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INTRODUCTION

The following is the response to comments for thalfreport for the U.S. Fish and Wildlife
Service’s investigations on anadromous salmonidmgdabitat in the Yuba River between
Englebright Dam and the Feather River, part ofGkatral Valley Project Improvement Act
(CVPIA) Instream Flow Investigationsa 6-year effort which began in October, 2001. eTa4,
Section 3406(b)(1)(B) of the CVPIA, P.L. 102-57&quires the Secretary of the Interior to
determine instream flow needs for anadromous bslall Central Valley Project controlled
streams and rivers, based on recommendations &f. theFish and Wildlife Service after
consultation with the California Department of Feid Game. Consequently, in June 2001 the
Service initiated a study to more accurately idgnltie instream flow requirements for
anadromous fish in the Yuba River. Concomitaritig, Yuba County Water Agency (YCWA),
California Department of Fish and Game, and foun{&mvernmental Organizations (i.e., the
South Yuba River Citizens League, Friends of theeRiTrout Unlimited, and the Bay Institute),
collaboratively with the National Marine Fisherigsrvice, Pacific Gas and Electric Company,
and the Service, developed a comprehensive setgrbved flow regimes, which now are being
implemented as the flow schedules of the Lower YRb&r Accord (HDR/SWRI 2007). These
Yuba Accord flows are expected to be implementdd anleast 2016, when the Federal Energy
Regulatory Commission (FERC) license for the YCWXisba River Development Project
(FERC #2246) will be proposed for renewal. Alltges agree that flows in the Yuba River at
present are better for fish populations comparqutéeYuba Accord flows. However, whether
these flows are adequate enough to support the@nads fish population doubling goal under
CVPIA, or other fish species and population protets (e.g., as mandated by the California Fish
and Game Code, Endangered Species Act, etc.) isarncSeveral studies to address this
uncertainty are underway specifically as part ef Ytuba Accord, or being conducted
independently by the resource agencies. The permpiothese investigations is to provide
scientific information to the U.S. Fish and WildiService Central Valley Project Improvement
Act Program to assist in developing such recommiamuafor Central Valley rivers. The
objective of this study was to produce models mtety habitat-discharge relationships in the
Yuba River for spring and fall-run Chinook salmardateelhead/rainbow trout fry and juvenile
rearing.

METHODS

Flow-habitat relationships were derived for spramgl fall-run Chinook salmon and
steelhead/rainbow trout rearing in the Yuba Rivemeen Englebright Dam and the Feather
River. Habitat availability was evaluated usingva-dimensional hydraulic and habitat model,
while depth, velocity, adjacent velocity and cokiabitat suitability criteria were derived using
logistic regression.
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RESULTS

The flow-habitat relationships (Figures 1 to 2) flagvs with the maximum amount of habitat
ranging from 400 to 4500 cfs. Appendix A providies results of a peer review of the rearing
report, conducted by four anonymous reviewers pleviby the CALFED Ecosystem
Restoration Program and Hal Beecbkthe Washington Department of Fish and Wildlife.
Appendix B provides the results of a stakeholdeiexg of the rearing report, responding to
comments from Pacific Gas and Electric, Greg Paateof the University of California, Davis,
and the Yuba County Water Agency.

DISCUSSION

A previous instream flow study on the Yuba Riveiswanducted in the mid-1980’s (Beak
1989). We recognize that Beak’s (1989) study obdie the standard practices for instream flow
studies in the 1980’s. However, the techniquepé&forming instream flow studies have been
significantly refined since the 1980’s to increése accuracy of habitat predictions and reflect
the hydraulic complexities of river channels. artgular, the U.S. Fish and Wildlife Service
decided to conduct instream flow studies for anamnes salmonids on the lower Yuba River
which utilize the improved practices for conductingtream flow studies to develop habitat
suitability criteria and hydraulic modeling of akadile habitat. The specific procedures used in
this study that were not used in the Beak (1988)ysinclude: 1) the use of Type Il criteria with
application of a technique to correct for availapi{Guay et al. 2000); 2) the use of cover and
adjacent velocity criteria; and 3) the use of a-tlimensional hydraulic and habitat model,
instead of the Physical Habitat Simulation syst@HABSIM).

Our September 13, 2001 letter inviting stakehopaeticipation in this study stated:

We are offering interested stakeholders the oppdytto participate in planning
these studies through: 1) review and comment on@it study plan, 2)
attending a series of information/technical meetifag key milestones) to be held
during the duration of the study, and 3) providoognments on our draft report
prior to its finalization.

Table 1 summarizes the stakeholder involvementhisrstudy.
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Figure 1. Fall/spring -run Chinook salmon and steelhead/rainbow trout fry and juvenile
flow-habitat relationships above Daguerre Point Dam. The flows with the maximum and
fall/spring-run Chinook salmon fry and juvenile and steelhead/rainbow trout fry and
juvenile habitat were, respectively, 4300 cfs, 1300 cfs, 400 and 1000 cfs.
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Figure 2. Fall/spring -run Chinook salmon and steelhead/rainbow trout fry and juvenile
flow-habitat relationships below Daguerre Point Dam. The flows with the maximum and
fall/spring-run Chinook salmon fry and juvenile and steelhead/rainbow trout fry and
juvenile habitat were, respectively, 4500 cfs, 2000 cfs, 500 and 2000 cfs.
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Table 1. Stakeholder Involvement.

Date Type of Stakeholder Involvement

9/13/01 Letter to stakeholders — invitation for stakeholder participation
10/18/01 Meeting with stakeholders — review of study plan

11/7/01 Meeting with stakeholders — review of study plan

3/3/02 Comments from stakeholders on study plan

12/5/02 FWS response to stakeholders on study plan comments

9/3/03 Yuba River Technical Working Group (YRTWG) — update on IFIM studies

(S. Schoenberg)

11/13/03 YRTWG — update on IFIM studies (B. Pelle)
12/29/03 2003 annual report distributed to stakeholders

1/14/04 YRTWG — update on IFIM studies (S. Schoenberg)
4/14/04 YRTWG — update on IFIM studies (E. Ballard)

7/21/04 YRTWG — update on IFIM studies (M. Gard)
10/20/04 YRTWG — update on IFIM studies (B. Pelle)

1/18/05 YRTWG — update on IFIM studies (M. Gard)

1/19/05 Yuba Basin Modeling Forum — presentation on IFIM studies
4/12/05 YRTWG — update on IFIM studies (E. Ballard)

7/13/05 YRTWG — update on IFIM studies (S. Schoenberg)
10/28/05 YRTWG — update on IFIM studies (S. Schoenberg)
1/19/06 YRTWG — update on IFIM studies (M. Gard)

4/13/06 YRTWG — update on IFIM studies (M. Gard)

7/24/06 YRTWG — update on IFIM studies (S. Schoenberg)

9/5/06 YRTWG — update on IFIM studies (M. Gard)
12/12/06 YRTWG — update on IFIM studies (S. Schoenberg), 2006 annual report

distributed to stakeholders

3/13/07 YRTWG — update on IFIM studies (S. Schoenberg)
6/13/07 YRTWG — update on IFIM studies (S. Schoenberg)
2/12/08 YRTWG — update on IFIM studies (M. Gard)

6/8/08 YRTWG — update on IFIM studies (M. Gard)

9/12/08 Draft rearing report provided to stakeholders for review and comment
9/18/08 YRTWG — update on IFIM studies (S. Schoenberg)
12/10/08 Comments from PG&E on draft rearing report
12/11/08 Comments from Greg Pasternak (UC Davis) on draft rearing report
1/14/09 Comments from Yuba County Water Agency on draft rearing report
1/27/09 YRTWG — update on IFIM studies (M. Gard)

1/28/09 Meeting with stakeholders on draft rearing report

1/21/10 YRTWG — update on IFIM studies (M. Gard)

2/4/10 Meeting with stakeholders on draft rearing report
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PREFACE

This document contains the comments provided nsific peers on the August 2008 draft of
the report, “Flow-habitat relationships for spriagd fall-run Chinook salmon and
steelhead/rainbow trout rearing in the Yuba Ri(&&port), and responses to those comments.
This compilation is divided into subject-matter ts&ts whereby various comments and
responses to authors were organized. To the etkiahindividual comments crossed over
subject matters, the authors collectively addrefisesk comments.

Although this compilation may provide useful ingighto how the comments were addressed by
the authors, the Report itself represents the cetmpind final synthesis of studies on salmonid
rearing in the Yuba River, based on the best availscientific information. The authors have
reviewed their responses and compared them tortaleReport to ensure that all comments have
been adequately addressed.

Lastly, the authors of the Report wish to thankrgeee who provided comments on the August
2008 draft. The comments greatly assisted theoasitmd agency in identifying missing or
unclear information, focusing the textual and grejmesentations, and thereby producing a
better overall Report. Four anonymous reviewenewweovided by the CALFED Ecosystem
Restoration Program. The fifth peer reviewer (BaécherWashington Department of Fish and
Wildlife, Olympia, WA) was provided under a contragth Sustainable Ecosystems Institute.
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GENERAL COMMENTS
Hal Beecher

Comment 1. Interpretation of instream flow study results deggean the ecological context.

To what extent is habitat a limiting factor? Toatlextent is some other part of the hydrologic
regime acting to limit a population (e.g., pulsaaflto stimulate migration, flow to move
migrants past predators, flow to ensure channet isrfavorable, flow that scours redds or
abrades gills, flow that results in unfavorableavajuality)? If a population is depressed, is
flow the problem? Is it a contributing problemf?a lpopulation is greatly under-seeded because
of problems elsewhere (e.g., marine overharvediytpm), instream flow is still needed to
provide habitat for recovery. Instream flows shibadidress the desired recovered population
size because prior appropriation of water rightssdaot easily allow for adjusting flows upward
to accommodate recovery once water rights have émrated. Thus, it may not be reasonable
to expect a population to track habitat or flowthd population is being depressed by other
factors. If readers assume a tight link betweewdland fish population, rather than a ceiling on
the population imposed by flows through habitagntneaders may wrongly discredit the
significance of the study and resulting managemssammendations.

Response: An assumption that physical habitat is the limitfagtor is true of all instream flow
studies. To our knowledge, the data needed tesisseto what extent habitat is a limiting
factor; 2) to what extent some other part of thérblogic regime is a limiting factor; and 3) if
flow is the problem or a contributing problem fop@apulation being depressed, does not exist.
For example, information is lacking to be able ¢ébedmine if doubling the amount of rearing
habitat would double the salmonid populations. Myeee with the commenter’s statements
regarding needs of instream flow to provide halidatrecovery and address the desired
recovered population, and the reasonableness olgtams tracking habitat or flows. We have
added text to make it clear that when other fadioning the population are alleviated, flows
may act by placing a ceiling on the population.

Comment 2: As part of ecological context, it would be verygfal to display hydrographs.
Ideally, these would include both recent hydrogeaghd pre-project or reconstructed natural
hydrographs.

Response: A description of the historic and contemporary loyogy of the Yuba River
watershed, including displaying both recent hydapis and pre-project or reconstructed natural
hydrographs, will likely be developed as part @& thlicensing of the Yuba River hydroelectric
project.

Comment 3. This study uses a 2-dimensional hydraulic modeléRD) and associated habitat
modeling capabilities to evaluate habitat in atreddy large California river, the Yuba. Any
instream flow modeling effort attempts to simulayelraulic conditions at a scale that is relevant
to the fish (or other organism or value or us¢)ldo attempts to model habitat quality and/or
guantity at a relevant scale. Ideally (but infrenily) seasonal differences in activity due to
temperature are incorporated. Two-dimensional \2aBtream flow models are newer
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approaches to hydraulic modeling, incorporatingga lkdensity of points where habitat

conditions are simulated. Algorithms for 2-D madefere reported to be more accurate, leading
to a better match between real velocity vectorstande in the models. In an Alberta stream,
results of a 2-D model compared favorably with @éhe-dimensional PHABSIM (Waddle, et al.,
2000). Habitat can be modeled using more relefeattires of the channel and hydraulics than
the relatively simple depth, velocity, and substtgpically used in older one-dimensional
instream flow models, such as PHABSIM.

Response: Our intent was to use the most accurate modalpgoach available.

Comment 4. My review of this study report centered on sevqrastions:

Did study sites represent the river, including flsensitive areas?

How well does the hydraulic model reflect what ¥héba River is doing?

How well do the habitat suitability criteria refteftish behavior and habitat sensitivity?
Given any unsatisfactory results, were reasonadtesmns made?

Were the interpretations reasonable for managimgkstthat are not thriving?

Response: These are appropriate questions to considewvieweng the report.

Comment 5. The Yuba River is a large river and it poses sohalenges for instream flow
modeling. Those challenges include sampling irpde&ter and strong currents. They also
include the question of whether 2-D is good endiagliish that exist in a 3-dimensional habitat.
In small rivers and streams, a single velocitygoresent a water column may work reasonably
well (Beecher et al. 1995, 2002), but is this stilke in water that is 2+ m in depth.

Response: We agree that sampling in deep water and strarmgits poses challenges for
instream flow modeling. While three-dimensionaldels could offer a better representation of
fish habitat than a two-dimensional model, thremahsional models are not yet at the stage of
development where they can be used for instreamdtadies.

Comment 6: | was struck by the organization; it was a finealecrganization than | prefer.
Specifically, many elements (site selection, hyoggl hydraulic modeling, habitat suitability
criteria development and testing) that | would préd see in Methods were divided among
Methods, Results, and Discussion. Another moiisfaatory (to me) organization would be to
have chapters: hydraulic modeling, habitat suiiigtdkiteria development and testing, and
finally, instream flow modeling. | believe onetbkse organization schemes would make the
report easier to read.

Response: We have patterned the format of our reports asblass possible to that of peer-
reviewed journal articles. In this regard, we b a peer reviewer from the first peer review
of the Yuba spawning report stated “All informatipresented, including data, in the methods
section that is actually a result should be exécetnd discussed in the Results section.” As a
result, we have placed all data in the results@edédr the Yuba rearing report as well. Given
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the length of the material, we feel that a finels@aganization was required, and that an
organization by chapters of hydraulic modeling,italsuitability criteria development and
testing, and instream flow modeling would causefusion for the reader.

Comment 7: A minor concern was some switching back and foetwieen metric and imperial
units.

Response: We changed Tables 2 and 6 so that all of the dafzoise tables are in metric units.
We have gone through the report and given metugvatents in parentheses, except for flows.
We have kept flows entirely in English units siffilcev data is generally presented in English
units in the United States.

Comment 8: Representation of the River

The study used a number of study sites that refteatvariety of habitat types in the Yuba River.
While | am unfamiliar with the Yuba River, the appches described in the report left me with
the sense that Dr. Gard and colleagues had damidyarfgorous site selection, an important first
step in such a study.

Response: No response required.

Comment 9: Hydraulic Model Performance

Hydraulic model performance should, in my view,s@zably represent the distribution of depth
and velocity co-distributions in the river at tlange of flows studied. (Not all instream flow
biologists agree with my views on hydraulic modalitaration. My friend and colleague, Tom
Payne [Thomas R. Payne and Associates, Arcatap€lidves that the hydraulic model
represents the river more generally, so it needmaith details of a specific site too closely,
provided reasonable measures have been takenuredhat the model performs in a
hydraulically realistic manner.) It appears that Gard has a similar philosophy about hydraulic
model calibration to mine because he and his agliea evaluate how well their models match
depths and velocities measured at the sites.

Response: We agree that hydraulic model performance shaddonably represent the
distribution of depth and velocity co-distributiommsthe river at the range of flows studied.

Comment 10: Depth and Water Surface Elevation Calibration

One of the supposed advantages of 2-D models d¥ABBIM is that 2-D models are supposed
to allow uneven water surfaces in response to noeggand surrounding conditions in a way
that should mimic real rivers. PHABSIM assume®azontal water surface elevation across a
transect. Real rivers and streams usually defrabe that assumption on some cross-sections,
and modelers are challenged to accommodate thosidas in a way that is realistic for fish
habitat over a range of flows. The errors thatah#ors found in water surface elevation
(WSEL) indicate that River2D is no guarantee ofgarWSEL modeling. | don’t know if it

was better than PHABSIM would have done becauge thas no comparison (this is not
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intended as a criticism because the authors maeeision on a modeling approach and it was
not their intent to evaluate the two models agasngt another; in fact, they integrated limited
PHABSIM use into their model).

Response: We used River2D because of its improved modedhmgacteristics over PHABSIM
as noted above by the commenter. We assume tloaparison of River2D and PHABSIM in
this case would have shown that River2D was b#ter PHABSIM, since both measurements
and River2D simulations showed considerable acthasnel variations in WSELSs.
Comparisons of River2D and PHABSIM are problemb&cause they can only be compared for
portions of rivers where PHABSIM can be used (Gz3d9).

Comment 11: In deep water, errors in WSEL are inconsequentiafi$h habitat if there is not
clear avoidance of deep water (although the prestadt suggested there may be some depth
avoidance at very deep depths). Errors in WSEthallow water, near the lower limit of fish
depth preference or tolerance, can lead to modeliraggs. The authors identified such cases.
For example, River2D predicted a site to be dry tlaal Chinook or steelhead fry (p. 61 and
Appendix M), but it is not clear what is the magde of the stage error. Likewise, one juvenile
steelhead occupied location was predicted to bplr§6). | believe that some such error is
tolerable, particularly in a large river at a materflow (as opposed to extremely low flows).
Misleading conclusions are more likely if there anbstantial WSEL errors at extremely low
flows or extremely high flows; at intermediate floWWSEL errors may lead to minor
transpositions of suitable modeled habitat latgrafither than miscalculating the quantity and
quality of habitat.

Response: We attribute the errors in predictions of fistdat locations to errors in bed
elevations, rather than stage errors. Based oRitrex2D calibration, we feel that WSEL errors
were minimal and did not affect the overall conmus of the report as noted above by the
commenter.

Comment 12: My conclusion is that the authors made a reasoredfde to model and evaluate
their models for depth simulation. Although impeavent in depth modeling might be possible,
as the authors discussed, they have probably réacheint of diminishing returns and any
further improvements would cost much effort.

Response: In addition to having a low benefit to cost rafiarther improvements to the model,
which would require collecting additional bed topmghy data, are not possible given the
changes to the Yuba River topography caused byflogls that occurred after the data
collection for this study was completed.

Comment 13: Velocity Calibration

As mentioned above, 2-D modeling in a 3-D environti®comes more uncertain as the third
dimension (vertical or depth) becomes greatergrivers. There are no obvious advantages of
2-D over 1-D (PHABSIM) in deep rivers for velocgymulation.
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Response: While three-dimensional models could offer a bettgresentation of fish habitat
than a two-dimensional model, three-dimensional @él®dre not yet at the stage of development
where they can be used for instream flow studide. disagree with the commenter regarding
advantages of 2-D over 1-D in deep rivers for viyosimulation. Specifically, River2D has the
potential to model velocities over a range of flawsre accurately than would PHABSIM
because River2D takes into account upstream andstoeam bed topography and bed
roughness, and explicitly uses mechanistic prosggsmservation of mass and momentum),
rather than Mannirig Equation and a velocity adjustment factor (Lextdral. 1995).

Comment 14: Use of Acoustic Doppler Depth Profiler (ADCP) sinfigls the field work for
obtaining velocities in deep water (>1 m). It npagvide data for evaluating the vertical
variation in velocity and the biological signifiaaof that vertical variation. Indeed, the authors
have used the concept of adjacent velocity in Hoardimension in their habitat suitability
criteria and habitat modeling. Their use of ADGpe@ars consistent with other ADCP uses |
have reviewed (I have been in the boat and watdhédave not operated it nor modeled with it
myself).

Response: Although we agree that use of ADCPs simplifiesdfivork for obtaining velocities

in deep water, and can provide data for evaluatiegrertical variations in velocity, we have not
been able to take advantage of this capability leeéavo-dimensional models are based on
depth-averaged velocities. The commenter is iecbthat we used the concept of adjacent
velocity in a vertical dimension — rather, we useghcent velocity in a horizontal dimension by
selecting the highest depth-averaged velocity withfeet of occupied and unoccupied locations
in deep water to use in developing the adjacemtcityl habitat suitability criteria. We have
clarified the text in the report in this regard.

Comment 15: Habitat Suitability Criteria

Habitat suitability criteria (HSC) were one of th@st sensitive aspects of this or any instream
flow habitat model. The authors made diligent gfdo develop high quality HSC, but were
thwarted by low numbers of fish. Their decisiorus® groups of fish rather than individuals has
been a discussion point in many instream flow gsidil have seen one case where use of
individuals was clearly wrong, but where densiappeared low and fish were not crowded,
habitat was likely better or at least good whegeaup of fish was found. Considering the small
sample size they achieved, it might have beennmftive to develop HSCs both ways, for
individuals and for groups. If results convergedavere well supported in the validation, that
might have given more support to their end results.

Response:  As noted in the discussion, we considered amradtive that would have used fish
densities rather than individuals, but did not in$er the following reasons: 1) we had low
confidence in the accuracy of our estimates ohtlmaber of fish in each observation; and

2) while it is reasonable to assume that a schiolidlo represents higher quality habitat than one
fish, it is probably unreasonable to assume tloatexample, 100 fish represents 100 times better
habitat than one fish. The same reasons woulgpkcable to the commenter’s suggestion to
use individuals to develop HSCs.
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Comment 16: Did all variables (depth, velocity, adjacent vetgctover) contribute to habitat
suitability? It did not appear that such testsenamynducted. Multivariate criteria seem not to
have been considered. Bivariate criteria werectege but there may be some simple thresholds
(e.g., juvenile steelhead in Washington streamsideéhave an almost absolute threshold of 0.5
ft depth before water is usable).

Response: The statistical tests associated with the logigtigressions confirmed that all
variables (depth, velocity, adjacent velocity, awentribute to habitat suitability. Multivariate
(including bivariate) criteria are rarely usedmstream flow studies and thus we did not consider
them here. The commenter is incorrect that wectegebivariate criteria — rather we rejected
binary criteria. We observed the same threshoth@sommenter for juvenile steelhead depth
utilization. More generally, we address threshdlgs$runcating the HSC at the
slowest/shallowest and deepest/fastest ends, sththaext shallower depth or slower velocity
value below the shallowest observed depth or thwedt observed velocity had a Sl value of
zero, and so that the next larger depth or fagtkrcity value above the deepest observed depth
or the fastest observed velocity had an Sl valuseads.

Comment 17: Were Reasonable Decisions Made in cases where Resultswere Lessthan
Desired?

Given the poor resolution of HSC and the velocitgidations that appeared underwhelming,
how usable is the model? Big rivers are usualbllehging. In a study on Washington’s Skagit
River (about 10,000 cfs mean annual flow), vetyelitifference in habitat showed up over a
wide range of flows (for details, contact Phil Hity R2 Resources Consultants, Redmond,
WA). More telling was connection of side channelbjch was a relatively straightforward
metric that was relevant for rearing salmonids.o#er analysis concerned the varial zone, the
zone where much young-of-the-year rearing occuasithexposed at lower flows. If mid-
channel areas are used by fish, then simpler rsetray be available for evaluating flows.
Sometimes it is worth using a number of differertmaes, not just WUA, and looking for
convergence or looking for most protective.

Response: We feel that the resolution of the HSC and véjosimulations were adequate, and
thus that the model is usable for purposes of dgwed) recommendations for instream flow
needs for anadromous fish in the Yuba River. Asaghin Figures 25 to 32, this study differed
from the Skagit River study in showing considerabféerence in habitat over a wide range of
flows. We address connection of side channelsiatheer report, which examines the effect of
flow fluctuations on redd dewatering and juvenii@sding. Accordingly, we do not consider it
necessary to address connection of side chann#isireport. Analysis of the varial zone is
generally only relevant for evaluating ramping sdiie hydropeaking facilities, and thus is not
called for in this report, since the Yuba Rivenat operated for hydropeaking. While we did
observe some mid-channel areas used by fish, sectvas limited primarily due to high
velocities and lack of woody cover. We do not fialt simpler metrics, such as connection of
side channels, would not address the biologicallmeéthe fish, as reflected by the habitat
suitability criteria, such as preference for woadyer.
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Comment 18: This study struck me as a lot of very good work tieaulted in models that did
not inspire high levels of confidence, particularthe face of potentially competing study
results. | believe at this point what is known athive ecology of Yuba River salmonids should
be summarized and reviewed for flow limitationst thiee subject to a simpler analysis.

Response: While we acknowledge that there are uncertaintighe flow-habitat relationships
resulting from the models, we feel that the mode¢sadequate for purposes of developing
recommendations for instream flow needs for anadu@niish in the Yuba River. The results of
this study are based on methods intended to pravidere accurate assessment of the
relationship between flow and anadromous salmawidrid juvenile rearing habitat compared to
an earlier study, namely 1) HSC generated only fusendata in the earlier study, as opposed to
the criteria generated with logistic regressiothis study; 2) the lack of use of cover or adjacent
velocity criteria in the earlier study; and 3) tiee of PHABSIM in the earlier study, versus 2-D
modeling in this study. We believe that the reporitains sufficient information about the
ecology of Yuba River salmonids to develop flowamenendations. We do not feel that simpler
metrics, such as connection of side channels, woolicddress the biological needs of the fish,
as reflected by the habitat suitability criteriacls as preference for woody cover.

Comment 19: In big rivers, | think modeling that is 3-dimensabis needed. When snorkeling
in the Skagit River, | have observed much fishinsgeep water where surface velocities might
have been unsuitable for rearing fish. Models #natl- or 2-dimensional model velocity at a
single point in the water column that may not Hateal to the velocity where fish hold in a big
river.

Response: While three-dimensional models could offer a betdgresentation of fish habitat
than a two-dimensional model, three-dimensional @él®dre not yet at the stage of development
where they can be used for instream flow studies.

Comment 20: Given the challenges discussed in the previousosedt is not clear that the
study results were a strong support for flow recandations. Doing a study to support flow
recommendations is not the ideal approach, whithesmpression given on page 100: “The
results of this study are intended to support viseethe flow recommendations in the
introduction.” However, | could not find such arcriminating statement in the introduction.

Response: Our study is intended to provide some of thergtfie information that is needed to
determine instream flow needs for anadromous fighe Yuba River. The purpose of our study
was to develop flow recommendations; as such, theréwo options for the results — they could
either support or be used to revise previous fleeommendations. The flow recommendations
in the introduction were “improved flows for alfdihistory stages of Chinook salmon and
steelhead.” Thus, the flow recommendation werditatisze rather than quantitative, which is
likely why the commenter was unable to find theMiecommendations in the introduction.

A-7



REVIEWER #1

Study Design - Is the study design sound?

Comment 1. The reports do not have a study design per se. ategxercises in model
building, calibration and validation. Criteria greesented by which the model suitability will be
judged. Whether these are adequate criteria isvalbdescribed. The authors simply state what
the criteria are to determine validity and then tiggn to assess the results.

Response: Table 1 (taken as a whole) and Figure 1 summénzstudy design. Further details
on the study design are given in the methods sectidodel building, calibration and validation
are three components of the study design. Theuadggf the criteria by which the model
suitability was judged is documented in the methsmigion by literature citations. In addition to
stating what the criteria are to determine validitg also provide literature citations for the
criteria.

M ethods - Are the methods technically souhd

Comment 2: The methods are probably sound but the justificatto choice of method is
extraordinarily weak. In the two spawning reporig @ne rearing report, three methods are
mentioned as being available. The disadvantagésidiadvantages, of two methods are
described and then the third method is selected matjustification or discussion of its
advantages or disadvantages as compared to threnogiieods. This gives the reader no
justification for or confidence in the chosen meth@\ll methods have strengths and weaknesses
and the choice of method usually depends on howanakethod meets the measurable goals.

Response: The disadvantages of biological response correlatéemd demonstration flow
assessment basically resulted in these methodg rdé@asible to use. Habitat modeling is then
left as the only available method. We changeddénsription of the three methods to focus
on the physical infeasibility of implementing twcethods and then briefly discussing the
advantages and disadvantages of the method wesdlexuse (i.e., habitat modeling).

Data - Is the data adequate?

Comment 3: The data are what they are. In some cases thelatget sample sizes than in
others. The sample sizes in the Rearing Report guate small and likely problematic for model
development.

Response: We acknowledge that the sample sizes for themeduocations used to develop
habitat suitability criteria for juvenile Chinooklsmon and steelhead/rainbow trout were small.
We would characterize the consequences of the sa@lple sizes as increasing the uncertainty
in the resulting flow-habitat relationships, ratktesn characterizing them as being problematic
for model development.
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Comment 4. Note that sometimes in the report data are plurdlia other places data are
singular. | prefer data are plural, but at a minimauthors should be consistent in their choice of
singular or plural.

Response: We have reviewed and revised the entire repaghsure that we consistently refer to
data as plural.

Presentation - Is the presentation clear?

Comment 5: Parts of the reports, especially those describirtgahnical terms and lingo the
model calibrations and measurement techniquesareear to the uninitiated reader. It has
been standard in professional documents for dedhdéesinits should be consistent and normally
should be presented as metric and, if not metren with metric equivalents in parentheses. At a
minimum, reports should not use one system in quaces and the other system in other places
and even mix them in the same table or figure.

Response: We reviewed the portions of the report referredytadhe commenter and clarifed
these sections where possible. The report is udably, due to the content, most
understandable to a reader who is familiar with etiod calibration and measurement
techniques used in instream flow studies. The dgtamarily presented in English units to
make the data more understandable to the intengd#idrece, decision makers and stakeholders
in the Yuba River basin, who are most familiar witita expressed in English units. We have
gone through the report and given metric equivalenparentheses, except for flows. We have
kept flows entirely in English units since flow das generally presented in English units in the
United States. We also note that it is standaptésent data in instream flow study reports in
English units.

Figures and tables - Are the figures and tables clear, complete alataate?

Comment 6. Figures in text and appendices in each reportilthatrate habitat suitability lack
a scale, flow direction indicators and north arrolihese are standards that are well known and |
see no reason for this information to have beeriteti

Response: We added a scale, flow direction indicator andmartow to the figures in the text
and appendices that illustrate habitat suitabilfepr Figure 34, which already showed flow
direction, we only added a scale and north arrow.

Comment 7. Readability and ability to interpret many of firgures would be improved by the
addition of a few vertical gridlines and in somae&s horizontal gridlines.

Response: We chose not to use vertical and horizontal greflibecause it would be difficult to

distinguish between the data presented in thedgyand the vertical and horizontal gridlines.
Examples include Figures 4 to 33, 38 to 54 an3&t
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Comment 8. In manyplaces it would be easier for the reader to dopgammons if the Y axes
were scaled the same. Examples include Figuresa®d46 in Yuba Spawning, Figure 2 in Clear
Creek Spawning and Figures 2 and 3 in Yuba FlowtEhation.

Response: The Yuba rearing report did not have any instardeere Y axes were not scaled the
same.

Miscellaneous comments:

Comment 9: The reports switch between metric units and Bhginits with no mention of the
equivalent in the other unit. Sometimes this ocewen within a single table or figure such as
Table 2 in the Yuba spawning report.

Response: We changed Tables 2 and 6 so that all of theiddteose tables are in metric units.
We have gone through the report and given metugvatents in parentheses, except for flows.
We have kept flows entirely in English units siffilcev data is generally presented in English
units in the United States.

Comment 10: There is no acknowledgement of what historievflegimes were like and under
what type of conditions the salmon evolved. Theleedas no idea whether the flows suggested
are similar to or totally different from what wastoric flow when presumably the salmon
populations were more vibrant. Recent work on salimabitat often takes into account how
flows have changed given dams and land use andheiwnay affect the ability to recreate
suitable habitat for salmon.

Response: An analysis of historic flow regimes will likelye developed as part of the
relicensing of the Yuba River hydropower proje€he purpose of this report is only to identify
the relationships between salmonid habitat and.fldle report does not suggest flows, but
instead notes how changes in flow could increaseathount of salmonid spawning habitat. It
should be noted that this report is only one phtihe information that will be used to develop
flow regimes for the Yuba River. The developmédlaw regimes for the Yuba River will
undoubtedly also take into account how flows inYuda River have changed given dams and
land use and how that may affect the ability ofeate suitable habitat for salmon.

Comment 11: Much of the language used to describe the medelgue, e.g. ‘we feel there is
no significant limitation’, ‘we conclude’ but stat® reason why, ‘in general, figures are
similar’. The reader would have much higher conickein the conclusions if the authors used
terminology that was more precise. For example, of ¥he figures are within x % of similarity.
There is much reliance on statistical significatica may or may not have biological
significance. As | read the discussions in eagort, there seems to be no anomaly or
discrepancy between the model and measured vdlaethe authors can’t explain away or
declare as unimportant. And when, for examplegikien criteria for acceptance were not met,
the authors conclude that is acceptable anyway, &gtion 3.1 p 67: Rearing report).
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Response: It is important to distinguish between the numeriteria that were used to evaluate
model performance and the text that was used boedée on the model performance. The
numeric criteria are specific and precise. Fongxa, for velocity validation the numeric
criterion was that the correlation between obsearatisimulated velocities was greater than 0.6.
By necessity, the text that was used to elabomatd® model performance was qualitative and
designed to illustrate general trends in the dditse statistical tests that were used have
biological significance. For example, a greatetasility for occupied versus unoccupied
locations has the biological significance that fish preferentially selecting locations with
higher suitability. We feel that the commentemisinterpreting the intent of the discussion. It
is important to try to determine what was respdeditr anomalies or discrepancies between
modeled and measured data and to evaluate thdéicaguaie of these in terms of the ultimate
model output (the flow-habitat relationship) — antient is not to explain these anomalies or
discrepancies away. Likewise, our intent is natdoclude whether or not a model is acceptable
— rather our intent is to characterize the levalmdertainty in model output as a function of
anomalies or discrepancies between modeled anduneebdata.

Comment 12: To use the authors’ terminology, in generalrthesults show a much greater
range of substrate, depth and velocity as suitadiétat (rearing and spawning) than previous
studies which allow for much more latitude in floperations. However, | would be hesitant to
suggest changing operations based on their rathguel values for suitable depths and velocities
compared to other studies on habitat use by Chiandksteelhead without further corroboration.

Response: Our study is intended to provide some of the sfienbformation that is needed to
determine instream flow needs for anadromous fighe Yuba River. We do not agree with the
characterization of our results as unique, sincéave used the same methods for other studies
on habitat use by Chinook and steelhead. The deqtlvelocity suitability methodology is
based on methods presented in multiple peer-redgowgnal articles (Knapp and Preisler 1999,
Parasiewicz 1999, Geist et al. 2000, Guay et &020Uiffan et al. 2002, McHugh and Budy
2004).

