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Two-Year Sci0nce PJad:for Experimental Flow Treatments
and Mechanical Removal Activities in \ilYrs 2002-2004,.;..,., :i11 ihiroaoctioo

This plan describes u.on..ptrathempiork, which identifies priority project areas for
research and monitoring.related io'experimental flows and mechanical removal of non-
naive fishes. It is not intended to provide highly detailed methodologies for
accomplishing the research'and monitoring. The plan assumes that normal core
monitoring activities conducted by GCMRC as part of the Glen Canyon AMP will be
completed and indeed may provide much of the necessary information to evaluate the
effectiveness of the ffeatment scenarios.

In response to a motion passed by the Adaptive Management Work Group at their
January 2002 meeting a series of,freatnent scenarios for WY2002-03 was developed by
the Grand Canyon Monitorlag and'Rebearch Center in conjunction with the Technical
Work Group (GCMRC,2002). At thgiriApril 24,2002,meeting, the Adaptive
Management Work Group revjewE'd ttidsbrscenarios and made their recommendation for
implementing Experimental Flgw,:s;and:,Mechanical Removal of salmonids in the LCR
reach of the Colorado River Eco{iyste4i"The Bureau of Reclamation has forwarded the
AMWG recommendation to the';S.ecrelerV of the Interior via the Assistant Secretary for
Water and Science. The Sggretffls ilecision on that recommendation is expected dwing
sunrmer of 2002. ,., . ri.:i

The treatnents recommended by GCMRC and adopted by the AMWG for WY 2002 -
2004 ue intended to: (l) decrease downsheam export of tributary input sediment from
Marble Canyon, (2) increase retention of sediment through Beach/Ilabitat-Building
Flows (BIIBF), (3) improve survival and recruitment of IIBC by reducing competition
and predation from non-native fnh (primarily rainbow trout) and (a) improve and
maintain habitat for young native fish.

Within the recommended experimentul flo* scenario for WY 2002 -2003 GCMRC is
recommending a series of treatments, dgpending on the timing of and whether or not one
gets significant sediment inputs,.that bombine low flows to reduce sediment export,
BIIBFs to enhance sediment storage,:qpd high fluctuating flows to disadvantage non-
native fish. This latter flow pattEtg wilt'potentially improve the growth of salmonids by
reducing density in the Lees Ferry reaph'and reduce predation or competition by rainbow
andbrown trout on the endarigefed humpback chub in the LCR reach. Integrated science

studies are also being designed todoc'ument relationships between terrestrial sand-bar
dynamics and vegetation and impacts to cultural and recreational resources within Grand
Canyon.

In addition, GCMRC has povided a first draft of a larger set of experimental flows that
can serve as a starting point forworking with the Science Advisors, the TWG, and other
stakeholders to develop a longer term program of experimental flows. This long terrn

implementation plan was part of the AMWG motion passed 4pi124,2002.
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The implementation of freatment activities could begin as early as September,Z}}2.
GCMRC is undertaking preliminary work necessary to enable effective implementation
of proposed treahnents pending their approval by the Secretary. An essential element of
that preparation is the development of a Science Plan which will identiffnecessary
research and monitoring activities needed to evaluate the effects of proposed treatnent
actions. This document represents the proposed Science'Plan and is intended to form the
basis for implementation of the plan by the GC$RC. The Science Plan links the
hypotheses to be tested with project descriptionS 'ivhich are in turn related to Goals and
Management Objectives for the AMP. : ' ',,', 

.

Background .

A detailed description of the experimental flow recommendations made to the Secretary
and the rationale for those recommendations is contained in Version 4.0 of a document
entitled "Treatment Scenarios for Water Year2002-2003'developed by GCMRC in
consultation with the TWG and presented to the AMWG on April 24,2002. The general
working hypotheses which resulted in the preferred treahent scenario recommendation
from the AMWG are ils follows:

Fine Sediment (Mass Balance and Bar Dynamics) - Uiriiioring data indicate that
tributary rnputs of sand do not accumulate within the river,chu-rnel over multi-year
periods as predicted by the final EIS, and that such inputs'are hansported out of the
Colorado River Ecosystem within less than one ygar under most ROD operations (Rubin
et al., 2002; Rubin and Topping, 2001; Topping eta1.,2000a; 2000b). on the basis of
results from the sunmer 2000 flow experiment, asrwell iishiStorical sediment-fransport
data, new inputs of sand should be retained more effectively within main channel storage
sites during extended periods of dam releases at or belorv:about 10,000 cfs (Rubin et al.,
2002; Rubin and ropping ,2001; Topping et a1.,2000a; 2000b). If such operations
promote retention of sand (and finer sediment as well), then implementation of a BHBF
following such periods should greatly increase the effectiveness of such flows in
restoring and maintaining terreskial sand bars and related resources.

More efficient retention of fine sediment and silt prior to BHBFs is hlpothesized to result
in more rapid rates of sand bar deposition, as well as sand bars with finer grain-size
distributions. Finer-textured sand bars may be less prone to rapid erosion following bar
building, as well as retain a higher level of nutrients conffibuted to the main channel by
tributaries. Such improved bar characteristics may bnhance'the longevity ofrecreational
camping areas, and improve chances for on-going in-situ preservation of cultural sites.
Enhanced consenration of hibutary sediment inputs in the channel should result in
elevated suspended-sediment concentrations during,Bl{BFs, leading to rapid depositional
rates during sandbar building. Elevated rates of saridbar deposition should reduce the
required duration for BHBFs, and hence will limit ipill volumbq. If sand bar deposition
is significantly enhanced by implementing gHBFs,*hen the ecosystem's sediment
supply is greatly enriched (resulting in sustainability of finer, more stable bars), then
perhaps the frequency for making such releases is simply linked to timing of hibutary
inputs, rather than sfiictly basin hydrology.

Proposed GCMRC Science Plan for Experimental Flow Treatments and
' Mechanical Removal Activities for wy za0z-2004
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Coarse Sediment (Inputs and Impacts) - Ongoing debris flows from drainages tributary
to the Colorado River ecosystem continue depositing coarse sediment into the main
channel. The direct and indirect impacts and influences on the ecosystem continue to be
monitored annual with respect to aggradation of rapids and debris fans, as well as impacts
to teneshial and aquatic habitpts,.Experimental high flows, such as BHBFs, provide
opportunities to document the di:gree't<l which these coarse-sediment deposits can be
reworked by operations from GJen Cariypn Dam. Limited studies of debris fan and rapid
reworking are proposed in this sciencepldh for the first, and possible the second years of
experimental flows in Wy Z00Z:94.1*, 

,,," 
.

Native and Non-Native x'ish.lfne tittle Colorado fuver (LCR) population of humpback
chub (HBC) has not demonstrffi a p-bsitive response to the mainstem flow regimes
under ROD operations. Incoritiast, the population of rainbow trout in Lees Ferry and the
populations of rainbow and brown trout in the mainstem below the Paria River appear to
have shown a positive response as reflected in increased abundance. Within the dOD,
there is aneed to implement experimental flows, which may improve survival and
recruifrnent of HBC. The LCR population of HBC is comprised of fish resident in the
LCR and in the mainstem near the LCR confluence. Therefore flows, which affect
changes in HBC status in the mainstem,may positively influence the overall LCR HBC
population

Recent analyses of historicil'hffib"*,rchub (IIBC) data suggest that the abundance of
the Little Colorado River (LCR)poppJation of HBC is in decline; Grand Canyon
Monitoring and Research Cenier(GCMRq unpublished analyses). These analyses
utilized mark-recapture data in ry1 ope.n-population model to consfruct estimates of the
population recntitment (1989-1997 biood years) and sub-adult and adult abundance
(>150 mm total l*gth; 1991-ltp?9). 'T_e decline in the abundance of sub-adult and adult
fish appears to be the resultbf iOntinuid low recruitnents beginning with the 1992 brood
year. As these weak ye.ar ctassds,have entered the sub-adult and adult portions of the
populatiorl the overall ab[ndance of HBC has declined from a peak of 8,517 in 1993 to
3,388 in 1999. The overall trends in recruitment and abundance are supported by two
additional analyses. First, the downward recruitment trend is supported by hends
observed in the catch-rate (CPUE) of Age-l and Age-2 HBC from hoopnet sampling in
the LCR (GCMRC unpublished analyses). Second, a closed population mark-recapture
experiment conducted in the LCR during the spring of 2001 indicated the population
contained only 2,090 (95% C.I. 1611-2569; HBC >150 mm total length; USFWS in
prep.). Combined, these threerindependent analyses provide sufficient evidence to
conclude that the Little C3,tora.{9, Rivii;lopulation of HBC is in decline.

Ofparamount importance in conserving ffs population of federally endangered
humpback chub is determining the factpiii'contributing to this population decline and
implementing management actions desigped to minimize the effect of those factors.
Although it is still unclear all of the factors that may be responsible for the recruitment
decline beginning in 1992, we liave iiientified a list of likely factors that could be acting
either singly or in combinatign;,,Ttrese factors include: l) Colorado and Little Colorado
River hydrology, 2) infestation ofjuvenile HBC by Asian tapeworm, 3) predation by or

Proposed GCMRC Science Plan for Experimental Flow Treatments and
Mechanical Removal Activities for WY 2002-2004

August 9,2002



4

;

competition with warm-water native clprinids and,catastomids and non-native cyprinids
and ictalurids within the LCR, and 4) predationhy or competition with cold-water non-
native salmonids within the Colorado River.

The body of evidence available to evaluate specific hlpotheses varies among the
postulated factors. For instance, beginning in August l99l the operation of Glen Canyon
Dam was changed to reflect the so-called "interim operating criteria". This hydrology,
and the subsequent ROD flows that continue to present, can be generally characterized as
having less severe daily flow fluctuations than the previous 28 years of load-following
hydrology. Temporally, this major change in Colorado River hydrology correlates
closely to the decline in HBC recruitment. Additionally, it is possible that the initial
decline in HBC recruitment in 1992 was caused by the nearly continuous flooding in the
LCR that occurred during the summer of lgg},particularly, during the early summer time
period when larrral HBC emerge (Robinson et al. 1998). It is also possible that the high
infestation rate ofjuvenile HBC by the introduced parasite Asian tapeworm is a causative
factor. HBC infected with Asian tapeworm were fi$t founa during 1990, and infestation
rates during 2001 have exceeded 90% (Anindo ChoudUr$L pers; corrrr.). Finally,
predation and competition by fishes either withiri the LC$ or in the Colorado River may
be driving the HBC recruitment trend. Although iobust rblative abundance data does not
exist for non-native fishes within the LC& there has been a large increase in the
abundance of non-native salmonids in the Colorado River near the confluence of the LCR
(LCR Inflow Reach RM 56.6-68.3; Gorman and Coggins, 2000).

While it is difficult to determine which factor is most responsible for the HBC
recruitment decline, a likely significant factor is negative interactions (predation and
competition) with non-native fish. Interaction with non-native fish is implicated in the
decline and extinction of native fishes throughout the Colorado River basin (Tyus and
Saunders, III 2000 and references therein). Indeed, afterbeing presented with the recent
analyses describing the decline in the LCR IIBC population, the Glen Canyon Dam
Adaptive Management Work Group (AMWG) pass,ed mo,tions to begin plannrng and to
conduct feasibility studies to reduce non-native fish abtindarrce in the Little Colorado
River and Bright Angel Creek. Finally, it is plausi$,le thal the predation/competition
hypothesis could overwhelm any benefits derived,from'tpanagement flow prescriptions
intended to provide beneficial habitat conditiofr$,:,,,,;-r ,.i,,'

''
GCMRC believes the benefits to native fish wil.l abrue,indirectly through a reduction in
predation/competition by non-native fish, primarily salmonids in the LCR reach. The
model developed by Dave Speas and Carl Walters provides support for high fluctuating
flows to reduce the number of RBT by interfering with and disrupting spawning activity
and/or reducing the recruitnent of young fish. This model and data pertaining to the
impacts of fluctuating flows are most relevant to the Lees Ferryreach where targeted
reduction in tout numbers is also thought to be desirable. Unpublished and publistred
(Maddux et al. 1987; McKinney et al., 1999) data from AGFD and GCMRC indicate that
spawning is most frequent in January to March. In addition the amount ofrecruitnent in
the Lees Fenyrainbow trout population is most strongly correlated with fluctuating flows
in this same period and the range of those fluctuating flgWs Ttre correlations are negative

.i.l
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which means the lowest rgcruitnent ionesponds to fluctuating flows in these months.
Similarly, the greater the degreO of daily fluctuation, the lower the recruitnent. It is
reasonable to assume that these relationships are similar in the LCR reach although
timing of spawning could be different. A separate document containing data regarding
the recent decline in the growth of rainbow trout in the Lees Ferry reach of the river is
included as Appendix l.

Initial flow experiments to modify habitat have not shown a strong response in increased
IIBC abundance. This could be due to a number of factors including both the power of
the experiment, the ability of monitoring programs to detect a change, and the short time
since the most recent expenfnait;iteniied the Low Summer Steady Flow (LSSF), has
been conducted. Anotherpossihility;i'iihat non-native and native fish interactions (i.e.,
predation alrd competition) are bver-riding any potential positive effects from flows that
improve habitat conditions. Tholheatments described here are intended to test this
possibility and produce a measurableaffect on non-native fish and hence on non-native
and native fish interactione: T$fuihopeis that this will result in a positive effect on HBC
and lead to the designing of expgqimental flows or other management actions that also
can improve habitat for nalive fish, including HBC that will address Goal 2 of the AMP
strategic plan.

Proposed Treatment Scenarios (#1 and #2)

This scenario provides for experimental flows aimed at both conserving sediment and
benefiting native fishes. Treafinents will be conducted during both WY's 2003 and 2004.
Through August 2002 the dam followg normal ROD operations. Following significantr
sediment inputs in the Septembplr December 2002 period, and beginning as early as

September 1,2002,the dam woplp rgfgase alternative 2-week periods of constant 8,000
cfs and fluctuating 6,500 cfs to 9,.900 cS until January 2A0B. In January 2003 aBHBF2
of limited duration is conductedThi$:i$llowed by high experimental fluctuating flows
with a daily range of 5,000 cfs tb:20i000 cfs for the main portion of the non-native
spawning and emergenUjuvemfp .qeason (January through March). From April -
September 2003 operatiorrs would follow monthly volumes under the ROD. Concurrent
with the experimental flow treatinent, mechanical removal of rainbow and brown hout in
the LCR reach (described below) would be implemented. This overall treatment (flows
and mechanical removal) has the most potential to result in measurable responses, which
improve the Lees Ferry trout fishery reduce non-native predation/competition on native
fish in the LCR reach, enhance native fish habitat, and increase sediment retention in the
CRE.

