluate the proposed action.

2. The Recovery Program will assess the neednidiraplement as necessary nonnative
fish control programs in the Green and Yampa Rsystems in accordance with the
RIPRAP and scopes of work approved by the Recovesgram.

3. Reclamation has committed to develop a professperating the selective
withdrawal structure consistent with the objectieégmproving temperature conditions
for the endangered fish (see Description of thgp®sed Action).

4. Reclamation and the Recovery Program shouktéte if temperature gaging in
Reach 1 and Reach 2 is adequate to ensure tenmeer@tommendations are met

5. Reclamation will produce a summary report eggdr to document annual operations
and the information used to develop those operatiOner time, it is expected that these
data would be of benefit in determining if flow cgemendations are being met and
correlating and analyzing conditions for the endaiad fish species and their habitat
downstream from Flaming Gorge Dam.
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TERMS AND CONDITIONS

In order to be exempt from the prohibitions of gat® of the Act, the following terms and
conditions, which implement the reasonable andgmticheasures described above, must be
satisfied. These terms and conditions are noretiscrary.

In order to implement RPM #1 Reclamation will:

A.) Establish the Technical Working Group, as dettin Section 2.5.3 of the EIS, consisting of
biologists and hydrologists involved with endangefish recovery issues. The Technical
Working Group will meet at various times throughthe year to provide input and feedback
concerning current and past operations on endathdisleneeds and provided recommendations
to Reclamation on its operational plan for Flam@grge Dam. A representative from the
Service’s Utah Field Office will participate on tiiechnical Working Group.

B.) Consistent with the Recovery Program RIPRA#INoO. I.D. in the Green River Mainstem
Action Plan which state&valuate and revise as needed, flow regimes to benefit endangered fish
populations - Reclamation, Western and the Service will wénotigh the Recovery Program
technical committees to develop a Study Plan ttuaeta the Flaming Gorge Flow and
Temperatures Recommendations. The Study Plangbeutompleted within one year of the
finalization of this biological opinion and shoutatus on previously identified uncertainties
related to floodplain inundation, nonnative impaet$ects of elevated temperatures and
geomorphic processes. Whereas the intent of thdySPlan is to guide future evaluation of the
Flaming Gorge Flow and Temperature Recommendatibsisould draw heavily on the
direction provided in section 7 consultation docatsencluding the biological assessment and
biological opinion, Recovery Program guiding docutse

» Strategic Plan for Geomorphic Research and MomigofiLaGory et al. 2003)
» Green River Sub-basin Floodplain Management Plaid@z and Nelson 2004)

and ongoing field studies:

* Gunnison and Green River Sediment Monitoring: Ritoje85F

e Cumulative Effects of Flaming Gorge Dam Releasesesi996 on the Fish
Community in Lodore and Whirlpool Canyons: Projeth

* Floodplain Habitat Surveys: Project Cap-6 HYD

» Razorback sucker migration / recruitment from flplagh habitat: Cap-6 RZ

» Larval bonytail and razorback sucker survival moffiplain habitats: Cap-6 bt/rz

» Larval razorback and bonytail survival in Baeseap rz/bt

« Entrainment of larval razorback sucker cap6-rz/entr

* Native fish response to nonnative control effant®¥Jtah: new study

* Yampa and Middle Green River razorback sucker avidr&do pikeminnow larval
survey for Flaming Gorge operations: Project 22f

* Population Estimation for Colorado pikeminnow ie @Breen River (Project 128)
and for humpback chub in the Green River (Proje&) 1
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* Annual Fall Monitoring for CPM YOY: Project 138).
* Nonnative Control in the Yampa and Green Riversj@ets 109; 110; 98a-c; 123)

The study Plan will be structured to provide a fesvork that demonstrates how
past, ongoing and future Recovery Program effaats lme used to test objectives of
the flow and temperature recommendations and teeaddincertainties identified in
the Flaming Gorge EIS and by Muth et al. (2000heSe uncertainties include the
potential impacts related to the escapement of airfishes from Flaming Gorge
Reservoir from the increased frequency of spillwag. Reclamation and Western
working through the Recovery Program and within toatext of the study plan
should also assess and prioritize the possibilityinoproving connectivity of
floodplain habitats and identifying ways to improsetrainment of larval razorback
suckers into floodplain habitats at lower peak flewels. A timeline for producing
periodic evaluations (e.g. 5-yr assessments) of Rteming Gorge Flow and
Temperature Recommendations will be provided. ceoedance with the Section 7
agreement, Western, Reclamation, and the Servide ragquest the Recovery
Program to modify the RIPRAP to incorporate appdostudies following standard
Recovery Program procedures.