Comment 13: Overall the report uses mushy terminology amuds/giving the reader any
guantifiable definitions of how the model performdether it performs better than previous
models, and within what accuracy does it represarthe ground physical and biological data.

Response: The terminology in the report is as precise asiptesto describe the overall trends

in the data. The report provides numerous quabtii definitions of how the model performs
and within what accuracy it represents on the giquinysical and biological data. Examples of
the quantifiable definitions include: 1) the sttt (R) to provide a quality control check of the
velocity measured by the ADCP at a given stationhrere R = VeJ(Vel,.1 + Vel.1)/2 at station

n; 2) the beta value (a measure of the changeanrei roughness with changes in streamflow)
is between 2.0 and 4.5; 3) the mean error in caledlversus given discharges is less than 10%;
4) there is no more than a 25% difference for algutated versus given discharge; 5) there is
no more than a 0.1 foot (0.031 m) difference betweeasured and simulated WSELSs; 6) VAF
values falling within the range of 0.2 to 5.0; #panotonic increase of VAFs with an increase in
flows; 8) a QI value of at least 0.2; 9) the WSkksedicted by RIVER2D at the upstream
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transect were within 0.1 foot (0.031 m) of the WSktkdicted by PHABSIM; 10) a solution
change (SoAh) of less than 0.0000; 11) a net flow (Net Q) alsléghan 1%; 12) a maximum
Froude Number (Max F) of less than one; 13) theetation between measured and simulated
velocities was greater than 0.6; and 14) a p-vafuess than 0.05 for a Mann-Whitney U test of
whether the compound suitability predicted by the¢ER2D model is higher at locations where
fish were present versus locations where fish wabesent. Additional data presented in the
report on the accuracy with which the model repressen the ground physical and biological
data include the data presented in Appendices B, IEH, and J. We do not have any data on
previous models that could be used to determitteeiinodeling in this report performs better
than the previous models.

REVIEWER #2

Study Design |Is the study design sound?

Comment 1. The study design is sound insofar as it sets oestablish improved rearing
habitat suitability for fall-run Chinook salmon astbelhead/rainbow trout on the Yuba, uses
robust methods to achieve this, and reports thétsethoroughly. As with the spawning
counterpart study, one could argue that the stedigd is not ambitious scientifically. Again,
the authors make little attempt to identify anyllse@ompelling and interesting unanswered
scientific questions, nor do they pose any hypabdisat they then set out to test. As with
before, this critical observation should not bestared to mean that the study design is not
sound relative to its objectives, nor that the ltsswill not be useful from a management
perspective.

Response: The intent of the study was to apply well estalddskechniques to the Yuba River to
guantify flow-habitat relationships for anadrom@agmonid rearing. The study was intended to
be a technical report, and not to be publishetienpeer-reviewed literature.

Methods Are the methods technically sound?

Comment 2. The methods are reasonable and represent a sagifraprovement over 1D
PHABSIM style implementations of IFIM. The authgasd others) have been using such
techniques for at least the past 12 years andréprgsent the robust end of the standard of
practice, but are not the state-of-the-art. Agtia,authors are a little sloppy in places about
their summary of other techniques and justificatdbithe techniques they used. However, they
do generally describe very clearly what they didliké the spawning study, for this rearing
study | was not provided with evidence of pasteevof the methods. The ecohydraulic
modeling used should not be expected to performedisor rearing as it did for spawning. The
methodological/results discussion on page 90-82ig enlightening, and | like how the authors
have approached this (particularly the adjacerdomsl concept). | think that the model is
applied at too coarse of a resolution with too seaf a topographic input to do the rearing
model justice.
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Response: See responses below regarding the summary of wbtleniques and the topographic
data quality. The rearing study did not have a pasew of the methods. We know of no
reason why the ecohydraulic modeling used wouldoeatxpected to perform as well for rearing
as it did for spawning, and no insight is providedhe comment above. We applied the model
at the highest possible resolution, given consisaan computer run speeds and memory.
Similarly, we collected as dense a topographictisypossible, given the constraints of the
equipment we had available at the time and the atnafitime we had available to collect
topographic data. While we acknowledge that arfieeel of resolution and finer level of
topographic input would have improved the rearirggel, we feel that the level of resolution
and topographic input is adequate for purposesgwilating rearing flow-habitat relationships.

Data. Is the data adequate?

Comment 3. The authors should again be commended for so thgbhpueporting all their data.
Other investigators doing work in the Yuba basimearby streams will likely find both the raw
data and the summary curves of great utility. | \l@again suggest that some of the raw data is
made available in a digital format when the republished online.

Response: We have added information in the preface of gport about how the raw data in
digital format can be obtained.

Comment 4. | was unclear why the habitat mapping (example shiowFigure 33) was not
included in the appendix and instead only summenazeabular form.

Response: We feel that the tabular summary of the habitapping is sufficient for purposes of
this report, and that the graphical display obélihe habitat mapping would have added too
much material to an otherwise already very longrepThe graphical display of all of the
habitat mapping is really only useful in electrofuomat (i.e., GIS shapefiles).

Comment 5: | see the topographic data is generally of muchdrigesolution in this study then
it was in the spawning study. That is critical! Hoxer, I'm still unclear about the mesh
construction and grid resolution relative to thegadresolution.

Response: We added information on mesh construction and ig@sdlution undeHydraulic
Model Construction and Calibration RIVER2D Model Construction.

Findings, inter pretations and conclusions. Are the findings, interpretations and conclusions
valid?

Comment 6. The habitat mapping discussion is way too brief a@eds to be elaborated. As
with the spawning report, there is a tendency towhout unsubstantiated conclusions (e.g. ‘We
decided that the multiple regression... was accegfablithout explaining why.
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Response: We have added additional text to the habitat nmagpgiscussion. We have reviewed
the conclusions in the report to ensure that timelosions are substantiated by explanations.
For example, the conclusion cited by the commengey substantiated by the following
explanation that was given in the subsequent seatetSpecifically, the maximum difference
between measured and simulated WSELs of 0.110223 m) was much less than the
maximum difference withFG4 andMANSQ, and reflected the additional errors implicit in
predicting WSELs from two different flows (from thaiba and Feather Rivers), versus
Predicting WSELs from only one flow. “

Presentation. Is the presentation clear?

Comment 7. The presentation of the report is consistent aadayout of this report is logical
by itself. The introduction could provide a litteoader scientific and management context
(rather brief as it stands). The lack of conclusention is a little odd and leads to an abrupt
ending after the discussion.

Response: The introduction is intended to provide suffidisnientific and management context
for the purposes of the report (providing scieatififormation to the CPVIA Program to assist in
developing recommendations for instream flow ndedanadromous fish in the Yuba River).
We have added a conclusion section to this report.

Figures and tables. Are the figures and tables clear, complete ardjadte?

Comment 8. My same general comments about the figures inghe/sing report apply to this
report. Namely, the figures are adequate, but ¢themaof poor cartographic quality, exhibit
inconsistent font sizes, and lack some basic inébion (e.g. north arrows, scale bars, flow
directions, flow rates, and informative captionshivi the appendix). At least the inadequacies
are relatively consistent. Again, the downsampbhthe figures for the PDF has resulted in
some very poor text and image quality. | think @ fpart of the problem is that most of the
figures are just screen captures from River2D adbte really making bespoke figures in a GIS
and/or vector graphics drawing package. The legarelsubsequently difficult to read for all the
model screen shots and the lack of scale bars @ntial arrows is unacceptable. The tables are
generally fine. The distinction between what figtiege shown in the report and what are shown
in the appendix appears a little arbitrary.

Response: The figures are intended to sufficiently suppareehnical report. As discussed in
responses to the following comments, we have addet basic information to the figures. We
have not been able to improve the text and imagétgun the PDF conversion process. The
commenter is correct that most of the figures areen captures from River2D. We have
chosen to use screen captures from River2D rdtla@rdreating figures in a GIS or vector
graphics drawing package to keep the figures ctargisvith how data is displayed in River2D.
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Miscellaneous comments:

Comment 9: | found the text here really tedious and repetitileen compared with the
spawning report. Most of it has been copied venbaind | fail to see why these different scopes
of work needed to be separated out into differeports. It would be much better to have one
front-end, and then use chapters to describe gepathe different aspects (e.g. rearing,
spawning, spawning sensitivity analysis, and flavetuation analysis).

Response: Much of the text of the rearing report, particlyian the methods, has been copied
directly from the spawning report. However, mostha results and appendices present
completely different information than the spawnregort. We feel that combining all results
into one overall report would be too voluminous.

REVIEWER #3

Study Design |Is the study design sound?

Comment 1. The study design is essentially sound. Howeveayehsome problems with the
authors’ distribution of their level of effort (esgally in regards to biological verification, more
below). The authors assumed that juvenile physeaing habitat was limiting production of
both species/life stages. This assumption was nestfied or discussed. They also assumed
that habitat quality for these species/life stagmdd be adequately characterized by depth,
velocity, adjacent velocity, and cover. See comméetow regarding adjacent velocity.

Response: Our primary goal was to develop flow-habitat redaghips. Biological verification
necessarily falls out as a lower priority, and thaas to less level of effort for this task than
developing the relationship between discharge aadadble habitat. In addition, development of
the hydraulic models and habitat suitability cidexwhich dominated the effort, are necessary to
be able to conduct biological verification. Anasgtion that physical habitat is the limiting
factor is true of all instream flow studies. Ta é&mowledge, the data needed to test this
assumption does not exist. We believe that itresagonable assumption that habitat quality for
fry and juveniles Chinook salmon and steelheadbeaadequately characterized by depth,
velocity, adjacent velocity, and cover becausedivasiables are linked to the biological needs
(bioenergetics and predation avoidance) for thpeeigs and life stages. See responses below
regarding adjacent velocity.

Methods Are the methods technically sound?

Comment 2: For the most part, the methods appear to be soloaked harder at the

biological verification and habitat suitability @ria sections than | did at the 2D model
development. | think the use of the adjacent v&yquarameter, while a good biologically-based
concept, may have been misused in this work. Usihgdraulic model output to try to
incorporate very small scale habitat features sisctihe relationship between a holding position
(assuming this is the type of location where misst Were observed) and areas where fish may
make short duration feeding movements is problemHttappears the authors selected the
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highest nearby (within 2 feet) velocity as the adja velocity — this may bias the WUA results
toward higher discharges — and may help explairntige differences between their results and
those presented by Beak et al. (1986). The authengthy defense of their use of River2D over
PHABSIM is unnecessary.

Response: The habitat features that we were representyritpd adjacent velocity parameter
were not the relationship between a holding pasitind areas where fish may make short
duration feeding movements. Rather, the adjacelotity parameter represented the transport
of invertebrate drift from fast-water areas to adjat slow-water areas where fry and juvenile
salmonids reside via turbulent mixing. While wé&ramwledge that there are likely errors in the
hydraulic simulation of this type of habitat feauwe feel that imperfect modeling of this
habitat feature results in a better representatidry and juvenile habitat than ignoring this
critical habitat feature. Since the amount of nmelerate drift transported is expected to be
proportional to current velocity, it is reasonatieselect the highest nearby (within 2 feet)
velocity as the adjacent velocity. Rather thanati@acent velocity criteria biasing the WUA
results toward higher discharges, the criteria alboyw more accurate estimation of the amount
of habitat present at lower flows. The Beak e{H86) results may have overestimated the
amount of fry and juvenile habitat at lower flowschuse their study did not include the
consideration of adjacent velocity. Without adegquabd supply via invertebrate drift from fast-
water areas, fry and juvenile Chinook salmon ardlbead are unable to grow and survive, a
critical aspect of their habitat requirements. Wauded text comparing River2D to PHABSIM
because we are comparing the results of this dtudp earlier study that used PHABSIM.

Data - Is the data adequate?

Comment 3. The hydraulic modeling data are adequate in masitoses. However, the low
correlation values for predicted versus measuréatitees calls into question the overall quality
of the predicted habitat data.

Response: A correlation of 0.5 to 1.0, which was the casesigrof the eight sites, is considered
to have a large effect (Cohen 1992).

Findings, inter pretations and conclusions. Are the findings, interpretations and conclusions
valid?

Comment 4. | question the validity of the findings for reasanentioned above and below.
Response: See responses above and below.

Presentation. Is the presentation clear?

Comment 5. The report is generally well written and editedeTével of detail is weighted
heavily toward the hydraulic modeling and away fribra collection use/interpretation of
biological data. It seems that the authors are nmbeeested in the tool than in the research

guestion.
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Response: We spent a considerable amount of time collectaigtat suitability data, which is
the fundamental source of data to use in intemgethe biological data. Our primary research
guestion was to develop flow-habitat relationshygisich includes both the hydraulic model and
the biological data used to develop the habitatabiity criteria. Developing a better
understanding of the relationship between dischangkavailable habitat necessarily falls out as
a lower priority than developing the relationshgieeen discharge and available habitat. Based
on the methods applied, we feel that we have dpeel@a sufficient understanding of the
biological data by focusing on the four key varesbthat are linked to biological needs
(bioenergetics and predation avoidance) for Chirgainon and steelhead fry and juveniles.
The hydraulic modeling has an important role inedeping flow-habitat relationships, along
with the biological habitat suitability criteria.

Figures and tables. Are the figures and tables clear, complete ardjadte?

Comment 6: For the most part, the tables and figures are eedradequate. Some figures do
not stand alone in terms of explanations of thésunithe figures (e.g., m/s).

Response: The only location in the report where we use isiia Appendix H. In the figures in
Appendix H, the y-axes are labeled “Velocity (ni/sh this context, we feel that the figures
stand alone in terms of explanations of the unit& note that m/s is a commonly used
abbreviation in peer-reviewed scientific journdices.

REVIEWER #4

Overall Review Comments:

Comment 1. The focus of my reviews was on the hydraulic maodghspects described in the
reports. Because all of the reports describe @afigrihe same hydraulic modeling methods, my
comments below generally apply to all the repovihere | have a comment specific to one
report, the report is identified by the numbert{irbugh (6) given above. More detailed
comments are provided in the electronic PDF versifagach report.

Response: No response needed.

Comment 2. The authors are to be commended for their effartsidertaking some complex
flow-habitat studies. It is clear that a tremerslamount of thought and work went into the
execution of these studies.

Response: No response needed.

Comment 3. With the exception of the Executive Summary (2§, tports were very difficult
to read; not because of their length or technioatent, but because they are poorly organized.
The reports provide a very inadequate introducsiod background to the studies undertaken,
which results in the reader having a very limitedierstanding of the what/where/why of the
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study. Because of this, there is no clear linkided between study objectives and some need
for the study; and subsequently, no understandimgw the results are to be used, or what their
relevance is.

Response: We have patterned the organization of our repdtes that used in the peer-
reviewed literature. We have added additional madt®d strengthen the introduction. In the
preface of the report, the reason for conductiregristream flow study is stated as to provide
scientific information to assist in developing mestm flow needs for anadromous fish, as
required by Section 3406(b)(1)(B) of the Centrall®aProject Improvement Act.

Comment 4. The poor organization of the report contents cabeyond the introduction
section. Throughout the reports, too much desaijiven where none is needed and not enough
detail is given where more is warranted; study/areadescriptions are dispersed; methods are
combined with results; results are combined wiitdssion; discussion sections contain
rationale for methodological flaws, rather thanusiag on discussion and interpretation of
results; and no clear conclusion sections are geavivhere the authors would summarize the
relevance and application of the major findings.géneral, the reports seem to be very
disjointed. One of the benefits of writing an aggereport for these types of studies is that a lot
of detail can be included; this benefit can alscooee a drawback when the detailed information
is presented in a disorganized manner, and/or wbere of the details that should be presented
are omitted.

Response: The amount of detail in the report reflects peerews of previous reports. We have
added additional details in response to this p@é@ew. Study area/site descriptions are given
where needed to provide information for specifictipms of the report. With regards to methods
being combined with results and results being coetbwith discussion, we note that a peer
reviewer from the first peer review of the Yubawpang report stated “All information
presented, including data, in the methods sechiahi$ actually a result should be extracted and
discussed in the Results section.” As a resulthawee moved all data to the results section for
the Yuba rearing report as well. We feel thas iinnportant for the discussion section to address
the reasons for model errors as well as discussidnnterpretation of results. We have added a
conclusion section to the report. The format efrdport follows as closely as possible to that of
peer-reviewed journal articles. We have added naosedetails in response to the peer review of
this report.

Study Design Is the study design sound?

Comment 5. The study designs seem to be incomplete, as for #ady there is not an
established link with the need for the study, wisblould be introduced early in each report. As
is, there is no reason established for conduchtiegstudies. In addition, the objectives of the
studies need to be more clearly articulated, witkear connection to the need(s) described in the
introductory paragraph(s). At present, it's neaclhow or why the study objectives became
ones of producing habitat-discharge models. Theeeft is unknown whether or not the study
designs are sound (or complete).
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Response: The link with the need for an instream flow studyiven in the preface of the

report. Specifically, as noted in the preface,rdason for conducting the instream flow study is
to provide scientific information to assist in dpng instream flow needs for anadromous fish,
as required by Section 3406(b)(1)(B) of the Cenialey Project Improvement Act. The needs
described in the previous rewritten paragraph (owed flows for all life history stages of
Chinook salmon and steelhead as a high prioritpatb restore anadromous fish populations in
the Yuba River) are clearly connected to the objeaif developing habitat-discharge models,
since habitat-discharge models provide criticabinfation to use in determining the magnitude
of improved flows for all life history stages of @bok salmon and steelhead. The study
objective became one of producing habitat-dischargdels because habitat-discharge models
are the standard method used to identify instrdam fequirements.

Comment 6: The focus on spawning and rearing habitat in tisasdies is unfounded, because
habitat capacity for those life stages has not leséablished as being a limiting factor
contributing to the fish population declines ddsed in the introductory narrative. Some
coherent explanation needs to be provided thafigssthe focus on habitat limiting factors.

Response: To our knowledge, the data needed to establethhidbitat capacity for rearing is a
limiting factor contributing to fish population deees does not exist. For example, information
is lacking to be able to determine if doubling #mount of rearing habitat would double the
salmonid populations. The preface is intendeddwide a coherent explanation that justifies the
focus of the study on flow-habitat relationshi@pecifically, as noted in the preface, the reason
for conducting the instream flow study is to prav&tientific information to assist in developing
instream flow needs for anadromous fish, as requeSection 3406(b)(1)(B) of the Central
Valley Project Improvement Act.

Methods Are the methods technically sound?

Comment 7: Itis unclear whether or not the hydraulic modelmgthods were technically
sound. With the information provided in the repoit seems that the hydraulic modeling results
are unreliable, principally because of: poor repregation of riverbed elevations given the low
sampling density; poor explanation of the accu@dhe elevation data, relative to the
benchmarks and the survey data themselves, nbétim$truments used; poor correlation
between measured and simulated velocity; unushally Froude numbers predicted along the
channel margins. (see the individual reports fore@rspecific comments).

Response: We would characterize the hydraulic modeling resntit as unreliable, but rather as
having a level of uncertainty due to factors suglsampling density. While the representation
of riverbed elevations could have been bettertdpegraphic point densities fall within the
range of reported values in published studies. ekample, LeClerc et al. (1995) had a point
density of 0.25 to 2 points/100’nwhile Jacobson and Galat (2006) had a point teafb
points/100 M. It should be noted that this study was one ofeaulier River2D studies and that
we have been using higher point densities in mecent studies to try and improve the hydraulic
predictions of our River2D models. We have beda @buse higher point densities in our more
recent studies because our new equipment (rolmitdtation and survey-grade RTK GPS)
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have enabled us to collect higher point densitiestiie order of 40 points/100?within our

time constraints for data collection. This highemt density has had a moderate effect on the
accuracy of the hydraulic models, increasing thexaye correlation between measured and
simulated velocities from 0.74 in this study to®iB our lower Clear Creek spawning study. To
the extent possible, we have added informatioheéa¢port on the accuracy of the elevation
data, relative to the benchmarks and the surveytti@mselves. The correlation between
measured and simulated velocities would be constbier have a strong effect (Cohen 1992) for
six of the eight sites. The high Froude Numbeesijated along the channel margins need to be
viewed within the context of what effect they wotlave on the overall flow-habitat
relationships. Specifically, the Froude Numberyatceeded one at a few nodes, with the vast
majority of the site having Froude Numbers lessithiae. Furthermore, these nodes were
located either at the water’s edge or where watptidwas extremely shallow, typically
approaching zero. A high Froude Number at a viemntdd number of nodes at water’s edge or
in very shallow depths would be expected to havmsignificant effect on the model results
because these conditions do not coincide with Iskeiteearing habitat.

Comment 8: The hydraulic modeling efforts in these studiesp@mmarily focused on

predicting local hydraulics at the scale of induadiredds (or fish locations). In these cases,
hydraulic modeling research has shown that the ctatipnal mesh and topography resolution
(density of computational nodes and density of ¢gmaphic data, respectively) should be similar
to the spatial scale and resolution at which thadrdaylic predictions are being applied (i.e., redds
and fish locations in this study). The densityioérbed elevation data, and subsequent mesh
resolution, for these studies appear to be tossgaraccurately model local hydraulics at the
scales of interest. Similarly, the applicatioraagfonstant friction coefficient (roughness) across
the model domain, as used in these studies, cateskio poor prediction in local scale
hydraulics. The comparisons of measured vs. mddeadkcities in these studies demonstrate
poor model performance (and plots of measured wvsleted velocity vectors are not provided).

Response: We used as fine a computation mesh as possible gwmestraints on computer run
speeds and memory. The topographic point dens#ilewithin the range of reported values in
published studies. For example, LeClerc et al9f)dad a point density of 0.25 to 2 points/100
m?, whereas Jacobson and Galat (2006) had a poisitger 6 points/100 1 Accordingly, our
computational mesh and topography resolution wei@ase as possible to the spatial scale and
resolution at which the hydraulic predictions aegnlg applied. We acknowledge that the
density of riverbed elevation data, and subseqguesh resolution will contribute to errors in
modeling local hydraulics at the scales of interest would characterize this as increasing the
uncertainty in the resulting flow-habitat relatibiss. The commenter is incorrect that a
constant friction coefficient was applied acrossitinodel domain — in fact, we applied a
roughness that varied spatially based on substiageand cover. Correlations between
measured and simulated velocities would be consitier have a large effect (Cohen 1992) for
six of the eight sites. It should also be notet thfferences between measured and simulated
velocities reflect both errors in measurementsaebdeity and errors in simulations of velocity.
Further, the performance of the model should bevetein context of the effect of the model
performance on the overall flow-habitat relatiopshi Specifically, the overall flow-habitat
relationship is driven by the change in the disttidn of depths and velocities with flow. The
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distribution of velocities would not be affected eyer or under-predicted velocities because
over-predicted velocities would have the oppoditece on the distribution of velocities as
under-predicted velocities.

Comment 9: Where hydraulic models are applied to predict thi& Bows into and out of a

river reach, the model meshes, resolution, andtanhsoughness coefficients across the model
domain like those used in these studies are appte@nd will produce suitable results. This
can be seen by this study’s results of good matichtv8een modeled and predicted WSEL at the
upstream and downstream boundaries of the models.

Response: As noted above, we did not use a constant rouglooesicient. The model also
produced suitable results at the scale of indiMifish, given the limitations on model mesh and
resolution discussed above.

Comment 10: Because the hydraulic modeling in these studies fsindamental to the results
and application of the findings, much more emphsis@uild have been focused on assuring that
best modeling practices were followed, with supgrtitations of the peer-reviewed literature
in hydraulic modeling — such citations are notidgasent.

Response: Best modeling practices, in terms of quantifiakééirdtions of how the model
performs, is model-specific. We examined the peerewed literature for papers that used
River2D and identified five peer-reviewed artic(#8addle et al 2000, Katopodis 2003,
Jacobson and Galat 2006, Gard 2006 and Gard 208%)e of these papers specify quantifiable
definitions of how the model perforsndicating that such level of detail is beyondltth
normally given in the peer-reviewed literature. cAalingly, our only choice is to rely on non-
peer-reviewed citations (U.S. Fish and Wildlife\Beg 1994, Steffler 2002, Waddle and Steffler
2002, Steffler and Blackburn 2002).

Data - Is the data adequate?

Comment 11: Based on review of the hydraulic modeling outpilitseems like the underlying
riverbed elevation data was inadequate (too loa wieasurement density for the rivers studied,;
unknown survey errors) for accurately charactegzive study sites. In addition, data were not
presented, or not available, for comparisons ofsuesl vs. modeled WSEL along the channel
centerline (longitudinally) and comparisons of meead vs. modeled velocity vectors
(magnitude and direction) along a cross-sectioglsewhere in the model domains. Any errors
from the hydraulic modeling then propagate throtighremainder of the study components that
rely on the modeling results (e.g., biological fieation, HSI, WUA).

! The only exception to this was Jacobson and G20416), who gave one quantifiable definition
(that net outflow was less than 5%). Since we @spBtbre restrictive criteria in this report (1%
net outflow), we did not feel it was appropriatause Jacobson and Galat (2006) as a reference.
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Response: The topographic point densities fall within the rargf reported values in published
studies. For example, LeClerc et al. (1995) hadiat density of 0.25 to 2 points/10C¢ mvhile
Jacobson and Galat (2006) had a point densitypoiiits/100 . This study was one of our
earlier River2D studies and we have been usingenighbint densities in more recent studies to
try and improve the hydraulic predictions of ouv&R2D models. We have been able to use
higher point densities in our more recent studexsalbise our new equipment (robotic total station
and survey-grade RTK GPS) have enabled us to tdligleer point densities (on the order of 40
points/100 M) within our time constraints for data collectiohhis higher point density has had

a moderate effect on the accuracy of the hydramtidels, increasing the average correlation
between measured and simulated velocities fromid.8dr Yuba spawning study (which
preceded this study) to 0.80 in our lower CleareRrgpawning study. As a result, it does not
appear that the lower topographic point densitgelun the Yuba spawning study and this study
had a large part in explaining the differences eetwmeasured and modeled velocities. To the
extent possible, we have added data to the repatin/ey errors — this information indicates
that survey errors were negligible. We did notessilmeasurements of WSELs along the
channel centerline (longitudinally) or measuremeftgelocity vectors (magnitude and

direction) along a cross-section or elsewhere @ntiodel domains. Accordingly, we are unable
to present comparisons of these parameters toaietvalues. The effects of these hydraulic
modeling errors on the modeling results are expectde minimal because the overall flow-
habitat relationship is driven by the change indistribution of depths and velocities with flow.
The distribution of velocities would not be affettey over or under-predicted velocities because
over-predicted velocities would have the oppodiece on the distribution of velocities as
under-predicted velocities.

Findings, inter pretations and conclusions. Are the findings, interpretations and conclusions
valid?

Comment 12: There is an incomplete discussion of the findimgggrpretations, and
conclusions. The Discussion sections should beittewrto provide a coherent narrative that
discusses and interprets the results (focusinp@mesulting WUA estimates and associated
methodological issues) relative to the work of osha the Yuba River, Clear Creek, and
elsewhere for similar study issues. Some of §pe bf discussion exists in the reports, but not
enough. As they currently read, the early parthefdiscussion sections are not really a
discussion section, but a defensive rationale ¢gired by the methods headings/subheadings)
for methodological issues/flaws/errors that wereoemtered. Some of the hydraulic modeling
interpretations and conclusions are inaccurataamplete — see comments above and in the
individual reports.

Response: To the extent possible, we have added materiddaliscussion to compare our
results to those of others. The discussion adésas® resulting WUA estimates and associated
methodological issues relative to the work of asham the Yuba River. We feel that it is
important for the discussion section to addresse¢hsons for model errors as well as discussion
and interpretation of results.

A-22



Presentation. Is the presentation clear?

Comment 13: As stated in the overall comments, the repadsidficult to read because they
are so poorly organized. The sections of the tsg@em to be very disjointed, resulting in very
unclear presentations of the information.

Response: The format of the report follows as closely as guedo that of peer-reviewed
journal articles and reflects responses to commnewte by other peer reviewers to improve
organization and clarity.

Figuresand tables. Are the figures and tables clear, complete ardjaate?

Comment 14: The figures and tables are clear and adequate m&jps in the appendices
would benefit from including scale bars.

Response: We have added scale information to the maps impipendices.

SPECIFIC COMMENTS

INTRODUCTION

Hal Beecher
Comment 1. Werelnterpretationsof Model Results Reasonable for Managing Fish
Protection?
The first paragraph of this review discussed thedrte explain the ecological and population
context for the study. On page 2 of the repodrehs a brief discussion of how habitat might
affect population. Text is very general but leatresidea that habitat could determine
population trajectory. If the issue is to be rdisewould be good to discuss the concept of

seeding and of allowing recovery.

Response: We have added text discussing the concept ofrsgedd of allowing recovery, and
that habitat may not determine population trajgctor

Comment 2: Pages 2-3 contain a good concise discussion ardiit ways of evaluating flow
effects on juveniles.

Response: No response needed.

Comment 3: On page 3, assumption 1) for rearing habitat madgedhould say that physical
habitat is a limiting factor rather than the limgifactor.

Response: We have made the suggested change.
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REVIEWER #1

Objectives - Are the objectives clear?

Comment 1. Some confusion exists in reports between goals;iwaiie the outcomes or the
purpose of the activity, and the objectives, whach the tasks done to achieve outcomes. It
seems that the goal for each report was to produmedel that predicted some habitat
component for some species. A clearer and moré/easasurable goal would be something
like, produce a model that predicts salmon habsage within some stated level of accuracy.
When no measurable component of a goal is mentjdhetk is no accountability for
determining success or failure of the action.

Response: We have changed the text of the report to statethleagoal of the study was produce
a model that predicted rearing habitat for spring fall-run Chinook salmon and steelhead
within, to the extent feasible, the levels of aemyrspecified in the methods section. The above
measureable component of the goal provides acdoilitytdor the level of uncertainty in the
flow-habitat relationships. The action should betviewed in terms of success or failure, but
rather in terms of the level of uncertainty of #ation. A flow-habitat relationship with a high
level of uncertainty would not be a failure, inntesr of making it unusable, but rather should be
viewed within the context of needing to make decrisiabout flow regimes with imperfect data.
The action also needs to be evaluated within timesd of alternative sources of information
that could be used to make decisions about flowreg — if the action has less uncertainty than
other sources of information, it would be approjgri® use that action to make decisions about
flow regimes.

Comment 2. The verbal paragraph on conceptual model linkiagitat to population in the
two spawning and one rearing looks like an aftertfim and is weak. A better option is to
present a figure that shows linkages and feedbdiekgammatically and to cite literature that
supports the assumed linkages. After all, if themeot good documentation that spawning
habitat is limiting and that increasing the avaligbof such habitat will indeed increase salmon
populations, what is the point?

Response: We have added a figure that shows linkages andedeeant feedback
diagrammatically and have added literature citati(@artholow 1996, Bartholow et al 1993,
Williamson et al 1993) that support the assumekhlijes. We have retained the verbal
paragraph as well to provide multiple techniqueprekenting the conceptual model. To our
knowledge, the data needed to evaluate whethanggaabitat is limiting and that increasing the
availability of such habitat will indeed increasdmnson populations does not exist. For example,
information is lacking to be able to determineoudling the amount of rearing habitat would
double the salmonid populations. The point of tefgort is to provide scientific information to
assist in developing instream flow needs for thé&'River. We agree that an evaluation of
limiting factors and determining if increased habiwould increase salmon populations is
needed prior to implementing a revised flow regonghe Yuba River.
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REVIEWER #2

Objectives Are the objectives clear?

Comment 1. The study tasks and objectives are clearly laidrodiable 1 in the introduction.

The objectives read rather transparently as aflistethods (tasks), but I like again how the
authors have clearly defined the objective assediaiith each task. There is little context about
an overall aim of the study. The first paragrapthimintroduction sets up some generic context
(verbatim from previous report). However, a mdeady defined aim might help. | can't really
see why the rearing and spawning portions of theysivere separated into two separate reports.

Response: We added this information in response to a stakimalomment that we specify

task objectives. Although the first nine objectivage methods, within the scope of the entire
report, for each specific task identified in Tablehe associated objective is truly an objective o
that task. We have not made any changes in Taladé responsive to the stakeholder
comment. The preface is intended to provide cdrgbgut the overall aim of the study, namely
to provide scientific information to the CVPIA Pragn to use in developing recommendations
for instream flow needs for anadromous fish inYluba River. The rearing and spawning
portions of the study were separated into two sgpaeports because a combined report would
not have been practical, given how voluminous edc¢he two reports is.

REVIEWER #3

Objectives Are the objectives clear?

Comment 1. No. The first 10 (of 11) objectives are methodg,algectives.

Response: We added this information in response to a stalkieh comment that we specify

task objectives. While we agree that the firserobjectives are methods, within the scope of
the entire report, we feel that for each spec#gktidentified in Table 1, the associated objective
is truly an objective of that task. We have notilmany changes in Table 1 to be responsive to
the stakeholder comment.

REVIEWER #4

Objectives Are the objectives clear?

Comment 1. The objectives are clear, in that they are statetie introductions and in a table
format. However, as described above, it is undfghese are the correct objectives (or if the
objectives are complete), because the need (igequestions to be addressed by the studies) of
each of the flow-habitat studies has not been lglestablished.

Response: The objectives are intended to support the nedldeoflow-habitat study, namely to
provide scientific information to assist in devatgpinstream flow needs for anadromous fish,
as required by Section 3406(b)(1)(B) of the Centtaley Project Improvement Act.
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Comment 2: This introductory paragraph does not provide ardlgeo. and background for the
study described in the report. For example, wiretbe world did this study take place?...what
is the relationship between the population declaresthe need for this study?...why the Yuba
River, and where is the Yuba River?...etc. Thimgeph should be rewritten.

Response: We have added background information about theaYRiver, including salmonid
population declines, and the need for the studiteantroductory paragraph. Information on
why the Yuba River was selected for a study wagddd the subsequent new paragraph
(discussed in the response to Comment 3).

Comment 3: This should be the start of a new paragraph. paiagraph needs to be rewritten
to establish a link with the need for an instreéowfstudy, which should be introduced in a
rewritten first paragraph. As is, there is no ogasstablished for conducting an instream flow
study.

Response: We have changed the introduction to start a nenagraph at this location. The link
with the need for an instream flow study is giverihe preface of the report. Specifically, as
noted in the preface, the reason for conductingrsieeam flow study is to provide scientific
information to assist in developing instream flogeds for anadromous fish, as required by
Section 3406(b)(1)(B) of the Central Valley Projenprovement Act.