I 
These are defined as inputs from the Paria River of at least 500,000 metric tons of sediment after

July 1. Continuation of the Scenario 1 experiment past October 31 would be dependent on cumulative total
Paria River sand inputs of at least l.4.rniJlion metric tons. Implementation of a January BHBF would
require retention of at least 1,000,000;(+/- 2Q percent for measurement unceriainty) metric tons of sand in
the reach above the Little Colorado Riyer. Fot purposes of the BHBF triggering decision, the start point for
estimating total accumulated sand storage in Marble Canyon shall be September 1".

' In every scenario where a BHBF is proposrid itiibe released in 2003 ot 2004, the BHBF should have a
magnitude of at least 10,000 cfs above peak powu-plant discharge or higher, depending on lake elevation.

Proposed GCMBC gcieri*erilan for Experimental Flow Treatments and
: Mechriniihl Removal Activities for WY 2002-20M
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The flow treatnent related to testing fish hypotheses center around the notion of
improving future humpback chub (HBC) recruitment by reducing the number of adult
rainbow trout (RBT) and brown hout @NT) residing in the system downsteam of Lee's
Ferry. Conceptually, this is to be accomplished primarily by reducing RBT and BNT
recruitment by increasing the early life mortality rate of these fishes witfr nigruy
fluctuating flows during their winter and spring spawning and rearing seasons. The other
experimental treatment calls for the reduction of adult RBT and BNT abundance in the
Colorado River mainstem (lvICR) near the confluence of the Little Colorado River (LCR)
via elecfrofishing and mechanical removal ,,, ;;,,

.) ' ,!

The LCR Inflow reach is recognized for having the higho;t abundance of adult and
juvenile HBc in the Colorado River mainstem,(lafgez,and Ryel 1995). we have
selected a sampling reach (56.2 RM - 65.7 nU) ttrat enclgses the majority of this
population (see attached map). The proposed saraphng effort ryill be uniformly
disfibuted within this reach. The upstream and doivnqtream endpoints are bounded by
hydraulic and geomorphic control; however, it is not impermeabli to system-wide fish
movement (Stevens et al. 1997). We are proposing to conduct annually, three depletion
trips in January-March and three depletion trips in July-September. The effort would also
yield information regarding abundance of yoy HBC during this period and be
complimentary to existing monitoring efforts.

Specilic Proposed Action

The action proposed is an integrated ecosystem fieatnent that combines experimental
flows to conserve sediment and improve native fishhabitat with flowr intended primarily
to disadvantage non-native salmonid fishes in the CRE.,T,he latter flow teatnent is :

coupled with the mechanical removal of salmonids to r-e,{uce likely competition with and
predation on native fish-particularly HumpUac! c,,11gp. $gause,this is anintegrated
ecosystem treatnent aimed at learning more abbiit.ionserving several key resources it
involves tradeoffs when compared to atreatmentWhicb,nighlgptimize for a single
resource, e.g. sediment ' 'i ' -

Experimental Treatment Scenarios proJ ect Overview

The Science Plan is intended to describe the suite of additional research and monitoring
activities thought to be desirable, feasible, and necessary to interpret and understand the
effects of the foregoing treatment scenarios on key resources in the CRE over an
approximate two year period beginning in September (mechanical removal) or Septenrber
(sediment flows) 2002. The projects identified below are rin addition to or represent an
expansion of on-going research-and monitoring activitidj afreadV approved in GCMRC',
FY02 and FY03 Work Plans. As such, these activitips wfl! require aOdtionA funding to
complete. GCMRC is proposing to complete the foflowing prifpcts through increased
activities of existing contractors and cooperators,a,g we{t iii ttrough engagement of

't'. ' 
'"'-
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additional on-site contractors. frgjeciihave been grouped to correspond with the
elements of the annual treatrnent scenario as follows:

' :':' 
.liii'l'i'

Primary Sediment Qomoonents (September through December flows)
Secondary Sediment Components (BHBF contingent upon minimum sand
inputs and accuinulltign wilhin Marble Canyon, river miles 1-61)
PostBIIBF Cgmponiilnts (January to April fluctuating flows)
Non-Flow CompongptS (mechanical removal of non-native fishes, primarily
salmonids)

The experimental flows and mechanical removal ffeatments described above and in more
detail in other documents are inte,lrded to be the first treabnents in a longer series of
management actions implemented experimentally. Many of the treatrnents and ultimately
the overall multi-year experiment have hypotheses associated with their possible effects.
In some cases these hlpotheses may be testable almost immediately. However, in other
cases, and particularly with regard to'biological responses, testing these hypotheses may
take several years owing to life'cycles of fishes involved, sampling shategies, etc.
Finally, some projects undertaken may only result in descriptive data which are not useful
in the statistical sense of testing hypotheses but may yield valuable information regarding
ecosystem responses.

The implementation of research:and monitoring activities associated with the
Experimental Treatment Scenarios o'ler the next two years will represent a substantial
undertaking by GCMRC, its cooperators and contractors. A summary of individual
projects and their association with AMP goals and management objectives, as well as the
projected cost of each project is provided in Table 1. The final column in this table ranks
projects relative to GCMRC's perception of their importance in providing information
critical to making manageme,nt recommendations by AMWG. A synopsis of the
hlpotheses to be considered by each project is provided in Table 2. More detailed
individual project descriptions are found in the following section of the science plan.

Proposed GCMRC Science Plan for Experimental Flow Treatments and
Mechanical Removal Activities for WY 2A02-2004
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Project Descriptions

PRIMARY $EDIMENT COMPO Low Flows)
(September through December of 2002, and July through Decernber 2003, low
flow period n2002 for Treahnent #1, with Treatnent#2 focused on peak power-
plant tests in 2003)

Project 1. Fine-sediment Mass Balance, parts A and B

Treatrnent #l - Sediment mass balance to ascertain,higgpring for low fallflows.

Part A. - July throueh October 2002 - Ccitfuence witfr annually scheduled daily
sediment-transport sampling alongmain channel and morritoring of tributary
inputs, July 1" through october l5m. costs are currently covered by core
monitoring for cableway sampling, but an additional amount will be required to
expand use of instrumentation along four main channel locations to provide high-
resolution, continuous sediment-transport data for improving mass-balance
estimates. Comparison of sediment-fiansport rates trnder stable versus low
fluctuating flows shall begin with trvo weeks of constant 8,000 cfs releases on
September 1,2002, if Paria inputs have already reached 500,000 mehic tons, or
immediately following this level of sand input should it occur after September 1't.
Alternating two-week periods of stable versus low, fluctuating flows shall be
released through at least October to evaluate which of these two operations
conserye the most sand and silt/clay. The additional intensive sediment
monitoring work that may be required after Octobdr 15, 2002,is proposed through
modifications of existing agreeme,nts with,u-Sc$;,plus ? new procurements in
summer/fall 2002.

'- On the basis of sediment-fiansport
measurements made in September and Ocl,ober(aiisirming that the sedime,nt
supply of the channel has been significantly'enrichEd, see above), sediment
scientists shall recommend which of the two low-flow operations should be
continued from November through December }ao2,to conserye the greatest
volume of the Paria River inputs. This recommendation shall be made on the
basis of whether or not daily transport rates for sand arid silt are significantly
different (outside of the range of measurement uncertainty) for the trvo test-how
operations.

December 2002 - If during December, sediment-transport data indicate (within
known levels of measurement uncertainty) that buffrcient sand has accumulated
within Marble Canyon, then a recommendation $hall be made to decision makers
to implement testing of the BHBF in early JanuarVpOOl. .

. I,::l " " ,:'il 
''':, 

1

Methods - Please refer to currently funded;USGS work plan on file at the
GCMRC. ..,i1f ,,, :,, 1 ,,

j. .' . .

Proposed GCMRC Science plan fo, e*peirn ntal, Fiow Tteatrnents and
Mechanicar *"'*;lLfJ$:Tff 

i* 
wo iz-zow'
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NuIl Hvnothesis Related to Si[d arib.,4iner-Transport Rates:
(Dam Operations and Export of Paria Riverfine.Sediment Inputs)

Hv- 't to be tested/qoFsilqled:li ,:,

. ..r i, :, i, :.

Ho - Sand-transport and,'sllt-transport rates, are not significantly different under
stable flows of 8,000 cfsrversus low fluctuating flows ranging between 6,500 cfs
and 9,000 cfs.

Regarding Treatment #2 (Peak power-plant releases in response to Paria River
sand inputs instead of low flows). The mass-balance project would follow the
same protocol during July through December 2003, except that the measurements
would be made for mostly normal ROD operations, with perhaps one to several
peak power-plant releases made in response to significant sand inputs from the
Paria River between July and November. A decision point would still occur in
December 2003, on the basis of whether or not sufficient sand accumulation had
occurred within MarblelCanyon.over the course of the sediment-input season. If
the threshold of sand accumulatlon is met, then a BHBF would be released in
earlyJanuary2004.'' ,,,i,

Null Hypotheses Relating to Mi$$ Biiilirce Parts A & B:
(Accumulation of Paria River ftne-Se!,lment Inputs)

' ':i. i'

Treatnent #1, High Fluctuatiopsin July & August, low Flows in September through
December (either stable at'8,000 cfs or fluctuations from 6,500 to 9,000 cfs)

Hvpotheses to be tested/considered :

Ho - Paria River sand inputs during July and August 2002, are not subject to high
transport rates through Marble Canyon (significant export) under scheduled
power-plantoperations.,

Ho - Paria River silUclayi4puts,during July and August2002,are not subject to
high hansport rates through Marble Canyon (significant export) under scheduled
power-plantoperations., , ,

;

Ho - Paria River sand intri,u1s 4p4hg September through December z}Oz,are not
subject to high transport.fates through Marble Canyon (significant export) under
experimental low-fl ow.$p'91"ttp*

IL - Paria River silVclay inputs during September through December 2002, are

not subject to high transport rates througlr Marble Canyon (significant export)
under experimental low-flow operations.

Proposed GCMRC Science Plan for Experimental Flow Treatments and
, Mechahical Retnoval Activities for WY2002-2004
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Treatment #2 - Normal Scheduled Fluctuations in July through December 2X[3,along
with one to several peak power-plant releases that coincide or closely follow significant
Paria River sediment inputs.

Additional Mass-Balance H theses to be tested/r

lt - Paria River sand inputs dwing July through December 2o03,are not
sufficiently accumulated within Marble Canyoneddies to meet the December
higgering criteria for implementation of a Januqy-BHBF

Ho - Paria River silvclay inputs during July ttuotrgh Docember zoo3,are not
significantly accumulated within Marble Canyon eddies and will not contribute
substantially to bar restoration even if a January BHBF is implemented.

Notes:

Assuming that significant Paria River sand inputs have occurred and that the
low-flow testing has been conducted, reach-integat€d fieldwork shall be
conducted by the FIST (Fine Integrated sedirient Team, composed of
researchers from USGS, utah state university,and Northern Arizona
university, (see below for details) in early to mid-oecenrber, regardless of
whether the BHBF threshold is met or not. t.These December measurements
will still provide extrunely valuable data as to how paria River sediment
inputs were distributed and stored in,fie main channel throughout Marble
canyon (upper versus lower reaches:dfthis sritical manageme,nt reach).
These field measurements will be made'primarily withinixisting study
reaches in Marble Canyon, and exclusively,in:reaches upstream of phantom
Ranch (river mile 87).

comparison of the sand conservation achieved by Treatments #l and#2
assume that similar minimum volumes of sand are input from the paria River
during the '02 venius '03 sediment season. There is a high likelihood that
this assumption will be violated during the next two years, making direct
comparison of these two treatments imposli!1g.,,. 

,,,

Experimental testing of BHBF in January *o., a minimum accumulation
of 1,000,000 metric tons (+/- 20 percerlt) within Marble canyon. similar
sand volumes input by the Paria Rive; iiwing JanuaqJ through July 2003,
may_result in testing of BHBF imniediitely (see alternative described with
the GCMRC Treatnent Scenarios Agcr e+.t)i,

cooperating sediment scientists havefi4cofi'uded" that the period for
determining accumulation of sand in Marble canyo&;relative to BHBF
triggering threshold, begin on September l;,.2AA2,. ':

Proposed GCMRC Science Plan for Experimental Flow Treatments and
Mechanical Removal Activities for wy 2002-2004

August 9,2002

1)

2)

3)

4)
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Project 2. FIST - Parts A and B - Fine Integrated Sediment Team
(Pre-BHBF Sampling to measure and estimate bar shape, grain-size distributions and
volumes)

Part A. - October ?QgZ - lntensive, repeat measurements of selected sand-bars and
camping af,ea assessmsnfs (44 sites using standardized sand-storage change-
detection protocols betw@n LegsFerry and Diamond Creek. This work is mostly
tunded as pan of FY200,?ic0RE.ponitoring.

part B. - December 2002,; Figldmeasurements shall be collected within a subset
of 5 FIST tt*[o@f,* z-oj'auring December 2}oz,regardless of whether the
BHBF test is rmplemenJe{ to'identifywhere sediment inputs have been stored
within Marble Canyon. These field measurements will be repeated again in
January 2003, if the BHBF test occurs.

Aerial Photography - shall be flown in Decembet2}}2, and again in January
2003, within reaches 1-l l, in the event that the BIIBF test is implernented.

Daily Oblioue Photoeraphy - of FIST long-term sandbars shall occur regardless of
whether the BIIBF test is implemented. These daily photographic data will be
collected as a means of dobumenting bar conditions prior to implementation of the
January to April fluctuating-flow treatment.

All of the Part B work p,roposed above shall be accomplished through
modifications of existing agregments with USGS, NAU, USU.

''.
Methods - Please refer to cunently fttnded FIST work plan on file at the GCMRC.

Null llvootheses Relatins to FIST Part A and B:

Treatment #1, Response of Sand-Storage Conditions within Marble Canyon Under Low-
Flows during September through December.

Hvootheses to be tested/c,onsidercd:

Ho - Fine-Sediment storage above 8,000 cfs is not decreased during low stable or
low fluctuating flows (either 8,000 cfs constant releases or 6,500 to 9,000 cfs
fluctuations).

IL - Fine-sediment storalp below 8,000 cfs is not increased during low stable or
low fluctuating flows (either 8;000 cfs constant releases or 6,500 to 9,000 cfs
fluctuations). 

.

:,,'.,

Proposed GCMRC Science Plan for Experimental Flow Treatments and
Mechanical Removal Activities for $ff 2002-2004

August 9,2002
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Treatment #2, Response of Sand-storage Conditioni within Marble Canyon Under ROD
fluctuations + Peak Power-Plant Releases coincident with Paria River Floods

Ho - Fine-Sediment storage between 5,000 anO f t jOO cfs is not increased during
normal ROD operations in combination with peak power-plant releases that follow
Paria River sediment inputs from July through October.