In order to implement RPM #2 Reclamation, Westand the Service will support the
Recovery Program in active implementation of tHeWwing RIPRAP items:

From the Green River Action Plan: Mainstem

* 1ll.LA.4. Develop and implement control programs fannative fishes in river
reaches occupied by the endangered fishes to figeegjuired levels of control. Each
control activity will be evaluated for effectiversgsnd then continued as needed.

* lll.LA.4.a. Northern pike in the middle Green River.

* lll.LA.4.c. Channel catfish (e.g. Deso./Gray Canydosprotect humpback chub
populations, and in the middle Green River to protazorback sucker and Colorado
pikeminnow.

From the Green River Action Plan: Yampa and L8teake Rivers

* 1llLA.1.b. Control northern pike

* 1lIlLA.1.b.(1) Remove and translocate northern ke other sportfishes from Yampa
River.

* 1llLA.1.b.(2) Reduce northern pike reproductiorthie Yampa River.

* 1llLA.1.b.(2)(a)

» Identify and evaluate natural and artificial spawginursery habitats for northern
pike in the Yampa River for exclusion devices.

* 1llLA.1.b.(2)(b) Implement remedial measures touss pike reproduction in Yampa
River.

* lll.LA.1.c. Control channel catfish

* 1ll.LA.1.d. Remove and translocate smallmouth bass.

The Recovery Program is actively pursuing both iatime control and native fish response
studies in the Green and Yampa Rivers. The Yaniper & outside the action area, but is a
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primary source of smallmouth bass and northern gikgplying Reaches 1,2, and 3 of the
Green River and is therefore referenced here.

In order to implement RPM #3 Reclamation will:

A.) Draft a selective withdrawal operation plarthim one year of finalization of this
biological opinion. This plan will describe opecais to meet the temperature
recommendations, describe limitations of meetirggtémperature recommendations
(physical, budgetary, manpower) and propose ex@ertah solutions to these limitations as
needed.

B.) Reclamation’s accumulated thermal unit analysithe EIS indicated that dam releases
of 16°C during average and wetter hydrologies incredsegbotential to benefit adult
Colorado pikeminnow in Lodore Canyon and minimigeel potential impacts of cold shock
to drifting Colorado pikeminnow larvae at the Yart@aeen River confluence. Through
development and implementation of an operations (I&C #3A) to meet the temperature
recommendations, Reclamation should experiment rglffases of P& during appropriate
hydrologies. Such experimentation would not reqsiractural modification of equipment of
operation changes affecting hydropower generation.

In order to implement RPM #4:

Reclamation, Western and the Service will work wiitt Recovery Program to determine the
need for real-time temperature gages at the doearstterminus of Lodore Canyon and on
the lower Yampa River to assist in their operatbthe selective withdrawal device to meet
the temperature recommendations. This activippissistent with tasks in Recovery
Program Project No. 19B (Hydrology Support for Bgical Research). If a need for real-
time temperature gages is determined to existSéreice will approach the Recovery
Program in accordance with the Section 7 agreetogmpose installation of such gage(s).