Comment 4. The connection between the proposal and study tilgeis not clear and not very
robust. To "identify the instream flow requirem&ndne would collect empirical data for the
species of concern -- it's not clear how or whystugly objective became one of producing
habitat-discharge models. The objective of thdysneeds to be more clearly articulated, with a
clear connection to the need(s) described in theipus (to be rewritten) paragraph(s).

Response: Developing flow-habitat relationships for usenabitat-discharge models is a
standard method for identifying instream flow reqgments. In developing the flow-habitat
relationships, we collected empirical data for$pecies of concern in the lower Yuba River.
Therefore, the needs described in the previougypapa (i.e., improved flows for all life history
stages of Chinook salmon and steelhead as a higtitypaction to restore anadromous fish
populations in the Yuba River) and the developnoéiabitat-discharge models are connected,
since the habitat-discharge models are intendedowide critical information to use in
determining the magnitude of improved flows forld# history stages of Chinook salmon and
steelhead.

Comment 5: The focus on rearing habitat is unfounded, becere#ng habitat capacity has not
been established as being a limited factor cortinguo the fish population declines described
in the earlier narrative. Some coherent explanatigeds to be provided that justifies the focus
on rearing habitat.

Response: To our knowledge, the data needed to evaluatehghetaring habitat is limiting
and that rearing habitat is contributing to fislpplation declines does not exist. For example,
information is lacking to be able to determineaudling the amount of rearing habitat would
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double the salmonid populations. The prefacetenitied to explain the focus on rearing habitat,
specifically that this report is to provide scidiotinformation to assist in developing instream
flow needs for the Yuba River. Flow-habitat redaghips, including those involving rearing
habitat, are the standard method to determinesiastiflow needs.

Comment 6: It is not clear why the topic sentence of this geaph concerns developing flow
regimes, when the first paragraph suggests thaettew regimes have already been developed.

Response: This paragraph is meant to provide background métion on how flow regimes are
developed. The purpose of this study is to deteemihether the flow regimes that have been
developed accommodate the habitat needs of anadsospecies, as stated in the topic sentence
of this paragraph.

Comment 7. The previous narrative identified the focus onirephabitat, while here there is
mention of all life stages, and the next paragmggés back to rearing habitat. This is distracting
to the reader, and more clarity should be provigetimiting the narrative to the rearing life
stage.

Response: It is important to mention all life stages to phistreport into the context of the
entire Yuba River study, which addresses all liégyss.

Comment 8. This paragraph needs a topic sentence introdubmgeed/explanation/content of
a conceptual model. The conceptual model itsefrsther weak description of the link between
rearing habitat and population change -- especiglign that rearing habitat has not yet been
identified as a contributing factor in populatioectines. As such, the reader is not convinced
that there are meaningful relationships in thiscegual model.

Response: We have added a topic sentence introducing the/@galdnation/content of a
conceptual model. We have added references thpbdupe strength of the described link
between rearing habitat and population changettaatdhe relationships in this conceptual
model are meaningful. To our knowledge, the datlad to evaluate whether rearing habitat is
limiting and that rearing habitat is contributirgyfish population declines does not exist. For
example, information is lacking to be able to daiee if doubling the amount of rearing habitat
would double the salmonid populations.

Comment 9: The term "evaluate" is very ambiguous and thisatese (here and elsewhere)
should be rewritten to be more specific -- e.gargify habitat availability, ...or quality,
...functional relationship to discharge, ...??7?...

Response: We have changed “evaluate” to “quantify the funaéibrelationship between flow
and rearing habitat availability.”

Comment 10: After the objective of the work is more clearly ibeld, there will likely be
additional alternative techniques that could beluyaaed should be discussed as to why they were
not applied in this study.
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Response: We are not aware of any additional alternative éplres that could be used to
guantify the functional relationship between flomdaspawning habitat availability other than
those already discussed, i.e. biological respoaselations (e.g. snorkel surveys and screw
traps), demonstration flow assessments and habadeling.

Comment 11: This paragraph belongs in the Methods section. aBsemptions should be
placed at the end of the Methods section, afteahallmethods, study sites, etc. have been
described.
Response: We feel that it is important to present this mateprior to the details on the methods
to establish the context of the methods relativiiéoassumptions underlying the study. Also,
since these are the assumptions of the study,rrithe the assumptions of the methods, it makes
sense to present this material in the introduction.

METHODS

APPROACH

REVIEWER #1

Comment 1. Figure 1 in Rearing report and in Yuba Spawmayprt looks more like a flow
diagram for the modeling process than a conceptoalel.

Response: We have changed the caption for Figure 1 to say fimgram rather than conceptual
model.

REVIEWER #4

Comment 1. A "Study Area" section should precede the Methatsien -- as is, the report
provides the reader with a very poor understandfnghere this study occurred -- the later
narrative of segments and reaches could be platedhe new "Study Area" section.

Response: Information on the study area is presented irfitheparagraph of the introduction.
We added material to the first paragraph of theodction to describe where this study
occurred. We feel that the section@indy Segment Delineation, which we believe to be what
the commenter is referring to regarding the nareatif segments and reaches, most properly
belongs in the Methods section, since it describesnethods that were used to delineate the
study segments.

Comment 2. This entire section on the 2D approach should elikeentirely rewritten or
eliminated (just tell the reader which model yoediand provide references).

Response: We feel that it is important to present this ifiation to set the stage for the
comparison in the discussion section of this stwdyn earlier study using PHABSIM. The
same language was used in a recent peer-reviewathjarticle (Gard 2009).
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Comment 3. As it is currently written, the paragraph providegery weak justification for

using a 2D model vs. a 1D model. If the authosssinon retaining this justification paragraph in
the report, then it should be greatly expandeddwige a more thorough description of the
alternative modeling techniques, pros/cons, ancldson of the hydraulic modeling
fundamentals available from the engineering litexat- all of this should be well cited with
peer-reviewed literature from the hydraulic engmmeefield.

Response: The description of the alternative modeling teghas, etc. was used in a recent
peer-reviewed journal article (Gard 2009). Wenatited to include numerous citations to the
peer-reviewed literature from the hydraulic engrmegfield (e.g., Gard 2009, Leclerc et al.
1995, Ghanem et al. 1996, Crowder and Diplas 2800 Pasternack et al. 2004).

STUDY SEGMENT DELINEATION

REVIEWER #4

Comment 1. This narrative should be included in a new "Studga® section, and should be
placed after a thorough description of the physecaiironment where this work took place.

Response: We feel that this narrative most properly belongthe Methods section, since it
describes the methods that were used to delineatgtudy segments. The material added to the
first paragraph of the introduction is intendegbtovide the reader with a thorough description
of the study location.

Comment 2: The "Study Area" section should also include aratEsscription of the historic
and contemporary hydrology of the watershed(s)r(gwst some simple hydrographs and
discussion), which would make the flow descriptibiese make more sense to the reader.

Response: A description of the historic and contemporary loyogy of the Yuba River
watershed will likely be developed as part of thiéicensing of the Yuba River hydroelectric
project. We believe that the flow information givender Results fdgtudy Segment
Delineation provides sufficient information to make sensehaf iow descriptions in the
Methods section foBtudy Segment Delineation.

FIELD RECONNAISSANCE AND STUDY SITE SELECTION

REVIEWER #3

Comment 1. On page 7 site selection is said to be ‘randomlgcsed’ and ‘stratified’ in the
same sentence. Which was it? It does not appeisithaelection was really random — as the
authors explain how they moved transect boundésiascommodate the modeling (p. 8).
Response: The sites were selected based on a stratifiedbrarselection method, where we
randomly selected a habitat unit, out of all of liaditat units of that habitat type, for each
habitat type which was not adequately represemidioel spawning sites. We have clarified the
text in this regard. With regard to moving trartdsmundaries to accommodate modeling, it

A-29



should be noted that in most cases where the boesdaere moved, the additional river area
included in the site was not used to model habldé think that it is still reasonable to consider
the sites to be randomly selected even if transeaghdaries were moved, since in all cases as
much as possible of the habitat unit that was ramMggelected was modeled.

HYDRAULIC AND STRUCTURAL DATA COLLECTION

REVIEWER #1

Comment 1. Each report has a table of substrate codesMittategories. This is far more
categories that are typically reported and marthefcategories have significant overlap. It is
not clear from the text how so many categories wengally noted in the field, what the
replicability among observers was, and how obsermeade decisions on which category to
record given the large overlaps between categokeshe authors state in the discussion, theirs
is a ‘unique’ system, but no reason is given astig they would generate a new system with
limited comparability to normally used systems.

Response: Each observation (topographic data point) was asslig. of the 10 substrate codes.
We have been using these substrate categoridsefdadt 14 years and have found high
replicability among observers. Observers madest@ts on which category to record based on
what the dominant size particle range, definedraatgr than 50 percent, was at a given location.
We have used this system because we have founid tloats a better job in capturing the
substrate sizes used by adult salmonids for spatham more traditional substrate

classification systems (e.g. modified Wentworthe¢Bain et al. 1995]).

REVIEWER #3

Comment 1. Table 3 (p. 9) are these the manufacturer’s specswvere calibration data
collected?

Response: These are the manufacturer’s specificationsib@dion data was not collected.

Comment 2: Did they overlap in collection of velocity data whgossible to determine
whether one methods was consistently biased irdwaetion? For example, did they use the
ADCP and the Marsh McBirney in overlapping areagrerboth systems could be operated?

Response: There were some limited areas where the ADCPMarsh McBirney were used in
overlapping areas where both systems could be wggerd he limited data from these areas does
not seem to indicate any consistent bias in orextian for the ADCP versus Marsh McBirney
data.

Comment 3. The video sled with the fixed grid method woulceliklead to variable results if

the sled were not kept at the constant 1 foot filoeriver bed. Use of lasers provides a more
flexible method that would eliminate this sourcesofor.

A-30



Response: We were able to obtain accurate results by repgatowering the sled to the bottom
and raising it 1 foot to obtain the substrate sidée were also able to visually identify where

there were changes in substrate size because Wl#tively large area displayed on the video
monitors, particularly for the monitor attachedhe 45 degree angle camera. When we detected
a change in the substrate size, we lowered theslde: bottom and raised it 1 foot, while the
boat held position, to obtain the changed subssiate Use of lasers would have required

having an electric winch to adjust the height @& #deo sled. We needed to raise and lower the
winch manually to prevent the sled from getting dpup on obstructions. Thus, we would not
have been able to use lasers in this application.

Comment 4. No work was done above the narrows — is therengdrabitat in this area? The
authors should discuss how this truncation may ladfeeted the results of interpretation of
them.

Response: There is rearing habitat in the area above theoMe. We do not feel that the lack

of sites above the Narrows affected the result;terpretation of the results because we were
able to have a site at the upstream end of theoWarwhich represented the habitat types present
upstream of the Narrows.

Comment 5. On page 12, the authors say data was collecteshatigh points’. What does this
mean? How many points were required to assesobedraphy, substrate composition, and
cover...?

Response: The statement that data were collected at enpamts is a qualitative assessment
that we could accurately linearly interpolate bagography and determine substrate
composition and cover between the points at whath dere collected. It is not possible to
determine how many points were required to assess$dpography, substrate composition and
cover, other than that higher point densities waaklilt in a more accurate assessment of bed
topography, substrate composition and cover. We that the topographic point densities fall
within the range of reported values in publishedlgs. For example, LeClerc et al. (1995) had
a point density of 0.25 to 2 points/108,while Jacobson and Galat (2006) had a point tensi
of 6 points/100 rh It should be noted that this study was one ofeaulier River2D studies and
that we have been using higher point densitiesaremecent studies to try and improve the
hydraulic predictions of our River2D models. Weaddeen able to use higher point densities in
our more recent studies because our new equipmatt(c total station and survey-grade RTK
GPS) have enabled us to collect higher point diession the order of 40 points/106)mithin

our time constraints for data collection. Thishagpoint density has had a moderate effect on
the accuracy of the hydraulic models, increasimgaverage correlation between measured and
simulated velocities from 0.74 in our Yuba spawrstigdy (which preceded this study) to 0.80
in our lower Clear Creek spawning study. As altegiidoes not appear that the lower
topographic point densities used in the Yuba spagvatudy and this study had a large effect in
improving our assessment of bed topography.
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REVIEWER #4

Comment 1. More detail describing the elevation surveying assglociated errors is required in
this and other sections of the Methods. Both #er{peviewed and gray literature (e.g., model
user's guides) in hydraulic modeling have thoroygladcumented the fundamental and primary
importance that source elevation data have on hjidnanodeling results. Errors in the elevation
data (cumulative, from survey error and instrumesndr) and poor characterization of the
riverbed structure will cause inaccuracies in hyticanodel results, that then propagate through
the habitat modeling steps and into estimates 0AWU

Response: We have added as much detail as possible desctienglevation surveying and
associated errors. Based on the available infeomgthe errors in the elevation data appear
minimal. We note that the topographic point deasitall within the range of reported values in
published studies. For example, LeClerc et al9)dad a point density of 0.25 to 2 points/100
m?, while Jacobson and Galat (2006) had a point teasb points/100 rh It should be noted
that this study was one of our earlier River2D &sdnd that we have been using higher point
densities in more recent studies to try and imptaeehydraulic predictions of our River2D
models. We have been able to use higher pointittesnig our more recent studies because our
new equipment (robotic total station and surveydgrRTK GPS) have enabled us to collect
higher point densities (on the order of 40 poir@8/irf) within our time constraints for data
collection. This higher point density has had alerate effect on the accuracy of the hydraulic
models, increasing the average correlation betwasasured and simulated velocities from 0.74
in our Yuba spawning study (which preceded thislgkttio 0.80 in our lower Clear Creek
spawning study. As a result, it does not appeatrttie lower topographic point densities used in
the Yuba spawning study and this study had a lpagein causing inaccuracies in hydraulic
model results. Furthermore, inaccuracies in hyldraniodel results would likely not propagate
through the habitat modeling steps and into esemat WUA. Specifically, the overall flow-
habitat relationship is driven by the change indtstribution of depths and velocities with flow.
The distribution of velocities would not be affettey over or under-predicted velocities because
over-predicted velocities would have the oppodiece on the distribution of velocities as
under-predicted velocities.

Comment 2: In this and related sections, the authors shouddigge summary reports of the
vertical and horizontal benchmark surveys, andiifierential leveling surveys that used these
benchmarks. These types of error summaries addyeaailable from the software used to
process the data, or can be calculated from theegutata available.

Response: We added a table to the Results section uRgdraulic and Structural Habitat Data
Collection providing a summary report of the vertical benchosurveys, and added text in this
section on the standard we used for vertical beackisurveys. The data files no longer exist to
generate a summary report of the horizontal bendhswavey, nor can such data be generated
from the survey data available. We do not haveiafoymation that can be used to generate
summary reports of the differential leveling survélyat tied the elevations of the horizontal
benchmarks to the vertical benchmarks becauséliffesential leveling was done with only one
backsight and one foresight. Similarly, we do Im@¢e any information that can be used to
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generate summary reports of the differential lexgeBurveys that used the vertical benchmarks
(for determining water surface elevations and drg blevations on the transects) because this
differential leveling was done with only one bagjgion the vertical benchmark.

Comment 3. As this section currently stands, the reader knaleit the accuracy of the
instruments, but has no information about the aauof the topographic surveys themselves.

Response: The topographic surveys relied almost exclusiwglya total station, which does not
produce data on the accuracy of the topographiegsr nor can such data be generated from
the survey data available.

Comment 4. See comments in the review of USFWS (2008), asfalose comments pertain
to this report as well.

Response: We reviewed the commenter's comments on the \8gewning study [USFWS
(2008)] and did not find any comments that the camtar did not make on this report.

Comment 5: Surveying errors (in addition to instrument erfoom the depth-derived ADCP
elevation data should be reported; it is atypicalse ADCP for elevation surveying (more
typical to use single-beam or multi-beam echosorg)dand some discussion should be
provided to justify the use of ADCP for this purpos

Response: We do not have any information available on sumgrrors from the depth-
derived ADCP elevation data. With regards to tiBC&® depths, we would characterize the
accuracy as being 4 percent of the average degthtloe area measured by the ADCP. We do
not feel that this is a shortcoming of the ADCPaglaince the area averaged by the ADCP
corresponds to the scale of the mesh elementdfyttiraulic model and to the scale of
individual redds. In most cases, the ADCP dataswediscted in areas with a very gradual slope
— adjacent depth measurements typically only diffdry 0.1 foot. We had some areas where we
ended up with ADCP measurements collected in ghoseimity (typically within 1 foot) to total
station measurements — for the most part, the lesdteons from these two methods were very
close (typically within 0.1 foot). We note that 8&P's are now commonly used for measuring
depths in instream flow studies, and that the G&ological Survey, the nation’s preeminent
hydrographers, use ADCP depth measurements forumegslischarges (Simpson 2001). In
this regard, Simpson (2001, p. 119) states:

“Near the bank edges, the BB-ADCP beams orientatwdrd shore will show
shallow depths, whereas the beams orientated tawarchannel will show
greater depths. An average of all four beamsapiiroximate the vertical depth
from the center of the BB-ADCP transducer assertbtire bottom. In pitch and
roll conditions, averaged depth measurements fibfowr acoustic beams will
be more accurate than depths measured by a suegteally placed, depth
sounder because of the large beam ‘footprint’ ttepa.”
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We have successfully used an ADCP for bathymeata dollection in the past, as described in
Gard and Ballard (2003).

Comment 6: Visual observations of substrate grain size arg sebjective and susceptible to
large variability in estimates by different obsas/e these subjective methods then affect the
habitat suitability criteria and WUA; more detad required, describing how the substrate sizes
were determined...one observer?...first grain oleskr...mental average of multiple
grains?...etc...

Response: We agree that visual observations of substrate giae are very subjective, but this

is the only practical method to collect such dataall topographic survey points. We have been
using this technique for the last 14 years and fiawed minimal variability in estimates by
different observers. We changed the sentenceastiun to read as follows to address the
comment: “All substrate and cover data on thesteats were assessed by one observer based on
the visually-estimated average of multiple grains.”

Comment 7. As previously mentioned, provide survey errorstha elevation data described in
this paragraph.

Response: We do not have any information that could be usgarbduce estimates of survey
errors for the elevation data referred to by thamenter.

Comment 8: There is a large amount of doubt that the bed &tavaoints adequately
characterized the riverbed topography; the poinsidg (given in a later table) is quite low for a
river of this size; in Appendix B, the bed topodmgpoint location maps have no scale
associated with them, which would allow the reddescertain the sampling density.

Response: We note that the topographic point densitiesvdtin the range of reported values
in published studies. For example, LeClerc et1#195) had a point density of 0.25 to 2
points/100 M, while Jacobson and Galat (2006) had a point teasb points/100 m It

should be noted that this study was one of ouregdRiver2D studies and that we have been
using higher point densities in more recent stutbidsy and improve the hydraulic predictions
of our River2D models. We have been able to ugkdripoint densities in our more recent
studies because our new equipment (robotic tcasibst and survey-grade RTK GPS) have
enabled us to collect higher point densities (@dtder of 40 points/1003nwithin our time
constraints for data collection. We have addetksoéormation to the bed topography point
location maps in Appendix B.
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PHABSIM WSEL CALIBRATION
Hal Beecher

Comment 1. (p. 14-15) — | cannot find in the Data Collectiamahfar apart the velocities were
recorded. ADCP generally collects velocities (Milaepths (D) continuously, so the separation
along the transect where the depth and velociteesietually recorded need to be set. The
degree to which the R statistic standard is appatgpwill depend on how far apart the readings
are recorded.

Response: The spacing of the velocities varied dependinghenspeed of the boat and the
configuration file used for the data collectionor given configuration file, the ADCP
measures a depth and velocity every xx secondsewxes typically in the range of 3-4
seconds. Based on a cursory review of the ACPB, tla¢ typical separation between adjacent
depth and velocity measures was in the range offeéet. We do not have any data to
determine how to vary the appropriate range ofadiisdic values based on how far apart the
readings are recorded. In this regard, we notethigapeer-reviewed journal article in which the
R statistic was presented (Gard and Ballard 20@8)las one range of R statistic values to use
for quality assurance/quality control of ADCP data.

Comment 2: This section would be clearer with an introductpayagraph separating out the
WSEL calibration (or stage [S]) from velocity calition. Where velocity calibration is needed
for flow (Q) determination to generate a S-Q relaship (or datum), that should be explained.
A brief overview of the whole process would makel@arer: stage of zero flow (SZF) & WSEL,
Q (includes V, D, and width); slope (importance ftainning’s equation). Paragraph in middle
of p. 16 is good — this should be moved up frorthia section. Discussion of criteria for
different models would be useful in a table.

Response: Since the velocity calibration portion of PHABSInNot being used in this
application, since PHABSIM is only being used togmate a stage-discharge relationship, an
introductory paragraph separating out WSEL andaoml@alibration is not needed. Velocity
calibration was not needed for flow determinatie@cdise flows for generating a stage-discharge
relationship were obtained either directly from gagcords, or indirectly from gage records via
a flow-flow regression. We have not added a loiefrview; instead we chose to rely on the
existing text to explain the process. We havsti@hd the current organization of this section,
sequentially by each step through the calibratimegss, as it is intended to provide a clear
description of the calibration process. We havéesged the discussion of criteria for the
different models and believe that this informatiebbest communicated in text, rather than
tabular, format.

Comment 3: On the last paragraph on p. 16, | would appre@ataveat about the acceptable
range of Velocity Adjustment Factors (VAFs) — thase good for velocity simulation when it is
based on a single set of velocities, but if veloo#gression is used the acceptable range is much
narrower.
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Response: We are not aware of a narrower range of VAFs d@natused for velocity regression.
Since we are not using a velocity regression is $itiuation, we feel that it is not necessary to
discuss what range of VAFs would be used for vejaegression.

RIVER2D MODEL CONSTRUCTION
Hal Beecher

Comment 1. (p. 17) — Discussion of ADCP traverses does nt¢ $taw closely these were
spaced (you have to go to Table 10, p. 32) in a@lget a fairly high density of verticals typical
of 2D models. | know that uniform spacing is netessary, but it would be helpful to visualize
the grids used.

Response: Information on the spacing of the ADCP travelisagiven in the Methods section
underHydraulic and Sructural Habitat Data Collection, specifically “the ADCP was run across
the channel at 50 to 150-foot (15 to 45 m) intesyado we do not repeat this information in the
River2D Model Construction section. The information presented in AppendixhGuéd help with
visualization of the grids.

Comment 2. p. 17 — With Army Corps of Engineers (COE) photognaetry, ADCP traverses
add info that should improve calibration, but AD@#&a may not even be necessary for
modeling, except for the substrates.

Response: The COE photogrammetry data was only availaki¢hfe higher elevation portions
of the site. The COE bathymetry data, which codei@me portion of the channel as the ADCP
data, had too large a spacing to be used to detedoiwpography for the deeper portions of the
site, in the absence of the higher-density ADCR.dat

REVIEWER #1

Comment 1. Title information in Table 6 of Yuba Spawning repisrvery confusing! The
roughness values stated in the title do not shown tipe table. The text does not help explain it
either. This section is not clear to the ‘naivelder. (Same in Table 7 in Yuba Rearing report
and Table 3 in Clear Creek Spawning report.) Ailsdhese tables it is not clear why overhead
cover should increase bed roughness.

Response: We added the roughness values in the title toahle tand moved the text in question
from the title to a footnote to clarify this tabl@verhead cover increases bed roughness because
overhead cover is defined as any woody cover thatissmore than 2 feet above the substrate.
Thus, when depths are greater than 2 feet, overtwaat starts to become inundated and thus
increases bed roughness.
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RIVER2D MODEL CALIBRATION
Hal Beecher

Comment 1. (p. 18) — inconsistent use of m and ft.

Response: We were unable to determine what the commentsrreferring to — page 18 had
two references to foot and no references to méikme generally, we have gone through the
report and given metric equivalents to Englishaimtparentheses, except for flows. We have
kept flows entirely in English units since flow das generally presented in English units in the
United States. As a result, the report now coestit uses m and ft.

REVIEWER #4

Comment 1. Relying on just the model inflow and outflow WSHir tcalibration can be
problematic, as the model will iterate with theseidary conditions in trying to reach
convergence, and in the process will produce eocameesults at model interior nodes; an
example of this is physically unrealistic estimatésery high Froude numbers (i.e., >> 1.0)
indicating supercritical flow along the channel gias, as was described by the authors in later
sections and Appendix F.

Response: The model inflow WSEL is not a boundary conditidritee model. We use the
model inflow WSEL as a calibration parameter beeaus can simulate this value with
PHABSIM at the highest simulation flow. In contrage would only be able to compare
empirical and modeled WSEL along a longitudinaltedme of the channel at the highest
measured flow. Itis more accurate to calibrateeRAD at the highest simulation flow because
the RIVER2D model is more sensitive to the bed hm&gs multiplier at higher flows, versus
lower flows. Also, since we use a uniform bed fougss multiplier for the entire site,
calibration at the upstream transect should protlhiesame result as calibrating to longitudinal
WSEL profiles. Accordingly, it is likely that ein method would have generated Froude
numbers exceeding one at some locations in the Imode

Comment 2: An additional model calibration procedure can idewomparing empirical and
modeled WSEL along a longitudinal centerline of thannel; oftentimes this can help ascertain
model performance within the interior of the modemain.

Response: We are unable to compare empirical and modeled WS&hg a longitudinal

centerline of the channel because we did not dodliexpirical WSEL data along the longitudinal
centerline of the channel.
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RIVER2D MODEL VELOCITY VALIDATION
Hal Beecher

Comment 1. (p. 20) — The authors use a velocity criteriondoccessful calibration of R0>6

for relationship between measured and simulateaciteds. At Washington Department of Fish
and Wildlife (WDFW), | use a sliding scale thatoalls greater differences for low velocities
(<1.0 fps) based on presumed fish sensitivity thattarget relationship is that the simulated
velocity should be within 20% of the measured vi&yocThis standard is not met at every
vertical, but one measure of calibration succefisagpercent of verticals where the standard is
met. It should be noted that most of WDFW'’s stadiee PHABSIM based on velocity
regression with at least 3 velocity sets, so statgdare not directly comparable.

Response: We use a similar approach to present the difftasemetween measured and
predicted velocities in Appendix H, showing the@b& difference between measured and
simulated velocities for measured velocities lbs#1t3 feet/sec, and the percentage difference
between measured and simulated velocities for medsi«elocities greater than 3 feet/sec. As
shown in Appendix H, only three of the eight sitesuld meet the WDFW criteria for average
percent difference and none of the sites would rieeWDFW criteria for maximum percent
difference. We agree that the WDFW standard idirettly comparable to the performance of
two-dimensional models. Specifically, at leasi@ts close to those at which velocity data
were collected and at locations close to the t@ns#HABSIM will typically do a good job in
predicting velocities, since it calculates the Magis n value for each cell from the measured
depth and velocity, and then calculates the siradlaelocity from the Manning's value (Gard
2009). In contrast, River2D does not use any nredstelocity data to predict velocities. We
feel that evaluating the performance of the mogehle correlation between measured and
simulated velocities is appropriate in the cont#xhe effect of the model performance on the
overall flow-habitat relationships. Specificaltite overall flow-habitat relationship is driven by
the change in the distribution of depths and vékegiwith flow. The distribution of velocities
would not be affected by over or under-predicteldcides because over-predicted velocities
would have the opposite effect on the distributdbrelocities as under-predicted velocities.

REVIEWER #3

Comment 1. A correlation of 0.6 seems pretty weak to me. Tith@rs cite a paper to justify
their acceptance of this level of agreement betweedicted and measured velocities — but this
seems like poor agreement to me.

Response: A correlation of 0.6 would be considered to havarge effect based on the paper
we cite. It should also be noted that differertaetsveen measured and simulated velocities
reflect both errors in measurements of velocity arrdrs in simulations of velocity. Further, the
performance of the model should be viewed in cdniéihe effect of the model performance on
the overall flow-habitat relationships. Speciligathe overall flow-habitat relationship is
driven by the change in the distribution of dephd velocities with flow. The distribution of
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velocities would not be affected by over or undeseicted velocities because over-predicted
velocities would have the opposite effect on theritiution of velocities as under-predicted
velocities.

REVIEWER #4

Comment 1. The velocity validation results shown in Appendixaté not very robust, and call
into question the reliability of the model resulisdditional cross-section plots showing vectors
of velocity magnitude and direction (for empirickta and model results) should be provided.
With the cross-section plots presented, most csestions at most sites show a poor relationship
between measured and modeled velocity. In additienscatterplots for most sites show a poor
relationship betweeen measured and modeled velatitgany cases with an increasing
variance as velocity increases, suggesting a lackroelation.

Response: We would characterize the velocity validation résshown in Appendix G as
indicating a level of uncertainty in the model l&suWe do not have empirical data on velocity
vectors and thus are unable to provide additioredszsection plots showing measured and
simulated vectors of velocity magnitude and dikatti The relationship between measured and
modeled velocities in the cross-section plots néed® evaluated within the context of the
accuracy of the velocity measurements. As showharfigures in Appendix G, we attribute
most of the differences between measured and peeldielocities to noise in the measured
velocity measurements; specifically, for the transethe simulated velocities typically fell
within the range of the measured velocities ofttiree or more ADCP traverses made on each
transect. An increasing variance between measrdanodeled velocities does not suggest a
lack of correlation; in contrast, for six out ofbkt sites, the correlation between the measured
and modeled velocities would be considered to laasteong effect, with correlation coefficients
of greater than 0.6.

Comment 2: Baldwin (1997) is an inappropriate reference fag thaterial, and needs to be
replaced.

Response: We were not able to find another reference forrddins of what ranges of
Pearson’s correlation coefficient are consideredenately strong or very strong. Statistics
textbooks that we reviewed do not give numericridins of what are considered moderately
strong or very strong correlations. We also weaxeable to find numeric definitions of what are
considered moderately strong or very strong cdiogla in the peer-reviewed literature. We
replaced the Baldwin (1997) reference with Coh&92), which defines correlations of 0.5 to
1.0 as having a strong effect.
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RIVER2D MODEL SIMULATION FLOW RUNS
Hal Beecher

Comment 1. (p. 21) — I have not run River2D, so | accept ilesfand criteria as stated. The
preceding steps are reasonable and should enstir@dldlel hydraulics are a good match to real
hydraulics.

Response: No response needed.
HABITAT SUITABILITY CRITERIA (HSC) DATA COLLECTION
Hal Beecher

Comment 1. (pp. 21-23) — Authors use logistic regression feveloping HSC. They collected
data on physical habitat conditions where fish vadrgent and where they were present, based
on random selection of locations. Logistic reg@msappears to have considerable merit as an
approach where fish are sparse and probably wdtmearrying capacity (see discussion above
about ecological context for instream flow studiel)}the population is well below carrying
capacity, however, the approach to aggregatiofistofleserves more discussion. It seems
unlikely that a large aggregation is somehow crahnidéo less suitable habitat while a dominant
fish occupies the preferred habitat. It is likéigt aggregations are a social response or a
predator avoidance response, perhaps a functianasje river withPtychocheilus or other
predators. How do these aggregations relate tiatanitability? | am left thinking the
approach the authors took of reducing, but notiakting, the aggregations was a reasonable
approach, but deserving of a little more discussion

Response: We are not aware of any information in the sdfirliterature that would suggest
that logistic regression is not appropriate for wben fish are abundant. It is unknown whether
the populations of fish in the Yuba River are belmasrying capacity or not. We agree with the
commenter’s discussions of aggregations, but araware of any data in the literature that
could be used to assess how aggregations relasbttat suitability. Our approach essentially
eliminated aggregations as a consideration in d@usy habitat suitability criteria, since we

only took one measurement for each group of fiseoked. Given the lack of data in the
literature regarding how aggregations related tathaisuitability, we think that additional
discussion of this would be speculative and thusappropriate.

Comment 2: On page 22, the authors wrote, “If the location Wwagond the sampling distance,
based on the information recorded by the snorkdeyond sampling distance” was recorded on
that line and the recorder went to the next linhat same location, repeating until reaching a
line with a distance from the bank within the samgMdistance.” It's unclear what is meant by
“beyond sampling distance” — is this outside therdfge, too deep within 20’ range, no flag in
sight, no flag within 3'?
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Response: Beyond sampling distance refers to the distamtdérom the bank that the snorkeler
was able to sample for fish. For example, for nobshe 300 feet of bank sampled, the snorkeler
may have been able to look for fish up to 20 fegtimm the bank, but there may have been a
short portion of the bank where, due to fast arepdmnditions, the snorkeler had to hug the
bank and thus was only able to see 10 feet out thentbank. In such a location, an unoccupied
measurement that was specified as, for exampléee2Grom the bank, would have been denoted
as “beyond sampling distance” in the databook. W& added the above text as a footnote at
this location in the report to clarify this mattdt.should be noted that this was a fairly rare
circumstance — there were only eight of out 162dcanpied observations where “beyond
sampling distance” was recorded in the databook.

Comment 3: On page 23, the authors wrote that during ADCP daltaction they considered
“adjacent velocity” to be the highest velocity imter column for observation — it would be good
to validate a correspondence between this anchtfjaeent velocity. Alternatively, just call it
“overhead velocity.”

Response: We have changed the text at this location tafglénat the adjacent velocity was the
highest depth-averaged velocity measured, ratlaer the highest velocity in the water column.
Thus, the adjacent velocity was the true adjacelacity and not an overhead velocity.

REVIEWER #3

Comment 1. Itis not very clear how ‘non-use’ locations weedegted. | think this was the ‘no
tag within 3 feet...”?

Response: We have added “non-use” to the text at this pivitihe report to clarify that the non-
use locations were the locations where there waagwithin 3 feet.

Comment 2: Did the snorkelers/SCUBA divers alter positiongisii. Were there criteria for

the observers to disregard positions of fish thay lmave been forced to move from their
positions by the presence of the observer? Youshgtyipically move to deep water to avoid
predators/disturbances. If this had occurred, élselt of the bias would have been toward deeper
water, and ultimately higher discharges necessargnbximum WUAs.

Response: Based on our observations, it did not appeartb@snorkelers/SCUBA divers
altered the positions of the fish. Since we ditatmserve any fish that appeared to have been
forced to move from their positions by the preseuicine observer, we did not have any criteria
for observers to disregard such positions, whichndit occur. Young fish are typically more
likely to be preyed on by piscine predators thaampredators (Power 1984). Young fish
typically move to shallower and slower conditionghe presence of piscine predators (Gard
2005). If such movement had occurred, the regutliebias would have been toward shallower
water, and ultimately lower discharges necessarynximum WUAs.
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REVIEWER #4

Comment 1. State in this and the next paragraph the dischahgesg all of the data collection
periods, and how those discharges compare (oeklted to) to those throughout the rearing
period.