Ho - Fine-Sediment storage below 8,000 cfs is not decreased during normal ROD
operations in combination with peak power-plant releases that follow Paria River
sediment inputs from July through October.

Project 3. Fine-sediment Dynamics and Terrestrial Vegetation Responses

Sediment dynamics, riparian community developthent and disturbance by
flooding are tightly linked in southwestem river systems. The amount and kind of
vegetation along a riparian zone can affect sedirUent scour and deposition
dynamics by changing velocities along 4 siour zone. In tum, sedime,nt
availability and grain size, and vegetation dgnsities affect recruitment, mortality
and associated biodiversity within a riparian comniunity. Sediment volumes and
grain-size, beach area and vegetated area are included in management objectives
and goals for the adaptive management program. Understanding how vegetation
cover affects sediment dynamics during a confiolled flood and subsequent
riparian community development following disturbance is an important variable
associated with management strategies for sediment conservation and habitat
diversity.

Project Objectives

l. To determine the effect of vegetation cover on sand bar volume and grain-size
changes at stage levels above 25,000 cfs,,folfgsing a controlled flood of up to
41,000 cfs. : :'ir':'rjr'

2. To determine the effect of vegetation coy", a[b subsnate grain-size on
seedling emergence, abundance and div-elsity by stage elevation above 25,000
cfs following a controlled flood. ," 

; . .

HVf '' s?,s,!o, be tested/considered:

l. Sand bar volume change above 25,000 cfs witl not be affected by vegetation
cover.

2. Sandbar grain size following a controlled flood will be heterogeneously
diskibuted and have no effect on seedling establishment.

3. vegetation cover has no effect on seedling emergence or d.iversity.

t

Proposed GCMRC Science Plan for Experinibntal,Flow Treatments and
Mechanical Removal Activities for Wyz00ia.z00i4

August9,20Q2.':.'''i.i.,.
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Methods t . I'i''
Methods for vegetation .o',no ,lrisist of establishing transects with point counts at
specific stage elevations. Methods follow current monitoring methods for vegetation
dynamics in Kearsley et al., (2001). Transects running perpendicular to the river's edge
would be established within FIST monitoring reaches were where sandbar volumes and
grain-size values are measured. For each FIST monitoring reach, 10 tansects will be
established. The location of these transects will be randomized in a manner similar to
those used by Kearsley et al. (2001). Because we want to know how stage elevation
interacts with subshate and cover;point counts well be made at stage elevations of 25,
35, and 45K cfs along the transect line. These represent stages within camping beach
areas and the upper limit of the proposed contolled flood. Point counts will be made by
using four lm'and two-lX} m.', The sroond plot size is slightly different from the
current monitoring design. It will be'uffed,to compare if values for cover and diversity
differ with plot shape for each s.tage *lotation. Plot shape has been shown to affect
diversity values for other vegetption communities. Data fiom this portion of the effort
will feedback into monitoring d.gsign. The plots will be collected along each of the stage
elevation zones with the lX2 n'plots sandwiched between the lm'plots. Data from all
plots would be averaged to represent cover at each zone. At each stage elevation,
sediment samples will be collected for seed bank grow-out information. A suggested
reaches would be in the Eminence, and in the Kwagunt monitoring reaches, where
mesquite and acacia become more prominent and in lower Grand Canyon, in 206-209 mi
reach. These sites should be visited in Septenrber/October, January, Marchn and May
each year that experimental flows include a disturbance above 25,000 cfs.
Some vegetation dynamics hansects and plots are within the current FIST monitoring
reaches, but they are not in sufficient quantity to address the objectives of this project,
hence the need for additional transects. These data will supplement canyon-wide
monitoring, at a local scale (see KearslgX et al. 2001).

,i i:. , ,.r,..:

Proj ect 4.

Evaluating the netirodildtiviffof the river is important to understanding potential
impacts on the food basb; particularly as it pertains to the Lees Ferry trout fishery.
There is also potential foi'inttiraction between warming temperatures during this
period and increases in abundance of the NZMS. This project will access and
monitor the rate of primary productivity in the Glen Canyon reach as well as the
rate of downsteam export of organic carbon (drift and dissolved). An effort will
also be made to examine changes in the composition and abundance of the
invertebrate community, including the NZMS.

Assessment:

Algal and macroinvertebrate biomass (gnflAFDM) and density estimates will be
determined at the sites corresponding:rto;the 2000 LSSF for comparison. RiffleVcobble
habitats will be assessed a!eachi*ifefi$ ling will be conducted along three transects,

Proposed GCMRC Science:P.lan for Experimental Flow Treatments and

Mechaniql Removal Activities for WY2002-2004
: August 9,2002
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perpendicular to the shoreline, 30 m apart (n:6). Stage/discharge estimates from the GUI
Model will be used to determine stage of collections, targeting < 5K cfs to reduce flow
influence on cobble/riffle collections. Samples will be processed live within 48 h and
sorted into five biotic categories: C. glomeratq Oscillatoria spp., detritus, miscellaneous
algae and macrophytes, and macroinvertebrates which will also be numerated into
Gammarus lacustris, chironomid lanrae, simuliid lalae, and miscellaneous invertebrates.
Distribution, density, size class and biomass of the New Zealand Mud Snail will be
documented as a separate biotic category. Miscellaneou( invertebrates will include
lumbriculids, tubificids, physids, tichopterans, terrestial insects and unidentifiable
animals. Detritus is composed of both autochthonous (algal/bqy-ophyte/macrophyte
fragments) and allochthonous (tributary upland andr.riparian vegetation flotsum. Each
biotic category will be oven-dried at 60oC and weighed to detqmine dry weight biomass.
samples will then be ashed (500"c for I h), and ro*eighed for ash-free dry mass
estimates. Preservatives alter biomass estimates and accurate maes is required for
building energetic models. Substatum t1pe, microhabitat,conditions, Secchi depth, water
velocity, depth, date, site, and time of day will be recorded at each sample site. Depttr
integrated light intensity data loggers will be deployed at each of the five sites.

Collection Dates: Mid-September, Late October, Early January

Data Analysis: These estimates will be compared past to past data collected during 1991,
2001 for differences between sites, within sites and collection dates using multivariate
analysis including, MANOVA and community analysis withNon Dimensional Multi-
Scaling and Principal Components Analysis. Predictor wiables include all abiotic data
while response variables will include biomass and {ensiiy biotic categories.

Organic drift (DOC, FPOM and CPOM) will be grri**# * the sites corresponding to
the 2000 LSSF for comparison. Protocols will tfre-game as used by Benenati et al.
(2001), Shannon et al. (1996), Blinn et al. (1999): Dissol"yed organic Carbon (Doc)
Samples (50 ml; n=3) will be collected at each site.g,.ittr,!'Millipore Swinex@ system
filtered through a glass fiber filter (Wharman@ GF/A) anO presirved with sulfuric acid
(pH<2). Three 250 pml aliquots will be injected into a RosemounttDohrmann DC-l80
from each sample or until the standard deviation is < 10%.

Coarse Particulate Organic Matter (CPOM). Nearshore surface drift samples (0- 0.5 m
deep) will be collected at each site for CPOM during each collection trip (n:3).
Collections will be taken in triplicate between 1000 h and 1500 h at each site to establish
the affects of discharge on drift. Collections will be made with a circular tow net (48 cm
diameter opening with 500 pm mesh) held in place behind a moored pontoon raft or
secured to the river bank. Samples will be sorted and processetl live for biota as outlined
for the phyto-benthic collections above. Current velociry will be measured with a Marsh-
McBirney electronic flow meter and collection duration #itt be measured forvolumetric
calculations (masVm3/s). Fine Particulate Organiq.Mattef FPOM drift will be collected
at the same time and with the same general protqcol'as epOU (n:3). The net has a 30
cm diameter opening with 0.5 pm mesh. Sampfes Eill Qe preservedinT}YoEtOH and
sorted in the lab with a dissecting scope into the followra! capgories: Copepoda

"l
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(Calanoida, Cyclopoida" HrrpuciieoidalCladocera, Ostracoda, and miscellaneous
zooplank:ton, which include small chiipnomids, Gammarus lacustris, planari4 hydra, etc.
Large samples will be split'with,,eitherd ml, 5 ml or 10 ml sub-samples sorted from a 100
ml dilution. Zooplantton densities of each category, general condition, reproductive
status and presence of nauplii will be recorded. Samples will be processed for dry mass
estimates and converted to ashl,free dry mass uslng regression equations (Shannon et al.
1996). The remaining organic material will be filtered through a I mm sieve to remove
CPOM and then filtered onto a glass fiber filter (Whatnan@ GF/A) with a Millipore
Swinex@ system. Filters will be dried at 60oC and combusted for I h at 5000 C. Water
volume collected will be calculated using a Marsh-McBireny electronic current meter and
mass will be converted to mass/m3/s.

Collection Dates: Mid-September -late October.

Data Analysis: These estirnates will be compared to past to data collected during 1991-
2001 for differences between sites, within sites and collection dates uslng multivariate
analysis including, MANOVA and comrnunity analysis with Non Dimensional Multi-
Scaling and Principal Componeiits Ahiiysis. Predictor variables include all abiotic data
while response variables will includebiomass and density biotic categories.

Hv"*heses to be teste(cgniid:iii;,F:,ti;' 
,l' 

''

.j.'...
H6 : Primary production;gp me,l$ured by algal biomass before and after low fall
flows will not differ in th-e Glen Canyon reach

Ho : Dissolved and particulate organic drift will not increase in the CRE

FIo: NZMS density in the Glen Canyon reach will not change as a result of LFF.

Project 5. Near Shore Temperature and Habitat Use Monitoring During Low
Steady Flows

The purpose of near $heire:tedrperature monitoring is to detect any near shore
warming resulting from:low steirdy flows. The approach will be to monitor the
same sites i$ were'monitq,,r,€d. 

"$uring 
the Low Summer Steady Flows of 2000,

allowing for replication and thusia shonger correlation between steady flows and
near shore warming. Itwill also enable the determination of seasonal effects,
comparing 2000 sumrneq measurements with 2002 faII measurements. The
anticipated benefit'wiilr'6e'to e'stablish whether fall steady flows are potentially
beneficial to native fish species by warming near shore habitat.

Methods will be similar to those used during the Low Summer Steady Flows of
2000; three separate thermistor strings will be extended perpendicular to a
particular shore, with the thermistors measuring near surface temperatures at
measured bottom depths. Air temperature will also be collected continuously at

Proposed GCMRC Science Plan for Experimental Flow Treatments and
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each site. Specific backwater sites near the LCR confluence will be monitored for
fish use and abundance during alternating fall flow sequences to examine trends
in use and abundance. These sites will also be mepsured with respect to habitat
quality-depth, velocity, turbidity, etc.

Hvpotheses to be tested/consideredz l.r. 
. 

t . ,. i

Hs: There is no difference in near-shore habritat.'for stea.dy 8,000 cfs releases and
low fluctuations (6,500 to 9,000 cfs) in tertns of, eralures, velocities,
turbidity, and nuhients. (The shength of this hyfioihesis inbreases with
concurrent collection of fish information.)

Ho: There is no difference between the altemative flow sequences of the fall flow
period with respect to juvenile fish behavior.

Ho: There is no difference between the alternative flow sequences of the fall flow
period for native and non-native fish abundance in near-shore areas.

u. SECONDARYSEDIMENTcoMpoNENTS (Beach/rrabita-
Building Flows)

Project 1. Part c - continuation of Mass naraice for'Fioe sediment

Part C. - Continuation of intensive daily sediment;fgnspqrt sampling along main
channel and monitoring of tributary inputi. Sedilrienl-hansport monitoring sites
include: Paria River near Lees Ferry, Paria Rive-i at Highway 89 bridge, I,iftle
Colorado River near Cameron, 30-Mile, 60-Mile, Grand Canyon near Phantom
Ranch and Colorado River above the confluence with Di.amond Creek. During
the BHBF, the network of suspended-sediment measurements rvill be expanded to
include data collection at the Lees Ferry cableway as well. During the high flow,
several measuremeirts per day will be made at each of the main channel stations
using conventional sampling protocols, while alternative technologies, such as
LISST (Laser In'Situ Scattering and Tranmissometry)shall be used to collect data
once every l5-minutes to an hour. This work is,contingeirt upon the BHBF test
being implemented, and is proposed through modifications of existing agreements
with USGS '1 ,i, ,

Null Hvnotheses Relatinp to Mass Balance prirt:lC'l ,',,,
(Respowe of Fine-Sediment Supply in Marbli Ailyon taBHBF)

Treafinent #l and rreatnent #2 uethe same reldfiiib trr6:BHpr,of similar magnitude and
duration released in January (41,000 to 45,000 cfs for 2;5:days)

Proposed GCMRC Science Plan for Experimental Flow Treatments and
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Hv- " to be tested/cgsidgrqd:

tt - With respect to its grain size and concentration, the sand supply within
Marble Canyon'is not si fiea{gly depleted during the BHBF.

It - With respect to concentr4tion, the silt/clay supply within Marble Canyon is
not significantly deplejgr,futilg tre BHBF.

. 
tf,t 

,"
Project 6. Sediment-Tran$poft l,t{o eling Measurements (Wiele et al.)

. . ' ,r.. , :

Intensive, repeat measurements of selected channel elements at7-2 sites within
Marble Canyon. Work is proposed through modifications of existing agreements
with USGS, Johns Hopkins University, USU and possibly -- GCMRC staff, as
well as FIST team members. The resources required to accomplish the FIST pre-
versus post-BHBF monitoring, plus the proposed timing of the BHBF, currently
make implernentation of this research element uncertain.
Note: This BHBF research element is contingent upon availability of personnel,
equipment and fiHrding resources, and requires additional planning and
coordination betwqen Gpr$e,$,+n its physical-science cooperators.

Methods - Please refer to cunentty funAeO USGS work plan on file at the GCMRC.
' :..1.. ;ll,jiilrj

Null Hv t n ' ,'- to Si'dlimini'Modelinp
(Response of Sand-Bar Deposigioytal.Rates in Marble Canyon to BHBF)

Treafine,nt #l and Treatment i:i'i4r-the same relative the BIIBF of similar magnitude and
duration released in January (41; 000 to 45,000 cfs for 2.5 days)

Hvootheses to be testeilconsidercd:

Ho - Sand-Bar depositional rates within study eddies are invariant throughout the
duration or the BHBF and do not verifymodel-simulations relative to suspended-
sediment concentrations and grain-size conditions measured during the high flow.

IL - Evolution of fine-srdi*un, supply with respect to concentration and grain
size do not verify',f-nimgnsitid.sand routing model simulations.