In order to implement RPM #5:

Reclamation will provide to the Service and Recg\Rrogram a concise annual operations
report. A primary purpose of the annual repotbiprovide an assessment of how well
operations at Flaming Gorge Dam contributed to mgdlow targets. In addition, the
annual report will provide a record of operatioesdentified under the incidental take
statement. Basic information that should be surrredrincludes the following:

a. A review of the April-July unregulated inflow forasts provided by the
National Weather Service via the River Forecasti€ehat were used to
classify Green River hydrology.

b. Additional factors that were used to determine Wiiow recommendation
hydrologic category was targeted (e.g. Flaming @dgservoir elevation,
Yampa hydrology, past operations, power needs, ieahWorking Group
conversations, etc.),
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C. An accounting of actual flows and operations: gpflows and baseflows
(reference USGS gages at Yampa River at Deerldsligesn River at
Greendale, Ut at Jensen, Ut, and near Green Rigr,

Results from Reclamation’s spillway inspections,

A summary of daily and seasonal fluctuations asdenUtanh,

An overview of Reclamation’s operations to meetiiied targets,

An accounting of the actual thermal regime in uppet lower Lodore Canyon
and the lower Yampa River based on available in&ion.
Recommendations to refine operations

> @m0

The Service recognizes that the Recovery Prograynagijaist dates and time frames for
RIPRAP activities referenced in the terms and doos in this biological opinion. These
changes are made through revisions to the RIPRARBnsubject to Service approval as part of
the Recovery Program process. To the extent titdt ievisions affect dates in this biological
opinion, these adjustments are recognized by théc®eas modifying dates for those activities

in the biological opinion.

CONSERVATION RECOMMENDATIONS

Section 7(a)(1) of the Act directs Federal agentastilize their authorities to further the
purposes of the Act by carrying out conservatiargpams for the benefit of endangered and
threatened species. Conservation recommendatiertisgzretionary agency activities to
minimize or avoid adverse effects of a proposetbadain listed species or critical habitat, to
help implement recovery plans, or to develop infation.

The Service is recommending the following conseoveactions:

1. Install additional SNOTEL sites in the headwaterctees of the Yampa River, Upper
Green River and Little Snake River. Additionaksiwill increase the accuracy and
precision of runoff forecasts and increase Reclammatcapability to time releases to
meet the flow recommendations.

2. Based on implementation of the flow recommendaticegsnalyze economic feasibility
of retrofitting the bypass tubes with turbines anglement if viable.

3. Participate with members of the Ute ladies’-treSgearian vegetation work group and other
entities to identify means, devise strategies, teig implement remediation or mitigation
measures for Ute ladies’-tresses recommended bydHegroup as a result of information
gathered through research and monitoring.

In order for the Service to be kept informed of@tt minimizing or avoiding adverse effects or

benefiting listed species or their habitats, thevie requests notification of the implementation
of any conservation recommendations.
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REINITIATION NOTICE

This concludes formal consultation on the subjetiba. As provided in 50 CFR sec. 402.16,
reinitiation of formal consultation is required forojects where discretionary Federal Agency
involvement or control over the action has beeained (or is authorized by law) and under the
following conditions:

1. The amount or extent of take specified in the iantdl take statement for this opinion is
exceeded.

2. New information reveals effects of the action tmaty affect listed species or critical
habitat in a manner or to an extent not consideréidis opinion. In preparing this
opinion, the Service describes the positive ancitineg effects of the action it anticipates
and considered in the section of the opinion editEFFECTS OF THE ACTION.”

New information would include, but is not limitedl, thot achieving significant portions
of the flow and temperature recommendations or ticipated effects of implementing
the proposed action.

3. The section 7 regulations (50 CFR 402.16 (c)) dtaereinitiation of consultation is
required if the identified action is subsequentlydified in a manner that causes an effect
to the listed species or critical habitat that wasconsidered in the biological opinion.

4. The Service lists new species or designates nedditional critical habitat, where the
level or pattern of depletions covered under tipiion may have an adverse impact on
the newly listed species or habitat. If the speoiehabitat may be adversely affected by
depletions, the Service will reinitiate consultatmn the biological opinion as required
by its section 7 regulations.

If the Service reinitiates consultation, it wiltst provide information on the status of the specie
and recommendations for improving population nursleithe Recovery Program. Only if the
Recovery Program does not implement recovery atiommprove the status of the species, will
the Service reinitiate consultation with individyebjects.
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