Response: Discharges during all of the data collection pesi are given in Table 15. We have
not added information to the report about how dasghs during data collection compare to those
throughout the rearing period because observediisply reacted to the flows present during
data collection and unoccupied data were colleatede same time as the data on fish were
collected.

BIOLOGICAL VERIFICATION DATA COLLECTION
Hal Beecher
Comment 1. (p. 24) — This is good, clear description obad approach.

Response: No response needed.

REVIEWER #4

Comment 1. Here and elsewhere pertaining to this topic, previtbre descriptive details
regarding the hypothesis testing to convince thdeethat this is a robust and appropriate test
for the stated purpose; e.g., why not use a parantest when you have such large sample sizes;
what assumptions of parametric stats were violegad how was that determined) indicating the
appropriateness of nonparametric tests; state whgtu used a one-tailed test, as suggested by
the narrative; state sample sizes; explain why sueinge unbalanced sample size was used, and
how this unbalanced design is appropriate fortéss and not biasing the results; provide
references from the statistics literature (prefgrastats lit.) to support your explanations.

Response: We specified that the test was one-tailed and gasgons to the peer-reviewed
literature at this location. Sample sizes aremivethe results section under biological
verification. We added the following text in thisclission section under biological verification
to address the remainder of this comment:

“We did not use a parametric test because the gasmof normality of
parametric tests was violated, as shown in Figli8e® 23, indicating the
appropriateness of nonparametric tests. A lardgpalanced sample size was
appropriate for this test to reduce type Il errsis¢ce unoccupied depths,
velocities and substrates have a much greater @ngdues than occupied
depths, velocities and substrates. Analogouslgnids and Bovee (1993) found
that a minimum of 55 occupied and 200 unoccupiedtions were required to
reduce type Il errors.”
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HABITAT SUITABILITY CRITERIA (HSC) DEVELOPMENT
Hal Beecher

Comment 1. (p. 24) — See comments on adjacent velocity @bdwhis section implies that
logistic regression is the best way to develop HRU$ they are still univariate. The value in
using a logistic regression or any other continubathematical function is that you get a
continuous mathematical function. This study ptacensiderable emphasis on validating the
relationships to what fish really do, and thispp@priate. Simpler stairstep HSIs also work
(Beecher et al. 1995, 2002). A multivariate HS@X thas not just a product of HSIs would be
unusual and a step forward (maybe).

Response: See response to comments on adjacent velocityeab®&e would characterize
logistic regression as an appropriate way to dgvElSIs based on the scientific literature
(Knapp and Preisler 1999, Parasiewicz 1999, Gemrdt 2000, Guay et al. 2000, Tiffan et al.
2002, McHugh and Budy 2004). We used univariateria because multivariate criteria are
rarely used in instream flow studies. We viewvh&ie of using a logistic regression primarily
as correcting for effects of availability. We wdwliew simpler stairstep HSIs as less
biologically realistic, since they imply a largeactge in suitability over a small change in depth
or velocity. We agree that a multivariate HSC vdoloé unusual; we would think that a
considerable amount of effort would be requiredemonstrate that multivariate HSC improved
habitat predictions, versus the univariate HSC uséhis study. Multivariate HSC could also
be problematic due to a loss of statistical povesioaiated with the increased number of
dependent variables used in the logistic regression

Comment 2. On page 27, the statement that “adjacent vétsoitere highly correlated with
velocities” should be supported with a correlattmefficient and sample size. If they are highly
correlated, does incorporation of adjacent velesitiontribute much? This question should be
addressed. Given that adjacent velocities wereeiomas overhead velocities, use of adjacent
velocities seems to miss at least part of the pdilging the fastest velocity in the water column
with nose velocity (assuming fish held near thesgalbe, rather than near where mean column
velocity occurs) might be more useful than with mealumn velocity. However, some of these
approaches would require a 3-D model, and | am amawf any 3-D models that are available
for practical applications. Keeping the adjacegibuity (AV) HSI at 1.0 at high velocities will
eventually become nonsense, but, if the V HSI dadpat higher velocities, then there is no
problem with this approach.

Response: The correlation coefficient and sample size @ergin the results section under
Habitat Suitability Criteria Development and thus do not need to be repeated in this mtati
Specifically, Table 26 gives the values of the elation coefficients (ranging from 0.93 to 0.94)
and Table 23 gives sample sizes. Incorporaticad#cent velocities contributes a great deal to
the habitat calculation because the relationstipadjacent velocity reflect the component of
adjacent velocity that is independent of the vejoat the fish location. We have attempted to
address this question in the text. As noted abadjacent velocities were never overhead
velocities. We agree with the commenter that dgheofastest velocity in the water column
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with nose velocity would require use of a three-glsional hydraulic and habitat model, and
that there are no 3-D models that are availabl@ifactical applications. We disagree that
keeping the adjacent velocity (AV) HSI at 1.0 ahvelocities will eventually become nonsense
because the adjacent velocity is meant to captieréobd delivery aspect of fish bioenergetics.
As noted by the commenter, the decline in the vgl#tSI with increasing velocity captures the
energetic cost aspect of fish bioenergetics. Véa/the combination of velocity and adjacent
velocity as crucial to capturing the entirety athfibioenergetics (both food supply and energetic
COsts).

REVIEWER #4

Comment 1. The first sentence is too strong, and misleadioigtHfe references cited -- should
be rephrased to indicate that logistic regressawmasan accepted method for developing habitat
suitability criteria, not that they should be used.

Response: We have changed a portion of the text in questiomf‘'should be used to develop”
to “are appropriate for developing.” The followinitation given in the report, from McHugh
and Budy (2004), supports the conclusion giventtiatiterature establishes that logistic
regressions are appropriate for developing habutbility criteria:

“More recently, and based on the early recommeadsatf Thielke (1985), many
researchers have adopted a multivariate logisgjiession approach to habitat
suitability modeling (Knapp and Preisler 1999; Getsal. 2000; Guay et al.
2000).”

BIOLOGICAL VERIFICATION

REVIEWER #4

Comment 1. See previous comment regarding this test and alleotletailed explanation that
should go along with it.

Response: See response to previous comment regarding this tes
RESULTS
Hal Beecher

Comment 1. As noted above, some of the Results (1, 2, 3)dvoave fit better in the
corresponding Methods sections, at least in myclogi

Response: We have patterned the format of our reports asblas possible to that of peer-
reviewed journal articles. The material in quastiepresents the results of the relevant study
tasks Gudy Segment Delineation throughField Reconnaissance and Study Ste Selection). We
also note that we previously included all of tm&rmation in the methods section and a peer
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reviewer from the first peer review of the Yubawpang report recommended moving this
material to the Results section. Specifically, pleer reviewer stated “All information presented,
including data, in the methods section that isaltta result should be extracted and discussed
in the Results section.” As a result, we havegiaall data in the results section for the Yuba
rearing report as well.

STUDY SEGMENT DELINEATION

REVIEWER #4

Comment 1. The material from this point through page 39 désmsithe study area and
methods, and should be placed in those sectidhgse are not results.

Response: We have patterned the format of our reports asblas possible to that of peer-
reviewed journal articles. The material in quasttearly represents the results of the relevant
study tasksRtudy Segment Delineation throughHabitat Suitability Criteria Development). We
also note that we previously included all of tm&rmation in the methods section and a peer
reviewer from the first peer review of the Yubawpang report recommended moving this
material to the Results section. Specifically, pleer reviewer stated “All information presented,
including data, in the methods section that isalbta result should be extracted and discussed
in the Results section.” As a result, we haveglaall data in the results section for the Yuba
rearing report as well.

RIVER2D MODEL VELOCITY VALIDATION
Hal Beecher
Comment 1. (p. 37) — See Appendix H. It would be usefuh&we a table summarizing model

velocity (and WSEL) calibration and validation, ameerall acceptability over what range of
flows.

Site WSEL Vel Range of
acceptable
flows for model

Narrows Diffs >0.1 ft Poor; model hi

XS-1

Rose Bar Some vel probs

Sucker Glide Poor

Railroad Poor

Diversion

Whirlpool Some vel probs

Side-Channel Model low XSt

1 & 2, except hi
N side of

A-45



channel

Lower Diffs >0.1 ft Some vel probg
Hallwood

Response: We feel that such a table would have little tytjilsince we view the range of
acceptable flows for the model to be the entirgeamt simulated flows for all sites (ie 400 to
4500 cfs for sites in the Above Daguerre segmeatldi to 4500 cfs for sites in the Below
Daguerre segment. Further, we do not think thardisults of the WSEL calibration and

velocity validation can be captured adequatelyuichsa simple tabular format. We would view
the text in the results and discussion sectionslamdata shown in Appendices D, E, G and H as
the best presentation of the WSEL calibration agldaity validation aspects of this report. We
view the differences between sites in WSEL calibraaind velocity validation not as reflecting
differences in ranges of acceptable flows, buteia#ts reflecting differences in the level of
uncertainty associated with the results of the rsofie each site.

Comment 2. How does model use the groundwater depth? hirid to envision what this
means and it seems inconsistent with the discussisaquently have with hydrogeologists.
Perhaps in the introduction of River2D discussiothie Methods, some explanation of this input
would help. As it stands, for someone who hagmotRiver2D, it seems illogical.

Response: Our understanding is that the minimum groundwdégath is used by the model to
determine whether nodes are wet (surface watah)yofgroundwater). We have added this
information in the methods section unéver 2D Model Calibration, where the minimum
groundwater depth parameter is first introduced.

REVIEWER #1

Comment 1. Why are the differences between measured armticped velocities reported as
absolute values for velocity < 3 ft/s and percéots/elocity > 3 ft/s? This occurs in Yuba
Spawning, Yuba Rearing and Clear Creek Spawningrtepl he reports also make strong note
of the *high’ correlations between measured andlipted velocities, but careful review of the
scatter plots show that the relationship is not strmng and that the correlation value is heavily
influenced by the large sample size.

Response: Our approach is to compare absolute values fonvieacities because large
percentage values for low velocities would not leddgically meaningful. In contrast, we
compare percentage values for higher velocitidgetoonsistent with the methods used to
compare discharges, given that most high velocggshave little habitat value but rather reflect
the degree to which the hydraulic model is acclyaiting flow through the site. We disagree
that the scatter plots show that the relationshimoit that strong, since the scatter plots show the
same information as correlation coefficients anchlose scatterplots tend to emphasize outliers.
The correlation coefficient (r) is calculated usthg following formula:
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where x and y are the individual measured and Isited velocity values. Accordingly, the
correlation coefficient value is independent of pesize.

Comment 2: Similar comments apply to the Yuba Rearing répaftes, the velocity models
meet the selected criteria of a correlation grett@n 0.6, but | question the appropriateness of
that single criteria, especially with a large saargike.

Response: We feel that the correlation coefficient is as@aable criterion to use in evaluating
velocity validation since it provides a summarytistec of the strength of the relationship
between two variables. In addition, the reporspres considerable additional information in
Appendix H to use in evaluating the velocity vatida, specifically differences between
measured and simulated velocities, scatter plotsezfsured versus simulated velocities and
cross-section profiles of measured and simulatéatitees. As noted above, the correlation
value is not affected by sample size.

REVIEWER #3

Comment 1. Section 5.4 — Model Validation — this appears likaak correlations to me. My
experience is primarily on larger rivers than théb¥ — and we see much higher correlations
between predicted and measured. | am not sure etigtis lower level of agreement is typical
in smaller rivers/streams. The model was ‘in questior 3 sites and was above 0.6 for 5 sites.
The citation for the use of 0.6 as a ‘high’ cortiela (Baldwin 1997) is extremely weak — it is a
slide from something that was on the web. | trigellink and got a ‘page not found’ error. If the
authors feel strongly that the model worked wedind need support for their decision that 0.6
was good enough — they should try to find supparttis level of agreement from the peer-
reviewed literature.

Response: The correlations for six of the eight sites wolbilconsidered to have a strong effect
(Cohen 1992). We do not know if correlation valaes higher for larger streams versus smaller
streams. Data that we have on correlations aedrstisize are confounded by differences in
topographic point densities. We would specula& trrelation values are probably more
related to topographic point densities than toastreize. As a result of adding a downstream
extension, the model is now in question for twes#nd is above 0.6 for six sites. We were not

>The comments referred to were as follows: “Thesnesd and predicted velocities in the Clear
Creek Spawning report are not as disparate aiivtiba Report, but despite the high
correlations, examination of the scatter plots shownsiderable variation at Lower and Upper
Renshaw and the Shooting Gallery. Profile shapesnaich closer than in the Yuba study, but
there is still much more variability in measuredioegies than that shown in predicted velocities.
Biologically this could be important, as the figie &oning in on microhabitat features and can
undoubtedly discern between variable velocities.”
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able to find another reference for definitions dfavranges of Pearson’s correlation coefficient
are considered moderately strong or very strortgtisfics textbooks that we reviewed do not
give numeric definitions of what are considered pratkly strong or very strong correlations.
We also were not able to find numeric definitiofisvbat are considered moderately strong or
very strong correlations in the peer-reviewed éitere. We replaced the Baldwin (1997)
reference with Cohen (1992), which defines coriahet of 0.5 to 1.0 as having a strong effect.

REVIEWER #4

Comment 1. This statement that all models were validated aecewot in question is too
strong (too confident) given the limited supportinfprmation presented. Based on the
correletion scatterplots (not just the correlatoefficient), the plots of cross-section velocity
magnitude (modeled and empirical), and the higlufeonumbers predicted from the model, it
seems like the hydraulic modeling results are iestjon -- and the underlying cause of the
model uncertainty is likely the riverbed elevatoiata on which the models are based (though,
this is unknown to the readers, because survey iafiaymation is not provided). Vector plots
of velocity magnitude and direction (modeled anggival) would go a long way toward
substantiating the authors' claim that the modalits are not in question.

Response:  Supporting information may be found in Appendix THhe scatter plots directly
reflect the value of the correlation coefficiefthe relationship between measured and modeled
velocities in the cross-section plots needs tovaduated within the context of the accuracy of
the velocity measurements. As shown in the figureésppendix H, we attribute most of the
differences between measured and predicted vedediti noise in the measured velocity
measurements; specifically, for the transectssimeilated velocities typically fell within the
range of the measured velocities of the three aemM@CP traverses made on each transect.
The high Froude Numbers predicted along the chamaefjins need to be viewed within the
context of what effect they would have on the olvdi@v-habitat relationships. Specifically,

the Froude Number only exceeded one at a few nedtsthe vast majority of the site having
Froude Numbers less than one. Furthermore, thedesrwere located either at the water’s edge
or where water depth was extremely shallow, typrabproaching zero. A high Froude

Number at a very limited number of nodes at watedge or in very shallow depths would be
expected to have an insignificant effect on the ehoglsults because these areas are not likely to
be rearing habitat. We would characterize the dykitr modeling results as indicating a level of
uncertainty in the model results, rather than thatresults are in question. We agree that the
underlying cause of model uncertainty is the rieerklevation data on which the models are
based, specifically, the density of topographi@adal/e have added as much detail as possible
describing the elevation surveying and associatenise Based on the available information, the
errors in the elevation data appear minimal. Asashin Table 11, all errors were less than 0.07
feet. We do not have empirical data on velocitgtoes and thus are unable to provide additional
cross-section plots showing vectors of velocity maagle and direction (for empirical data and
model results).

Comment 2: This assertion is weak and open to interpretati@ven if the comparisons are
similar in shape, the velocity magnitudes (theafale of interest) are very dissimilar.
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Response: We intended this statement [In general, the siredland measured cross-channel
velocity profiles at the upstream and downstreangects (Appendix H) were relatively similar

in shape] to appropriately summarize the crossessaltplot data. As shown in the figures in
Appendix H, most of the differences between meabkarel predicted velocities may be

attributed to noise in the measured velocity meaments; specifically, for the transects, the
simulated velocities typically fell within the ram@f the measured velocities of the three or more
ADCP traverses made on each transect.

Comment 3. As indicated in earlier comments, these superatiicoude numbers are likely
signs of poor model performance; and it looks thie was the case for the vast majority of the
model runs.

Response: The high Froude Numbers need to be viewed withenctimtext of what effect they
would have on the overall flow-habitat relationshifSpecifically, the Froude Number only
exceeded one at a few nodes, with the vast majofritye site having Froude Numbers less than
one. Furthermore, these nodes were located aitlibe water’s edge or where water depth was
extremely shallow, typically approaching zero. ighhFroude Number at a very limited number
of nodes at water’s edge or in very shallow deptbsld be expected to have an insignificant
effect on the model results because juvenile saiiscare not expected to be found in these
locations.

HABITAT SUITABILITY CRITERIA (HSC) DATA COLLECTION
Hal Beecher
Comment 1. Table 16 (p. 40) appears to indicate major himlesmpling, particularly in mid-

channel. It looks like tables 16-18 could be camedito be more clear about any holes in
sampling, and this should probably distinguish hédnnel from near-bank:

Numbers
in cells
indicate
distance
(ft)
sampled
near
bank;
mid-
channel

No
cover

cobble

boulder

Fine
woody

branches

0g

overhead

Under-
cut

Ag.
Veg.

Rip-
rap

Over-
head &
instream

Bar
complex
glide

Bar
complex
pool
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Bar
complex
riffle

Bar
complex
run

Flatwater
glide

Flatwater
pool

Flatwater
riffle

Flatwater
run

Side-
Channel
glide

Side-
Channel
pool

Side-
Channel
riffle

Side-
Channel
run

Response: The differences in distances sampled betweeardift habitat and cover types
reflects primarily the relative abundance of diéierr habitat and cover types in the Yuba River.
As noted in the caption for Table 16, sampling id4channel habitat was confined primarily to
Bar Complex and Flatwater Pools because thesetyaally the only habitat types that were
deep enough to sample with SCUBA. We feel thatta is best presented by not combining
Tables 16 through 18 to illustrate differences lesmvsampling in different habitat types and
different cover types, and to illustrate differemoe sampling between the areas where
unoccupied data were collected and areas wherecup@e data were not collected. We note
that sampling equal areas of different habitat $ygied cover types is not critical for this study,
since logistic regression addressed effects oftaadvailability.

REVIEWER #3

Comment 1. It appears as if there were no ‘unoccupied dataliy/Sept and Nov/Dec and
none for fish less than < 60 mm. The effects of¢hemissions should be discussed.
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Response: The commenter is incorrect — we still collectedecupied data for July/Sept and
Nov/Dec for those areas where we saw fish. Wedilgct unoccupied data for fish less than 60
mm. For July/Sept and Nov/Dec, we did not collty data on fish less than 60 mm because by
that point we already had enough observationssbfiéss than 60 mm. We do not feel that the
sampling methodology used had an effect on thdteggihabitat suitability criteria, because we
still had both occupied and unoccupied observationall areas where we observed fish. While
it would have been preferable to collect unoccupiath for all areas sampled, doing so would
have drastically reduced the amount of streamweatould have sampled. We felt that it was
more important to be able to collect enough obgemsa of fish greater than 60 mm than to
collect unoccupied data for all areas sampled.

Comment 2: | assume all HSC data were collected during daglighis would tend to bias
toward faster/deeper water for Chinook fry, as tteey to move to shallower/slower water at
night. The influence of this on habitat area predits should be discussed by the authors.

Response: The commenter is correct that all HSC data welected during daylight.

Although there is abundant literature on changdsimbehavior from day to night (O’'Neal

2007, Thurow et al. 2006, Bradford and Higgins 2(®ani and Fayram 2000, Cunjak and
Power 1996, Thurow and Schill 1996, Riehle andfi@ifl993), we do not have any
information, nor are we aware of any informatiorthie literature, that indicates that Chinook fry
tend to move to shallower/slower water at night séich, any discussion we might make on the
influence of this on habitat area predictions wdutdpurely speculative, and thus we have not
added any discussion on this subject.

BIOLOGICAL VERIFICATION DATA COLLECTION

REVIEWER #3

Comment 1. The Biological Verification was limited in scopehi§ is not the place to save
money/resources in a study such as this. The sftédhe relatively low level of effort (in
comparison to collection of physical data rela®dibdel development and validation) should
be more thoroughly discussed.

Response: We collected a considerable amount of habitdability data, with the intent of
making the model biologically relevant. Our primgoal was to develop flow-habitat
relationships, which includes both the physical sl@hd the biological data used to develop the
habitat suitability criteria. Developing a betterderstanding of the flow-habitat relationship
necessarily falls out as a lower priority than atijudeveloping the relationship between
discharge and available habitat. The study adedelssth the biological and physical aspect of
anadromous salmonid habitat, since both aspectseaaed to develop flow-habitat
relationships.

A-51



HABITAT SUITABILITY CRITERIA (HSC) DEVELOPMENT
Hal Beecher

Comment 1. Table 21 (p. 43) showed that suitability crigéegiistinguish a break at 60 mm
length. This does not distinguish between spedigs.interesting that the fish cluster more by
age/size than by species, in contrast to small Wgsin rivers and streams. This may be a scale
issue because of working in such a large river.

Response: Due to small sample sizes, our approach wastfirdetermine which size to use to
break between fry and juveniles and then to detegrfor fry and juveniles if there was an effect
of species. Table 21 shows the first part of #malysis while Table 22 shows the second part of
the analysis. We do not think that this is a scsdae, since we found similar results for Clear
Creek, a much smaller stream than the Yuba RiVee relative clustering by size versus species
varied by size class and parameter — as shownhle P4 and 22, there was a greater difference
between sizes than between species for most paesnddowever, for velocity for fry, there

was a slightly greater difference for specigs (= 20.74) than for sizet = 18.82). In addition,

for cover for fry, there was a much greater diffee for species (C = 90) than for size (C = 40).
This was reflected in the much higher suitabiliy ¢obble for steelhead fry versus Chinook
salmon fry.

Comment 2: p. 44 —line 2 of text — “June 2926”

Response: We have put the footnote “26” in superscript take the text clear at this location.
The text should have appeared as: “Jurf& 29

Comment 3. Logistic regression did not work in some cagpegés 45-49). See discussion
above about trying to fit equations to data rathan simpler categorical approaches. Although |
have concerns, that does not mean | object to fusgistic regression, and | believe the authors
provide a reasonably good case for it. Other agagres might produce similar results. The
authors have tried to test their HSC, which ismapartant step.

Response: The commenter is correct that we were unables#olagistic regression to develop
velocity criteria for juvenile salmonids. We wouwlgtw simpler categorical approaches as less
biologically realistic, since they imply a largeactye in suitability over a small change in depth
or velocity. We appreciate the commenter’s assessof the case we have made for using
logistic regression. We are not aware of other@gghes that might produce similar results,
since other approaches typically do not adequaigdiyess the effects of availability on habitat
use. We agree with the commenter than testing I4%@ important step, although we were not
able to successfully do so in this case.
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Comment 4. Adjacent velocities are highly correlated witkan column velocities (Table 26,
p. 50). This may just be an indication of a bigeriwith even flow. If they are too closely
correlated there may be no explanatory value atigetiding adjacent velocity. It would be
informative to compare the depth of fish and veloat fish depth (“nose velocity”) with mean
column velocity (“velocity”).

Response: As noted above, the adjacent velocities were mlsan column velocities. Based on
similar findings on Clear Creek, a high correlatimiween the mean column velocity at the fish
location and the adjacent mean column velocityigust an indication of a big river with even
flow. We feel that there is significant explangtealue added by adding adjacent velocity, since
the adjacent velocity criteria was based on thepmmant of the adjacent velocity that was
independent of the velocity at the fish location.

Comment 5. Juvenile Chinook and steelhead velocity prefegenr suitability are lumped
together (Fig. 15, p. 56). Juvenile Chinook velpsuitability is similar to observations in
Washington, but juvenile steelhead velocity sultghbis lower than Washington observations.
It's possible that the steelhead avoid faster wassociated with deeper areas in large rivers.

Response: The commenter is correct that we lumped toggthemile Chinook salmon and
steelhead velocity preference or suitability, baseaur finding that there was no significant
difference between juvenile Chinook salmon andliséael velocity habitat use data (Table 22).
We reached a similar conclusion to the commentgarteng the juvenile steelhead velocity
suitability from this study versus other studieCilifornia (Figure 49). Given that one of the
other studies was on a river that is larger thanvtiba River, it does not appear that the results
of this study were related to steelhead avoidistefawater associated with deeper areas in large
rivers. Instead, it is more likely that the lowtiopum velocity for juvenile steelhead in this

study is an artifact of the small sample size aupied observations, which resulted in us having
to use a modified fry steelhead velocity critenajivenile steelhead.

REVIEWER #3

Comment 1. Separating the habitat use at about 60 mm is ig@ténd comports well with
research on Chinook salmon in the Columbia Basin.

Response: No response needed.
Comment 2: On page 44 there is a date of June2926

Response: We have put the footnote “26” in superscript to méhke text clear at this location.
The text should have appeared as: “Jurf& 29

Comment 3: The adjacent velocity seems a little arbitrary -e Bkelection of criteria (e.g.,

adjacent velocity) is justified with the Fausch autite (1981) paper which described optimal
foraging locations for salmonids which were lartiegm 150 mm. The authors of the Yuba report
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erroneously applied the foraging distance (60 cescdbed by Fausch and White for larger
resident brook and brown trout to the much smétieand juvenile Chinook and steelhead in the
Yuba.

Response: Our selection of criteria was not based on thesEla and White (1981) paper.
Rather, we mentioned the Fausch and White (198dgra generally introduce the concept of
adjacent velocity. We clearly state that our agljelocity criteria are based on an entirely
different mechanism than that presented in Fausdh/ihite (1981), namely the transport of
invertebrate drift from fast-water areas to adjacbow-water areas where fry and juvenile
salmonids reside via turbulent mixing. Specifigalls stated in Footnote 18, “Two feet (0.61
meters) was selected based on a mechanism of éattixing transporting invertebrate drift
from fast-water areas to adjacent slow-water andese fry and juvenile salmon and
steelhead/rainbow trout reside, taking into accoliat the size of turbulent eddies is
approximately one-half of the mean river depth (f&/addle, USGS, personal
communication), and assuming that the mean depiteofuba River is around 4 feet (1.22
meters) (i.e., 4 feet x ¥2 = 2 feet).” It is just@ncidence that the turbulent eddy size criteria
used in this study was the same as the foragingratis criteria in Fausch and White (1981).

Comment 4. The authors reported Chinook fry in velocities a@tmost 4 feet/sec (p 39); This
is fast water. A 50 mm fry in 2.5 feet/sec is swimgnat 15 body lengths/second — when
traditionally accepted burst speed for salmonidgpgally 10 bps. Thus, the velocities where
fish were observed must be called into questio®. Aiks resulting from overestimating
velocities in HSC would be toward higher discharges

Response: The commenter misunderstood the text at thigilmea- 3.98 ft/s was the fastest
velocity that we observed any juvenile anadroma@limenid. The fastest velocity at which we
observed a Chinook salmon fry was 3.62 ft/s. We timat the suitability for Chinook salmon
fry for velocities greater than 2.5 ft/s was ralaly low (0.09 to 0.13). We had three
observations of Chinook salmon fry at mean columlocities greater than 2.5 ft/s (specifically
at 2.54, 2.59 and 3.62 ft/s). We would expect thatdifference between these mean column
velocities and traditionally accepted burst speedalmonids was caused by the fish being at a
focal velocity location in the water column whehe focal velocity was significantly lower than
the mean column velocity. Since HSC are based@&mmolumn velocity, we did not
overestimate velocities in the HSC, and thus tiaereld not be any bias toward higher
discharges. Further, since both the HSC and haitalability are based on mean column
velocities, the effects of using HSC based on noedummn velocity, versus focal velocity, on
flow-habitat relationships would tend to be careglbut by the effect of using habitat
availability based on mean column velocity, ver&sl velocity.
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BIOLOGICAL VERIFICATION
Hal Beecher

Comment 1. On page 61, the authors showed no differenseitability between unoccupied
habitat and habitat occupied by Chinook fry, buirfd a significant difference for Chinook
juveniles compared to unoccupied habitat. Degpit® 013, authors apologize for “weak” test
based on small sample size, but they seem moreggia than needed. If anything, the small
sample size reduced power, yet they still foundyaifscant difference.

Response: We appreciate the commenter’s confidence in imglirfgs for juvenile Chinook
salmon biological verification, but have choserkeep the text as is to avoid overstating our
case.

Comment 2: Figures 20-22 (pp. 62-64) are good graphicogéc suitability and use.
Response: No response needed.

HABITAT SIMULATION
Hal Beecher

Comment 1. This is typically the punch line of the Resuwfsan instream flow study report.
Instead, the text on page 66 refers the readeppeAdix L, a series of tables. Are there any
patterns? Or relationships to hydrological benatisfa Table 30, cited briefly in the text, is the
punch line and should probably be highlighted. [&&@0 is a helpful summary of Figures 25-32.
This is a place where the repeated order of sextioMethods, Results, and Discussion is
particularly frustrating because Table 30 showsnGbk fry habitat is maximized at the highest
flow and steelhead fry maximized at the lowest flovith Chinook and steelhead showing
opposite trends with age. The reader then hastip pack into the other Discussion before
reaching discussion of this point.

Response: Patterns in the flow-habitat relationships arevati graphically in Figures 25-32 and
discussed in the Discussion section uridigitat Smulation. The patterns varied by species,
life stage and reach, and did not appear to hayeeationship to hydrological benchmarks.
We agree that Table 30 is the key result; howeverdo not know how to further highlight the
results. We sympathize with the commenter’s faigin, but feel that the current organization
of the report is needed to make it as consistepbasible with the format of peer-reviewed
journal articles.

A-55



DISCUSSION

REVIEWER #3

Comment 1. In the Discussion section it is apparent that thtb@s place too much emphasis
on modeling and stats — and not enough on thedidbaspects.

Response: A large part of the discussion is centered orbibigical aspects (namely the

habitat suitability criteria and biological veriéiton). We have tried to ensure that the

discussion has an appropriate balance between mgdsiatistics and biological aspects.
HABITAT MAPPING

Hal Beecher

Comment 1. Some of red labeling of channel units is noacken Figure 33 (p. 72).

Response: We have modified the red labeling of channelsutotimprove the clarity of the
labeling.

HYDRAULIC AND STRUCTURAL DATA COLLECTION

REVIEWER #4

Comment 1. This statement is unsubstantiated because no iele\aitrvey error data are given
in the report.

Response: We have added as much detail as possible desctitenglevation surveying and
associated errors. Based on the available infeomgthe errors in the elevation data appear
minimal. As shown in Table 11, all errors wereslésan 0.04 feet.

RIVER2D MODEL CALIBRATION
Hal Beecher

Comment 1. (p. 73-74) — This is a good discussion of decasion WSEL and models.
Response: No response needed.

Comment 2: | would have included all Methods, Results, &mtussion of model calibration
under Methods, based on my assumption that the: diedre matter is the habitat model output.
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Response: We have patterned the format of our reports @sety as possible to that of peer-
reviewed journal articles. In this regard, we b a peer reviewer from the first peer review
of the Yuba spawning report stated “All informatipresented, including data, in the methods
section that is actually a result should be exéceind discussed in the Results section.” As a
result, we have placed all data in the results@eddr the Yuba rearing report as well.

REVIEWER #1

Comment 1. The discussion states that it makes more senssetthe PHABSIM predicted
WSEL to calibrate the 2D model rather than measW&dEL. It's not clear to me why one

would ever choose a predicted over a measured f@auwese in calibration. And it is not clear in
what information leads the authors to decide thafaredicted WSEL is inaccurate and switch to
using the measured value.

Response: Our general rule is that it is more accurate tibcale sites using the WSELs
simulated by PHABSIM at the highest simulated flogcause the RIVER2D model is more
sensitive to the bed roughness multiplier at hidloavs, versus lower flows. Typically the
highest simulated flow is significantly higher thédre highest flow at which we measured
WSELs. The information that led us to decide thatpredicted WSEL is inaccurate and to
switch to using the measured value was that theelsigneasured flow had WSELSs on the two
banks that differed by more than 0.1 foot. SIineABSIM assumes that there the WSEL is the
same anywhere on the transect, a situation wherel\&/8n the two banks that differed by more
than 0.1 foot naturally leads to the conclusiorn tha WSEL predicted by PHABSIM is
inaccurate, and thus we should switch to usingribasured value.

REVIEWER #4

Comment 1. Froude numbers -- the fact that supercritical fleas predicted along the channel
margins (a physically unlikely location for supetical flow) suggests that the model results are
in question.

Response: The high Froude Numbers predicted along the chamaefins need to be viewed
within the context of what effect they would hawvetbe overall flow-habitat relationships.
Specifically, the Froude Number only exceeded dreefaw nodes, with the vast majority of the
site having Froude Numbers less than one. Furthiernthese nodes were located either at the
water’'s edge or where water depth was extremeljoshaypically approaching zero. A high
Froude Number at a very limited number of nodesader’s edge or in very shallow depths
would be expected to have an insignificant effectlee model results because such locations are
not rearing habitat for juvenile salmonids.
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RIVER2D MODEL VELOCITY VALIDATION
Hal Beecher

Comment 1. The decision that potentially erroneous modetsi&l be used in the absence of
any similar habitat models is a difficult oné'{@aragraph, p. 74). Risk is that conclusions from
model could err in either direction. What aboutdelded authors to decide that it was better
than nothing and would not be misleading?

Response: Our assessment was based on the two alternatvésd available, namely: 1) to
throw out these sites and represent flatwater aiinitthe Below Daguerre segment by bar
complex habitat; or 2) to use the sites. We belignat it would be more accurate to model
rearing habitat in the Below Daguerre segment ugiage sites because if we threw out these
sites, the rearing habitat would not include resirtim flatwater habitat types, which comprise
21 percent of the area of the Yuba River betweegubae Dam and the confluence with the
Feather River. We believe that the errors assedtiaith simulated velocities for these sites are
less than the errors that would be associatedrefifesenting flatwater habitats by bar complex
habitats.

Comment 2: It might be better to use simpler tools at gfoit: wetted width or mean velocity.
| would have included all Methods, Results, andcDssion of model calibration under Methods,
based on my assumption that the heart of the mattee habitat model output.