Ho - Rapid sand-bar fai'Mbs AU t occur during the 2.5-day long BIIBF.

l

Project 7. Coarse-Sediment Monitoring (Inputs, Impacts and Reworking)

Intensive monitoring of i'6cently aggraded debris-fan deposits is proposed by the
USGS just prior to, during and immediately following the January BHBF, at river
mile 67 (Comanche Rapid) and 93 (Granite Falls Rapid). This work shall only

Proposed GCMRC Science Plan for Experimental Flow Treatments and
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occur if the BHBF is scheduled for implementatiJn, and is proposed through
modification of an existing agreement with the Water Resources Discipline of the
USGS. The project requires some additional remote-sensing support for the study
sites that can be completed as part of the FIST photogrammebry &erflights

Methods - Please refer to currently funded USGS work plan on file at the GCMRC.

ryl Hvooth?ses Relgtins to Reworkins on Ne||'lv Assraded Debris Fans and Ra4ns
(Response of Recently Deposited Coarse Sediments at Comaiihi,e ana Grantte fatk
Rapids)

Treaftnent #l and Treatnnent #2 arethe same relative the BHBF of similar magnitude and
duration released in January (41,000 to 45,000 cfs for 2.5 days)

Hvootheses to he testeilconsidercd:

Ho - Coarse-grained sediments recently deposited on debris fans and within rapids
are not significantly reworked during the riSing lirfiU of *re BHBF, as previously
measured during the 1996 flood experimenl @1,000 cfs versus 45,000 cfs peak
discharges). ,;: ,,
IIo - Boulders transported from newly aggraded debris fans at 41,000 cfs are not
deposited within pools immediately below debris'fans and constricted rapids.

H' - Fine gravel-sized sediment from newly aggraded debris fans at 41,000 cfs are
not redistributed to downstream channel elernents.

Project 8. Kanab Ambersnail Compliance Monitorinq

Kanab ambersnail is a federally listed endangered spgcigs occurring in one
location in Grand Canyon: Vasey's Paradise, Uniit" thEtaxonomiCranking of this
taxon is currently unresolved, it represents.p,,ta,'ron.that is endemic to Vasey's
Paradise. The snail and its habitat is a uniglle egg$yster.n determined to be of
concern by stakeholders. The site is als,o a-traditipnal cultural resource to all
Native American stakeholders. The aburrd-bnce anA AsmUution of the snail and
the quality of its habitat is influenced by 6pglalibns of Glen Canyon Dam, as well
as by springs located at Vasey's Paradise. ir4onitorir-rS of quality, area and
distribution occurs on a more detailed scaledue,to ttre timiteA nature of the habitat
and surveys for animals are limited to snails. These iurveys occur more than once
per year. The relationships between operations from Glen Canyon Dam, habitat
quality and its use by Kanab ambersnail at Vasey's Paradise are a management
concern. Monitoring data on these ecosystem elements provide information on
the effectivenery of the primary experimental flow heatment (Secretary's 1996
Record of Decision) relative to stated resource management objectives.

Proposed GCMRC Science Plan for Experimentat Flow Treatments and
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Monitoring of Kanab ambersnait densities, size classes and utilized habitat: (l)
allows managers to assess the status of this endangered species; (2) provides data
that allows identification and interpretation of linkages between physical and
biological variables within the Colorado River ecosystem; (3) provides data on
the effect of periodic management of sediment through high ilows under the
Record of Decision on the population dynamics and habitat interactions of this
species.

Kanab ambersnail'is a federaliy listed endangered species occurring in one
location in Grand CanyoniVdirey's Paradise. While the tanonomic ranking of this
tacon is cunently unresolved, itigpresents a taxon that is endemic to Vasey's
Paradise. The snail and'its hahitaf is a unique ecosystem determined to be of
concern by stakeholders, Ihe site is also a haditional cultural resource to all
Native American stdkeholders. Monitoring of habitatquality, area and distibution
occurs on a more detailed scale due to the limited nature of the habitat and
surveys for animals are limitea to snails. These surveys occur more than once per
year. The relationslips between operations from Glen Canyon Dam, habitat
quality and its use by Kanab arnbersnail at Vasey's Paradise are a management
concem. Monitoring data on these ecosystem elements provide information on
the effectiveness of the primary experimental flow treatment (Secretary's 1996
Record of Decision) relative to stated resource manageme,nt objectives.

Monitoring of Kanab ambersnail densities, size classes and utilized habitat: (l)
allows managers to assess the status of this endangered species; (2) provides data
that allows identificatio4 And interpretation of linkages between physical and
biological variables with+ the,Cplorado River ecosystem; (3) provides data on
the effect of periodic ma4agement of sediment through high flows under the
Record of Decisitin on the,popffiiion dynamics and habitat interactions of this
sPecies' 

.' ', 
.,. 

" 
"

':.

Obiectives: To determine the a.bundance of Kanab ambersnails that inhabit the Vasey's
Paradise Springs vegetation and to determine how snail densities change relative to the
BHBF flows and available habitat, as habitat is influenced by operations and discharge
from the spring. Monitoring of Kanab anrbersnail densities, size classes and utilized
habitail (1) allows managers to assess the status of this endangered species; (2) provides
data that allows identification and interpretation of linkages between physical and
biological variables within the Colorado River ecosystem; (3) provides data on the effect
ofperiodic management of sediment through high flows under the Record of Decision on
the population dynamics and habitat interactions of this species.

These data will be related to available habitat changes relative to BHBF operations of
Glen Canyon Dam and life histgry requirement of the species of concern. Kanab
anrbersnail monitoring data willtb.e cgl,lppted using primarily field-based survey methods
for snail de,nsities and avaiJable.liabitat.t Habitat will be measured when possible using
remotely sensed methods to mirriinrze, r act to the site. Available habitat values are

Proposed GCMRC Science Plan for Experimental Flow Treatments and
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used for biological opinion consultation associaiekt t'idS$arial high releases (e.g.,
BHBF).

The work associated with before and after estimates of snail numbers and available
habitat will also afford an opportunity to add additional knowledge to the program
regarding overwinter mortaiiiy of fAS which is usually high based on routine
monitoring. Specifically the project will allow quaintification of the number of KAS and
available habitat up to 41,000 cfs or perhaps 45,000cfs in year 2.Theproject will also
quantiSr available and lost habitat as well as conduct error test onrselected habtat patches.

Hvpot$qs,e|, tg be tested/con$dered:

Ho: KAS density in habitat below BHBF flpws will not ohange as a result of the
BHBF flows.

rlo: Available KAS habitat will not change as a result of BIIBF flows

Ho: Pre-BHBF population estimates will noi differ from estimates derived during
routine monitoring in the fall.

Proiect 9. Food Base rmpacts of BHBF Flows in Glen canyon Reach

Continuation of Project 4 described above.

Hvoothesis to be considered:

Assessment: ,;.j:

Algal and macroinvertebrate biomass (glmzAFD\O and'density estimates will be
determined at the five sites corresponding to the 2000 LSSF for comparison (Shannon et
al'.2002). Riffles/cobble habitats will be assessed at eabh site.' Sampting will be
conducted along three transects, perpendicular to the shoreline, 30 m apart (n-6).
Stage/discharge estimates from the GUI Model will be used to determine stage of
collections, targeting < 5K cfs to reduce flow influence on cobble/riffle collections.
Samples will be processed live within 48 h and sorted into five biotic categories: C.
glomerata" oscillatoria spp., detritus, miscellaneous algae and macrophytei, and
macroinvertebrates which will also be numerated into Gammarus lacustrisn chironomid
larvae, simuliid larvae, and miscellaneous invertebrate-s. Disfiitution, density, size class
and biomass of the New Zealand Mud Snail will be doq,umented as a separati biotic
category. Miscellaneous invertebrates will include'lumbficulids, tuUificids, physids,
trichopterans, terrestrial insects and unidentifiable ?rnimiis,,Deffitus is composed ofboth
autochthonous (algaUbryophyte/macrophyte fragrg,pnts)jand,allochthonous (tritutary
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upland and riparian vegetation flotsu4q;,. Each biotic category will be oven-dried at 60oC
and weighed to determine dry weigntr,biomass. Samples will then be ashed (500"C for I
h), and reweighed for ash-free,fty maps estimates. Preservatives alter biomass estimates
and accurate mass is required:for building energetic models. Subsfiatum t1pe,
microhabitat conditions, S-eCchi'ilepth, water velocity, depth, date, site, and time of day
will be recorded at each sample site. Depth integrated light inte,lrsity data loggers will be
deployed at each of the five sites.

Collection Dates: Early March, Early June.

Data fuialysis: These estimates will be compared past to past data collected during 1991-
2001 for differences between sites, within sites and collection dates using multivariate
analysis including, MANOVA and community analysis with Non Dimensional Multi-
Scaling and Principal Cornpone-pts Analysis. Predictor variables include all abiotic data
while response variables will include biomass and density biotic categories.

,t'

Project 10. Water Qualrty, ffid*fiill'in Glen Canyon Forebay
. ,t lt" ,,:,'

Lake Powell surface eleyationohave declined during the past five years. Cunent
projections forecast,tlie,fpservoir surface elevation at3633 ft AMSL by the end of
Water Year 2002. This rgpresents storage of 15.1 MAF, 58 % of reserrroir
capacity. The reseivoir will continue to be drawn down a low point of 3615 ft
AMSL, (13.2 MAF, 50 of capacity) by the end of March 2003. This level is
slightly higher than that of 3612 ft reached on February 1993. These represent the
lowest reservoir levels since the low level of 3591 ft of April 1913. Because of
the reduced storage in the reservoir, the effects of the operation of alternate
release shuctures during a BHBF will be more pronounced than those seen during
the BHBF of 1996.

Projected low flows in Autumn 2002 arcexpected to result in less variation to
resenroir and release ydA qu6,l.fy than under normal operations due to the
reduction in daily fluctudtions'and,total discharge for this period. However, the
projected BHBF may c4use sigpri{icant changes to both the quality of the water in
the forebay of Lake Poqgll and:the quality of water released downstream.

The primary objective oiittir stoAy is to determine the effects of a sharp increase
in reservoir releases, from combined penstock and river outlet works structures,
on reservoir release water quality, reservoir stratification, and the fate of winter
inflow currents. A secondary objective is to determine the vertical and upstream
extent of the withdrawal plume with acoustic Doppler velocity measurements.

Proposed GCMRC Science,Plan for Experimental Flow Treatments and
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Hvootheses to be tested/considered:

Hs: The water quality (temperature, nutrients, and biological components) of
reservoir releases during the BHBF will not differ significantly from normal
operational patterns.

IIa: Current reservoir volumes do not have an effect on the upstream or vertical
extent of the withdrawal plume in the re$e{yoir eompared to that seen in 1996.

' i,.

Ho: The BHBF will not have an effect on,ithe rogtingof inflow currents compared
to other winter periods.

Ho: The withdrawal plume can be adequatelypredicted by the cE-euAL-w2
reservoir model in its current configuration.

Project 11. Water Quality Monitoring of Jet Tubes

When releases exceed power-plant capacity, use of the river outlet works (orjet
tubes) is required. These structures are located 30 meters below the elevation of
the penstocks, and hence, pull from significantly deepea colder, less oxygenated,
more saline and nutrient-rich water of the reservoir. During the 1996 experimental
flow, the releases from the jet tubes werenot directlymeasured and therefore the
exact quality of this water could not be easily fraiked, predicted or evaluated for
impact to downsfream water quality, thotigh,its signature was detectable and
pronounced.

Hvootheses to be tested/considered:

FIe: The water quality (temperature, nutrients, and biological components) ofjet
tube releases during the BHBF will not differ significantly from penstock release
water quality.

Project 12. Mixing 7'one and Monitoring of Downstream water euality

When the jet tubes are used, their discharge-shooii'do*rrrhru* and overthe
power-plant effluent. The monitor located in the rfuver bsaeath the jet tube ports
can only reliably measure an unlsrown mixof effluents'dominated by the power-
plant during jet tube operation. Any in-streanr measurements must be located
downstream below the zone of mixing toipflect tgtal discharge during this time.
Mixing of these waters has not been trackd, bu.t protably does not occur for a
kilometer or more downstream. It is impodant $he able to identiff initial water
quality conditions from the dam. This can be calctilated from known discharge
from ports in combination with data from the continuous monitors within thedam
(assuming a jet tube monitor described above is in place). However, it is
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important to understanf,,'the length of the zone of mixing to determine when a
consistent ahd fully mixed water quality is available to the downstream food-base
community. ,-: ,,

IIL

This aspect of the treafinentis intended primarily to disadvantage non-native salmonids
in the CRE, both above and below the Paria River. In the Lees Ferry reach there exists an
overabundance of rainbow trout (sbe trout discussion paper, Appendix l), thus reducing
the population numbers thlough decreased recruitment should result in improved growttr
and condition of remaining trout; Downstream of Lees Ferry trout represent an unwanted
non-native competitor and poteqtial predator in consistent with AMP management goals.
Reducing non-natives is thought to b'e desirable to improve the biological environment of
the critical habitat for humpbact chuh

However, this aspect of the treafirent,scenrrio for WY 2003 and 2004 also has potential
to yield information relative to the rate ofsediment loss and beach erosion compared to
post 1996 BrrBF conditions- anl,.,RoD operations over the past 5-7 years.

Much of the'potential impact of fluctuating flows on salmonid recruitment and abundance
will be obtained through routine on-going monitoring, which includes four regularly
scheduled electrofishing efforts each year in the Lees Ferry reach where CPUE, length
freque'ncy, recruitment of YOY fish, condition factor, and spawning condition are all
measured or estimated. The AGFD and GCMRC have over 12 years of,data against
which to compare results following implementation of fluctuating flows. Examples of
this kind of data can be found in the attached trout discussion paper.

Downsheam monitoring includes two regularly scheduled electrofishing trips which also
provide similar (although less comprehensive sampling coverage) data for salmonids and
othernon-native fishes. Compa?ison of sampling locations within and outside of the
mechanical removal reach around *re fCR should enable detection of differences due to
effects of mechanical removal yersug fluctuating flows.

''.,

Hvootheses to be tesred/qpnsiiirqd include:

Lees Ferry

Ho: Recruinnent of YOY rainbow tnout in the Lees Ferry reach is not different
than during MLFF years

IL: Growth and condition of rainbow trout in the Lees Ferry reach is not different
than during MLFF years

Ho: CPUE of all size classes of rainbow hout in the Lees Ferry reach is not
different than MLFF years.
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Downstream

Ho: Recruitrnent of YOY RBT and BNT is not different.than during previous two
MLFF years

Ho: CPUE for RBT and BNT of all size clas'ses is'hOt different from preceding
two MLFF years

:

Ho: CPUE for RBT and BNT of all size classes is,not different in areas subject to
mechanical removal of salrnonids ' - ,, 

.

Project 13. Monitoring of Rainbow Trout Adult Stranding and Mortality

A significant concern to the angling and guiding communitywho utilize the Lees
Ferry fishery is the notion that the January-March fluctuating flows may impose
substantial mortality on the spawning (adult) portion of the RBT population in the
Lees Ferry reach. During the 1990-1991 research flowso the Arizona Game and
Fish Department documented so called stranding pools in the Lees Ferryreach.
These pools were locations that tended to capture adult rainbow trout following
flow reductions and impose varying degrees of mortalit-y.due to reduced water
quality and dewatering. The January-March fluctuating flows could be designed
to minimize stranding, as the purpose of the fluctuating flows is to impact
recruitnent for the 2003 and 2004 yeu class of RBT rather than adult abundance.
Precise upramp and downramp rates as well as the degree of daily fluctuation
remain unresolved at this writing. However, it is likely that some standing will
still occur and the locations of known standingpools will be periodically
monitored to evaluate mortality due to stranding; We will estimate the daily
number of adult fish sftanded in known shanding pool locations in the kes Ferry
reach and the mortality rate of fish in known sfranding pools in the Lees Ferry
reach. If fluctuations are to be done every day of the week, surveys will need to be
conducted during nighttime hours. If fluctuations are limited to Monday-
saturday, surveys can be conducted during daylight hours on sundays.

Hypotheses to be tested/considered:

Ho: No difference in the abundance of shanded adplt rainbow trout in selected
areas of the Lees Ferry reach will occur betweeri the low fall flows (Nov-Dec) and
fluctuating flows from Jan-March,
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Project 14. Distribution of sp4wning redds for rainbow trout in the Lees Ferry
reach (contractor to be determined)

This project would map, using snorkeling and/or SCUBA observations, the
elevational and longitudi.nat distribution of spaurning redds in the T,ces Ferry
reach using transect corrgsponding to the snorkeling surveys conducted during
routine monitoring. Transect would be mapped once per month from November
through May. Observations of redd location would be related to flow regime to
see whether fluctuating flows induced spawning at higher elevations (>cfs flow
rates). Additional transects in selected reaches below the Paria will be mapped in
an effort to determine whether sediment rnputs and deposition/retention in the
channel affects the distribution or abundance of salmonid spawning redds.

Hv^ " tt 
lo be considere:d:

It: Iocation of spawning redds does not change in relation to season or dam
releases.

Ho: Distribution and abundafice,of spawning redds is unaffected by the presence
of fine sediment on the channel bottom.

Project 15. Determination of the mechanism accounting for reduced recruitment
during fluctuating flows'in the Lees Ferry reach. (contractor to be determined)

This project would attempt to gather information pertaining to the causal
mechanism for reduced recruitment (if any) of rainbow trout in the Lees Ferry
reach during periods of fluctuating flows from Jan-March. A series of replicated
enclosure experirnents containing various numbers and densities and
combinations of adult and YOY/juvenile RBT would be established at selected
locations. Enclosures would be preceded upstream by debris fences. Enclosures
would be placed perpendicular to shore and extend from elevations corresponding
to flow rates of 25,000 cfs to < 5,000 cfs. Enclosures would be stocked with
captured wild rainbow trout usi4g elechofishing and monitored during the period
November to May. Visual estimates of changes in abundance of stocked fish
would be used to infer possible mechanisms accounting for changes in density of
different size classes of fish. Changes would be related to observed distributions
in collections associated with routine monitoring.

Hvootheses to be tested/considered:

Ho: No difference in abundance of YOY RBT results fiom presence or absence of
adult RBT.

Ho: No seasonal difference exists between survival of YOY RBT

Proposed GCMRC Science Plan for Experimental Flow Treatments and
Mechanical Removal Activilies for WY2002-2004
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Ho: No difference in survival of YOY RBT occurs between fish with access to
fluctuating flow regime versus fish restricted below 5-8,000cfs.

Project 16. Food Base Impacts of Fluctuating Flows

Algal and macroinvertebrate biomass (g/m2rAFDM) and density estimates will be
determined at the sites corresponding to the 2000"LSSF for comparison.
Riffles/cobble habitats will be *resr-rd at each site.

Sampling will be conducted along three transects, perpendicular to the shoreline,
30 m apart (n=6). Stage/discharge estimates from the GUI Model will be used to
determine stage of collections, targeting < 5K cfs to reduce flow influence on
cobble/riffle collections Samples will be processed live within 48 h and sorted
into five biotic categories: C. glomerata" Oscillatoria spp., defitus, miscellaneous
algae and macrophytes, and macroinvertebrates which will also be numerated into
Gammarus lacustis, chironomid lawae, simuliid larvag, and miscellaneous
invertebrates. Distribution, density, size class andrbiomass of the New Zealand
Mud Snail will be documented as a separate biotic category. Miscellaneous
invertebrates will include lumbriculids, tubificids,physids, trichopterans,
terrestrial insects and unidentifiable animalC. Detritus is composed of both
autochthonous (algaltbryophyte/macrophyte fragments) and allochthonous
(tributary upland and riparian vegetation flotsurn.;Each biotic category will be
oven'dried at 60oC and weighed to determine dryweight biomass. Samples will
then be ashed (500"C for I h), and reweighed for ash-frge dry mass estimates.

Preservatives alter biomass estimates and accurate mass is required for building
energetic models. Substratum t1pe, microhabitat conditions, Secchi depth, water
velocity, depth, date, site, and time of day will be recorded at each sample site.
Depth integrated light intensity data loggers will be deployed at each of the fiue
sites.

Collection Dates: Early March, Early June.

Data Analysis: These estimates will be comparpdpast to past data collected
during 1991-2001 for differences between sites, within sites and collection dates
using multivariate analysis including, MAI.{OVA and community analysis with
Non Dimensional Multi-Scaling and Printlpal Qgmponents Analysis. Predictor
variables include all abiotic data while iesppnsd variables will include biomass
and densitybiotic categories. 'l,li. 

.',,,,

lfvoothesis to be tested/considered: ' ,l :

IL: The phyto-benthic community will not change in response to the BHBF
flows.

Proposed GCMRC Science Plan for Experimental Flow Treatments and
Mechanical Removal Activities for wy200z-2004
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Project l. Part D - ongoing Mrys Balance of sediment Transport (post-BHBF)

Part D. - Continued daiiy sediqrpnt-transport sampling at the four primary main
channel stations (30-Mile, 60-Mile, 87-Mile and226-Mile), as well as flood-event
monitoring of hibutary inputS,$ existing stations on the paria and Little Colorado
Rivers. Conventional and,altgrnative methods for sampling suspended-sediment
hansport shall be uqed dllringthis period and into srmlmer 2003, following
termination of the fluctuating-,flow fieatment. This work is beyond the normal
scope of annual monitoring and is proposed through modifications of existing
agreements with the USGS.

NulI Hvootheses Relatins to Mass Balance ParI D
(P ost- B HB F Suspended- Sediment Transport Rates)

Treafinent #l and Treatmerrt #2 are the same relative the BHBF of similar magnitude and
duration released in January (41, 000 for 2-3 days)

Hv-otheses to be tested/,co4siiiifed: .

H" - With respect to conbenniiibn, the sand-transport rates are not decreased
following the BHBF.

IL - With respect to concentration, the silt/clay-kansport rates gggg! decreased
following the BHBF.

Project 2. P*tC - F'IST
(Post-BIIBF sampling to measure and estimate bar shape, grain-size distributions and
volumes within integrated monitoring reaches, as well as at selected sites where cultural
resource preservation within sand deposits is of critical concem.)

Part C. - January and March 2003 - Field measurements shall be collected within
a subset of 5 FIST reaches during January and March 2003, contingent upon
whether or not the BHBF test is implemented. Studies of aeolian transport of
sand shall also occur on a March 20A3, river trip, if the BHBF is implemented, so
as to better document thq, fate of,wind-reworked sand bars in the proximity of
recently eroded culturalsites.r,Additional fieldwork related to the fate of sand bars
in the vicinity of culturalresources shall be undertaken within Part D of the FIST
(see below).

Aerial Photoeraphy - shall be flown in January 2002.

",,.t.i
Daily Oblique Photograohy - of FIST long-term sandbars shall continue
regardless of whether the BHBF test is implemented. These dailyphotographic
data will be collected as a means of documenting bar conditions prior to
implementation of the January to April fluctuating-flow treabnent.

Proposed GCMRC Sci€nce Plan for Experimental Flow Treatments and
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Null Hvootheses Relating to FIST Part C ,, ,li,

Treatmerlt #1 and Treatment #2 are Assumed to haye the Same Mamitude and Duration
of BHBF and Similar Antecedent Fine-sediment Srupply Conditions
(Response of Sand-Storage Conditions within Marble Canyon in Response to BHBF)

Hvpotheys to be tested/considered:

Ho - Fine-Sediment storage above 8,000 cfs within Marble Canyon is not
increased compared with conditions measured following the 1996 flood
experiment.

Ho - Fine-sediment storage below 8,000 cfs is not decreased compared with
conditions measured following the 1996 flood experime,lrt.

H" - Fine-sediment deposits above 8,000 cfs in Marble Canyon do not have finer
grain-size distributions (with respect to sand-sizes) when compared with sand bars
deposited by the 1996 conholled flood experimentl

,...1

II. - Fine-sediment deposits above 8,000'cfb'in Marble Canyon do not have
higher contents of silVclay when compared,with srmd bars deposited by the 1996
controlled flood experiment. ',',

IIo- Fine-Sediment storage between 8,000 and 25,000 cfs within Marble Canyon
is not decreased below conditions measured in September 1996, following the
1996 controlled flood experiment and one summer of ROD fluctuations.

H"- Fine-Sediment storage above 25,000 cfs within Marble Canyon is not
decreased below conditions measured in September 1996, following the 1996
onftolled flood experiment and one sununer of ROD fluctuations.

Ho- Fine-sediment grain size of channel-bed material below 8,000 cfs is not
coaf,ser than conditions measured in January, immedidtely following the BHBF
test.

Ho - Fine-sediment grain size of sand bar de,posits above 8,000 cfs is not coarser
than conditions measured in January, immediatgiy following the BHBF test.

.,':i

Ho- Total fine-sediment storage within UarUte Cfiyon study sites is not less than
conditions measured immediately following the BHBF test.

Ho- Total fine-sediment storage above 25,000 cfs stage elevation within Upper
Marble Canyon study sites is not greater than conditions measured immediately
prior to the BHBF test.

Proposed GCMRC Science Plan for Experimental Flow Treatments and
Mechanical Removal Activities for wy 20az-2004
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Iv. non-rr,ow rnnar#nr (Mechantcar Removar of sarmonids)

Project 17. Mechan!9al Rem"","l o1,;,Vgn-Native Fishes (Primarily Salmonids) from
the colorado River Near the Cgnflu'$nou with the Little colorado River

II" - Total fine-sedirnent storage within Upper Marble Canyon study sites is not
greater than conditions measured immediately prior to the BHBF test.

Ho- Fine-sediment deposih created by the experimental BHBF do not possess
cohesive properties simi to pre-dam de,posits.

Ho - Fine-sediment depositi cre.atbd by the experimental BHBF do not possess
cohesive properties similar to prior post-dam deposits.

Ho- Fine-sediment deposits created by the experimental BHBF are not
significantly reworked by wind

Ho - Fine-sedimortideposGd by the experimental BHBF are not hansported by
aeolian processes to areas where recent gully erosion has exposed cultural sites.

All of the Paf,t C, work proposed above shall be accomplished through modifications of
existing agreements with USGS, NAU, USU.

While it is difficultto dete,rmine which factor is most responsible for the HBC
recruihent decline'documented in recent years, a likely signincant factor is
negative interactio4s lprdption and compitition) with non--native fish.
Interaction with non-natite fish is implicated in the decline and extinction of
native fishes throughout the Colorado River basin. This project is the initiation of
a multi-objective study to evaluate the potential effect of RBT and BNT predation
on HBC recruitment and the efficacy of mechanical removal of RBT ano nu:r
from the LCR Inflow reach.

The LCR Inflow reach is recognized for having the highest abundance of adult
and juvenile HBC in the Colorado River mainstem. We have selected a sampling
reach (56.2 RM'- 65.7 RM) that encloses the majority of this population. (See
map, Appendix 2.) The proposed sampling effort will be uniformly distributed
within this reach. The upstream and downstream endpoints are bounded by
hydraulic and geomorphic confroii,however, it is not impermeable to system-wide
fish movement. For thisr.reasodlWe are proposing to conduct a depletion effort
that is both spatially disetete, an'd:repeated seasonally over a period of 4 years.
We are proposing to conduct mnually, three depletion trips in January-March and
three depletion tips,in July-september. The sampling efforts are scheduled to
precede the majorperiods of LCR flooding events (spring runoffand monsoonal
storms) that are correlated with juvenile HBC immigration to the mainstem

Proposed GCMRC Science Plan for Experimental Flow Treatments and
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Colorado River. Due to the logistical obstracles associated with beginning this
program, only I trip will be conducted during 2002 (Septernber). All caphred
species and individuals not native to the CRE will be removed and destroyed
during the mechanical removal sampling process.

Hvootheses to be tested/considered:

Ho: Mechanical rernoval of RBT and BNT using electrofishing methods is an
effective method of reducing adult RBT and BNT abundance in the LCR Inflow
reach.

Ho: Abundance of adult RBT and BNT in the LCR Inflow reach prior to each
removal event is similar. i :,,,

Ho: No changes occur in adult RBT and BNT size composition in response to
removal events.

Ho: Trout immigration (Seasonal and Annual) i{r.tg the LCR Inflow reach between
removal events is undetectable.

Methods

A series of five, single-pass depletion efforts will be conducted in fishable habitat using
four elechofishing boats that concurrently sample the river on opposing sides. Two boats
will sample upsheam of the LCR confluence and two downstream. Sampling equipment,
methods and elechical configuration used will be consistent with the established
GCMRC fish handling and sampling protocols. The sampling time required to complete
each single depletion pass has been estimated at 2 days,with an initial estimated catch of
approximately 1500 fish for the first depletion pass.. Uq1llg q dqpletion method, the catch-
rates of single depletions passes are regressed against thE cumulative catch for the trip to
determine an initial population estimate. This depletion effon will be repeated four
years, for a total of 24 times, to determine how remov{ilof fish:using a series of depletion
passes in a discrete designated area will influence the relative abundance of the remaining
fish stock. Since we will be unable to control !!lq migration, recruiunent and mortality
occurring at a local level, comparisons arnong trip populirtion estimates and trip
catchability coeffrcients (Q) are to be analyzed ih oiderto,evaluate if mechanical removal
methods are an effective means to conftol for undesirable fish species. Additionally,
electrofishing catch-rate will be used to measure juvenile HBC relative abundance.