Response: We feel that wetted width or mean velocity wontet be biologically realistic.
Specifically, wetted width assumes that all wettaditat has equal habitat value, while mean
velocity does not consider the habitat requiremehfsy and juvenile anadromous salmonids
associated with depth or cover. We have pattetimedbormat of our reports as closely as
possible to that of peer-reviewed journal articlésthis regard, we note that a peer reviewer
from the first peer review of the Yuba spawningastated “All information presented,
including data, in the methods section that isalbtwa result should be extracted and discussed
in the Results section.” As a result, we haveglaall data in the results section for the Yuba
rearing report as well.

Comment 3:  Text (29 paragraph, p. 74) is general sweeping dismissdissfepancies and
does not appear consistent with my subjective ewias of all transects in Appendix H:
average FAIR for velocity simulations for Narro®)OR-FAIR for Rosebar; POOR-FAIR for
Lower Hallwood; FAIR for Whirlpool; POOR for Suck&lide; POOR-FAIR for Railroad. It
would be better to set a standard for acceptanogjestion of model performance. And if a
model is rejected, what would substitute for itReTargument that River2D smoothes out the
velocity profile is somewhat contrary to one of #rguments in favor of 2D modeling — that it
does a better job of simulating velocity vectolfsit is such a trend-averaging algorithm, is it
worth the effort to measure the bed at such alddtaiesh?
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Response: We believe that the commenter is referring toftllewing text: “As shown by the
figures in Appendix H, we attribute many of thefeliences between measured and predicted
velocities to noise in the measured velocity measents; specifically, for the transects, the
simulated velocities typically fell within the ram@f the measured velocities of the three or more
ADCP traverses made on each transect.” It shogilddved that transects in this sentence only
refers to XS1 and XS2 in Appendix H and not tofleep Beds, where there was only one
ADCP run. This sentence also needs to be viewddmthe context of the rest of the text
presented in the Results and Discussion sectioriRier 2D Model Velocity Validation. We
feel that the text, taken as a whole, acknowledgesliscrepancies in the model hydraulic
performance and is consistent with the data predantAppendix H. The report already
presents a standard for acceptance or rejectiarodel performance, namely a correlation of at
least 0.6 between measured and simulated velaciti@smodel is rejected, the only thing that
could substitute for it would be a model of a diéiet habitat type in another site. We would
view the smoothing of the velocity profile by Ri2€&r as a limitation on how much better a job
River2D can do than PHABSIM in simulating velocigctors. It should be noted that the area
in which River2D averages can be reduced by usiingea mesh.

Comment 4. The explanation (p. 75) about the Narrows doveastr transect and simulated
eddy suggests that the model, if it can’t be extengdhould have the habitat portion run on that
part of the reach that is not influenced by theyedd this is not possible, it suggests a
shortcoming in using 2D rather than 1D, where ageat can be excluded. The discussion of the
Side-Channel site is another caution about using®D: if upstream velocities are based on
depth rather than actual velocity distributiorisitmportant to have the upstream transect in the
appropriate location or have a means to modifyitbeming velocities.

Response: We agree that only running the habitat portioritenpart of the reach that was not
influenced by the eddy would have been an optiMe ended up being able to add a
downstream extension to the Narrows site and tkkeecome this potential shortcoming of using
2D rather than 1D. The lesson that we learned ttaSide-Channel site is that it is important
to collect bed topography data upstream of thetsiteiprove the velocity simulation at the
upstream end of the site. Thus, this was not &araabout using River2D, but rather a lesson in
what data is needed to produce an accurate hydsiniulation with River2D.

Comment 5: Is it possible the discrepancies in flow (p. ®&ult from flow through gravel at
riffles? That would explain underestimates butoarestimates.

Response: It is unlikely that the discrepancies in flowutsd from flow through gravel at
riffles, since the sites in question were locatedon-riffle habitats (specifically in two glides
and a pool). Itis more likely that the discrepgaadn flow were caused by errors in the ADCP
data. While the data in question was from only ABEP traverse, we have found that at least
three ADCP traverses are needed to get a dischi@ageomes within 5 percent of the known
discharge (Gard and Ballard 2003).
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REVIEWER #1

Findings, inter pretations and conclusions - Are the findings, interpretations and conclusions
valid?

Comment 1. For discrepancies in measured vs. predicted vedscithere is a post-hoc reason
given based on channel properties or equipmentdaigion. If one needs to look at the channel
or blame equipment to argue away model errors, Wwhakfit does the model provide?

Response: The model, relative to empirical methods such asafestration flow assessments,
provides the benefit of being able to simulate deind velocities over a range of flows, instead
of only at the observed flows for demonstratiomflassessments.

RIVER2D MODEL SIMULATION FLOW RUNS
Hal Beecher

Comment 1. The decisions and discussions on hydraulic mogeleem acceptable as far as
they go. However, the net effect is to say the eliad of hydraulics is not highly accurate. If
not, how accurate is the habitat modeling? Shthéddabitat modeling ignore velocity if it is
not modeled well or if depth is so great that mealnmn velocity is irrelevant. Of course, once
the commitment has been made to a particular maglalpproach, it is difficult to change, given
time and budget constraints. | believe the autba@she best they could under the
circumstances, but it is far from an ideal model.

Response: We acknowledge that the modeling of hydraulics wat highly accurate. We feel
that the habitat modeling, with respect to the alfd¢low-habitat relationship, is a better
representation of fry and juvenile anadromous salthoearing habitat in the Yuba River than
would be expected based on the accuracy of theabjidimodeling. Specifically, the overall
flow-habitat relationship is driven by the changehe distribution of depths and velocities with
flow. The distribution of velocities would not laffected by over or under-predicted velocities
because over-predicted velocities would have thposipe effect on the distribution of velocities
as under-predicted velocities. Ignoring velocityhe habitat modeling would be biologically
unrealistic since velocity is a key component gfdnd juvenile anadromous salmonid habitat.
We acknowledge that it is far from an ideal model.

REVIEWER #4

Comment 1. See previous comments regarding these Froude namitbie fact that
supercritical flow was predicted along the chammatgins (a physically unlikely location for
supercritical flow) suggests that the model resailésin question.

Response: The high Froude Numbers predicted along the chanaedjins need to be viewed
within the context of what effect they would hawvetbe overall flow-habitat relationships.
Specifically, the Froude Number only exceeded dreefaw nodes, with the vast majority of the
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site having Froude Numbers less than one. Furthiernthese nodes were located either at the
water’'s edge or where water depth was extremeljoshaypically approaching zero. A high
Froude Number at a very limited number of nodesader’s edge or in very shallow depths
would be expected to have an insignificant effectlee model results since juvenile salmonids
would not be expected to be found in such locations
HABITAT SUITABILITY CRITERIA (HSC) DATA COLLECTION
Hal Beecher
Comment 1. The discussion of HSC is good.
Response: No response needed.
HABITAT SUITABILITY CRITERIA (HSC) DEVELOPMENT
Hal Beecher
Comment 1. The discussion of HSC is good.
Response: No response needed.
BIOLOGICAL VERIFICATION
Hal Beecher
Comment 1. The discussion of verification is good.

Response: No response needed.

REVIEWER #3

Comment 1. In areas of the results where there were signifiddferences between predicted
used and unused habitats, the authors dismisse(ptl®5) by saying the model didn’t work or
they had low sample size in fish observations.

Response: We feel that we have correctly characterized#asons why there were significant
differences between used and unused habitats.eR&a#n dismissing the differences, we have
explained why there were significant differences.

Comment 2: If Guay (2000) on Hardy and Addly (2001) both usieel geometric mean — and

the authors justified their use of binary data dase Guay — then why did they elect to use the
product?
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Response: While there are some instances in the literattirere combined suitability has been
calculated using a geometric mean (Hanrahan 2084, Prewitt 1982, Hardy and Addley
2001), most applications of habitat modeling upeaaluct to obtain combined suitability (Vadas
and Orth 2001). Geometric mean calculations intipy good habitat for one variable can
compensate for poor conditions for another varigtle yield zero combined suitability when
any habitat variable is unsuitable (Vadas and @otbiL). Vadas and Orth (2001) concluded that
the product method was superior to the geometrimmmeethod because it was consistently
accurate and was a simpler regression model.

HABITAT SSIMULATION
Hal Beecher

Comment 1. The authors compare their habitat-flow relatiopsto those found in another
study. | concur with the authors in believing th&C based on both occupied and unoccupied
habitat, considering habitat availability, is pretele and favors the USFWS study. The use of
adjacent velocities gives an intuitive nod to gtisdy, but the description of their evaluation of
the adjacent velocities is less than persuasivee df 2D modeling in the present study is not
clearly preferable to PHABSIM, and the diagnosticthis study, while the right thing to do, did
not persuade me that the 2D model was superidretd® model (although | can’t determine the
quality of the PHABSIM model). The purported adizages of River2D, a higher density of
modeling points and flow vectors that can vary iirdensions, did not appear to translate into a
clearly high quality habitat model.

Response: As discussed above, we have refined our deswnijg our evaluation of the

adjacent velocities, and feel that it is now pesstea We feel that the use of 2D modeling in the
present study is clearly preferable to PHABSIM.e8fically, River2D avoids problems of
transect placement, since data are collected umijoacross the entire site (Gard 2009).
River2D also has the potential to model depthswahacities over a range of flows more
accurately than would PHABSIM because River2D takesaccount upstream and downstream
bed topography and bed roughness, and explicidg osechanistic processes (conservation of
mass and momentum), rather than Manisifgquation and a velocity adjustment factor (Lexler
et al. 1995). Other advantages of River2D areittwan explicitly handle complex hydraulics,
including transverse flows, across-channel vanmaitnowater surface elevations, and flow
contractions/expansions (Ghanem et al. 1996, Crowuake Diplas 2000, Pasternack et al. 2004).
With appropriate bathymetry data, the model sabmall enough to correspond to the scale of
microhabitat use data with depths and velocitieslpced on a continuous basis, rather than in
discrete cells. River2D, with compact cells, skidog more accurate than PHABSIM, with long
rectangular cells, in capturing longitudinal vaoatin depth, velocity and substrate. River2D
should do a better job of representing patchy rhigbatat features, such as gravel patches.
Based on the above, we feel that the 2D modelignctlise was superior to the 1D model. While
we acknowledge that our application of River2D Hadis, we feel that we ended up with a
higher quality habitat model than the previous PESB model.
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Comment 2: On page 100, the authors claim that the studyefsdthbitat over a range of
flows. Although this is true, the accuracy of thedel is open to question. Given that another
study has addressed the same issue, no basigfipadog the models and their results were
presented.

Response: We acknowledge that there are uncertaintiesdratituracy of the model results.
The discussion section presents the following bflasisomparing the models and their results:
“We attribute the differences between our study Bedk (1989) to the following: 1) the Beak
(1989) study used HSC generated only from use datapposed to the criteria generated with
logistic regression in this study; 2) the Beak @9&udy did not use cover or adjacent velocity
criteria; and 3) the use of PHABSIM in the Beak§3Pstudy, versus 2-D modeling in this
study. We believe that these differences likeskd the flow-habitat results in the Beak (1989)
study towards lower flows, since the HSC, generatdg from use data and without cover or
adjacent velocity criteria, were biased towardsvsioand shallower conditions. In contrast, our
study reduces biases due to availability and iredutie important juvenile habitat components
of cover and adjacent velocity. We attribute tifeecence in magnitude of the results from this
study versus Beak (1989) primarily to the use ga@eht velocity criteria in this study. A fourth
habitat suitability index parameter will tend tcué in overall lower amounts of habitat, since
the combined suitability index is calculated aspghaduct of the individual suitability indices.
The effects of adjacent velocity are most pronodratdow flows, where a large proportion of
the channel has low adjacent velocities, and tbwsshitability for this parameter. In
conclusion, we feel that the results of this stadya more accurate assessment of the
relationship between flow and anadromous salmawidrid juvenile rearing habitat than the
results of Beak (1989).”

REVIEWER #3

Comment 1. The authors attribute differences between theirlteand those of Beak (1986)
based on Beak’s use of only use data and thatcheadiuse adjacent velocity. See comments
earlier on use of adjacent velocity.

Response: See responses to comments earlier on use ofeaudjaelocity.

Comment 2. The authors did not comment on their assumptionrdaing habitat was limiting
in the Discussion section.

Response: To our knowledge, the data does not exist touatalwhether rearing habitat is
limiting. For example, information is lacking te lable to determine if doubling the amount of
rearing habitat would double the salmonid popuretio

Comment 3. Overall, | think the level of disagreement betwésnWUA vs. discharge
relationships these authors came up with comparéubse presented by Beak call into question
the application of these methods — and assumptnatie by the these authors and those of the
Beak report. In a simple sense, | fear that thpaltee emphasis on the physical modeling and
almost secondary nature of the biological informatiesulted in findings that | do not think are
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well justified as presented in this report. If tgreement were a little closer between the two
studies, | would expect that that may result ingdnér degree of confidence in the results, in
terms of basing flow management decisions on thesdts.

Response: Rather, we see the large difference betweenethdts of this study and the Beak
study as reflecting the importance of the improvetsé methods for conducting instream flow
studies since the Beak study was done. We disdlgatéhere was a disparate emphasis on the
physical modeling and almost secondary natureebtblogical information. Rather, the
biological information (principally the habitat sadbility criteria) played a critical role in the
findings in this report. We feel that the lackagfreement between the two studies simply
reflects the improvements in the methods for coidganstream flow studies over the last
twenty years, and that use of the state of thmathods for conducting instream flow studies
results in an improved degree of confidence inrdsailts, in terms of basing flow management
decisions on these results.

REVIEWER #4

Comment 1. It is highly unlikely that a river such as the Yuban dynamic equilibrium, given
the dam-induced changes in hydrology and sedimglg and transport. In the absence of any
supporting data, this paragraph should be removed.

Response: Our results on the American River, which has mugatgr dam-induced changes in
hydrology and sediment supply and transport tharitlba River, is provided as evidence that
the Yuba River is in dynamic equilibrium. Our finds on the American River were that the
January 1997 flood did not result in a substati@nge in Chinook salmon or steelhead
spawning flow-habitat relationships (US Fish anddiife Service 2000).

FACTORS CAUSING UNCERTAINTY

REVIEWER #3

Comment 1. On p. 104 the authors say they had ‘high correfdbetween measured and
predicted velocities’. This oversimplifies and @t entirely truthful. Regardless of what a stats
paper says — 0.6 is not a high correlation coefficior physical data. It may be great for
biological data — but physics should always obe&ystéime laws... Appendix H shows pretty
poor correlations, especially for slower velocitfedrere most fish were observed).

Response: We would not characterize the model performarsceomr, since the correlations
between measured and simulated velocities woultbhsidered to have a large effect for 6 of
the 8 sites. It should also be noted that diffeesrbetween measured and simulated velocities
reflect both errors in measurements of velocity arrdrs in simulations of velocity. Further, the
performance of the model should be viewed in cdniéihe effect of the model performance on
the overall flow-habitat relationships. Speciligathe overall flow-habitat relationship is
driven by the change in the distribution of dephd velocities with flow. The distribution of
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velocities would not be affected by over or undeseicted velocities because over-predicted
velocities would have the opposite effect on theritiution of velocities as under-predicted
velocities.

Comment 2. Regarding observer effects on habitat use datajiteetion of this bias would, |
think, be toward deeper water and higher velocities

Response: It is unknown if observer effects, if any, woulffect habitat use, and what direction
any resulting bias, if any, would be. If the fislthis study reacted to the observers the same as
they would react to a piscine predator, it is fk#lat the direction of the bias would be towards
shallower waters and lower velocities (Gard 2005).
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PG&E Comments

PG&E 1. Thank you for the opportunity to review your drafiorts on flow-rearing habitat relationships
for juvenile salmonids in the Yuba River, and flaatuation in the Lower Yuba River. Due to timd ataff
limitations, PG&E has been able to provide limitetnments only on the rearing report (attached). We
believe that release of this document is premaiithis. report relies on much the same theoreticaida
as the draft Yuba River spawning flow -habitat regpat you previously distributed for review. Sirtioce
collaborative group established to resolve issuésthvat report has not yet reached agreement, we
recommend action on the rearing report be dela@ede agreement is reached on the appropriate
analytical methods for that report, it should bsiegto revise the rearing report in an approprietanner.

Response:All three reports in this series have now undergaraeor more rounds of both peer
review and stakeholder review, and have been suiirtyg revised in an effort to address the
resulting comments. The revisions have includetitexhal data analyses and discussion, and
are well documented even if all issues could natelselved entirely. The work and resulting
reports are part of the Central Valley Project lay@ment Act (CVPIA) Instream Flow and
Fisheries Investigations, an effort which bega@atober 2001. Funding was provided under
Title 34, section 3406(b)(1)(B) of the Central \égllIProject Improvement Act, P.L. 102-575,
and the reports are the “deliverables” for workniifeed in CVPIA Annual Work Plans, most
recently for Fiscal Year 2010. Lack of agreemenvagimembers of the collaborative group
notwithstanding, we are required to finalize anéase the reports.

General Comments

PG&E 2. We believe that release of this document is premagiven that the collaborative group
established to resolve issues surrounding the ggatvning flow-habitat report has not yet reached
agreement on analytical methods used in that repogarticular, since this report relies on thensa
polynomial logistic regression approach to habgattability criteria (HSC) that is under the review
in the spawning habitat report, it would be appiaf# to wait until agreement is reached in thatugro
before completing the draft analysis containedis teport. Further, since the conclusions presgnte
in this draft report in Figures 56 and 57 suggéstt the rearing habitat in the Yuba River is muess|
sensitive to changes in flow than was previousiyght, there should not be any fishery implications
associated with delaying this report until all pag can reach consensus on the best scientificohgeth
to use.

Response:Please see response to comment above. In thegeagort on page 103, we state
the following:

“We attribute the differences between our studyBeak (1989) to the

following: 1) the Beak (1989) study used HSC getegtanly from use data, as
opposed to the criteria generated with logistiag@sgion in this study; 2) the Beak
(1989) study did not use cover or adjacent velomiteria; and 3) the use of
PHABSIM in the Beak (1989) study, versus 2-D mautgin this study.

We stand by this statement.



PG&E 3. The use of the term "Spring/Fall-run Chinook" thgbaut this report would be, more
correctly presented as "Fall/Spring-run Chinooketse simply "Chinook", since the vast majority of
the fry and juvenile Chinook in the Lower Yuba Rawve fall-run fish. In addition, there is uncertgy
regarding the degree of genetic introgression éhaits between late fall-run and spring-run Chinook

Response: Throughout the report we have changed spring/tadl€hinook to fall/spring-run
Chinook. We are not aware of any direct data idiggrthe proportion of fall-run versus
spring-run fry and juvenile Chinook in the lowerb@aRiver. Given the findings of Early and
Brown (2004) and McReynolds et al. (2004), it isikely that the proportion of fall-run
versus spring-run fry and juvenile Chinook in tbe/ér Yuba River could be accurately
estimated using the table provided by CDFG (Frasheé¥, Red Bluff, 1994) correlating race
with life stage periodicity and total length. Hfere are similar fecundities and survival rates
for fall-run and spring-run, our redd count data3Urish and Wildlife Service 2008) would
suggest that most of the fry and juvenile Chinaokhie lower Yuba River are fall-run fish.
Specifically, in 2001 we counted over 1,342 faitri@hinook salmon redds, while in 2002, we
collected habitat suitability criteria for 168 spgirun Chinook salmon redds. Based on the
above data and assuming similar fecundities andwalrates for fall-run and spring-run,
more than 89 percent of the fry and juvenile Chinimothe lower Yuba River are likely fall-
run fish. An evaluation of the degree of genatiogression that exists between late fall-run and
spring-run Chinook is outside of the scope ofshisly.

PG&E 4. References to "Daguerra Point Dam" appear to baevddrfrom an incorrect designation
on the USGS quad map for this area. These shouwtidreed to "Daguerre Point Dam" to reflect the
U.S. Army Corps of Engineers name for this strectur

Response:As noted by the commenter, the USGS quad map stimspelling as Daguerra
Point Dam. However, our research indicates thattirect spelling is Daguerre Point Dam
(Gilbert 1917, Sumner and Smith 1939, Hagwood 1981d that the spelling on the USGS quad
map is incorrect. In contrast, the oldest recbed tve could find (Price and Nurse 1896) uses
the spelling Daguerra Point. We have submittegjaest to the U.S. Board on Geographic
Names to correct the spelling of Daguerre Point@agduerre Point Dam. Throughout the
reports we have changed Daguerra Point Dam to DegBeint Dam on the assumption that the
U.S. Board on Geographic Names will approve theseections.

Methods

PG&E 5. Section 2. Study Segment Delineatioifhe report delineates only two segments in the Yuba
River, above and below Daguerre Point Dam. This do¢adequately reflect the variation in habitat
characteristics between Englebright Dam and thdlwemce with the Feather River. A collaborative
determination of habitat segments done for thf@aia Department of Fish and Game's (CDFG) Yuba
River Fishery Investigations in the |1 980's idétifour study segments based on habitat charatsy;i

two upstream of Daguerre Point Dam and two dowastre



Response:Bovee (1995a) notes that the flow regime is thenary determinant of segments,
and this is the criterion that we used. Thusstiey referred to by the commenter (Beak 1989)
likely used different criteria than we did in idéying four study segments, since there are only
minor differences in flow between the Narrows araddi Gravel Pit Reaches and between the
Daguerre Point Dam and Simpson Lane Reachesoulghe noted that our habitat typing
showed differences between the Narrows and Gan@aebPit Reach and between the Daguerre
Point Dam Reach and Simpson Lane Reach, with aegrpeoportion of flatwater habitat units

in the Narrows and Simpson Lane Reaches and aegi@aiportion of bar complex habitat units
in the Garcia Gravel Pit and Daguerre Point DamcRes. For rearing habitat, the differences in
mesohabitat composition between Beak’s (1989) e=awlould capture the variation between
the reaches. Accordingly, in this study we captuhe differences between Beak’s (1989)
reaches at the finer scale of mesohabitat types.

PG&E 6. Section 4. Field Reconnaissance and Study Site $&ta This section should be
expanded to include a more complete descriptitredafriteria that were considered in selection of
additional juvenile study sites, and an explanatbwhy the standard practice of selecting study
sites in collaboration with other stakeholders was$ followed.

Response: The section in question includes all of the créaghat were considered in selection
of additional juvenile study sites. This study dit occur as part of the Yuba Accord or some
other collaborative process. Selection of stutBssn collaboration with other stakeholders is
not our standard practice, nor are we aware of sumh a selection process would have
affected the selection of study sites.

Section 8. Habitat Suitability Criteria (HSC) Data Collection, and Section 10. Habitat Suitability
Criteria (HSC) Development

PG&E 7. As noted in the general comments, the specificajiph of polynomial logistic regression is
currently under discussion for the spawning hal@abrt. Once a consensus is reached in that faegarnding
the best scientific approach for HSC developmeuision to this report will be necessary to be sbest.

Response:While the specific application of polynomial logistegression was under
discussion for the spawning habitat report, th& tZaconsensus in that forum regarding the
best scientific approach for HSC development leatblwobtain additional peer review and
finalize the spawning report. We feel that polymalritogistic regression is an appropriate
scientific approach for HSC development, basedchemeer-reviewed scientific literature
(Knapp and Preisler 1999, Parasiewicz 1999, Gemdt 2000, Guay et al. 2000, Tiffan et al.
2002, McHugh and Budy 2004). Accordingly, thisogpwithout revisions to the method used
to develop habitat suitability criteria, is conerst with the spawning habitat report.

PG&E 8. Some explanation needs to be provided here fatehéfication procedures leading to the use
of the "juvenile salmonid"” classification presentediable 23, and how this classification is usah(t)
in this report.



Response:The following section of the report located on pd@es intended to provide the
explanation for the identification procedures |leadio the use of the “juvenile salmonid”
classification presented in Table 23:

“The results of the Mann-Whitney U tests and Pedsstest for association to
test for differences between Chinook salmon anellst@d/rainbow trout indicate
significant differences (at p = 0.05) between spedor fry for velocity and
adjacent velocity and for juveniles for depth (Réealues in Table 22) and for
both fry and juveniles for cover (see C values abl€ 22), but there were no
significant differences (at p = 0.05) between sgedor fry for depth or for
juveniles for velocity and adjacent velocity. Sirtbe p-value for depth for fry
was only slightly larger than 0.05, we developeobsate criteria for Chinook
salmon and steelhead/rainbow fry rearing to redygee Il error. For juveniles,
we lumped together data for both species for vela@rnd adjacent velocity, but
split the data between species for depth and cover.

This classification is used in the report for teeedopment of velocity and adjacent velocity habita
suitability criteria which were used for both julkerChinook salmon and steelhead/rainbow trout.

PG&E 9. The selection of 60 mm as the dividing point betirgeand juvenile life stages (rather than
the more commonly used 50 mm) needs to be mgredtified.

Response: The selection of a dividing point between fry andgnile life stages (either 50 or

60 mm) is arbitrary, since there is essentiallp@atinuous increase in depths and velocities
with increasing fish size. For example, we fouigghicant differences in depths for fish less
than or greater than 40, 60 and 80 mm (Table ¥1¢.were unable to consider 50 mm post-
hoc as a dividing point between fry and juvenife tages because we lumped all fish between
40 and 60 mm into one size category, and thus narable to separate out observations of
fish less than versus greater than 50 mm, witherdth-60 mm size category.

PG&E 10. Please describe the procedures that were usedstoathat habitat use measurements
were collected using proportionate effort amongahaisitat types.

Response:We are not aware of habitat use measurements bellegted using proportionate
effort among mesohabitat types. However, we a@awf habitat use measurements being
collected with equal effort (i.e. equal distancenpked) in different mesohabitat types, to attempt
to address effects of availability. While we didke an effort to sample all mesohabitat types,
so as to sample all of the available habitat fpraind juvenile anadromous salmonids, we did not
sample equal areas of different mesohabitat typethé following reasons: 1) equal area
sampling of different mesohabitat types does netjadtely address the effects of availability on
habitat use; 2) the use of logistic regressiongaki account the effects of availability on
habitat use; and 3) at least for larger rivers,ohabitat type has little to do with fry and juvenil
anadromous salmonid habitat use, based on ouredrsurkveys on the Sacramento River (U.S.
Fish and Wildlife Service 1996). Our snorkel sysendicated that the scale of mesohabitat
units for large rivers is so much larger than ttedes of habitat use that habitat use is controlled
by microhabitat parameters, rather than mesohdlgjiat.
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PG&E 11. Data collection methods for adjacent velocities aoé clearly explained. Footnote 17 on
page 21 indicates that "The adjacent velocity weasured within two feet on either side of the lonat
where the velocity was the highest." This footraises at least three questions. 1) How incongistere
velocities at a location where a school of fish alzserved, if the highest velocity was pickeddmesent use?
2) Why was the highest velocity and not the lowagtity (or modal velocity or some other measure)
selected as the focus point for your observati@hdhe explanation for a two-foot distance appéars
assume that the habitat where fry and juveniles aleserved was turbulent, but why does the repovide

no information to support that assumption? In addjtthe technique for integrating adjacent velesit
into the development of HSC, and their influenabemesults, does not appear to be clearly exgthin
anywhere in the report.

Response:We have modified the text in question as followslarify the procedures we used to
collect adjacent velocity measurements:

“The adjacent velocity was measured where the uglo@s the highest within 2
feet (0.61 meters) on either side of the residémcaion.”

We did not measure the fastest velocity at eactimtwhere a fish was observed, rather we
measured the mean column velocity at the exadidocavhere the school of fish were observed.
The adjacent velocity was a second velocity medsuithin 2 feet of the fish location. The highest
velocity was selected for the adjacent velocity sneements to be consistent with the mechanism of
transport of invertebrate drift from fast-waterase¢o adjacent slow-water areas where fry and
juvenile salmonids reside via turbulent mixingn& the amount of invertebrate drift
transported is expected to be proportional to civelocity, it is reasonable to select the highest
nearby (within 2 feet) velocity as the adjacenbedly. Without adequate food supply via
invertebrate drift from fast-water areas, fry andgnile Chinook salmon and steelhead are
unable to grow and survive, a critical aspect efrthabitat requirements. Flow in rivers is
generally turbulent — laminar flow is rare in nalusystems (Chow 2009). This was a general
assumption on our part, and we did not assessithelénce specifically in areas where we
located fry and juveniles. The technique for in&igg adjacent velocities into the development
of HSC is explained in the following two portionktext from the methods section of the report:

“Because adjacent velocities were highly correlat@t velocities, a logistic
regression of the following form was used to depeddjacent velocity criteria:

Exp(I+J*V+K*3# L*V3+M*V*+N*AV)
FIEQUENCY =  mmmmmmmm oo .4
1+Exp (I+J*V+K¥+L*Vi+M*V '+ N*AV)

where Exp is the exponential function; I, J, KM.and N are coefficients
calculated by the logistic regression; V is velpeihd AV is adjacent velocity.
The | and N coefficients from the above regressiere then used in the
following equation:
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Exp (I + N * AV)

............................. (5)
1+Exp (I +N*AV)

We computed values of equation (4) for the rangecotipied adjacent velocities,
and rescaled the values so that the largest vadiselvd. We used a linear
regression on the rescaled values to determineg tise linear regression
equation, HSJ (the HSI where the AV is zero) and AM (the AV at which the
HSlis 1.0). The final adjacent velocity critestarted at H3lfor an adjacent
velocity of zero, ascended linearly to an HSI @&f 4t an adjacent velocity of
AV and stayed at an HSI of 1.0 for adjacent velagieeater than AMy.”

and

“The software calculates the adjacent velocityeach node, then uses the
adjacent velocity criteria to calculate the adjastocity suitability index for
that node. This index is then multiplied by thentned depth, velocity and
cover suitability indices. This product is thenltiplied by the area represented
by each node to calculate the WUA for each nodth thie WUA for all nodes
summed to determine the total WUA for each mesaattyipe, flow, life stage
and species.”

The influence of adjacent velocities on the resslexplained in the following text from the
discussion section of the report:

“We attribute the difference in magnitude of theulés from this study versus
Beak (1989) primarily to the use of adjacent velpocriteria in this study. A
fourth habitat suitability index parameter will teto result in overall lower
amounts of habitat, since the combined suitahititiex is calculated as the
product of the individual suitability indices. Th&ects of adjacent velocity are
most pronounced at low flows, where a large propomf the channel has low
adjacent velocities, and thus low suitability foistparameter.”

PG&E 12. Section 9. Biological Verification Data Collectiorand Section 11. Biological
Verification As has been recently discussed relative to therspgivabitat report, an test hypothesis
that compound suitability is higher where fishjamesent than where they are absent does not provide
reasonable scientific evidence that the HSC besstgd represent the best available choice for gtiadi
habitat use.

Response:Our intent with the biological verification datallestion and biological verification
was not to determine that the HSC being testecesept the best available choice for predicting
habitat use. Rather, our intent was to determinetier we could verify a combination of the
hydraulic modeling and the habitat suitability eria to increase the confidence in the
application of the flow-habitat relationships thadre generated from the habitat suitability
criteria. In this context, we define “verify” aB@wing that fish are actively selecting a
particular combination of habitat conditions, basad higher combined suitability for
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occupied versus unoccupied locations. We belieakthe failure of the biological verification
was primarily due to errors in predictive accuratyhe hydraulic modeling (see pages 98 to
102 of the rearing report). We view the questibwloether the HSC used in a study represent
the best available choice for predicting habita as being addressed by the selection of the
parameters (depth, velocity, cover and adjacermtcity) and the technique (logistic regression)
used to develop the habitat suitability criteria.this regard, we note that most instream flow
studies, including the Beak (1989) study, wouldbaracterized as unverified, since they do not
include a bioverification component.

Results
PG&E 13. Section 1. Study Segment DelineatioRlease refer to comment on Methods, Section 2.
Response:See response to PG&E 5.

PG&E 14. Section 3. Field Reconnaissance and Study Site $tten Please refer to comment on
Methods, Section 4.

Response:See response to PG&E 6.

PG&E 15. Section 5.4. River2D Model Velocity ValidationThe report states that the models for
three of the sites used in this study are quedilert@ecause the velocities would not calibrategatet
from these sites appears to be used in the sionggtresented in this report without any furthefeeds, or
sensitivity analyses to evaluate the implicatidriese questionable sites to the overall resulis a
conclusions. Please explain.

Response: The addition of a downstream extension to one etlinee sites resulted in the
velocity simulations for that site validating. Rbe two sites for which the models are still in
guestion because the velocity simulation woulduatiiate, we added further caveats to the
discussion unddfactors Causing UncertaintyWe did not have sufficient resources to allow
us to conduct a post-hoc sensitivity analysis twate the implications of these sites where
the models are in question.

PG&E 16. Section 6. Habitat Suitability Criteria Data Colledion Footnote 25 on page 38

notes that only one observation was made for eamlpgof closely associated individuals. Was an
estimate of the number of individuals in each groegorded? If so, the discussion on page
should indicate how many total individuals arerestied to be represented by these observations. If
these data were not collected, the report shoupdagx why not. See also comments on
Discussion, Section 5.

Response:Yes, an estimate was recorded for the number ofichehls in each group. We
added the following text to the discussion urnidabitat Suitability Criteria Data Collection
to respond to the above comment:

“Each observation in our study represented betviesmd 300 fish, with a median
of 3 fish per observation.”
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PG&E 17. Section 8. Habitat Suitability Criteria Development See comments on Methods,
sections 8 and 9.

Response:See responses to PG&E 7-12.

PG&E 18. Section 9. Biological Verification See comments on Methods, Section 9.
Response:See response to PG&E 12.

Discussion

Section 5. Habitat Suitability Criteria (HSC) Devebpment

PG&E 19. As noted previously, the specific application dfpamial logistic regression is currently
under discussion for the spawning habitat reportc®a consensus is reached in that forum
regarding the best scientific approach for HSC dgwment, revision to this report will be
necessary to be consistent.

Response:See response to PG&E comment 7.

PG&E 20. The report needs detailed sensitivity analysixfagn the influence of the adjacent
velocity function applied here on the flow-habitdationship that is presented

Response:We did not have sufficient resources to allow usdnduct a post-hoc detailed
sensitivity analysis to explain the influence of #djacent velocity function on the flow-habitat
relationship. See also response to YWCA commenwvbére we conducted a preliminary
sensitivity analysis of the effect of the adjacegibcity parameter on the flow-habitat
relationship. The following text from the discumsisection is intended to address the
influence of the adjacent velocity function on fleav-habitat relationship:

“We attribute the difference in magnitude of theulés from this study versus
Beak (1989) primarily to the use of adjacent velocriteria in this study. A
fourth habitat suitability index parameter will teto result in overall lower
amounts of habitat, since the combined suitahititlex is calculated as the
product of the individual suitability indices. Tl#ects of adjacent velocity are
most pronounced at low flows, where a large propormf the channel has low
adjacent velocities, and thus low suitability foistparameter.”

PG&E 21. Section 6. Biological Verification While the report concludes that the biological
verification was unsuccessful, there is no invasiig of the performance of other approaches.
For example, application of HSC developed by BEAKe FWS River 2D model and testing the
predictive ability of that simulation would presarpure validation scenario, where the predictive
ability of HSC developed with one years data ietbagainst another years data. The does not
seem to even be an attempt to compare the pregiebults of simulations using variations on



the HSC presented in this report, for example aitd without adjacent velocity criteria.
Without this sort of rigorous and open- minded eatibn, this report cannot present a convincing
case that the methods used in developing theséasiomg are scientifically credible.

Response:Our approach is to use the best current sciemtifazmation in our studies. The
HSC developed by Beak do not include importantpatars for anadromous salmonid fry and
juvenile habitat (cover and adjacent velocity) anel biased towards low depths and velocities
because they were based entirely on use data. oWetdhink that it would be appropriate in
the report to compare the predictive results olusitions with and without adjacent velocity
criteria because simulations without adjacent vigfagiteria would neglect a critical portion of
the habitat requirements for anadromous juvenil@@aids, namely delivery of invertebrate
drift. Without adequate food supply via invertdbrdrift from fast-water areas, fry and
juvenile Chinook salmon and steelhead are unaldeaw and survive, a critical aspect of their
habitat requirements.

Section 7. Habitat Simulation

PG&E 22. This section dismisses the habitat simulations|dped in the BEAK study on
theoretical grounds, but does not provide any dbjeevidence of the superiority the new
simulations presented here. See comments on d@t&ection 6, above

Response:Our intent in this study simply was to use a modeateling approach (a 2d
model); a modern statistical analysis (logisticresgion) that could account for habitat
availability; and to include estimates of two adxhtl variables (cover and food availability)
that are key to habitat selection by salmonid frgt puveniles. In this regard, we note that most
instream flow studies, including the Beak (198@yst would be characterized as unverified,
since they do not include a bioverification compane

PG&E 23. Figures 58 and 59 suggest that the rearing habitétte Yuba River is much less sensitive
to changes in flow than was previously thoughhi#f conclusion is correct, then there is no
scientific urgency in issuing this report beforesthkeholders can complete the ongoing
evaluation of the draft spawning habitat reportdaieach consensus on methods which may also
be applicable to this report.

Response:We agree that the rearing habitat in the Yuba Re/eruch less sensitive to
changes in flow than was previously thought. Fogdias provided under Title 34, section
3406(b)(1)(B) of the Central Valley Project Improvent Act, P.L. 102-575, and the report is a
“deliverable” for work identified in CVPIA Annual Wk Plans, most recently for Fiscal Year
2010. We are required to finalize and releasedpert.
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Greg Pasternack Comments

Overview

GP (Greg Pasternak) 1.1 am a strong proponent of the use of 2D modelmgristream flow
assessment in rivers with highly non-uniform chdsyrsuch as the lower Yuba River. That
only makes it that much more painful to see theaut of this study in which no bioverified
2D model could be produced, despite spending $X00,8lowever, | do not think the fault lies
in general with 2D models, but rather with the expental design of this one study. At every
step of the procedure reported in this study, tlveeee many highly questionable assumptions
or actions that led to the poor outcome. In myguent, the authors do not know how to
produce an accurate topographic map. Further, ebeugh they use RIVER2D regularly, |
do not believe they understand fluid mechanicsoov to properly tune the model parameters
of a 2D model. The approach they use to obtainngtneam water surface elevations is very
poor and inaccurate. Most of all, it is very congag that having obtained 2D model
predictions that were invalid at several sites, #ughors pushed forward with habitat modeling
anyway without taking the time to make correct ngdd&hen, even after 3 of 4 habitat models
were found to NOT be bioverified by the authorsiest measure, they went ahead anyway
again and generated WUA results for all sites, rdgss of whether hydraulic and/or habitat
models were verified or not. | cannot expresdéfel of shock | feel reading this report, with
my jaw on the floor in disbelief. This report pgats among the worst science | have ever
reviewed. | feel awful submitting this review, banhesty requires valor in this instance.

Response:We agree that 2D modeling is appropriate for cotidganstream flow studies in
rivers with highly non-uniform channels, such as lilwer Yuba River. We acknowledge that
we were unable to biologically verify the hydraudicd habitat models that were produced.
However, the failure to biologically verify theseodels does not mean that the models are not
useful for the purpose of this study, namely prongdscientific information to use in
determining instream flow needs for anadromousifisgihe Yuba River. Rather, it means that
we did not have an increased confidence in theotifee flow-habitat relationships from this
study for fisheries management in the Yuba Riv&s.discussed below, we feel that the
experimental design, assumptions and actions ahtteeam flow study were appropriate. We
would characterize the outcome as having a levahoértainty, rather than as being a poor
outcome. The outcome also needs to be viewedmiitiei context of alternative sources of
information that are available to use in deterngnimstream flow needs for anadromous fish in
the Yuba River. Specifically, despite the levebatertainty in the outcome of this study, we
feel that the results of this study are a more i@&teuassessment of the relationship between flow
and anadromous salmonid fry and juvenile rearirigtagthan the competing study results due
to the improved methods used in this study, narhelSC generated only from use data in the
competing study, as opposed to the criteria geaé@naith logistic regression in this study; 2) the
lack of use of cover or adjacent velocity critendahe competing study; and 3) the use of
PHABSIM in the competing study, versus 2-D modeimghis study.

The accuracy of a topographic map is properly vibae a continuum, from less accurate to
more accurate, based on the density of topograjatiac The topographic point densities, which
influence map accuracy, fall within the range gfaeed values in published studies. For
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example, LeClerc et al. (1995) had a point densfit§.25 to 2 points/100 mwhile Jacobson

and Galat (2006) had a point density of 6 poin@/f. This study was one of our earlier
River2D studies and we have been using higher g@nsities in more recent studies to try and
improve the hydraulic predictions of our River2Daets. We have been able to use higher
point densities in our more recent studies becaus@ew equipment (robotic total station and
survey-grade RTK GPS) have enabled us to collggttenipoint densities (on the order of 40
points/100 M) within our time constraints for data collectiofihis higher point density has had
a moderate effect on the accuracy of the hydramtidels, increasing the average correlation
between measured and simulated velocities fromi0.8dr Yuba spawning study (which
preceded this study) to 0.80 in our lower Clearekrgpawning study. As a result, it does not
appear that the lower topographic point densitgeslun the Yuba spawning study and this study
had a large part in causing inaccuracies in hydrambdel results. Furthermore, inaccuracies in
hydraulic model results would likely not propagtteugh the habitat modeling steps and into
estimates of WUA. Specifically, the overall flovedtitat relationship is driven by the change in
the distribution of depths and velocities with flowhe distribution of depths and velocities
would not be affected by over or under-predicteptile and velocities because over-predicted
depths and velocities would have the opposite effe¢he distribution of depths and velocities
as under-predicted depths and velocities.

We believe that we have an adequate understantifigcdomechanics to properly tune the
model parameters of a 2D model, since we haveveltbbest modeling practices, in terms of
guantifiable definitions of how the model perforras,given in U.S. Fish and Wildlife Service
(1994), Steffler (2002), Waddle and Steffler (20@)d Steffler and Blackburn (2002). With
regards to the approach used to obtain downstreater wurface elevations, see response to GP
comment 3. We would not characterize the 2D mpdadictions as being invalid at several
sites, rather we would characterize the predictairtee hydraulic models for those sites as
having a higher degree of uncertainty. With theadee had available, making better models
was not possible, and further time would not hdieed us to improve the velocity predictions
for these sites. Further, because of channel @sasigce the data was collected, we were unable
to collect additional data to improve the velo@tgdictions for these sites. Given that we had
two possible options following the failure to valié the velocity predictions for these sites [1) to
throw out these sites and represent flatwater aiinitthe Below Daguerre segment by bar
complex habitat; or 2) to use the sites], we fidel bur decision to use the sites was the best
(albeit not ideal) option. We believe that it wollle more accurate to model rearing habitat in
the Below Daguerre segment using these sites bedaws threw out these sites, the rearing
habitat would not include results from flatwatebitat types, which comprise 21 percent of the
area of the Yuba River between Daguerre Dam anddhBuence with the Feather River. We
believe that the errors associated with simulatddotties for these sites are less than the errors
that would be associated with representing flatmadbitats by bar complex habitats.

We acknowledge that we were unable to biologicadiyfy 3 of the 4 the habitat models that
were produced. However, the failure to biologigakrify these models does not mean that the
models are not useful for the purpose of this stadynely providing scientific information to
use in determining instream flow needs for anadusfsh in the Yuba River. Rather, it
means that we did not have an increased confidartbe use of the flow-habitat relationships
from this study for fisheries management in the & &®ver. In this regard, we note that most
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instream flow studies, including the Beak (198@dst would be characterized as unverified,
since they do not include a bioverification compané~Ne feel that we have used the best
currently available science in conducting this gfugiven constraints of field equipment and
time. While we do not agree with the commentessegsment of this report, we appreciate his
candor.

GP 2. | recommend rejection of this report. The USFW&ukhnot publish this.

Response: Funding was provided under Title 34, section 381(@)(B) of the Central Valley
Project Improvement Act, P.L. 102-575, and the rejsoa “deliverable” for work identified in
CVPIA Annual Work Plans, most recently for Fiscaar 2010. We are required to finalize and
release the report.

Detailed comments follow by section.
Methods

GP 3. On page 4 it says that PHABSIM was used to obtagtream and downstream water
surface elevations for a range of discharges. Tiedlem with this approach is that PHABSIM
does not account for momentum conservation, wheheaower Yuba River is highly non-
uniform and requires an accounting of convectiveeteration terms. In the absence of
directly measuring water surface elevations, winiusd have been done is that a model such
as HEC-RAS that actually uses the 1D form of thenembtum equation should have been used
together with some known water surface elevatiorma the many past studies that have done
HEC-RAS models on the lower Yuba River- most rgckmtthe Upper Yuba River Studies
Program effort. In a recent comparison paper, Bnoand Pasternack (2008) showed that a
model like HEC-RAS can do reasonably well at ggtiwater surface elevations right, whereas
Manning's equation and other empirical tools in FB&M will yield results that are far off the
mark. Of course this issue has been known foratesaand is not a new finding per se. This is
highly significance, because the 2D model takesvtiter surface elevations as inputs that
drive all the depths and velocities in the modetiognain. | always thought in the past that
this group used a model like HEC-RAS to get itewstirface elevations, but if it has always
used Manning's equation, then that would explaig e models perform so poorly. At a
minimum, one could run HEC-RAS at a couple locat@md see if the water surface elevations
come out differently or not, and if so by how muight is more than 20% different, then you'd
want to re-do the 2D models for sure.

Response: PHABSIM was only used to develop stage-dischaefgionships at the upstream
and downstream boundaries. PHABSIM has three ngtioan can be used to develop stage-
discharge relationships: [5G4, which is a strictly empirical regression meth@aiMANSQ
which operates under the assumption that the geypmkthe channel and the nature of the
streambed controls WSELSs; andWBR the water surface profile model, which calculdbes
energy loss between transects to determine WSEBEs strictly empirical method, with the
exception of the stage of zero flowG4 does not account for momentum conservation.
However,IFG4 is comparable to the standard method used to ojgwgthge-discharge
relationships for gaging stations:
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Discharge ratings for gaging stations are usuatgmiined empirically by means
of periodic measurements of discharge and stagetfRé al. 1982, page 285).

MANSQaccounts for momentum conservation by assumirtghtieameasured hydraulic slope is
equal to the energy slope, based on an assumgtioriform flow (U. S. Fish and Wildlife
Service 1994). IMANSQ Manning’s equation is solved for Manning’s n aealischarge,
based on measurements of water surface elevaismiaige, hydraulic slope and dimensions of
the channel cross sectiodVSPaccounts for momentum conservation by determithiegenergy
slope between adjacent cross-sections, but requipes of a water surface elevation at the
downstream-most cross section (U. S. Fish and Wél&ervice 1994) WSR as a step-
backward model, can explicitly account for conveetacceleration terms by using the 1-D form
of the momentum equation (the open-channel forBeshoulli equation), and thus is
functionally equivalent to HEC-RAS. It should beted that the stage-discharge relationships
for all of the upstream and downstream boundari®weveloped using measured water
surface elevations at the upstream and downstreaimdaries; specifically for all sites except
Side-Channel Site using water surface elevatioresored at four different flows (Appendix D).
We feel that it is more accurate to develop stageharge relationships using water surface
elevations measured at the precise geographiddocat the upstream and downstream
boundaries, rather than using a HEC-RAS modelaatdeveloped for past studies, which
likely would not have been developed using measwagdr surface elevations at the precise
geographic location of the upstream and downstigammdaries. We were able to determine
from the calibration process how well the stagetthsge relationships developed WG4 or
MANSQdid at getting water surface elevations rightotigh comparing simulated to measured
water surface elevations at the flows at which wsiteface elevations were measured (Appendix
D). The calibration process indicated: 1) for lingations wheré~G4 was used, there was a
log-log stage-discharge relationship; and 2) ferldtations whertIANSQwas used (Lower
Hallwood transect 1 at flows less than 1,900 cf$ &uacker Glide transect 2), the assumption of
uniform flow was valid at those locations. BrowmdaPasternack (2009) evaluated a
fundamentally different question than considerethis study. Specifically, Brown and
Pasternack (2009) evaluated water surface prdBjestial variation) at two flows, while this
study developed stage-discharge relationshipseatamation over a range of flows (variation in
flow). In all of our past studies, we have usegl tiodels in PHABSIM to develop stage-
discharge relationships at the upstream and doearstboundaries of our 2-D models and
ensured they conformed well to measurements maithe study site boundaries. Given the
successful calibration for the stage-dischargdicglahips, as shown by comparison with
measured water surface elevations, we feel thaunlikely that errors in velocity simulation are
due to the stage-discharge relationships useaatdtvnstream boundary or the water surface
elevation at the upstream boundary used to caditthet 2-D model. We feel that running a
HEC-RAS model that was developed for past studmsldvnot be useful for validating the
stage-discharge relationships developed in thdystince differences between the output of
HEC-RAS and the stage-discharge relationships imstttls study could as likely be due to
errors in the HEC-RAS model resulting from samplivgr the coarse spatial scale of the HEC-
RAS model, versus errors in the stage-dischargéioakhips used in this study.
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GP 4. Hydraulic roughness is well known to be a functiéthe grain size to depth ratio,

which varies with discharge. Consequently, thegtmess parameter in the model should be
different for each discharge. As discharge increaseatial variation in depth and velocity
decreases, so doing calibration at the highesthdisge constitutes doing the least rigorous test
of the 2D model. | always check the lowest disghdine most thoroughly in calibration and
validation, because it has the most complex flottepa and thus provides the most rigorous
test.

Response: River2D uses a Chezy coefficient for its rouglsngsrameter; the Chezy coefficient
is a function of the bed roughness height (a mleltyb grain size plus cover size) to depth ratio,
and thus the roughness parameter in River2D isréifit for each discharge (Steffler and
Blackburn 2002). Our assumption has been thawdter surface elevation at the upstream end
of the site, which is what we use for calibratimnost sensitive at the highest simulation flow,
versus the lowest simulation flow, and thus thahgaealibration at the highest discharge would
be the most rigorous test of the 2D model. As showthe table below, there is no clear trend in
spatial variation at high versus low flows. Howewwverall there is a larger difference in water
surface elevation between the upstream and dovenstead of the sites at the highest flow
where we measured water surface elevations, asarechfo the lowest flow where we
measured water surface elevations, supporting ssuraption that spatial variation in water
surface elevation is greater at high, versus Itowd. If our calibration was based on spatial
variation in depth and velocity, rather than watarface elevation, we would agree with the
commenter that calibration at the lowest dischargeld be the most rigorous test of the 2D
model.

Difference Between WSEL (ft) at Upper versus Lower Transect Highest Divided

Site Lowest Measured WSEL Flow  Highest Measured WSEL Flow By Lowest

Diversion 0.79 0.89 113%
Lower Hallwood 0.42 1.19 280%
Narrows 0.22 1.39 630%
Railroad 0.04 0.03 88%
Rose Bar 5.90 5.36 91%

Side Channel 0.00 0.70
Sucker Glide 0.34 0.19 57%
Whirlpool 2.15 1.56 72%
Average 190%

We also checked the performance of the 2D modiledibwest simulation flow to further test
our assumption As shown on the following page, the Narrows, eowallwood, Whirlpool

and Railroad sites successfully calibrated atdleskt simulation flow, with all WSELs
predicted by River2D at the upstream end of thee(siinsect 2) falling within 0.10 feet of the
WSELSs predicted by PHABSIM at that location. Fov@tsion Site, the performance of River2D
was equivalent at the highest and lowest simuldtaws — River2D overpredicted the WSEL at

We were not able to check the performance of tde Shannel site at the lowest simulation
flow since we were unable to develop a stage-drggheelationship for this site.
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Narrows Site
Difference (measured vs. pred. WSELS, feet)

XSEC Br Multiplier ~ Average  Standard Deviation Maximum
2 1.0 0.08 0.001 0.08

Rosebar Site
Difference (measured vs. pred. WSELSs, feet)

XSEC Br Multiplier Average  Standard Deviation Maximum
2 0.75 0.24 0.02 0.27
2 0.8 0.19 0.02 0.22
2 1.0 0.25 0.02 0.28

Diversion Site
Difference (measured vs. pred. WSELS, feet)

XSEC Br Multiplier ~ Average  Standard Deviation Maximum
2 0.3 0.12 0.01 0.14

Lower Hallwood Site
Difference (measured vs. pred. WSELSs, feet)

XSEC Br Multiplier Average  Standard Deviation Maximum
2 0.55 0.04 0.001 0.04
Whirlpool Site
Difference (measured vs. pred. WSELS, feet)
XSEC Br Multiplier ~ Average  Standard Deviation Maximum
2 0.7 0.01 0.005 0.02

Sucker Glide Site
Difference (measured vs. pred. WSELSs, feet)

XSEC Br Multiplier Average  Standard Deviation Maximum
2 0.3 0.67 0.001 0.68
Railroad Site
Difference (measured vs. pred. WSELS, feet)
XSEC Br Multiplier ~ Average  Standard Deviation Maximum
2 1.0 0.03 0.003 0.03

the highest simulation flow by 0.12 féeind underpredicted the WSEL at the lowest simrati

flow by 0.12 feet. The overprediction of the upatn WSEL for Sucker Glide site was due to an
eddy at the downstream boundary which would recuilewnstream extension to resolve, rather
than a change in the bed roughness multipliefisrdite. For Rosebar Site, the performance of

*The Diversion site was calibrated at the highest/fivhere we measured a WSEL.
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River2D at the lowest simulation flow was not séusito the BR value, indicating that we
could not have significantly improved the caliboatiof this site at low flows by using a different
BR value.

GP 5. The study site selection explanation is poorlytemitand very unclear. Ok, | see now
that the problem is that the author is consideriing delineation, habitat mapping, and site
selection as results. Huh? Site selection isan@sult, but part of the study methodology.
Please state the number and area of the mesohalnittst present in each of the two segments
in the methods section. Then state the numbdudy sites within each unit within each
segment. Do any units have zero study sites? dtoyou define “less common” types?
Please provide actual numbers to backup the claemthe composition of the study sites was
reflective of the mesohabitat composition of thiremeach. That would be more concise and
more informative.

Response: The current format of our reports, where we rsafgarate methods, results and
discussion for each study task in Table 1, wasdasegeer review comments we received on
previous reports. The relative clarity of diffeteaport formats is a subjective judgment that
varies from reader to reader. We feel that theeciformat of our reports most closely
conforms to that of peer-reviewed journal artickes thus we have retained the format, with
separate methods and results for delineation, dtaii&pping and site selection. The number and
area of mesohabitat units present in each of thesegments is given in Table 8, while Table 9
gives the number of mesohabitat units in the sty of each habitat type within each
segment. We are assuming that when the commesetations units, the commenter is actually
referring to mesohabitat types. Since most stitdg sncluded multiple mesohabitat units and
multiple mesohabitat types, it is not possibleit@dhe number of study sites within each
mesohabitat type within each segment. As showirable 8, no flatwater glide and flatwater
riffle mesohabitat units were present in any ofshely sites for the Above Daguerre Segment,
and no flatwater riffle, side channel riffle or sidhannel glide mesohabitat units were present in
any of the study sites for the Below Daguerre Segmin addition, cascades were not present in
any study sites. For all of the above, these masitdt types were either absent (flatwater riffle
in the Below Daguerre Segment), or comprised less 2 percent of the total area in that
segment and there were only 1 or 2 mesohabitad ohithat mesohabitat type present in the
segment (see Table 8). We defined less commors gp¢hose which comprised less than 15
percent of the total area in a given segment. Wdea Table 10 to the report to provide actual
numbers to demonstrate that the composition otihay sites was reflective of the mesohabitat
composition of the entire reach.

GP 6. The claim that you cannot navigate the Narrowsdbtg the Englebright Dam Reach is
misleading, because there is easy drive-in accegggunction with Deer Creek that | use all
the time. We were able to make a detailed topdgcamap of that entire section with no
difficulty at all and we have run 2D models of st\aell.

Response: We were unaware of the privately-owned, driveeascat the junction with Deer
Creek. Accordingly, based on our knowledge dutirggstudy we were unable to sample above
the Narrows. We applaud the commenter for makidgtailed topographic map and running 2D
models of that entire section.
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GP 7. It is very notable to me that for the segment gastr of Daguerre, the study
dramatically overrepresents riffles and underrems the long, calm glides. For example,
between the Narrows Site and Rose Bar Site thexdoisg glide that has a lot of complex bank
topography and riparian vegetation along the sdogimk. That is where fry and juveniles are
likely to be feeding. Same too upstream of theSi#@ra Site. Overall, | consider the site
selection to be a failure. The lesson | have ledrfrom this failed effort is to abandon site
selection and move on with mapping and modelingeenver corridors with 2D models,
retaining the same high resolution that was usetthatsite scale, thanks the much better 2D
models than RIVER2D that now exist. | feel baduaipgiven how much work was done by the
USFWS, but the effort was in vain in my judgment.

Response: Glides were well represented in the study sifegream of Daguerre. As shown in
Table 9, the study sites upstream of Daguerre oweda total of four bar complex glides and
one side channel glide. In fact, bar complex glidere represented more than bar complex
riffles in the study sites upstream of Daguerrigtiee to their abundance in the segment. As
shown in Table 29, the ratio of total area of bamnplex glides to the area of bar complex glides
in the study sites upstream of Daguerre was 2.8deuhe ratio of total area of bar complex
riffles to the area of bar complex riffles in thady sites upstream of Daguerre was 2.86. In
other words, the study sites upstream of Dagueméamed, respectively, 43 percent (1/2.34)
and 35 percent (1/2.86) of the total area of banmex glides and bar complex riffles upstream
of Daguerre. It should also be noted that theieabn of the ratios in Table 29 resulted in the
total segment habitat exactly representing thethbbomposition of the segments upstream and
downstream of Daguerre. Accordingly, we feel gitd selection was successful. Mapping and
modeling entire river corridors serves useful fimts, such as evaluating whether study sites are
representative of the depth and velocity distriimsi of entire segments. However, mapping and
modeling entire river corridors is not yet ableowof use in simulating juvenile salmonid habitat
because cover, a critical element of juvenile salichdabitat, cannot yet be cost-effectively
mapped in for an entire river corridor.

GP 8. In operating a total station many sources of ermocumulate. Temperature, wind, and
direct sunlight changes throughout the day aregmigicant source of error if left unchecked.
Reporting the “accuracy” of the instrument itsedfnnot useful. Normal protocols call for
measuring known points periodically throughout edely in the field and recording horizontal
and vertical deviations. Then in a report one rdpdhe mean and standard deviation of the
checks performed throughout a study.

Response: We agree that many sources of error accumulatpenating a total station.

However, based on the limited data we have avaias discussed below, it does not appear
that errors from total station operation in thisdst were significant. To test what effect
temperature, wind and direct sunlight changes tjinout the day may have had on our data, we
did a test with the total station that we usedffits study, where we made 50 measurements on
the same location. The measurements were madehgitmeasurement location positioned 266
feet from the total station, which was the aversigpe distance for all of the total station
measurements we made for the Yuba River studyedas the results of this test, as shown in
the table on the following page, temperature, vand direct sunlight changes are an
insignificant source of error (i.e., typically with0.1 ft).
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Northing (feet) Easting (feet) Bed Elevation (Jeet

Mean Points 1-10 137.9 226.5 102.83
SD Points 1-10 0.09 0.15 0.002
Mean Points 11-20 137.8 226.4 102.83
SD Points 11-20 0.001 0.001 0.000
Mean Points 21-30 137.8 226.4 102.83
SD Points 21-30 0.002 0.002 0.001
Mean Points 31-40 137.8 226.4 102.83
SD Points 31-40 0.001 0.002 0.001
Mean Points 41-50 137.8 226.4 102.84
SD Points 41-50 0.002 0.003 0.001

We acknowledge that the manufacturer’s specificatior the total station represent a best-case
scenario for the accuracy of the total station .d&tawever, since we do not have any other
information available to assess the accuracy ofitlia, the reported accuracy of the instrument
is the best information that we have available, #wg we have retained that information in this
report. We did not measure known points periotiidaroughout each day and so do not have
information on horizontal and vertical deviatiortdowever, we do have multiple measurements
on the horizontal location of known points madeddferent days. For the 15 known points
where we had known measurements, the median sthddaiation of the northing and easting
was 0.2 feet. We do not have any multiple measentsron known locations that can be used to
determine vertical deviations.

GP 9. The authors appear to have taken their topo pants$ built a DEM using those points
without going through a careful QA/QC process. Tpratcess should include point-by-point
inspection to eliminate quantitatively wrong poiatswell as a qualitative process in which
you re-iteratively build surfaces and check thaulisg features against visual observations to
make sure you have the landforms right. This riqadarly important where there are
bedrock outcrops that may yield flow recirculati@rsund them if they are pointy or not if
they are streamlined.

Response: The QA/QC process that we went through was regttiied in the draft report. The
process we went through included a point-by-paiapéection to eliminate quantitatively wrong
points and a qualitative process where we chedkedeatures constructed in the DEM against
aerial photographs to make sure we had represtartdtbrms correctly. We have added a
description of this QA/QC process to the final népo

GP 10. I have heard the report’s lead author criticize ngasthers for not making topographic
maps and 2D models that capture conditions at tlegdle at which fry and juveniles reside.
Holding the author to the same standard, the mettdmscribed in the paper do not come close
to resolving conditions at the spatial scale of tieel and banks where fry reside. Since this
whole study is about fry and juvenile habitat, Vedao wonder whether the model being
created actually has any relevance to the quesitdrand? If you haven't mapped it, then you
cannot model it. It is clear from the report thaiuyhave not mapped it.
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Response: We feel that, given the constraints of the eqptrand time we had to conduct the
study, we did the best job we could do to resotwed@tions at the spatial scale of the bed and
banks where fry reside. While we agree that thdehoould have done a better job of modeling
fry and juvenile habitat if we had been able tdextilmapping data at a higher point density, we
feel that the model that we have developed of iy javenile habitat is better than any other
information that is available for the Yuba Riveé&pecifically, despite the level of uncertainty in
the outcome of this study, we feel that the reseflthis study are a more accurate assessment of
the relationship between flow and anadromous salifoy and juvenile rearing habitat
thancompeting study results due to the improvedat= used in this study, namely 1) HSC
generated only from use data in the competing staslppposed to the criteria generated with
logistic regression in this study; 2) the lack séwf cover or adjacent velocity criteria in the
competing study; and 3) the use of PHABSIM in tbmpeting study, versus 2-D modeling in
this study.

GP 11. The statement on p.12 that “these parameters walteated at enough points to
characterize the bed topography, substrate, aneicof/the sites” is highly questionable. All
three of these variables exhibit variation as action of spatial scale. In other words, the
close you look, the more details you see. So sh@ild be stated instead is a) the spatial
scale of measurement, b) an explanation of whyighesrrect for the study at hand, and c) the
number and density of points used for each variabkach site. You just can’t say you “did
enough” and not provide numbers and details. Tisatot science.

Response: We agree that bed topography, substrate and exdoit variation as a function of
spatial scale. We collected bed topography, satesemd cover data for every point. We are not
sure exactly what information the commenter sugggsbuld be provided with regards to the
spatial scale of measurement. If the commentefésring to the average spacing of points, the
density of points already gives that informatidrhe number and density of points used for all
three variables at each site is given in Tableli¥ould not be appropriate to provide these
numbers and details on page 12 since the datahle T4 are results and the text on page 12 is
part of the methods.

GP 12. The last paragraph before section 7 on p 14 isirex. It claims that the hydraulic
control on the downstream transect of a site isegoed by gradient and bed elevation. That is
not true. The relation between discharge, veloeihd water depth is governed by mass and
momentum conservation, including large non-unifeerms. This means that the hydraulic
control can be related to bed elevation, but it eéso be related to channel width. So if the
channel becomes narrower, then that can back wgiezven if the bed continues to go down.
Conversely if the channel is suddenly wider. Alg®know that on the Yuba, like many other
rivers, the location of the hydraulic control chasgas discharge changes, because the river
corridor includes diverse bar forms, bedrock oufgspterraces, etc. These are all reasons why
the PHABSIM method used to get the downstream \satéce elevations is highly

inaccurate. The method proposed in the paragraptuiestion on p. 14 does not solve the
problem.
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Response: We believe that the commenter has misinterprétedext in question. It does not
claim that the hydraulic control on the downstrdaansect of a site is governed by gradient and
bed elevation. Instead, it describes how the vafube stage of zero flow parameter is
determined. We agree that tiedation between discharge, velocity, and watethdepgoverned
by mass and momentum conservation, including laogeuniform terms, and that the hydraulic
control can be related to both bed elevation arssheél width. Effects of channel width as
described by the commenter are described by thériealpneasured stage data used to develop
the stage-discharge relationship. We agree tledbttation of the hydraulic control changes as
discharge changes, because the river corridordesldiverse bar forms, bedrock outcrops,
terraces, etc. In fact, we observed this phenonm@harwise known as compound controls, for
the Lower Hallwood site and addressed it by bregakire calibration into two flow ranges. See
response to GP comment 3 regarding why the PHAB&&#hod used to get the downstream
water surface elevations was highly accurate. mathods proposed in the paragraph in
guestion are the standard method used to detetimeneorrect value of the stage of zero flow
parameter (Bovee 1995a).

GP 13. Equation 1 on p. 20 requires calibration at evergss-section according to standard
usage, because the hydraulic controls at eachaeséenften unique. You can’t merely take
some value like 1.666 out of a hat and assumerkswvoTo use 4 significant figures for that
exponent when it can vary over a wide range asguon the literature shows a complete lack
of understanding of what the equation means andihskould be used.

Response: This equation was only used to calibrate the ditv@am boundary condition for the
Side Channel site. By definition, this equatiotyapplies at the downstream boundary. The
upstream transect at the Side Channel site wasratdd by adjusting the bed roughness
multiplier until the WSEL simulated by River2D mh&x the measured WSEL at that transect.
Since we only had one WSEL to use in calibratirggSide Channel site, we were only able to
calibrate one of the two parameters (K and m) iim ¢lquation. Since this equation is more
sensitive to the value of K than of the value offfeter Steffler, personal communication), we
chose to calibrate the equation by varying theevaluk. Based on the above, we had no choice
but to use the default value of m and assume ildwyork. Given the constraints of the data we
had at hand, we feel we made the best use possitiies equation.

GP 14. | give the authors credit for finally stating a t&rion for concluding whether the 2D
model’s velocity predictions are “validated” or noHowever, the authors still fail to

recognize that a 2D model must also be validatedtd$dlow pattern. This is all the more
important, because after many years of criticigmeytstill insist on using a default arbitrary
value for the important eddy viscosity parameteRINER2D. This parameter controls the
ability of the model to predict truly 2D flows, $uas recirculations. | do not expect a
guantitative measurement of lateral velocities, dud minimum there should be a check to see
if any recirculations exist in the 2D model of adt site, and if so, do they exist in those same
locations at the real site too? Conversely, argeiveal recirculations that the model is not
showing? | have never seen the authors show a @iehshowing recirculations or test
gualitatively whether they are supposed to be tloengot. Neglecting that is tantamount to
neglecting the 2D aspect of the model. Considethagfry and juvenile habitat relates to flow
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recirculations, this is a very important thing tbeck and report on. | note that on p. 21 the
authors go out of their way to define and desctdmdjacent velocity”, but they do not provide
any evidence that their 2D model can capture thisnomenon.

Response: With a few exceptions, such as that noted byctmmenter, we do not have the
empirical data to use to validate the 2D modeit®flow pattern. Based on the advice we have
gotten from the developer of River2D, the defaalue of the eddy viscosity parameter in
River2D is appropriate and does not control thétgluf the model to predict truly 2D flows,
such as recirculations. In this regard, ProfeBster Steffler of the University of Alberta, the
developer of the River2D model, states (personadmoanication, e-mail dated July 30, 2007):

“Personally, | think that bathymetry error, dis@zation size and bed roughness
variability are much more important effects. Ol@&r formulations relied heavily
on artificially high eddy diffusivity values to $igize the numerical schemes.
River2D was developed specifically to addressphidblem and by default uses
physically realistic values (based on a large nurobdispersion studies).”

Appendix | includes a figure showing the existeateecirculations in the 2D model of a study
site. We lack the empirical data to determind&é tecirculations exist in the same locations at
the real site or if there are real recirculatidmat the model is not showing. The figure in
Appendix | shows a 2D model showing recirculatiol$e do not have the empirical data to test
gualitatively whether they are supposed to be theret. We agree that fry and juvenile habitat
relates to flow recirculations. We acknowledge tha lack of data in this regard does not allow
us to check and report on flow recirculations presti by the 2D model. While we acknowledge
that the 2D models may have errors in predictirjgaaht velocities, we feel that it still is
important to include adjacent velocity as a compoieé fry and juvenile habitat because
simulations without adjacent velocity criteria wduleglect a critical portion of the habitat
requirements for anadromous juvenile salmonids,atatelivery of invertebrate drift. Without
adequate food supply via invertebrate drift frorstf@ater areas, fry and juvenile Chinook
salmon and steelhead are unable to grow and sueviegtical aspect of their habitat
requirements.