Hoop-net sampling: In conjunction with trout depletion efforts, an estimate ofjuvenile
HBC relative abundance (CPUE) will be determined using a combination of gear types
(electrofishing and hoop-nets). Owing to the established NPS non-motor season (16
September to 15 December; NPS 2001) additional electrofishing sampling is unrealistic.
For this reason, a total of 30 hoop-nets (24"x 36") will be fished for a 4-day period at pre-
established hansects that are presently used as part of the long:term monitoring progmm,
and checkedat24-hr intervals (Gorman and Coggins 2000).'In addition to this annual
netting effort (mid-September and January depletion ttips), USFWS has proposed

I _''lrr':
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(VanHaverbeke 2002) to qegarrip-le'these same transects using hoop-nets on an annual
basis during November. ThiS supplernental netting effort will prwide an additional
CPUE datum to determine relative abundance of this vulnerable size-class during a
period of motor use restrictions and will comply with NPS regulations. Following
Valdez and Ryel (1995), these CPUE data will be used to construct survivaUretention
rates ofjuvenile HBC in the LCR Inflow reach.

Data Analysis

During the course of this study,long ferm monitoring activities will continue to track the
recruitnent of HBC into the LCR popfiation. Specifically, program SUPERTAG will be
updated annuallyto produce continuing estimates of annual recruitnnent and abundance.
Long term monitoring data will also 6g,:lrsed to estimate: instantaneous abundance of
HBC >150 mm total length residiltg in the LCR during the spring spawning season;
abundance of age-l fish (recruitinent) residing in the LCR during the fall; and
survivaVretentionrate ofjuvenilbffiC within the LCR Inflow reach. With these data
sets in hand, we will eventuallyberable to examine the relationship between adult RBT
and BNT abundance in the LCR krflow reach and survivaVretention rates ofjuvenile
HBC in the LCR Inflow reach. We will also have the ability to examine the relationship
between adult RBT and BNT abundance in the LCR krflow reach and concurrent brood
year specific recruitnent to the LCR HBC population.

Project 18. Water Qualrty Impacts of Trout Removal.

The effects of releasing up to several tons of trout refuse may place a significant
biological oxygen demanilonfie.receiving waters of the Colorado River. This
could produce a profusion of bacteriological activity with unknown
environmental consequences. To;assess possible effects to water quality, general
equations could be applied, or,in-stream BOD experiments could be performed
for greater accuracy. !V[!le the aerated conditions dominate in the riverine
environment with abrurdqxrt rapids as in Grand Canyon, there is little or no data
available on the bacteriai composition or concentrations in the canyon. A precise
disposal method or,location has yet to be identified for non-native fish carcasses.

Hvoothesis to be tested/considered

Ho: Water quality does not differ in regard to proximity to non-native fish carcass
disposal areas

ProposeO CCURC:science Plan for Experimental Flow Treatments and
Mechanjpal Removal Activities for WY 20A2-2004
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Project 19. Rainbow Trout Diet Analysis at the LClt'Confluence and in Glen
Canyon Reach

Predation by non-native fishes is considered to be one of the most likely
hypotheses explaining IIBC recruitnent trend. In the last eight years, hout have
responded positively at a system-wide scale to modifications in flow operations at
Glen Canyon dam. Trout abundance levels have had a2,5 to 8 fold increase
system-wide. Additionally, the phytobenthic community has corresponded
similarly to these flow modifications. 

,.,, , 
i ,

We have proposed a multi-year study to evetuatg'.liil potential effect of rainbow
trout (RBT) and brown trout (BNT) predation on HBC recruifinent. Concerns
exist regarding how rainbow tout (RBT)wdl r.q,qpond to a set of prescribed
manipulations consisting of experimental flows (system-wide effect) and
mechanical removal (localized effect) dwing a multi-year experiment. Proposed
high flow fluctuations scheduled between Januagy-March and are timed to
disadvantage RBT spawning activities as well as destabilizeneilr shoreline habitat
for emergent fry. The underlying purpose of these flows is intended to target
recruitment mechanisms for this non-native species. These fluctuating flows may
influence the phytobenthic community by changing the standing biomass,
community composition, production (primary and secondary), and drift
characteristics

A popular RBT fishery located in a 25-km tail-water section of Glen Canyon has
responded to modified operations at Glen Canyon. Although, this local
population demonsfiates high abundance, recent,frends have indicated shifts in
reduced angling catch rates and reduced condition,that are perhaps in response to
population dynamics and carrying capacity ponitraints ip the system. Concems
have arisen regarding issues of tout responie 1i.e:, habitat partitioning,
cannibalism, dispersal) to changes in foodibase"c'omposition and availability
owing to changes in flow operations. The:primqry questions of this project are:
1) Are there spatial (upstream versus dowiisherirfi) and seasonal (winter versus
summer) differences in trout diet? 2) DoeslLoutitliet vqry in response to changes
in seasonal flow patterns at Glen Canyon Dam? 3l Does hout diet vary in
response to changes in fout abundance? The scope of work specific to the trout
diet analysis will require an integrated approach by combining activities with
other studies collecting information. The objectives listed below are specific to
addressing the dietary use patterns of RBT. Other species are unlikely to occur in
large numbers in electo-fishing samples (exception may be carp). However all
species collected will be sampled for diet analysis in relation to their prevalence
in samples.

. .tl:
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Hv- .- qes to be tested/cgrisidpiid:

Ho:

'' 
'''i' 'i 

' "'itl'
. t-. 

-t 
.:.

Ho: lhere are no spatial(upstream versus downstream) differences in ffout diet
use. i., ',

Ho: There are no size-class differences in hout diet use.

IIo: Determine if differences in feeding pattems are related to flow
characteristics.

Sampling Method: The scheduling of data collection activities for assessing
differences in dietary use patterns is to be coordinated with ongoing monitoring and
research effforts. These include quarterly sampling in the Lees Ferry/Glen Canyon
Section, and biannual sampling'in the Little Colorado River reach, and downstream
regions of Grand canyon. ntec,,f s$$$ will be the primary mode of capture.

Dietary Analysis: Gut contenKarerto be analyzed from a set of sub-sarnples that
are randomly selected and stratified by fish size. The dietary analysis is to quantify
ingested phytobenthic and mactoinvert5brates using a combination of analytical methods
(volumehic, weight, and numeric courits) ta:ronomically identified. Siasonal and inter-
annual differences in the availability of the aquatic food base (standing biomass and drift)
are to be linked to fish feeding habits and electivity preferences. Additionally all trout
collected from the LCR inflow,'are to be assessed for the presence or absence of fish in
the gut. Dietary analysis is problematic, owing to differential rates of digestion and the
difficulties associated with recognizing and identifying accurately specific items from
partially digested material. To evaluate for fish presence/absence and distinguishing
taxonomic characteristics of macroinvertebrates a series of voucher specimens will be
developed from previously assessed samples, as well as accurnulating from the gross
field assessment a comparative library of anatomical characters and traits. All collected
specimens and data sheets are to be assessed for completion, accuracy, and data entry
elrols, and sample specimens are to be aataloged, organized and stored for later transport.
All data will be entered following trips ponsistent with GCMRC format structures.

' '::l!: lrr

Project 20. Incidence of Pre$llon;'nHumpback chub by Rainbow and Brown
Trout at the Confluence of thg'Ilittl0 Colorado River, Grand Canyon

Predation by non-nativeifishes is considered to be one of the most likely
hypotheses explaining HBC recruitrent trend. Additionally, it is one of the more
testable hlpotheses. There are two hydrological time periods (Spring and Summer
monsoons) that increase the frequency of YOY fish dispersed into the LCR.
Displaced YOY originate from different brood years owing to the timing of the
hydrological displacement periods. Therefore, size and abundance of this
potential prey will vary because of differences in life history schedule. The

Proposed GCMRC Siience Flan for Expedmental Flow Treatrn€nts and
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variation in abundance and size should influence prey vulnerability levels. The
primary questions of this scope of work are: l) Do trout prey on HBC? 2) If
predation occurs, does the incidence of predation change (+) in response to
changes in predator or prey abundance?

We are proposing to conduct annually, three depletion,fips in January-March and
three depletion frips in June-September. The sarnpling efforts are scheduled to
coincide with seasonal HBC-YOY dispersal from the LCR to the Colorado River
Mainstem (August-September), followed flgain hy early winte,r sampling. The
scope of work specific to the stomach analypis wiil Ue an integrated effort with
other studies collecting information on sampling efficacy, trout and HBC
abundance, immigration rates, and diet analysiS. ttre objectives listed below are
specific to addressing the incidence ofpredation.

Hvootheses to be tested/considered:

Ho: There is no incidence of predation by RBT and BNT on HBC in the LCR
reach.

IIo: Incidence of predation is unrelated to size-class. dnd other meristic
characteristics (e.g., gape-width, body-depth, length) of both the predator and
prey. f .,.

'l :. ;..1

Ho: The incidence of predation by RBT and gl.lT doesnot changes(*) in
response to predator 

"butrdanr". 

- 
.'' ,' ' .,

Ho: Particular cohorts are more vulnerabl€if$- piiffitmn due to differences in size,
relative prey abundance or relative predator abundance.

Design and Analysrs: Owing to the passive dispersal of young-of-year HBC the
availability of this prey to trout is disproportionately distributed in the downsteam reach.
For comparative pulposes the hout population (pq: tt) in the upper extent will serve as
the spatioitemporal confiol. Comparisons in the incidence ofpredation will be made
between the two separate trout populations to compare predation response relative to
differencqs in prey availability. Comparisons between years will provide an
understanding of how incidence ofpredation changes as a frurqtion of changes in frout
abundance owing to multiple years of depletion Qba pzi:iltzt lrza). Comparisons made
arnong seasons and within years will provide informatioti on whether or not particular
cohorts axe more vulnerable to predation due to dif,ferensos,in size, relative prey
abundance or relative predator abundance. 

, ,"ii,,,j ,,,'"ir, , , ,

I ti.t;jj.li;*r: ;;i" .

The stomachs are scheduled to be colleete$ annuelly during the March and
September trips when there is a high likelihood tlieiHBq have.bepn dispersed into the
Colorado River mainstem. For all captured trout, stomaCh samples will be collected and
analyzed for the presence or absence of fish or fish remains. Special dye markers will be
used with preservatives to discriminats for bones and cartilage contained in the gut

Proposed GCMRC Science Plan for Experimental Flow Treatments and
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contents. Where possible, bon", *itt be used for reconstructing and identifying prey
tura. Samples are to be assessrc in trtr hboratory and not the field location. '

|, '.',
::illi, ,r'i{'f itli-

Project 1. Part E - Ongoing Sediment Mass Balance (Fluctuating F'low Treatment)
t, i: 

_

Part E. : Continuatitirt'ofiirte ve suspended-sediment measurements during
fluctuating flows treatmpr-it antl afterwards through June 2003. This component of
intensive daily monitoring would conclude the sediment portion of Treatnent #1,
and would immediatelyprecede implementation of rreafinent #2.

Null Hvnotheses Relatins to Mass Balance pafi E
(Post-BHBF Suspended-Sediment Transport Rates under Non-ROD Fluctuating-Flows)

Treahnent #1 and Tre$nent #2 ue the same relative the fluctuating-flow treatment

Hvootheses to be tested/considered:

Ho - With respect to congentratign, the sand-transport rates are not increased
during Non-ROD fluct$Sions rdlative to ROD operations tbllowing the 1996
BHBF. i j:,':i

H" - With respect to .oni,ltttti*in, the silt/clay-transport rates are not increased
duringNon-ROD fluctupfons relative to ROD operations following the 1996
BHBF. .., ,, it.,;, ,r.i

Project2. PartD-FIST
(Post-Fluctuating Flows, sampling to measure and estimate bar shape, grain-size
dishibutions and volumes) -

Part D. - May 2003 - Field measurements shall be collected within a subset of all
1l FIST reaches during May 2003, contingent upon whether or not the BHBF test
isimplemented. ,, 

,

Aerial Photoeraphy - shall be:florvn in May 2003 (this system-wide photography
is part of core monitoringandr,{siincluded in the FY03 work plan). Additional
aerial photography and related photogrammetry shall also be flown within each of
the 11 FIST reaches. This addifional component of the May 2003 over-flight is
not part of the FY 2003 annual iemote-sensing protocol, and would not be flown
until May 2004 under nqnnal FIST monitoring.

I
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Dailv Oblique Photo8raphy - of FIST long-term sdndbars shall continue
regardless of whether the BHBF test is implpmented. These dailyphotographic
data will be continued as a means of doctrmentrng bax conditions following
implementation of the January to April fluctuatl$-;flow freafinent.

All of the Part D, work proposed above shall be accomplished through
modifications of existing agreements with USGS, NAU, USU. Following, are
tentative FIST trip schedlles required to support Treatnents #l and#2.

Null Hvoqtheses Relatine to FIST Part D

Treatment #1 and Treatrnent #2 we Assumed to have the Same Magnitude and Druation
of BHBF and similar Antecendent Fine-sediment supply conditions
(Response of Sand-Storage Conditions within Marble Canyon in Response to Non-ROD
Fluctuating Flows during winter/spring)

Hvootheses to be tested/considered: :

:.

Ho - Fine-Sediment storage between 8,000;nd 2b,O0O cfs within Marble Canyon
is not decreased below conditions measr4r6d'in Sgptember 1996, following the
1996 conholled flood experiment and one summbr of ROD fluctuations.

Ho - Fine-Sediment storage above 25,000.f, *itfrin Marble Canyon is not
decreased below conditions measured in Se,ptember 1996, following the 1996
onfrolled flood experiment and one sunmer of RoD fluctuations.

IIo - Fine-Sediment grain size of channel-bed material below 8,000 cfs is not
coarser than conditions measured in January, immediately following the BHBF
test.

Ho - Fine-Sediment grain size of sand bar deposit"S above 8,000 cfs is not coarser
than conditions measured in January, immediately fotrlowing the BHBF test.

.i.
Ho - Total fine-sediment storage within M.ar,ble Cdnyon study sites is not less than
conditions measured immediately follolry$theipHBF test

Ho - Total fine-sediment storage above zs,Ooo cf3 stage elevation within upper
Marble Canyon study sites is not greater'th-bn conditions nieasured immediately
prior to the BHBF test. 

:..

H" - Total fine-sediment storage within Upper Marble Canyon study sites is not
greater than conditioos measured immediatelyprior to the BHBF test.

Ho - Down-ramping rates of 2,500 cfs per hour do not result in increased seepage
erosion rates in newly created sand bars when compared with down-ramping rates
of 1,500 cfs per hour.