GP 15. In the biological verification description (sect®f and 11), the test proposed merely
looks for differentiation between occupied and wopded sites, regardless of the absolute
values of the compound suitability index at a sii®wever, HSC are designed to give values
from 0-1, with values close to 1 representing rgghlity habitat where fish are actually
observed. No curves are constructed with valupgihg out at 0.5. So given that fish actually
exist in areas with high index values (0.7-1.0¢nttior a model to be bioverified, it would also
have to produce predictions with high index valwéere the fish are observed. The authors
can develop their own thresholds, but in my peeiesged publications in which | have
reported bioverification of 2D model predictiond)dve had no problem confirming the
accuracy of predictions of index values of 0.7-ds@vell as those of 0.4-0.7. So if the mean
compound suitability value predicted by the 2D nmhdaleoccupied sites is less than 0.4, |
would have to declare the model to be a failure BIQIT verified at all. The authors can pick a
different value at their discretion, but to notlpnything at all is to essentially not test the 2D
model, and that is not acceptable. The point mrs is to provide objective tests.

B-22



Response: We agree that the biological verification tesilde for differentiation between
occupied and unoccupied sites and does not usbtwtute value of the compound suitability
index at a site. However, we note that the biaalgverification test used in this report has been
used in a number of peer-reviewed journal arti(&asrd 2006, Gard 2009, McHugh and Budy
2004). While the commenter is correct that HSCdms®igned to give values from 0-1, with
values close to 1 representing high quality hahilet effects of availability can restrict the
number of fish that are found in high quality habitSpecifically for this study, the Yuba River
has very limited availability of areas with low @elty and high adjacent velocity. Although the
logistic regressions demonstrate that fish haveoag preference for low velocities and high
adjacent velocities, the very limited availabildiareas with low velocity and high adjacent
velocity results in few fish being found under sinabitat conditions. The commenter is
incorrect that the curves are constructed witheskopping out at 0.5 — as shown in Appendix
K, all of the criteria have HSI values that readh. 1For example, for fall/spring-run Chinook
salmon fry, HSI values are 1.0 for a velocity deét/sec, water depths of 1 to 1.4 feet, adjacent
velocities of greater than 3.6 feet/sec, and cowdes 3.7, 4, 4.7, 5, 5.7 and 8. If all four of
these conditions are present at a location, thebgwed suitability, calculated as the product of
the four individual suitabilities, equals 1.0. Bese of the limited availability of preferred
habitat conditions, very few fish will be foundaneas with optimal suitability for all four
parameters. Accordingly, for a model to be bidwedi we would not expect for the model to
predict high index values at many of the locatiahere fish are observed. The commenter also
does not consider the effect of how the compouitdlsility is calculated on the resulting value
of compound suitability. Even if the suitabilityrfeach of the four parameters is high (0.7 as
suggested by the commenter), the compound sutiatiuld only be 0.24 (0.7 x 0.7 x 0.7 X
0.7). We note that the commenter in his publicegtionly uses two parameters (depth and
velocity) and computes the combined suitabilityreessgeometric mean of the individual
suitabilities. Thus, it is not surprising that #t@mmenter has many observations where the
model predicts a combined suitability of 0.7-1i@¢ce with two parameters and a geometric
mean calculation, the compound suitability wouldbéif both the depth and velocity
suitabilities are 0.7. Based on the above disounsshe absolute value of the compound
suitability at occupied locations is dependenttmndvailability of preferred habitat conditions,
the number of habitat parameters, and the methed tascalculate compound suitability. Thus
a mean compound suitability of 0.4 for occupiedatamns can indicate a successful model, and
an evaluation based on the mean compound suitafaitibccupied locations is meaningless.
We feel that the test we have chosen, showinghieatompound suitability is greater for
occupied versus unoccupied locations, correctlyurap the biological mechanisms behind
habitat choice (that fish are preferentially setextocations with higher suitability) and thatghi
test is objective.

Results Section

GP 16. | give the authors credit for providing a reasonalgbod velocity validation
description in section 5.4. Now if you add an assent of flow pattern you’d have it right.

Response: We do not have the empirical data that woulddogiired to conduct an assessment
of flow pattern.
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GP 17. 1 am not reviewing the construction of the HSdI I¢ave that to others.

Response: See responses to PG&E comments 7-11, 16-17 af0,18nd YWCA comments 1,
4, 9-11, 14, 20-25, 28, 38-49, and 51-55.

GP 18. Spring/fall-run Chinook fry HSC were found to NOF thoverified by any measure.
Ok.

Response: The commenter is correct. We define bioverifg"showing that fish are actively
selecting a particular combination of habitat ctinds, based on a higher combined suitability
for occupied versus unoccupied locations. We beltbat the failure of the biological
verification was primarily due to errors in predet accuracy of the hydraulic modeling (see
pages 98 to 102 of the rearing report). In thgard, we note that most instream flow studies,
including the Beak (1989) study, would be charaoger as unverified, since they do not include
a bioverification component.

GP 19. Steelhead/rainbow trout fry HSC were found to N@Dbioverified by any measure.
Ok.

Response: See response to comment GP 18.

GP 20. Steelhead/rainbow trout juvenile HSC were founN@T be bioverified by any
measure. Ok.

Response: See response to comment GP 18.

GP 21. Spring/fall-run Chinook juvenile HSC were foundreet the Mann-Whitney U test,
but the median index value for occupied sites was(.358. Given that the value is below 0.4,
| consider that a failure of the 2D model, and thwsould judge that the model is NOT
bioverified. Having index values greater than zéos not constitute a meaningful standard
for evaluating habitat quality or abundance.

Response: As mentioned in the response to GP comment £Xllsolute value of the median
index value for occupied locations is meaningless @nnot be used to evaluate the success or
failure of the 2D model and whether the model heentbioverified. We agree that having index
values greater than zero does not constitute aingfahstandard for evaluating habitat quality
or abundance. Instead, we feel that a test shothiatdish are preferentially selecting locations
with higher suitability is a meaningful standard évaluating habitat quality or abundance.

GP 22. In summary, ~$X00,000 was spent to produce a magelte of predicting
fry/juvenile rearing habitat quality and abundanegd the outcome was that 3 of the 4
predictive tools turned out to be useless by angsme. One of them meets a very low
standard of utility, but is so poor that in my judegnt it is also useless.
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Response:We acknowledge that we were unable to biologicadigfy 3 of the 4 the habitat
models that were produced. However, the failureidtogically verify these models does not
mean that the models are not useful for the purpbsas study, namely providing scientific
information to use in determining instream flow deéor anadromous fish in the Yuba River.
Rather, it means that we did not have an increesefidence in the use of the flow-habitat
relationships from this study for fisheries managemn the Yuba River. In this regard, we note
that most instream flow studies, including the BEEX89) study, would be characterized as
unverified, since they do not include a bioverifioa component. We feel that the standard of
utility is appropriate since it shows that fish areferentially selecting locations with higher
suitability.

Discussion

GP 23. Figure 34 shows a recirculation in the model thHa authors claim is not actually
present at the site. Ok, well that is why your eladlidation effort needs to include a
gualitative flow pattern evaluation every time.thé flow pattern did not match, then why did
you move forward from that point with HSC calcwdas? You should stop right there and get
the model right, probably by re-scouting the sitel &diting the topography to be more correct.
Why go forward with the habitat part if the hydraypart is wrong.

Response: Subsequent to the draft report that was revidwetthe stakeholders, we added a
downstream extension to the site in question. ddvenstream extension resolved the problem
in question.

Yuba County Water Agency Comments

YCWA (Yuba County Water Agency) 1. Comment:As discussed in the enclosed comments,
this draft report is not reliable or usable in tsrrent form, because of its reliance on the
logistic regression-based approach to develop latstitability criteria (HSC) from
observational data. The problems of using this apph to develop HSC are demonstrated by
Figures 10-16 on pages 51-57 of the draft repoactof these figures shows a clear and
incorrect shift of higher habitat suitabilities tawds greater depths and higher velocities. Had
the study described in the draft report insteaddussampling strategy for its habitat use
observations where the observations were stratéguailly over the range of depths and
velocities in the lower Yuba River, there woulddbeen less potential for bias in its
observational frequencies and probably not eveeedrfor the mathematical adjustment that
was made in the study. Such equal-area sampliagesfies are the preferred method of the
Instream Flow Group.

Response: We feel that the report is reliable and useabiésicurrent form. We note that it is
well-established in the literature (Knapp and Peei$999, Parasiewicz 1999, Geist et al. 2000,
Guay et al. 2000, Tiffan et al. 2002, McHugh anal¥8@004) that logistic regressions are
appropriate for developing habitat suitability eria. For example, McHugh and Budy (2004)
state (page 90):
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“More recently, and based on the early recommeadsatnf Thielke (1985), many
researchers have adopted a multivariate logisgjiession approach to habitat
suitability modeling (Knapp and Preisler 1999; Getsal. 2000; Guay et al.
2000).”

While we agree that Figures 10-16 show a cleat ehliigher habitat suitabilities towards

greater depths and higher velocities, we feelttiatshift is correct because it takes into account
the effect of the limited availability of deeperdaiaster conditions in the Yuba River. By taking
availability into account, logistic regression rigsin habitat suitability criteria that are not

biased by availability. It has been demonstrated & sampling strategy which attempts to spend
equal effort sampling different ranges of depthd aglocities does not work. Specifically, Allen
(2001) attempted to sample equal areas of twordifteranges of depths and velocities in
collecting habitat suitability criteria. Howeveas shown in the figure below, he was unable to
sample equal areas of the two different range®pfits and velocities due to the limited
availability of faster deeper conditions. We atp¢éead a similar approach on the Yuba River to
sample equal areas with and without cover and giemgarly unsuccessful, sampling 6.5 miles
without cover and only one mile with cover. Witdgards to equal stratification of sampling, we
believe the commenter may be referring to habgatmeasurements being collected with equal
effort in different mesohabitat types, to attengpatdress effects of availability. While we did
make an effort to sample all mesohabitat typesissio sample all of the available habitat for fry
and juvenile anadromous salmonids, we did not sameglal areas of different mesohabitat
types for the following reasons: 1) equal areameng of different mesohabitat types does not
adequately address the effects of availability abitat use; 2) the use of logistic regression takes
into account the effects of availability on habitae; and 3) at least for larger rivers, mesohabita
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South Fork Stanislaus River
Shallow/F ast

Observation Area (ft2)by Micro-Habitat 13%
Type

Deep/Slow
20%

Deep/Fast
Shallow/ifast Deep/Slow 4%

nan 22,374

DeepiFast

21.390 ShallowiSlow

21,856

ShallowySlow
63%

B-26



type has little to do with fry and juvenile anadmuns salmonid habitat use, based on our snorkel
surveys on the Sacramento River (U.S. Fish and|il8ervice 1996). Our snorkel surveys
indicated that the scale of mesohabitat unitsdogé rivers is so much larger than the scale of
habitat use that habitat use is controlled by nhighitat parameters, rather than mesohabitat
types. Since it is not possible to stratify obs#inns equally over the range of depths and
velocities in the Yuba River, the mathematical attpent used in this study, namely logistic
regression, is required to generate habitat suityabriteria that are not biased by availability.
Based on the studies that have been conductedA(len 2001) since the Instream Flow Group,
currently part of the U.S. Geological Survey offind~ort Collins, Colorado, made their
recommendation in 1996 for equal-area samplindegii@s, this approach is not feasible, and
thus other approaches, specifically logistic regjes are now applied to address the effects of
availability.

YCWA 2. Comment: The deficiencies of the draft report also are dest@ted by some of its
results. For example, the total usable areas indtadt report are only 1.0 to 1.5 percent of the
total area of the lower Yuba River. This indicageserious problem, because results for
standard PHABSIM studies become questionable wieenalculated usable percentage of total
area is below about 5 percent. This is becausedéing small numbers of sample points used to
develop the index are subject to the influenceinbrhydraulic modeling errors and even slight
shifts resulting from the manner in which the HS€excreated.

Response: We feel that the information in the report isfuséor its intended purpose,
developing scientific information to use in deteming instream flow needs for anadromous
salmonids in the Yuba River. The low proportiortlué total area of the Yuba River that is
useable habitat for fry and juvenile anadromousiealds reflects the limited availability of
preferred habitat conditions in the Yuba River,dgample a combination of a velocity of O
feet/sec, water depths of 1 to 1.4 feet, adjaceluicities of greater than 3.6 feet/sec, and cover
codes 3.7, 4, 4.7, 5, 5.7 and 8 for fall-run Chinsalmon fry. We also note that the total
useable areas in the Beak (1989) report based &BBH/ were even lower than in our draft
report for Chinook salmon fry at all flows and hinook salmon juveniles at higher flotvs

We do not view the low proportion of the total atleat is useable habitat for fry and juvenile
anadromous salmonids in our study as problema&thbile we are not familiar with the 5 percent
rule of thumb mentioned by the commenter, it iskaty that such a rule of thumb would apply
to River2D models. We would imagine that the Scpat rule of thumb comes from PHABSIM
studies with 10-20 transects, where only a fewsqadlr transect have suitable habitat conditions.
In contrast, River2D avoids problems of transeateiment, since data are collected uniformly
across the entire site (Gard 2009). As such, Ravould not have problems with very small
numbers of sample points used to develop weigldedhle area values. With the entire site
being modeled, minor hydraulic modeling errors haweinimal effect on the overall flow-
habitat relationship. Similarly, we would expedtat slight shifts resulting from the manner in
which the HSC were created would not be a probléetim the entire site being modeled.
Accordingly, such a threshold value for River2D \blikely be much less than 5 percent.

% There was an error in Figures 56 to 59 of ourtdesfring report, in that the WUA values for
our study in those figures were plotted in squaetens, rather than in square feet. This error has
been corrected in the final report.
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YCWA 3. Comment: Another indication of the potential problems of thaft report is the
different directions of the changes in weightedblsarea (WUA) indices in relation to changes
in discharge that are shown for Chinook salmon siteel head fry rearing in Figures 25, 27, 29
and 3 | on pages 68-71. The draft report's WUA tadbindices for these two very similar life
stages show opposite responses to changes in digghaith the Chinook salmon fry index
maximizing at very high flows and the steelheadnftigx maximizing at much lower flows. This
type of result is illogical and raises serious ciigass about whether or not the draft report's
results accurately represent the relationships leetwvflow and anadromous fish juvenile rearing
habitat.

Response: We feel that the different directions of the opesin WUA indices with changes in
discharge for Chinook salmon and steelhead frecefh key difference in habitat selection by
the two species, and thus do not indicate a problémthe draft report. While we agree that
these two life stages are similar, there is an mapo difference in habitat use between the
species — namely the much greater use of cobbler dyvsteelhead fry, versus Chinook salmon
fry. As a result, the suitability for this coveategory is more than twice as high for steelhegad fr
(0.57) than Chinook salmon fry (0.25). This difiece in habitat use carries over into the flow-
habitat relationships. At low flows, most of theba River wetted channel has cobble cover,
which together with low velocities at low flows stdts in the highest amount of habitat for
steelhead fry at these flows. In contrast, thewarhof habitat at low flows is less for Chinook
salmon because of the lower suitability for coldmeer. At higher flows, where woody cover is
inundated, the amount of habitat for Chinook salrimgms higher than at low flows, due to the
large difference in suitability for woody (1.0) seis cobble (0.25) cover overwhelming
decreases in habitat associated with increasiragiis. In contrast, steelhead fry, with a much
smaller difference in suitability for woody (1.0¢nsus cobble (0.57) cover, end up with less
habitat at higher flows since the negative effédtigher velocities swamps out the positive
effect of inundation of high-suitability cover. éardingly, this result is logical and is consistent
with the report results accurately representing ¢hationships between flow and anadromous
fish juvenile rearing habitat.

YCWA 4. Comment: Because of the problems regarding habitat suitgbdriteria (HSC)
development and related matters that are discuss#dte enclosed comments, we recommend
that the draft report not be finalized, that the®tXe re-calculated or alternative HSCs be used,
and that the existing or new hydraulic models bewith the new or alternative HCSs to
estimate WUA-discharge relationships for juvengargy/fall-run Chinook salmon and
steelhead/rainbow trout rearing in the lower YubgeR Without these revisions, we believe that
this report will not represent the best possiblenagement and decision support tool that can be
produced for the lower Yuba River.

Response: As discussed in our responses to YCWA commei8, 8ve do not feel that there
are problems regarding habitat suitability critetevelopment and related manners that would
warrant not finalizing the report. The report utescurrent state of the art for conducting
instream flow studies and will be a valuable managgt and decision support tool for the lower
Yuba River. Funding for this study was providedienTitle 34, section 3406(b)(1)(B) of the
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Central Valley Project Improvement Act, P.L. 1055@nd the report is a “deliverable” for work
identified in CVPIA Annual Work Plans, most recerfbr Fiscal Year 2010. We are required to
finalize and release the report.

YCWA 5. Comment: As you may be aware, the Lower Yuba River Manageheam (RMT),
which is comprised of representatives of Califoidepartment of Fish & Game, National
Marine Fisheries Service, the U.S. Fish & Wild&ervice, various non-governmental
organizations and YCWA, has been undertaking & sidiflow-related studies on the lower Yuba
River supported by funds from the Lower Yuba Accederal of the studies currently
underway (including detailed mapping, 2D modeliagd habitat utilization work) are providing
new and potentially better data on habitat utilizatin the lower Yuba River. Ultimately, these
data will have many applications in understandirtual (rather than modeled) habitat usage in
the lower Yuba River. Given our reservations regagdoth the juvenile and spawning habitat
models developed by USFWS, we believe that thebéatg collected by the RMT will
appropriately be utilized to re-compute and theoralidate HSC's for the lower Yuba River.
We anticipate that this additional mapping and habwork will likely be undertaken by the
RMT within the next couple of years.

Response: The USFWS is involved in the RMT and supportefterts to improve
understanding of salmon and steelhead habitatatiiin in the lower Yuba River through
mapping, modeling and habitat utilization studi®ée intend to continue working with the RMT
to ensure that information from all sources is sggpappropriately in decisions regarding
management of anadromous fish habitat in the |ofwbra River.

YCWA 6. Comment: We believe that significant revisions to the dFANS report are
warranted; however we also recognize that thereldieen considerable effort invested in this
draft report, and that there may be some reluctanamake significant changes. We also
recognize that YCWA, FWS, and the other resoureaags involved in the management of the
lower Yuba River are all keenly interested in sgdirat the best possible management tools are
available for use on the lower Yuba River. At thigcture, in light of the extensive effort that is
being invested in the RMT study work under thectima of the multi-stakeholder RMT and the
likelihood that additional and better data will lseoe available for updating flow habitat
relationships for the lower Yuba River, we suggiest the current FWS draft report be issued as
a provisional report. Once the additional data bewavailable, an updated bio-validated flow-
habitat relationship report can be prepared andiesd by the RMT.

Response: The report has now undergone two or more rouhtsth peer review and
stakeholder review, and has been substantiallgeeMin an effort to address the resulting
comments. The revisions have included additioatd dnalyses and discussion, and are well
documented. We appreciate the recognition of timsiderable effort invested in the draft
report. However, our decisions regarding changelkd report are based on the report adhering
to the current state of the art for conductingrigestn flow studies. We join with the stakeholders
in our interest in seeing that the best possibleagament tools are available for use on the
lower Yuba River. We feel that this report is aample of such a tool with respect to
identifying instream flow requirements for fry ajuenile anadromous salmonid rearing in the
Yuba River. Funding for this work was provided anditle 34, section 3406(b)(1)(B) of the
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Central Valley Project Improvement Act, P.L. 1055@nd the report is a “deliverable” for work
identified in CVPIA Annual Work Plans, most recerfbr Fiscal Year 2010. We are required to
finalize and release the report.

YCWA 7. Comment: YCWA greatly appreciates the opportunity to proddexments on this
draft report, and looks forward to additional dissions regarding study work on the lower
Yuba River.

Response: Although we do not agree with some of the comsmenbvided, we appreciate the
effort that the commenter has made in reviewingditadt report and look forward to working
with YWCA in the future.

YCWA 8. Comment: The following comments are provided by the YubanGowater Agency
(YCWA) on the August 12, 2008 USFWS draft repetlti Flow-Habitat Relationships for
Juvenile Spring/Fall-run Chinook Salmon and Steelbd/Rainbow Trout Rearing in the Yuba
River’. YCWA'’s comments focus on the biologic aspectiettudy, and generally rely upon
other reviewers for comments regarding hydraulidelaevelopment, performance and
application.

Response: See responses to GP comments 1-16 and 23 regérghinaulic model development,
performance and application.

YCWA 9. Comment: Overall, this draft report is not reliable or usabin its current form,
particularly because of its critical reliance onretfogistic regression-based approach to develop
habitat suitability criteria (HSC) from observatialhdata. The logistic regression is only one of
many mathematical ways to adjust observational fiatgotential bias due to sampling methods
and habitat availability. The USFWS draft reporoprotes the use of logistic regression, despite
a lack of consensus among the community of PHABSEYS regarding the utility of this
particular method. In addition, all known methodsr post factanathematical adjustments
(including logistic regression) are suspected aroorrecting for this potential bias and have
been rejected for use in PHABSIM studies by thiedam Flow Group (IFG — the developers of
the method, now with the US Geological Surveyjtated in Bovee (1996):

“The fundamental problem with all mathematical prefence indexes, not just
the forage ratio, is that they tend to overcorrdot habitat availability.”

“...we recommend that preference criteria developesing a forage ratio or
other electivity index no longer be used in PHABSIapplications.”

Response: We feel that the report is reliable and useabiésicurrent form, particularly because
of its reliance on the logistic regression-basqur@gch to develop habitat suitability data from
observation data. Based on the current scietitdéiature (Knapp and Preisler 1999,
Parasiewicz 1999, Geist et al. 2000, Guay et &02Uiffan et al. 2002, McHugh and Budy
2004), the logistic regression is the best waydjost observational data for bias due to habitat
availability. Our report uses logistic regressibmtause it is the method currently recommended
by the scientific peer-reviewed literature. Weramkledge that the community of PHABSIM
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users in this regard lags behind the scientifiajpe@ewed literature. Our approach is to use the
best state-of-the-art science, and the use oftlogegression is appropriate on that basis. We
note that logistic regression does not use a mattiepreference index, forage ratio, or other
electivity index, but rather is computed from thgroccupied and unoccupied data. Therefore,
the recommendation of the Instream Flow Group touse a forage ratio or other electivity

index to develop criteria does not apply to logiségression. We note that the use of logistic
regression has come about largely since the ImatFdaw Group’s recommendations 16 years
ago. More specifically, Bovee (1996) does not neentogistic regression.

YCWA 10. Comment: The effect of likely overcorrection for habitat dshility can be seen in
Figures 10-16 on pages 51-57 of the USFWS drafirtepn every case, the HSC (inaccurately
referred to as HSI in these figures) used in thislg show a clear shift of higher habitat
suitabilities towards greater depths and highemedies. Had the USFWS utilized a sampling
strategy for their habitat use observations thasw#atified equally over the range of depths
and velocities in the lower Yuba River, there wdwdde been less potential for bias in their
observational frequencies and probably not eveeedrifor mathematical adjustment. Such
equal-area sampling strategies are the preferrethoe of the IFG, as stated in Bovee (1996).

ResponseWhile we agree that Figures 10-16 show a cledt shhigher habitat suitabilities
towards greater depths and higher velocities, wktfat this shift is correct because it takes into
account the effect of the limited availability c#eper and faster conditions in the Yuba River.
By taking availability into account, logistic regmaon results in habitat suitability criteria that
are not biased by availability. It has been dertrated that a sampling strategy which attempts
to spend equal effort sampling different rangedegiths and velocities does not work.
Specifically, Allen (2001) attempted to sample dguaas of two different ranges of depths and
velocities in collecting habitat suitability critar However, as shown in the figure on page B-26,
he was unable to sample equal areas of the twerdiff ranges of depths and velocities due to
the limited availability of faster deeper condittonWe attempted a similar approach on the
Yuba River to sample equal areas with and withouec and were similarly unsuccessful,
sampling 6.5 miles without cover and only one mléh cover. With regards to equal
stratification of sampling, we believe the commembtay be referring to habitat use
measurements being collected with equal effortfiier@nt mesohabitat types, to attempt to
address effects of availability. While we did makeeffort to sample all mesohabitat types, so
as to sample all of the available habitat for fing guvenile anadromous salmonids, we did not
sample equal areas of different mesohabitat typethé following reasons: 1) equal area
sampling of different mesohabitat types does netjadtely address the effects of availability on
habitat use; 2) the use of logistic regressiongaki account the effects of availability on
habitat use; and 3) at least for larger rivers,ohabitat type has little to do with fry and juvenil
anadromous salmonid habitat use, based on ouredrsarkveys on the Sacramento River (U.S.
Fish and Wildlife Service 1996). Our snorkel sywvendicated that the scale of mesohabitat
units for large rivers is so much larger than ttedes of habitat use that habitat use is controlled
by microhabitat parameters, rather than mesohdljtas. Since it is not possible to stratify
observations equally over the range of depths afatities in the Yuba River, the mathematical
adjustment used in this study, namely logistic @sgion, is required to generate habitat
suitability criteria that are not biased by availip Based on the studies that have been

B-31



conducted (i.e., Allen 2001) since the InstreanwRgroup made their recommendation in 1996
for equal-area sampling strategies, this appraaciot feasible, and thus other approaches,
specifically logistic regression, are now appliedatidress the effects of availability.

YCWA 11. Comment: The consequence of using these likely-overcorrdd®d within the
PHABSIM 2D analysis is difficult to detect duehie habitat computational algorithms used in
the USFWS draft report to generate the PHABSIM WetyUsable Area (WUA) habitat indices
—including the unvalidated use of adjacent velociiteria (see Figures 25-32 on pgs. 68-71).
In each of these figures, the USFWS draft repostdaaled the y-axis to the range of the data,
which provides no indication of the relative percehtotal river area shown to be usable. The
WUA for a 1D study is normally expressed in unitssable square feet per 1000 linear feet of
stream, while WUA results for a 2D study are intsioif usable square feet within each study
reach. However, without knowing the percentagab®total area that are being expressed in
the figures, there is no way to evaluate the sigguifce of the numbers — which could be so low
that they are in the range of random modeling noise

Response: We feel that the consequence of using the HSCatt@urately corrects for the

effects of availability are results that appropiatcompute flow-habitat relationships based on
habitat suitability criteria that are not biasedawailability. The commenter is incorrect that the
use of adjacent velocity criteria have not beerdaétd; Gard (2006) validated fry and juvenile
habitat suitability criteria from the Sacramente@iwhich included adjacent velocity criteria.
We agree that the x-axis in Figures 25-32 are ddal¢éhe range of data and thus do not provide
an indication of the relative percent of total ria@ea shown to be useable. We note that such
scaling of flow-habitat relationships is the stamldaractice in instream flow study reports to best
illustrate the relative magnitude of weighted useaoea at different flows. The total river area
can be computed by summing the data shown in Tabpecifically, the total area of the
Above Daguerre Segment is 1,305,200(f#,049,000 f) and the total area of the Below
Daguerre Segment is 1,225,900 (13,195,425 f). Using the above figures and the segment
results in Appendix L, the percent of total riveeathat is usable ranges from 0.9 to 3.2 percent
for the Above Daguerre Segment and from 0.4 tq2r@ent for the Below Daguerre Segment.
We agree that WUA for a 1D study is normally expegsin units of usable square feet for 100
linear feet of stream, while WUA results for a 2iDdy are in units of useable square feet within
each study segment. It should be noted that thiasean error in the draft report for the fall-
spring/run Chinook salmon juvenile weighted usealéa results for the Below Daguerre
Segment in Appendix L — these results were givesgumre meters. This has been corrected in
the final report. Based on the above percentafjggedotal area and the response to YCWA
comment 2, which indicates that for River2D studigbreshold for significance of results would
be much less than 5 percent, it is unlikely thatribmbers are so low that they are in the range
of random modeling noise.

YCWA 12. Comment: The figures comparing the USFWS draft report restdtithe previous
Beak (1989) study (Figures 56-59 on pgs. 98-99yipmsome context for the USFWS draft
report WUA numbers. Assuming an average widthHelawer Yuba River of 200 feet (taken
from the Beak data) and dividing the y-axis by thimber, the total usable areas in the USFWS
draft report WUASs are 1.0-1.5 percent of the t@ada. This indicates a serious problem,
because results for standard PHABSIM studies beaprastionable when the usable percentage
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of total area is below about 5 percent, becausevérg small numbers of usable sample points
used to develop the index are subject to the infleef minor hydraulic modeling errors and
even slight shifts resulting from the manner inchiithe HSC were created.

Response: There was an error in Figures 56 to 59 of ouftdearing report, in that the WUA
values for our study in those figures were plottedquare meters, rather than in square feet.
This error has been corrected in the final rep@vith the corrected figures and the assumptions
made by the commenter, the total useable areas idraft report WUAs are 10-15 percent of

the total area. Thus, even if the rule of thumbstandard PHABSIM studies also applies to
River2D modeling, the values in our report do radtbelow this rule of thumb. However, it
should be noted that we arrived at very differearcpntages using the actual data, as opposed to
the assumptions made by the commenter, as showur iresponse to YCWA comment 11. See
also response to YWCA comment 2.

YCWA 13. Comment: HSC are linked to one or two-dimensional hydrauaticdels to produce
the PHABSIM weighted usable area (WUA) habitatdegishown as results in the USFWS draft
report in Figures 25-32 on pages 68-71. Anotherdation of potential problems in the USFWS
draft report is the different directions of the ciggs in WUA in relation to changes in discharge
that are shown for Chinook and steelhead fry regMdUA (Figures 25, 27, 29, and 31). The
PHABSIM WUA habitat indices for these two very lsinlife stages show opposite responses to
changes in discharge, with the Chinook fry indeximéing at very high flows and the
steelhead fry index maximizing at much lower floiwss type of result is illogical and cannot
possibly justify the USFWS draft report (pg. 1a@jement thatin conclusion, we feel that the
results of this study are a more accurate assesdnoéithe relationship between flow and
anadromous salmonid fry and juvenile rearing habitthan the results of Beak (1989)Until
these very fundamental questions concerning the\WSHraft report are resolved, no legitimate
conclusion regarding the accuracy of the resultsgented in the USFWS draft report can be
reached.

ResponseWe feel that the different directions of the chesign WUA indices with changes in
discharge for Chinook salmon and steelhead frecefh key difference in habitat selection by
the two species, and thus do not indicate a prolémthe draft report. While we agree that
these two life stages are similar, there is an maoo difference in habitat use between the
species — namely the much greater use of cobbler dxwsteelhead fry, versus Chinook salmon
fry. As a result, the suitability for this coveategory is more than twice as high for steelhegpd fr
(0.57) than Chinook salmon fry (0.25). This diéfece in habitat use carries over into the flow-
habitat relationships. At low flows, most of thebéa River wetted channel has cobble cover,
which together with low velocities at low flows stdts in the highest amount of habitat for
steelhead fry at these flows. In contrast, thewarhof habitat at low flows is less for Chinook
salmon because of the lower suitability for coldmeer. At higher flows, where woody cover is
inundated, the amount of habitat for Chinook salrmgms higher than at low flows, due to the
large difference in suitability for woody (1.0) seis cobble (0.25) cover overwhelming
decreases in habitat associated with increasiragis. In contrast, steelhead fry, with a much
smaller difference in suitability for woody (1.0¢nsus cobble (0.57) cover, end up with less
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habitat at higher flows since the negative effédtigher velocities swamps out the positive
effect of inundation of high-suitability cover. @ardingly, this result is logical and justifies the
above statement from the rearing report quotedhbycbommenter.

YCWA 14. Comment: Given the suite of issues regarding HSC developthabhtire discussed
in the foregoing and following comments, considerashould be given to recalculating the
HSCs and/or using alternative HSCs and re-runnhmgrhodels (or developing new hydraulic
models) to estimate WUA-discharge relationshipgueenile spring/fall-run Chinook salmon
and steelhead/rainbow trout rearing in the loweb#WRiver.

Response: Based on our responses to YCWA comments 1-13 8+%D, we do not feel it is
necessary to recalculate the HSCs or use alteenlBCs and re-run the models or develop new
hydraulic models. We feel that the WUA-dischargiationships for juvenile spring/fall-run
Chinook salmon and steelhead/rainbow trout redririge lower Yuba River utilize the best
current scientific techniques available and wilMaguable for the purposes of identifying the
instream flow needs for anadromous salmonids irYiiea River.

YCWA 15. Comment: The remaining specific comments follow the orgaional format of
the USFWS draft report (i.e., Introduction, MethpBesults, Discussion).

Response: See responses to YWCA comments 16-59.
INTRODUCTION

YCWA 16. Comment: The USFWS draft report states (pg. 1)The lower Yuba River,
between Englebright Dam and the Feather River caréhce, is a major contributor to
anadromous salmonid production in the Central Vajiland supports the largest stock of
Chinook salmon that is not supplemented by hatclesti

YCWA agrees with this statement. Moreover, thigstant correctly suggests that current
operational practices, including instream flow retgs, have contributed to the status of
anadromous salmonid runs in the lower Yuba River.

Response: We agree that current operational practicesudinl instream flow regimes, have
contributed to the status of anadromous salmomid nu the lower Yuba River. As shown in the
figure on the following page, the average productbfall-run Chinook salmon in the Yuba
River for the period of 1992-2007 is significanidgs than the AFRP’s production goal of
66,000 fall-run Chinook salmon. The USFWS will tone to work with YWCA to understand
flow-habitat relationships and improve anadromasis production in the Yuba River.