.
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Socio-Cultural Studies

A) Archaeological Studiep: l, 
.l;

Project 21. Monitoring for nffeets,of the Test Flows at Archaeological Sites

These monitoring effortg,gle curyntly on-going by the NPS under a cultural
resource program adminibtered by Reclamation to record change at archaeological
sites. These activities will"enCo-mpass assessments of the test flow affects on
archaeological sites {uii*gtscheduled monitoring trips. Regular monitoring trips
will be scheduled to allow assessments of site conditions prior to and after the
proposed high flow and ffter the fluctuating flows. Trip schedules to be
determined by the NPS 4nd Reclamation.

Hvootheses to be tested/considered:

IL, There af,e no sigpificant changes in the condition of the archaeological sites as
aresult of the high flows.

Ho: There are'no signinpant changes in the condition of the archaeological sites
as a result of the fluctuating flows.:- ,i. 

.

''

Project 22. Monitoring of Sediment Ddiosition in Arroyos

This project will monitor the deposition of high flow (BHBF) sediments in
arroyos mouths at or ne41 archaeological sites. Sediment deposition in arroyos has
the potential to reduce gdlly erosion through archaeological sites. Locations will
be selected from FIST reaches where a comprehensive study has been proposed to
record deposition of sediment at sand bars and recreational camping beaches. As
feasible, selection criteria will include geomorphic data obtained in earlier work
that studied erosion/deposition and geomorphic settings. Study locations will be
monitored for the amount and tlpe of sediment deposited (e.g., grain size), and
the retention of sediments deposited from the high flows and the possible loss of
sediments from prosion. To the extent possible, study sites will be tied to arroyo
locations studied in 1996 under that experimental flow. Study location data will
be collected prior to and.followrng the high flows and following the fluctuating
flows to determine the reteltion bf the arroyo deposits. Where feasible,
monitoring data will be integratbdwith the proposed aeolian sediment transport
study described below.

Hwotheses to be tested/con$dfrel: :,'

Ho'There are no significant changes in sediment deposition or erosion at the study
arroyo sites as a result of the high flows.

Proposed GCMRC Science Plan for Experimental Flow Treatments and
Mechanical Removal Activities for WY200 2-20A4
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Ho: There axe no significant changes in sediment deposition or erosion at the
sfudy arroyo sites as a result of the fluctuatlng florvs.

Project 23. Monitoring of Aeolian Sediment Transport at Archaeological Sites.

This project will assess, quantify, and monitor aeotan sediments that are derived
from BHBF deposits in selected archaeological locations. The study will
investigate transport characteristics of the sediments, including their condition and
the rates of change. Monitoring will occur prior to and after the proposed BHBF
and following the fluctuating flows. Stage elev4tion of'study locations relative to
aeolian transport and the depositional source (e.g.;:aeolian or fluvial) of sediments
will be studied. This project will coordinatewithrProject22 (described above) to
investigate aeolian deposits in arroyos at orhear,,dichaeological sites, as these are
locations where aeolian and fluvial depoqits- are'likely to occur. Study personnel
will include geologists and geoarch"*1g€i.tr. 

,,,,
Hvf.'hesei to be tested/considered. iii:il itt:

Ho: There are no significant changes in aeolian sediment deposition at the study
sites as a result of the high flows.

Ho: There are no significant changes in aeolian deposition at the study sites
following the fluctuating flows.

B) Tribal Resource Studies ,,,, ,

Project 24. Monitoring of Traditional Tribal ngso-r1#Ces.

Tribal stakeholders are currently monitoringnaditional resowces under a cultural
resource program administered by Reclamation; Their monitoring activities will
be expanded under the proposed experini'dntal fl-ow project. These activities will
monitor and assess traditional tribal resourdbs r€lative to the proposed experiment.
Monitoring and assessment specifics will be developed by each tribe within the
framework of the experiment. Tribal monitoring will be conducted priorto and
after the proposed BHBF and following the fluctuating flows. Tribal groups will
assess and report on the effects of the test flow on their traditional resources.

Hvootheses to be tes(ed/,considercd:

Ho: There are no significant changes in the condition of tribal haditional resources
as a result of the high flows

Proposed GCMRC Science Plan for ExperifientatFiow Treatments and
Mechanical Removal Activities for wvi0otz-20a4
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IIo: There are no significant changes in the condition of tribal traditional resources
as a result of the fluctuating flows.

C) Economic Studies

Project 25. Economic Impacts tb Whitewater and Angler Concessionaires and
Private Boaters and Angler$., ,, : ,

The proposed hydrographmay have economic impacts to recreationalists. The
high flow periods may affect fiqhtng opportunities in the Lees Ferry reach, and
other recreationalists and ereateeoonomic impacts to fishermen, river runners,
and guides. This study ill ini'€stigate the affects of the experiment on these
groups relative to the nro.nlsed,high flow and the subsequent fluctuation flows.

Using existing records suplemented with direct interview, compare and contrast
the number of guided fishing trips during the proposed project with comparable
previous periods to study the economic impacts to angling within the area of the
Dam to Lees Ferry and below in the Colorado River. Possible sources of impact
due to flows include changes in the frcquency of guided trips, numbers of
fishermen, and possible motor and equipment damage due to flows. Using this
information" dev.elgp estimates of the economic impacts to commercial fishing
guides and the locil community.

bnpacts to whitewater boaling within the Lees Ferry reach (day use boating) and
downstream (multi-day) will be.studied to determine the economic impacts to
these groups. Areas of pot'sitiir dionomic impacts include adjusted boating
schedules due to the propgsed r,.flows and incidences of motor, equipment and raft
damage due to flows. In addition, economic impacts to rafting operations
launching at Diamond Creik (rin the Hualapai Reservation at River Mile226)
may be affected. Wherepossible and feasible, similar data may be obtained
through direct intdfview., Using available data and direct interviews estirnate
economic impacts to these groups.

Hvootheses to be tested/considercd :

Ho: Economic impacts to whitewater and angling concessionaires will not differ
significantly from economic impacts under normal daily operations.
Ho: F.conomic impacts to private whitewater boaters and anglers will not differ
significantly from economic inpacts under normal daily operations.

'l'.:t '.''.

Project 26. Economic Impacts to Power Customers

This project will iwestigale the'economic impacts of the experimental flow
project to power niarketers and customers. The project will be conducted by

Proposed GCMRC Science Plan for Experimental Flow Treatments and
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WAPA and project methodology will be comparable to the economic impacts
study conducted for the LSSF project.

Hvo?theses tq be tested/considercd:

Ho: Economic impacts to power customers will not differ significantly from
economic impacts under normal daily operations.

D) Recreational Use Studies ,, ',.';', ,

Project 27. Changes in Campable Beach Areasj, 1..,t,'

,": l'' 'li

The availability of camping beaches is of.ctincern to recreationalists within the
Grand Canyon. This study proposes to 'rqe aerial data collected during pre-
experiment and post experiment to determine theichange in camping beach arcaat
selected beaches. Specific study areas will include:.1) sdiment deposition
relative to camping beaches during each stage of the experiment; 2) sediment
deposition at camping beaches in critical reaches; 3) sediment retention at
camping beaches; and 4) differences in sediment retention at camping beaches,
based on grain size. Following these experimental flows, these data will be
analped and evaluated against campable areas known to exist under normal
(ROD) operations. The on-going efforts of the Adopt-A-Beach project of the
Grand Canyon River Guides will be coordinated with this effort to monitor the
affects of the experiment on the camping beachel,

Hvoothesel to be tested/considered: : , 
,

:

Ho: Campable beach areas during the prop-osed elgperiment will not differ
significantly from campable beach areas,under ngrmal daily operations.

Project 28. Recreational Safety Study

The purpose of this study is to determine the risks and potential impacts to
whitewater boaters and anglers during the experimental project compared to
normal daily flows. Studyquestionsincludeimpacts Aue to rapid changes in
flows and ramping rates on and in the river and at camping beaches as well as
possible impacts due to high flow releases.

Hvpotheses to be teste(/considgred:

rlo: whitewater and angler safety during the higli flows and fluctuating flows
will not significantly differ from safety during normal daily flows.

,. .1i,r,, ...i,i,,.

1 j" 

' 
i 1,l:'r'ii.ll r: ' , ' '
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Relationshio of Pronosqd Pfgitgts q0;,,Fiistins Monitorlng proerams

Core monitorrng rnfoniti"duer* by GCMRC have become increasingly robust
over recent years for some'resources. These monitoring efforts will provide much
of the data necessary to evaluate effects of the experimental heatment flows and
mechanical removal activities. For example, although the principal fisheries
heatnent is to reduce non-native salmonids in the LCR reach of the CRE, the
anticipated consequence of this treatment is an increase in recruitment rate of
HBC as non-natives are reduced.

Hvoothesis to be considered

IIo: Humpback chub in thb LCR population will show no change in recruitment
as non-native fish abundance declines

Data will be gathered to,tebt thisrhypothesis through the routine monitoring
programs in place. Tables illustrating the kind and timing of information from
fisheries sampling that yi[ be ivailable to the AMP progfirm from core
monitoring are providetliri Appendix 3. Similar tables may be developed for
other resources. '' ,;',. ' 

1

A brief summary of the core monitoring program for fisheries in the CRE is
as follows:

Lees Ferry Trout
4 annual monitoring trips to estimate electrofishing CPUE,

abundance, size distribution, and PSD.

D ownstream Non-nativeFdsft (primarily Salmonids and Carp)
2 annual monitoring trips to estimate electrofishing CPUE,

abundance, size distribution, and coRdition. Detect presence and distribution of all
non-native species. . i':' 1. , 

l1ji,,...

LCR Humphack chub
4 annual trips to estimate spring and fall abundance, spring spawning

abundance, fall recruitment form previous year class, open population model to
estimate recruitment and abundance using 1989-present PrT tag database.

LCR Flannelmouth Sucker
Open population model to estimate trends in recruitment and

abundance using 1989-present PIT tag database.

Downstream Native Fish Monitoring
2 annual trips to estimate relative abundance (CPUE), size distributiono

condition (HBC, FMS, BHS). Iook for HBC recruitnent (changes in size distribution
and mark rate).

Proposed GCMRC Sciencp,'Plan for Experimental Flow Treatments and
Mechanical Removal Activities for WY2002-2004
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Note: The following additional sections will be added to this science plan document.

REMOTELY SENSED DATA COLLECTION (Anm^cl, PHorocRApHy Ar{D
Topocru,pnrc Cnaxnnl Mappnrc)

l. Photogrammehically derived topography data within FIST reaches in
December 2002, January 2003, May 2003 (Treatnent #l), and December
2003, January 2004 and May 2004 (Treatnent #2)

2. Multi-beam hydrography within ttre,nrst frve FIST reaches in Marble Canyon
, in December 2}02,and January ZOi0g. ;:il:
3. Multi-beam hydrography within all'l I FIST reaches in May 2003 (Treatment

#l), with elements of 4 and 5 repeited in support of Treatment #2:rr-2003 and
2004 , ,'r .'.,.,::

Survey Support

1. Installation and removal of photogrammetric panels within FIST reaches in
December 2002, and January and May 2003

2. GCMRC assistance in terrestrial survey elements related to FIST activities in
December 2002, and January and May 2003

Logistics

Logistical costs support the Treatnent #1 and Treatm erfi#2Experime,lrtal Scenarios,
and not components of the studies that are already schedrlled under CORE monitoring.

''''
'.:;
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APPENDIX 1

Discussion Paper
(April 4,2002)

Lees Ferry Trout Fishery Status and Trends

Prepared jointly by GCMRC and AGFD

Introduction

There has been considerable interest and discussion regarding the current status and frends in the
Lees Ferry trout population and particularly the sport'fisheiy. associated with the population. The
Grand Canyon Monitoring and Research Center (GCMRC) stimulated much of this discussion
by advancing the proposition that predatory and competitive interactions between rainbow ffout
and brown trout in the Colorado River ecosystem (CRE) near the conlluence of the Colorado
River and the Little Colorado River may be contributing to the observed decline of humpback
chub. GCMRC has suggested that until the population of salmonids in the CRE below the Paria
River is reduced in number, any effort to benefit the humpback chub through improving habitat
conditions, may be overwhelmed by the potential predatory-prey and competitive interactions
with non-native fish. In addition, in 2000, GCMRC raised questions about the size of the Lees
Ferry rainbow trout population (256,000 age If) and suggested that those densities of fish could
not be sustained in the Lees Ferry reach and provide the quality fishery called for by the Arizona
Game and Fish Deparfinent and incorporated into the goalsof the Glen Canyon Dam Adaptive
Management Program.

In response to declining humpback chub population trpnds, GCMRC is recommending testing a
period of fluctuating flows to disadvantage trout spawning and recrujtnent. The GCMRC is
proposing testing fluctuating flows during a short peridd oftho year (Jan-March). The
experimental design calls for repeating this teahrent for two'bonsecutive years. The goals of the
teatment differ in different parts of the CRE. h the CRE below the Paria River, the goal is to
reduce the number of trout which may be acting as predators/cbmpetitors on the native
humpback chub population. In the Lees Ferry reach, the goal is to reduce the density of Eout in
order to increase growth and average fish size and to improve the overall quality of the fishery.

The purpose of this document is to facilitate a discussion over the conflicting views regarding the
effect the proposed treatment may have on the Lees Ferry tout fishery. To that end, Section I of
this document provides data that depict some key characteristics of the tout population in recent
years. Section 2 provides some plausible explanations for the trends shown in the different data
sets. We anticipate additional explanations to be developed ps we continue discussions with the
Lees Ferry trout guides, the Arizona Game and Fish Depffient, the TWG, and outside
scientists and the publio. Seotion 3 presents a discussion of what we currently consider to be the
most plausible explanations.

i'.;,. '
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Fizure 1 depicts the catch rate, an index of abundancr, of *inbow hout in the Lees Ferry reach
using electrofishing methods spanning the time period 199,1"- March 2002. The data displayed

Section I - Data
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in this figur indicate that the catch rate increased significantly since the l99l-93 period. This
increase appears to have started aboul 1993 and sinci t9g7 the abundance ofrainbow trout
fPPears stable or slightly_ declining ,.U/hilgth.. samples collected in March 2002 with the Coffelt
boat indicate a possible decline in caich raie'since Z-00t, these data are inconclusive at this time
Cigrc 1 A) and only represent a single month of samplin g for 2002.

Eigu.re 2 presents data that shows that since 1990 there has been a decreasing proportion of larger
fish in the population (i.e. decrease in:propqrtional stock density, PSD). ffrus, of all fish in thJ
population 12 inches and larger(305 mm) only 5% are 16 inches and larger (406 mm).

Fieure 3 depicts the average relative condition factor (1991-2001), which is a measure of the
plumpness of the fish based on the relationship between a fish's length and its weight.

Figure 4 presents data that shows the angling catch rate has essentially mirrored the
elechofishing catch-rate increase beginningin 1991. However since 1998, the angling catch rate
has exhibited a more precipitous decline than the electrofishing catch rate, which maybe
oscillating.

F,isure I displays data that depicts the size disfribution of rainbow trout captured using
electrofishing methods during March and April 2000-2002. Notice that these sampling events
illushate that the population contains a uery high proportion of fish in the smallesf sizJ classes.

We have one piece of observational data that needs to be considered. Beginning in early fall
2001, the Lees Ferry trout guides reported catch rates began to decline signincantty, indlcating to
them a decrease in population abundance. This decline in catch-rate is further-supported by
AGFD creel survey data(Fieure O.

Figure 7 shows the relationship between fish density as reflected by mean annual electrofishing
catch per minute and the amount of available habitat as reflected by mean annual streamflow.
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Mean Catch perminute and 95% Confidence Interval, Lees Ferry Electrofishing 1991 -
March 2002 (Coffelt Boat only).
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Figure 1. Mean catch per effort for RBT caught in Glen Canyon reach using electrofishing since
1991. Catch rates increased until 1997 andhave been stable or slightly docreasing since then.
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Figure 1A. Comparison of elechofishing catch rates for two tlpes of electrofishing boats used at
Lees Ferry. The Coffelt boat (C) is the boat used over the long term at Lees Ferry. The Achilles
boat (A) is the boat used in downsfieam trout sampling and the proposed boat of choice for
future Lees Ferry sampling following several years of paired comparisons to demonstrate that
switching to this boat won't produce an anomaly in the time series data.
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Figure 4. Mean annual electrofishing catch per minute (1991 - 2001; triangles) and mean annual
angler catch per hour (1980 2001; squares).
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Figure 5. Observed length frequency distributions of rainbow trout captured using electrofishing
methods in the Lees Ferry reach during March 2000- 2002. Vertical lines are at 305 mm (12
inch) and 406 mm (16 inch).
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Figure 6. Mean and95% confidence interval, catch of rainbow tout per angler hour, Lees Ferry
June 2OOO-February 2002. Regron II creel data provided by Jodi Niccum,3l23l02.

Figure 7. Mean Annual $hocking Gatch Rate and
Mean Annual Streamflow
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Are there plausible explanation-s, fo.-r. the divergence in creel catch rates and catch rates reported
by the Lees Ferry ftout gurdes and thq,data from elechofishing monitoring?

1) Iong-term elecfrofishing d"tu *"y'not be sensitive to short-term changes.

Data from March 13,2002, using both the Achilles and Coffelt boats, suggested no significant
decline in electrofishing catch rates from 2001. However more recent data (March27,2002)
from only the Coffelt boat (as was used from 1991 - 2001) shows a significant decline in the
catch rate between 2A0l-2002, see Figure 1.

2) The electrofishing data may not be representative of the population due to poor sampling
design.

In fisheries jargon this is tno* as hlperstability, that is the sampling always produces
consistent catches because sampling iS done w,nere biologists know theywill catch fish. The
electrofishing effort is based on a random sblection of sampling sites, which should eliminate
this problem if it existed. Examinations of elechofishing and cieel data suggest that
hlperstability is not a problem. Electrofidiring and creel data from 1991 - iigg are well
correlated, however beginning in 1999 angler catch rates and electofishing catch rates have
diverged. There is also a possibility that the time series is reflecting that some sort of asymptote
(i.e., theoretical limit in fish density or carrying capacity) has been reached and the hend is in an
oscillatory phase.)

3) The food base may have declined or been over-exploited causing fish behavioral changes
making them less vulnerable to anglers.

There is some likelihood that the food base was reset in September 2001 to a level commensurate
with the 5,000 cubic feet per second,(cfs) flows, allowed under the Record of Decision for an
8.23 million acre feet (maf) year. This level may represent the "carrying capacity" at which this
fishery should be managed. It has been sulgested that minimum flows of 8,000 cfs should be
established to protect the food base. Existirtg data suggest there is not much area difference
between 5,000 and 8,000 

"tr 
16ws.1..: ,t,i,,.,

Additional factors related to the fbcid base nnay be influencing both access to food by fish and
access to fish by anglers. There,has been a fairly major shift in the composition of the
invertebrate community in the Lees Ferry reach wherein snails now heavily dominate the
community and preferred aquatic invertebrates are less abundant than in the early 1990's. This
shift may represent a well-known ecological pattern; lack of disturbance, or conversely stability
in habitat, causes lower diversity in the kinds of organisms present and tends to result in
dominance by a few forms. Moreover, when the food base is found mostly at <5,000 cfs levels,
this probably causes fish to move into those areas which at least under fluctuating (higher) flows
make them less accessible to anglers-particularly shore and wading anglers.

In the discussion of carrying capacity, one should recognize that as water flows have decreased,
carrying capacity has also likely decreased. This may be reflected in Figure 7. If our goal is to
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manage for a stable quality fishery we should base our objectives on a stable food base reflected
byprobable minimum flows allowed under the current Record of Decision of 5,000 - 8,000 cfs.

a) The data are saylng the same thing - too many fish, therefore fish are smaller, in poorer
condition and not feeding, therefore anglers don't catch them.

Recent catch rate data from anglers does show a significant decline in catch rates (Figue 6.).
The trend depicted in Figures 1,2, and 3 reflects a well-knovqn response of rainbow trout
populations termed conservation of biomass. Whether stocked or naturally reproduced, available
food and habitat can only support so much biomass'otr6tal weight of fish. Therefore more fish
equate to smaller average size. ,l

{igher density of fish is expected to produce a higher catch rate for both angler caught and
fisheries management sarnpling efforts (Figures | & 4).However as reflected in the overall

ltructure of the population, while the rate of catch goes up, the size of fish caught goes down.
The most recent size frequency distribution for the population (spring 2002) shows a veryhigh
proportion of fish in the sub-catchable size ranges (<200mm; Figure 5). Fish in the 200-300mm
(8-12 in) size range are not considered desirable by many Lees Ferry anglers.

Section 3 - Most probable explanations

kr the judgment of GCMRC, it is likely that the final two explanations are the most probable.
Over the time period 1993 - 1997,rainbow trout abundance appearq to have reached a level
approaching or exceeding carrying capacity. Since then, continued sfrong recruihnents have
likolyhad the effect of depressing growth and fish condition,further. Beginning in September of
2001, minimum flows from Glen Canyon Dam may,haye dec.reased carrying capacity even more
contributing to additional stress that is possibly being manifosted in behavioral changes causing
angler catch rate to decrease. If the fluctuating flows are successful at reducing recruitnent, wi
should see fish condition, growth rates, and PSD increase as fish'density is reduced.

Conclusions

The data presented above support the perspective that the Lees Ferry trout population and fistrery
have been in a state of decline over the past several years. This is manifest in smaller size fish
and now in apparent declines in catch rates by anglers. The prescribed management action of
reducing recruitnent by a combination of reducing spawning success and reducing survival of
youttg frout is expected to reverse both of these trends and improve the overall quality and
stability of the fishery. Concems remain regarding the pote4tlal for stranding some adult fish
during the fluctuating flows in Jan-March. We are hopeful that these concerns can be addressed
by further refining the specific upramp and downramp charagteristics of the flows, by monitoring
for stranding, and implementing other mitigation measgred.'a$ necessary. The detailed approachei
to this and other issues remain to be worked out. GCIvfRC'aira ACfn remain committed to
mitigating these and other concems, ifpossible. ,,',r ,,,1. 
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APPENDIX 4

TRIP SCHEDULES'..

Project 6. Fine-sediment Transport Modeling Verification
Trip Schedule - Same field elforts for Treatments #I and #2

Project 7. Coarse-Grained Sediment Monitoring
Trip Schedtle - Treatment #1 Only unless new debris flows occtrr in summer 2003

Trips

GQQg)

Trip Dates FY-,
Year

Research
Persorulel

Logistical
Personnel

High-Resolution Eddy
Monitoring within
Marble Canyon

2 - 10 Jan,2003 2A03 9-Day 6 2

Trips
(2002-03)

Trip Dates FY-
Year

Trip
Length

Research
Personnel

Logistical
Personnel

Debris Fan+Rapid
Reworking (Webb et al.)

28 Dec,2002
- 8 Jan, 2003

2003 10 2

' ,': . "'i. :

r:,i i.'t '
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Project 17. Mechanical Removal of Non-Native Fishes (Primarily Salmonids) from the
colorado River Near the co.nfluence with the Little colorado River
Trip Schedule :'

Trip Type Trip Date FY-Year Trip Length Research
Personnel

Logistical
Personnel

Electrofishing

-Depletion

1 - 15 Sep 2002 15 - day 7 7

Electrofishing

lLepletion
15 ' 30 Jan' 2003 t5 - day 7 7

Electrofishing
Depletion

15 -' 30 Feb 2003 15 - day 7 7

Elechofishing

l?gpletion
15 - 30 March 2003 15 - day 7 7

Electrofishing
Depletion

1- 15 Jul 2003 15 - day 7 7

Electrofishing
Depletion

1- 15 Aug 2003 15 - day 7 7

Electrofishing
Depletion

1- 15 Sept 2403 15 - day 7 7

Electrofishing
Depletion

3 trips Jan-Mar 2004 15 - day 7 7

Electrofishing
lgpletion

3 trips Jul-Sep 2004 15 - day 7 7

Electrofishing
Depletion

3 trips Jan-Mar 2005 15 - day 7 7

Electrofishing
Depletion

3 trips Jul-Sep 200s 15 - day 7 7
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Project 1. Part E - Ongoing Sediment Mass Balance (FluCtuating Flow Treatment)
Mass-Balance Trip Schedule (Parts A - E)
Treatment #1 (Low-Flows in summer/fall)

Mass-Balance Trips
Treatment #1 (2002-03)

Trip Dates FY.
Year

Trip
Length

Research
Personnel

Logistical
Personnel

Suspended-sedirnent
Sampling and Support

9 - 19 Aug,
2002

2002 10-day 4 I

Suspended-sediment
Sampling and Support

15 - 2I Dec,
2002

2003 6-day 3 1

Suspended-sediment
Sanrpling at 30-Mile
and 60-Mile (BHBF-A)

2 - 12 Jan,
2003

2003 lO-day 4 1

Suspended-Sediment
Sarnpling at 30-Mile
and 60-Mile (BHBF-B)

2-12 Jan,2003 2003 10-day 4 1

Suspended-sediment
Sampling and Support

9-15 Feb ,2003 2003 ,6-day 3 1

Suspended-sediment
Santpling and Support

9-15 Mar,2003 '2003 6-day 3 I

Suspended-Sediment
Sampling and Support

9-15 Apr,2003 2043 6-day 3 1

Suspended-sediment
Sarrpling and Support

9-15 May,
2003

2003 6-day 3 I

Suspended-Sediment
Sarrpling and Support

9- 15 Jun, 2003 2003 6-day 3 1

Suspended-sediment
Sanrpling and Support

9-I5 Jul, 2003 2003 6-day 3 I

Suspended-Sedirnent
Sarrrpling and Support

9-15 Aug,2003 2003

'.
3 I

Suspended-sediment
Sampling and Support

9-15 Sep, 2003 3 1

a



7l

Mass-Balance Trip Schedule (Parts A - E)
Treatment #2 (ROD Operations + Peak Power-Plant Releases)

Mass-Balance Trips
Treatment #2 (2003-04)

Trip Dates FY-
Year

Trip
Length

Research
Personnel

Logistical
Personnel

Suspended-Sediment
Sampling and Support

15"- 21 Deco

2003 Ii
2004 6-day 3 I

Suspended-Sedirnent
Sarrpling at 3O-Mile
and 60-Mile (BHBF-A)

2 - 12 Jan,
2004

t 
,.'

2004 1O-day 4 I

Suspended-Sediment
Sarnpling at 3O-Mile
and 60-Mile (BHBF-B)

2-I:2 Jan, 2004 2004 10-day 4 1

Suspended-Sediment
Sanrpling and Support

9-15 Feb, 2004 2004 6-day 3 I

Suspended-Sediment
Sarnpling and Support

9-15 Mar,2004 2004 6-day 3 1

Suspended-Sediment
Sarrpling and Support

9- 15 Apr,2004 2004 6-day 3 1

Suspended-Sediment
Sampling and Support

9-15 May,
2004

2004 6-day 3 1

Suspended-Sediment
Sampling and Support

2004 6-day 3 I

Suspended-sediment
Sunpling and Support

9-15 Jul, 2004 2004 6-day 3 I

Suspended-Sediment
Sampling and Support

9-15 Aug,2A04 2004 6-day 3 I

Suspended-Sediment
Sampling and Support

9-15 Srp, 2004 2004 6-day 3 1
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Project 2. Part D - FIST Trip Schedule (Parts A -'D)
Treatment #1 (Low-Flows in summer/fall)

FIST Trips
Treatment #1 (2002-03)

Trip Dates FY-
Year

Trip
Length

Research
Persorurel

Logistical
Personnel

NAU Sand Bars and
Camping Areas

5- 23 Oct,
2002

2003 18 - day 16 6

FIST - Reaches 2-6
Marble Canyon Hydro.
+
Panel Deployment Trip
in all Integrated
Reaches

5 - 20 Deco

2002
2003 16 - day

l','

16 6

FIST - Reaches 2-6
Marble Canyon Only

5 - 17 Jan,
2003

2003 12 - day l6 5

FIST - Reaches t-11
Panel Retrieval Trip

25 - 30 Jan,
2003

2003 5-day 3 2

FIST - Reaches 2-6
Sandbar Sedimentology
+ Field Test of Down
Ramping Rates

10 - 20 Mar,
2003

2003 I 1- day 8 3

FIST - Reaches 1- 1 I
Full Protocol

l5 - 30
M"y,2003

2003 15 - day 7 7

FIST Trip Schedule (Parts A - D)
Treatment #2 (ROD O ns * Peak Power-Plant Releases

FIST Trips
Treatment #2 (2003-04)

Trip Dates FY-.
Year

,Tiip

:Lengfh
Research
Personnel

Logistical
Personnel

NAU Sand Bars and
Carrping Areas

5* 23 Oct,
2003

2044 18 - day 16 6

FIST - Reaches 1-5
Marble Canyon Hydro.
+
Panel Deployment Trip
in all Integrated
Reaches

5 - 20 Dec,
2003

2004 16 - day 16 6

FIST - Reaches 1-5
Marble Canyon Only

5 - 17 Jan,
2004

2004 12 - day 16 5

FIST - Reaches I -l 1

Panel Retrieval Trip
25 - 30 Jan,
2004

2004 5-day 3 2

FIST - Reaches 1-11
Full Protocol***

15 - 30 M&y,
2004

2004 15 - day
' .:ii i

7 7

The May 2004, FIST rip is already planned and funded'under the FY:?004 Aqnual work plan as part of the
normal bierurial schedule for sand-storage monitoring.