YCWA 17. Comment: The USFWS draft report states (pg. 1) The objective of this study

was to produce models predicting habitat-dischargkationships in the Yuba River for
spring/fall-run Chinook salmon and steelhead/rainkotrout rearing.”
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NATURAL PRODUCTION OF FALL-RUN CHINOOK SALMON
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This objective highlights that the USFWS draft mtjgmes not address habitat availability.
Habitat availability ultimately is associated witvater availability, which is further defined by
hydrological factors (e.g., snowpack, runoff, cawgr storage, etc.) and operational constraints
(e.g., flood control, hydropower production, beoigli use deliveries, etc.). The USFWS draft
report does not address hydrology (and therefotienaltely does not predict habitat

availability), nor does it address the issues @f fisasibility or applicability of therhodels
predicting habitat-discharge relationships in theulda River for spring/fall-run Chinook

salmon and steelhead/rainbow trout rearihg

Response: We agree that the draft report does not addressnavailability, hydrological

factors and operational constraints. We expettsineh factors would be considered, in addition
to the information in this report, during the upéoghFERC relicensing in developing flow
requirements for the Yuba River. Feasibility i$ ac@onsideration in models predicting habitat-
discharge relationships; rather it is a consideraith developing flow requirements. The models
predicting habitat-discharge relationships simplgmfify the effects of alternative flow regimes
on anadromous salmonids. We view the models predibabitat-discharge relationships in the
Yuba River for spring/fall-run Chinook salmon andeshead/rainbow trout rearing to be
applicable to the Yuba River, since they were dgwedl using the best available science and
site-specific data from the Yuba River.
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YCWA 18. Comment: The USFWS draft report states (pg. 1) that Matrohabitat features
include longitudinal changes in channel charactetiss, base flow, water quality, and water
temperature. Microhabitat features include the hyalrlic and structural conditions (depth,
velocity, substrate or cover) which define the aaltliving space of the organisiis

For the juvenile rearing lifestage, the macrohabhgdraulic or structural conditions
characterizing (defining) juvenile rearing habitaso include the important parameter of water
temperature, which is not addressed in the USFVE8 dport. In fact, the methodology used to
develop the Habitat Suitability Criteria (HSC) aapply them to estimate juvenile rearing
habitat availability does not specifically addrekss potentially important component of juvenile
rearing habitat selection, utilization and availéity, and therefore may result in the prediction
of suitable (available) habitats that may not btize¢d because of behavioral selection for
specific water temperature conditions.

Response: We agree that water temperature is an importactomabitat parameter for juvenile
rearing habitat, and that the report does not addtes parameter. Water temperature is not
typically addressed in developing and applying tadlsiuitability criteria. Rather, water
temperature is applied as a macrohabitat pararbgterducing the total amount of habitat by the
number of miles of river with suitable water tengtares. We agree that failure to consider
water temperature could result in the predictioswfable habitats that may not be utilized
because of behavioral selection for specific wegemperature conditions (for example,
avoidance of water temperatures exceeding 20 de@rertigrade). This lead us to include the
following sentence in the discussion of the reargjprt:

“Evaluation of such alternative hydrograph manag#mseenarios should also
consider the flow-habitat relationships for Chin@amon and steelhead/rainbow
trout spawning, reported separately (U.S. Fish\afildlife Service 2010), and
water temperature modeling information.”

YCWA 19. Comment: The USFWS draft report presents (pgs. 2-3) thevioiig three general
categories of techniques to evaluate spawning hal{it) habitat modeling; (2) biological
response correlations; and (3) demonstration flesessment. The USFWS draft report then
lists the disadvantages of biological response @atrons and demonstration flow assessment,
but it does not list their advantages. Moreovee, tH#SFWS draft report does not list the
disadvantages (or advantages) of habitat modelimdj @mpare them to the other two
approaches.

Response:We believe that a consideration of the disadvargajédiological response
correlations and demonstration flow assessmensisfecient reason to not use these
methods. Habitat modeling is then left as the @vgilable method to use. We changed the
description of the three methods to focus on thesgal infeasibility of implementing two
methods and then briefly discussing the advantagdsdisadvantages of the method we
elected to use (i.e., habitat modeling).
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YCWA 20. Comment: The USFWS draft report states (pg. 24) It.is well-established in the
literature (Knapp and Preisler 1999, Parasiewicz9E) Geist et al. 2000, Guay et al. 2000,
Tiffan et al. 2002, McHugh and Budy 2004) that Iadic regressions should be used to develop
habitat suitability criteria [underscore added] For example, McHugh and Bud30Q4) state
(page 90):

“More recently, and based on the early recommendas of Thielke (1985),
many researchers have adopted a multivariate lagisegression approach to
habitat suitability modeling (Knapp and Preisler 29; Geist et al. 2000; Guay
et al. 2000).”

There are several problems with this statemenstFirabitat suitability modeling is not
synonymous with habitat suitability criteria devyaloent. Second, none of the referenced
literature states that logistic regressions sholddused to develop habitat suitability criteria.
Third, the referenced literature (excluding Paragiez (1999), which was not available for
review) does not support the USFWS draft reporteation that logistic regression should be
used to develop habitat suitability criteria, afidws:

Response: We have changed a portion of the text of the alstatement from “should be used
to develop” to “are appropriate for developing.”’e\iéel that habitat suitability modeling is
synonymous with habitat suitability criteria devahoent because an integral part of any habitat
suitability modeling is the development of habgaitability criteria. As addressed in our
responses to YCWA comments 21 to 25, we feel tieatéferenced literature supports the
statement that logistic regressions are appropigateéeveloping habitat suitability criteria.

YCWA 21. Comment: Knapp and Priesler (1999) did not conclude thatistig regression
should be used to develop habitat suitability ciieThey used nonparametric logistic
regression model techniques to describe the reiah@ between independent variables
(channel and microhabitat characteristics) and grebability of finding California golden trout
redds in a Sierra Nevada stream. They concludetithier use of a generalized additive model,
of which nonparametric logistic regression modets a subclass, is a substantial improvement
over previous approaches to modeling fish-habigdaitionships that used generalized linear
models such as traditional logistic regression.

Response: Our review of Knapp and Priesler (1999) indicdbet it is consistent with the
conclusion that logistic regressions are appropfiat developing habitat suitability criteria; the
aspect of nonparametric versus parametric logisticession is a relatively minor point.
Specifically, Knapp and Priesler (1999) indicatattthe main reason they used nonparametric
logistic regression was to avoid an assumptionttiexe is a linear relationship between the
independent and response variable. We chose tesgithis issue by using a polynomial
logistic regression, which also avoids the assupnptiat there is a linear relationship between
the independent and response variable.

YCWA 22. Comment: Geist et al. (2000) did not conclude that logisggression should be
used to develop habitat suitability criteria. Thaigl not develop habitat suitability criteria per
se. Rather, they used logistic regression to datez which explanatory variables (i.e., water

B-37



depth, velocity, substrate, and lateral slope) fremch habitat cell were important in spawning
habitat selection by fall-run Chinook salmon in Belumbia River. Fall-run Chinook salmon
spawning habitat suitability was the binary respprariable (suitable or unsuitable) for the
logistic model. They concluded that redds weretpbtdistributed (“clustered”), and suggested
that some unmeasured factor(s), such as upwellorg hyporheic habitats, influence redd site
selection.

Response: Our review of Geist et al. (2000) indicates tihéd consistent with the conclusion
that logistic regressions are appropriate for dgsely habitat suitability criteria because they
used logistic regression to evaluate habitat SelectWe view the aspect of a binary versus
continuous response variable as a minor pointhigregard, binary criteria are generally
biologically unrealistic — they either overestimte habitat value of marginal conditions
if the binary criteria are broadly defined (for exale, setting suitability equal to one for
any depths and velocities where the original H3ugavas greater than 0.1) or completely
discount the habitat value of marginal conditio$e latter case would be biologically
unrealistic since many fry and juveniles would beareas which would be considered
completely unsuitable from the binary criteria. cdedingly, the use of continuous criteria
developed using logistic regression in this studygided some of the above problems
associated with Geist et al. (2000). The considlena regarding clustered redds and other
unmeasured factors, such as upwelling from hypaerhabitats, are not applicable to this
report, since they are specific to spawning.

YCWA 23. Comment: Guay et al. (2000) did not conclude that logistgression should be
used to develop habitat suitability criteria. Theyaluated the ability of numeric habitat models
to predict the distribution of juvenile Atlanticlsaon in a small river, and compared predictive
capabilities of two biological models — one basedyceference curves (HSI), and one consisting
of a multivariate logistic regression designed tstidguish between the physical conditions used
and avoided by fish (HPI). They concluded that HRly be a more powerful biological model
than HSI, but cautioned that this may be due tanhéhematical structure they used, which may
have allowed a better representation of the staasand biological interaction among physical
variables with the HPI.

Response: Our review of Guay et al. (2000) indicates thas consistent with the conclusion
that logistic regressions are appropriate for dgialy habitat suitability criteria. We view the
aspect of multivariate versus univariate logiséigression as a minor point. In this regard, we
view both the univariate logistic regressions thatused and the multivariate methods used by
Guay et al. (2000) as means to distinguish betwleephysical conditions used and avoided by
fish. We do not see how the caution expressedusy@t al. (2000) would affect our conclusion
that Guay et al. (2000) is consistent with the tagion that logistic regression are appropriate
for developing habitat suitability criteria.

YCWA 24. Comment: Tiffan et al. (2002) did not conclude that logistgression should be
used to develop habitat suitability criteria. Thesed a logistic regression model to relate the
probability of juvenile fall-run Chinook salmon gence in nearshore areas of the Columbia
River to measures of physical habitat, as part b$la stranding evaluation. However, they did
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not develop habitat suitability criteria (as indiea in the USFWS draft report), nor did they
compare or make conclusions regarding the apprdpriass of using logistic regression in HSC
development.

Response:Our review of Tiffan et al. (2002) indicates thtaisi consistent with the conclusion
that logistic regressions are appropriate for dgialy habitat suitability criteria. Their use of a
logistic regression to relate the probability ofgaile fall-run Chinook salmon presence in
nearshore areas to measures of physical habgasentially equivalent to the use of logistic
regression to develop habitat suitability critevidnich by definition relate the probability of fish
presence to measures of physical habitat (in age dapth, velocity, adjacent velocity and
cover). Our intent was not to suggest that Ti#aal. (2002) developed habitat suitability
criteria; rather it was to suggest that it is cetesit with the conclusion that logistic regression
should be used to develop habitat suitability date

YCWA 25. Comment: McHugh and Budy (2004) did not conclude that logistgression
should be used to develop habitat suitability ciiteRather, they concluded that river-specific
suitability models for Chinook salmon redd siteesgbn (based on logistic regression) provided
greater predictive performance than general, gen@tHABSIM-type suitability models
developed on other rivers, but applied to theircsfperiver of investigation.

Response:Our review of McHugh and Budy (2004) indicates tih&é consistent with the
conclusion that logistic regressions are appropfiat developing habitat suitability criteria. In
this regard, we feel that the following quote frloHugh and Budy (2004) supports this
conclusion:

“More recently, and based on the early recommeaodstof Thielke (1985), many
researchers have adopted a multivariate logisgjiession approach to habitat
suitability modeling (Knapp and Preisler 1999; Geisal. 2000; Guay et al.
2000).”

We note that our application, in which we usedrmsgecific suitability models, is consistent
with the findings of McHugh and Budy (2004).

YCWA 26. Comment: On Page 3, four assumptions for the study desciibdéige USFWS

draft report are listed. However, no discussiopiisvided regarding why these assumptions are
necessary, or to what extent each of these assomsps valid, is partially met, or is not met.
Such a discussion is necessary to evaluate thengi@ the study. A brief discussion of these
assumptions should include, but not be limitedhe,following information given in YWCA
comments 27-30.

Response: These or similar assumptions are common to siiéam flow studies (Bovee 1982).
We are unaware of any instream flow study repdwds include discussion on why these
assumptions are necessary, or to what extent ddbbse assumptions is valid, is partially met,
or is not met. For at least the first assumptiorgur knowledge the data needed to test these
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assumptions is lacking. Accordingly, we did nodl @ddiscussion regarding the validity of
assumptions. See responses to YCWA comments 2&¢@0ding discussion of the
assumptions.

YCWA 27. Comment: Assumption 1: Physical habitat is the limiting famt for salmonid
populations in the Yuba River.

Presumably, this assumption actually is that regdvabitat is the limiting factor for salmonid
populations in the Yuba River, because this digfort only addresses elements of the rearing
lifestage. However, there is no evidence to supipstassumption. The USFWS draft report
should present supporting rationale or justificatifor this assumption.

Response: A basic assumption of all instream flow studeshiat physical habitat is limiting

fish populations (Bovee 1982, page 120). We usekB (1982) as our justification for this
assumption. In addition, to our knowledge, thedeteded to determine if physical habitat is the
limiting factor for anadromous salmonids in the duRiver is lacking. If some other factor such
as food or fishing mortality is controlling the pdation size, rather than physical habitat,
changes in physical habitat would not be expeaeadsult in changes in the fish population.

YCWA 28. Comment: Assumption 2: Rearing habitat quality can be chatadzed by depth,
velocity, adjacent velocity and cover.

This assumption has the potential to be reasonadlig depending on the methodologies used to
develop HSCs. As long as the methodologies doomapiomise the ability of these four
parameters (or combinations thereof) to reflectitifeuence of unutilized parameters (e.g.,

water temperature) in rearing habitat quality anohcomitant rearing site selection, it may be a
reasonable assumption. However, we have a conegiarding the unvalidated use of the
adjacent velocity criterion as an assumption, oHBC development. Additionally, the data
collection procedures, methodologies and resullBCs developed in the USFWS draft report
raise questions as to the extent to which thisragsion is valid (see following comments).

Response: The methodologies used to develop HSC represermiiient state-of-the-art in the
scientific literature for developing HSC. Watemigerature is not typically addressed in
developing and applying habitat suitability crigeriRather, water temperature is applied as a
macrohabitat parameter by reducing the total amoftinabitat by the number of miles of river
with suitable water temperatures. We justifieduke of an adjacent velocity criterion based on
the biological mechanism identified in the repdutifulent mixing transporting invertebrate drift
from fast-water areas to adjacent slow-water andese fry and juvenile salmon and
steelhead/rainbow trout reside). We note thatifeeof an adjacent velocity criterion has been
validated (Gard 2006). As discussed in the resptm¥ WCA comments 34-39, we feel that the
data collection procedures, methodologies and taas#iHSCs support the validity of this
assumption.
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YCWA 29. Comment: Assumption 3: The 18 study sites are representativanadromous
salmonid rearing habitat in the Yuba River.

This assumption requires additional justificatiomiadicated in Comments 7, 8 and 9 under
Methods.

Response: See responses to YWCA comments 31-34.

YCWA 30. Comment: Assumption 4: Theoretical equations of physical pesses along with
a description of stream bathemetry provide suffitienput to simulate velocity distributions
through a study site.

For this assumption, we will defer to the commémas discuss hydraulic/hydrodynamic
modeling issues.

Response: See response to GP comments 1-16 and 23.
METHODS

YCWA 31. Comment: The USFWS draft report (pg. 4) states that studynsants were
delineated within the lower Yuba River between &mgght Dam and the Feather River based
on differences in flow, resulting in only two stisgments — above Daguerre Point Dam and
below Daguerre Point Dam study segments. The USiiafSreport should explain why other
features (e.g., fluvial geomorphology, gradientjevdaemperature, etc.) were not considered in
segment delineation.

Response: See response to PG&E comment 5.

YCWA 32. Comment: The USFWS draft report (pg. 7) statdsased on the results of habitat
mapping, we selected eight juvenile habitat sitestf together with ten previously selected sites
(U.S. Fish and Wildlife Service 2008), adequategpresent the mesohabitat types present in
each segment ... As a result, the mesohabitat contosof the study sites, taken together,
were roughly proportional to the mesohabitat compims of the entire reach.

First, the USFWS (2008) draft report on spawninditet states (pgs. 5 and 7) that the ten
previously selected study sites were those thaived heaviest spawning use by spring-run and
fall-run Chinook salmon, and by steelhead/rainboout, as mapped by Jones and Stokes
biologists during 2000. The USFWS draft reporfwrenile rearing habitat needs to explain
why it isappropriate to use data from spawning sites to rhpoenile rearing habitat.

Response: We added the following text to the discussiortieacf the report unddfield
reconnaissance and study site selectmrespond to this comment:

“The use of the 10 spawning sites to model juvergéing habitat was viewed as
appropriate because it increased the area of meeleled for juvenile rearing
habitat.”
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YCWA 33. Comment: Second, the USFWS draft report would benefit froctuding the
actual proportional representation of mesohabitaitsi selected for study in each of the study
segments.

Response: We have added a new Table 10 to the report slgptlim actual proportional
representation of mesohabitat units selected mlysin each of the study segments.

YCWA 34. Comment: The methodology (USFWS draft report pg. 7) emphdsbtaining

HSC information by distinct mesohabitat units. Hegre HSC information appears to have been
developed by pooling mesohabitat units. This assuhs all HSC information is independent of
mesohabitat types. The inconsistency between ttiedwogy and the data reduction steps
needs to be explained.

Response: The text referred to by the commenter (page djesses field reconnaissance and
study site selection. Collection of HSC data idradsed starting on page 21 of the draft report.
Our methodology emphasized obtaining HSC infornmaitioall mesohabitat types. The
commenter is correct that HSC were developed b¥immpdata from all mesohabitat types.
Based on snorkel studies we conducted on the SaatarRiver (U.S. Fish and Wildlife Service
1996), it appears to be a reasonable assumptibH 8@ data is independent of mesohabitat
types. Specifically, our snorkel surveys indicatteat the scale of mesohabitat units for large
rivers is so much larger than the scale of habatthat habitat use is controlled by microhabitat
parameters, rather than mesohabitat types. Weidoetieve that a methodology in which HSC
information is obtained in all mesohabitat typemonsistent with data reduction steps in which
HSC data from all mesohabitat types is pooleds Uinclear what the commenter is suggesting
as an alternative to the data reduction step teadid. One alternative could be developing
different HSC for different mesohabitat types; saahapproach would not be possible in this
case due to small sample sizes.

YCWA 35. Comment: The USFWS draft report (pg. 22) states that waterderature data
were recorded during data collection activities.Wwver, it does not appear that water
temperature data were used in HSC development.

Response: The commenter is correct that we did not use mtataperature in HSC
development. We took this approach because waigudrature is typically applied in instream
flow studies as a macrohabitat parameter by redubia total amount of habitat by the number
of miles of river with suitable water temperatures.

YCWA 36. Comment: The USFWS draft report (pg. 23) states that dakanaby the snorkeler
and the measurer were correlated at each tag locatit is unclear what is meant by use of the
term “correlated” here.

Response: We have changed the text in question to read bioed for” instead of “correlated
at.” The text in question was intended to meahwmearecorded the data collected for each tag
by the snorkeler (e.g. number, size and speciéstoaind cover) and later by the measurer (e.g.
depth, velocity and adjacent velocity) on the séimein a databook.
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YCWA 37. Comment: The USFWS draft report (pg. 25) states thate' used Mann-Whitney
U tests to test for differences in depth, veloatyd adjacent velocity, and Pearson’s test for
association to test for differences in cover, ftvetabove categories of fry versus juvenifes.

The USFWS draft report should explain why theseiBpeests were selected for these two
different applications.

Response:We added the following text to the report to regsptmthis comment:

“We used nonparametric tests because the dataata®mmally distributed.
Mann-Whitney U tests are generally used for comtirsuvariables, such as depth,
velocity and adjacent velocity, while Pearson’s fesassociation is generally
used for categorical variables, such as cover.”

YCWA 38. Comment: The USFWS draft report (pgs. 25-26) states thagnndxamining the
transferability of Sacramento River Chinook salmearing criteria, the optimum range for a
single variable was defined by a suitability gredtean 0.75, and that the usable range for a
variable encompassed the interval between suitaslof 0.1 and 0.75. The USFWS draft report
should justify the selection of these values (0d @75) for these definitions of suitability.

Response: We have added a citation to the report (U.S. Righ Wildlife Service 1997) where
these values were derived.

YCWA 39. Comment: The USFWS draft report (pg. 26) states that HSGoweodified by
...“eliminating points not needed to capture the baskape of the curvés Additional
discussion is necessary justifying the appropriassnof this specific methodologic procedure.

Response: We have changed the text in question (on pg.f30eofinal report) to read as
follows:

“eliminating points where interpolation from retathpoints resulted in the same
HSI value at the eliminated point.”

Essentially we only eliminated points where theesa linear relationship between HSI and the
independent variable, which would not have addedr#iormation to the relationship. This is a
convention carried over from PHABSIM and makesdhteria data presented in Appendix K
more concise.

YCWA 40. Comment: TheUSFWS draft report (pg. 27) stated that, becaugacamt velocity
(AV) was highly correlated to velocity (V), a ldgigegression (equation 4) that includes not
only the explanatory variable AV but also the vales V, V2, V3 and V4 was fitted to the data
and then the regression coefficients correspontbritpe intercept (1) and the adjacent velocity
(N) of the fitted Equation 4 were used in Equaton
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Exp (1+ N xAV)
Equation 5: 1 [ ——
1+Exp(l+NxAV)

It is not sufficiently explained why the procesamblying Equation 4 to obtain the coefficients
for use in Equation 5 was used. Why weren’t théfictents (I and N) estimated directly from
fitting Equation 5 to the data? Why wasn’t the poegly applied logistic regression approach
used for depth and velocity HSC development ugeatijacent velocity HSC development? How
did this specific methodology influence the resuledjacent velocity HSC?

Response: The coefficients | and N were not estimated diyefcom fitting Figure 5 to the data
because velocities and adjacent velocities werglhigprrelated. Similarly, the previously
applied logistic regression approach was not useddjacent velocity because velocities and
adjacent velocities were highly correlated. THedefof this specific methodology on the
resultant adjacent velocity HSC was to produce H&Creflected the component of adjacent
velocity that was independent of velocity.

YCWA 41. Comment: The USFWS draft report (pg. 27) discussion of théhodology used to
develop adjacent velocity HSC states that oncéi®€ reaches a value of 1.0, all higher
adjacent velocities also have an HSC value of Agpendix K in the USFWS draft report
indicates that adjacent velocity HSC was considéodae equal to 1.0 at water velocities of 3.6
fps and higher for Chinook fry, 5.5 fps and higf@rChinook and steelhead juveniles, and 4.7
fps and higher for steelhead fry.

Response: The commenter is correct.

YCWA 42. Comment: It does not appear to be reasonable to assumeattjatent velocities
of 3.6 fps and higher (without an upper limit, athwut reduced suitability at higher velocities)
represent the highest suitability of adjacent veties, due to lack of forage opportunity
duration, and excessive bioenergetic demand toucagrey items, at higher velocities. As
suggested on Page 21 of the USFWS draft repoBotH the residence and adjacent velocity
variables are important for fish to minimize the ergy expenditure/food intake ratio and
maintain growth’

Response: An assumption that adjacent velocities of 3.6dpd higher without an upper limit is
reasonable based on the mechanism of turbulenhgnixkinsporting invertebrate drift from fast-
water areas to adjacent slow-water areas whem@nfilyjjuvenile salmon and steelhead/rainbow
trout reside. The adjacent velocity parameter egklrs food delivery — it is reasonable to expect
that faster adjacent velocities with no upper limatuld result in more invertebrate drift delivery.
Since fry and juveniles stay in the slower veloeitgas and food is delivered to them by
turbulent mixing, forage opportunity duration ist moconsideration — once the food has been
delivered to the slower velocity area by turbulerting, it would be expected to stay there.
Bioenergetic demand to capture prey items is addeby the velocity HSC component — by
staying in slow velocity areas, fry and juvenilesimize their bioenergetic demand to capture
prey items, which are delivered to them by turbtibsidies — essentially they can stay in one
spot and have their food delivered to them.
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YCWA 43. Comment: It appears unreasonable to weight very high adjaeeater velocities
(higher than 3.6 fps with no upper limit) as havigimal suitability.

Response: Weighting very high adjacent water velocitieoptimal is reasonable based on the
mechanism of turbulent mixing transporting inverggb drift from fast-water areas to adjacent
slow-water areas where fry and juvenile salmonstadlhead/rainbow trout reside — it is
reasonable to expect that faster adjacent velsaiith no upper limit would result in more
invertebrate drift delivery.

YCWA 44. Comment: The selection of the HSC (draft report pgs. 24128)e used to
establish flowhabitat relationships is often a @nttous component of a flow-habitat study
(PHABSIM), especially when the decision is maderaunously (Stalnaker et al. 1995; Bovee
1995). The habitat suitability criteria are typi¢athe most significant factor in determining the
outcome of a habitat study (Waddle in USFWS 20@8 ig&iew of the lower American River).
Overestimates of available habitat can lead to rabm@vable goals for protecting salmonid
habitat and can be directly related to use of inaete suitability relationship criteria (Geist et
al. 2000; McHugh and Budy 2004). The HSC developaygoroach used by USFWS for the
lower Yuba River spawning habitat evaluation appgdarbe based, at least conceptually, on a
developing methodology. It is unique and has béamnacterized by peer reviewers of recent
USFWS application as confusing and producing qaeatile results (USFWS 2003, USFWS
http://www.delta.dfg.ca.gov/AFRP/documents/Sacramdriver_Spawning_Response-to-
Comments_Document.pdf

Response:We agree that the habitat suitability criteria gneically the most significant
factor in determining the outcome of a habitat gtutf the method utilized in this study had
overestimated the amount of available habitat,els#ould have been a large percentage of
unoccupied locations with high combined suitabilityuch was not observed in this study,
since most of the rearing unoccupied locationsathbilities less than 0.1. We would
characterize the HSC development approach usdddgrstudy as based on a fully-developed
methodology which represents the state-of-theartliEveloping unbiased habitat suitability
criteria. We assume that the fourth sentenceisfdbmment was meant to refer to the
rearing habitat evaluation (the subject of the draport), rather than the spawning habitat
evaluation. We would characterize multivariatadtig regression as a fully-developed
approach, since it was first introduced in 1985 isnaell-established in the peer-reviewed
literature for developing HSC (Knapp and Preis@99, Parasiewicz 1999, Geist et al. 2000,
Guay et al. 2000, Tiffan et al. 2002, McHugh andi{3@004). We responded to the peer
reviewers of the Sacramento River instream flowdgttegarding whether the method is
confusing or produces questionable results. Weseehvthe description of the methods in
that report to clarify the methods and demonsttia¢evalidity of the results. Such concerns
regularly arise during the peer review process ahuscripts for publication in scientific
journals, but do not necessarily negate the validita given methodology. Rather, peer
review is an opportunity and forum to respond, i§jaiand revise where appropriate.
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YCWA 45. Comment: Multivariate logistic regression is a developingpapach to evaluate
habitat suitability. Under this approach, sciensisypically take the presence of a fish at a site t
imply site suitability, and subsequently model preg/absence across a wide range of sites as a
function of a suite of continuous or categoricabltat variables using standard statistical
techniques.

Response: We disagree that multivariate logistic regresssoa developing approach — rather
we would characterize it as a fully-developed apphg since it was first introduced in 1985 and
is well-established in the peer-reviewed literatioredeveloping HSC (Knapp and Preisler 1999,
Parasiewicz 1999, Geist et al. 2000, Guay et &020Uiffan et al. 2002, McHugh and Budy
2004).

YCWA 46. Comment: The USFWS draft report apparently deviates fromajmgroaches in

the referenced documents (draft report pg. 24)diggia univariate logistic regression
approach, rather than a multivariate logistic regston approach. As such, the approach used
by the USFWS draft report is not directly compaeata the methods reported in the literature,
and requires a more detailed description and distusto try to justify the applied method. The
USFWS draft report needs to be edited to discusappropriateness of its approach, including
a more detailed description of what the approaclolmed and how it was developed, and the
biological rationale for using this approach.

Response: A multivariate approach assumes that there areaictiens between depth, velocity,
cover and adjacent velocity. We consider the tiseumivariate approach to be appropriate in
this application (see response to YWCA commentel@w). In this regard, we view both the
univariate logistic regressions that we used aedihbltivariate methods used by Guay et al.
(2000) as means to distinguish between the physaalitions used and avoided by fish. We
have reviewed the draft report to ensure thataviles a sufficiently detailed description of
HSC development protocols and the biological ralerfor using this approach (Methods —
Habitat Suitability Criteria (HSC) Development).

YCWA 47. Comment: The USFWS draft report assumed that the four “irehefent”

variables (depth, velocity, adjacent velocity andear) are equally significant because
compound suitability is the product of the HSChef four variables. Given the uncertainty of the
assumption of equal significance of these varialridbe lower Yuba River, the USFWS draft
report needs to be edited to reevaluate theserfgsjiincluding a determination of the relative
significances of depth, velocity, adjacent veloaitg cover in determining the quality of rearing
habitat in the Yuba River, and then reevaluatehhleitat suitability relationships, as
appropriate.

Response: It is the standard practice in instream flow sg#sdo assume that all independent
variables are equally significant and to have coumubsuitability calculated as the product of
the HSI of the independent variables (Bovee 192§epl120). This assumption has
previously been tested and validated in the peeeveed literature (Vadas and Orth 2001).
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YCWA 48. Comment: Given that the objective of the use of the logigtgression is to
improve characterization of the conditions definfrapitat suitability, the use of a multivariate
approach should be discussed in the USFWS draftirt@md used as appropriate.

Response: See response to YCWA comment 46.

YCWA 49. Comment: Guayet al. (2000) developed two types of biological modelsetscribe
habitat use: a habitat suitability model and a habprobabilistic model. The habitat
probabilistic model was used to estimate the prdhglof observing a fish under given
combinations of physical conditions. This was aaieby fitting a multivariate Gaussian
logistic regression model to the presence—abseata drhe logistic model was intended to
predict the probability (0—1) of finding fish inatile using local substrate compaosition, current
speed, and water depth as independent variables USFWS draft report would benefit from a
clear discussion of the methods used in its stalg,a comparison of these methods to the
methods used in the referenced documents (e.gy, €&wh 2000).

Response: The only real difference between the approacd bgeGuay et al. (2000) and in
this report is that Guay et al. (2000) used a maliate logistic regression and this report
used univariate logistic regressions. In this régae view both the univariate logistic
regressions that we used and the multivariate ndstheed by Guay et al. (2000) as means to
distinguish between the physical conditions usetlauoided by fish. We have reviewed the
report to confirm that it includes a sufficientliear description of the methods used in our
study.

YCWA 50. Comment: The USFWS draft report (pg. 28) states that biaabverification was
performed by using ... “Mann-Whitney U tests (Zar4)a® determine whether the combined
suitability predicted by River2D was higher at [toas where fry or juveniles were present
versus locations where fry or juveniles were ab$drte methodology employed, a one-tailed
Mann-Whitney U test (rank sum test), actually deteed whether two independent samples
were drawn from populations having the same metis. unclear how such a test addresses
“bioverification”. In fact, “bioverification” is more appropriately assessed by plotting modeled
combined habitat suitability predictions versusuattiocational observations as presented
Appendix M.

Response: The test addresses bioverification by testingwothesis that fish are selecting
preferred habitat conditions (i.e. that occupiezhtins have a higher combined suitability than
unoccupied locations). The test summarizes thee sladwn in Figures 23 and 24, which in turn
summarize the results shown in Appendix M. We daelgard the combination of the statistical
test, the data shown in Figures 23 and 24 andethdts presented in Appendix M as the best
way to assess bioverification. Each of these threthods of presenting data has strengths and
weaknesses — the stastistical test provides amalbassessment of the biological verification,
while the results presented in Appendix M provide most in-depth presentation of the
biological verification data. See also respons@®comment 15.
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YCWA 51. Comment: The USFWS draft report (pg. 80) states that theaRues for the

logistic regressions are very low. The USFWS dhegbrt suggests that thesé Rlues are low
because the USFWS draft report used a univariastic regression approach, rather than a
multivariate logistic regression approach usedhe teferenced literature (pg. 24), which
included additional independent variables. If timthe case, then the USFWS draft report
should be modified to provide additional explanat@f why the univariate approach was used
and of the predictive capability of the logistigression model(s) based on observed values.

Response: The intent of the text referred to by the comrmeemtas to indicate that the overall
proportion of variance explained by all four habitariables is greater than the proportion of
variance explained by each variable. In this reégtre report states on page 85:

“It would be expected that the proportion of vadarfR value) explained by the
habitat suitability variables would be apportior@@dong depth, velocity, adjacent
velocity and cover.”

We are not aware of what additional explanationddcbe added regarding the appropriateness
of using the univariate approach. We do not know ko assess the predictive capability of the
logistic regression models based on observed vadian that the models address habitat that

would be preferred if available rather than haliliat is used because it is available.

RESULTS

YCWA 52. Comment: The USFWS draft report (pgs. 38-39) describes tibstantial amount
of snorkeling effort expended in both near-shore ead-channel habitats. Of the 469
measurements made where YOY Chinook salmon articesteé&ainbow trout were observed, all
but 8 were made near the river banks. These resulisate a volitional selection of near-shore
habitats by YOY, and should be considered in tireldpment and application of combined
habitat suitability HSC, and in the eventual remestion of WUA-discharge relationships.

Response: The relative abundance of fish in near-shoreraitdchannel habitats is confounded
by the difference in depths and cover in near-shacemid-channel habitats. Specifically, it is
likely that the low abundance of fish in mid-chahingbitats was due to the deeper depths and
lack of woody cover, as compared to near-shoret&igbrather than a volitional selection of
near-shore habitats by fry and juvenile anadronsali®onids. As such, it does not appear that
consideration of near-shore versus mid-channetdtslis warranted in the development and
application of criteria and WUA-discharge relatibips.

YCWA 53. Comment: The USFWS draft report (pg. 80) describes the defimof a group of
fish as a single observation, and presumably olzems of one fish also as a single
observation. The appropriateness of using an estifeol of fish as a single observation, as
well as a single fish as a single observation, trapotential for differential weighting of
observations by various numbers of fish should beerthoroughly discussed in the draft report.
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Response: The commenter is correct that both a group &f éisd observations of one fish were
defined as a single observation. The approprigtengthis practice and the potential for
differential weighting of observations by variouswmbers of fish are addressed in the following
text from the discussion of the report:

“Rubin et al. (1991) present a similar method w@istic regression using fish
density instead of presence-absence, and usingpamential polynomial
regression, rather than a logistic regression. irRebal. (1991) selected an
exponential polynomial regression because theiloigion of counts of fish
resembles a Poisson distribution. We did not bisemhethod for the following
reasons: 1) we had low confidence in the accusoyr estimates of the number
of fish in each observation; and 2) while it iss@aable to assume that a school of
fish represents higher quality habitat than onle, fisis probably unreasonable to
assume that, for example, 100 fish representsifi@tbetter habitat than one
fish. A more appropriate measure of the effectthefnumber of fish on habitat
quality would probably be to select some measueeldg (number of fish + 1),

so that 1-2 fish would represent a value of on8Q 3ish would represent a value
of two and 31-315 fish would represent a valuehoéd'. We are not aware of
any such measure in the literature, nor are weawafnow we could determine
what an appropriate measure would be.”

YCWA 54. Comment: In Figures 42-49 of the USFWS draft report (pgs88%, comparisons
are made of Chinook salmon and steelhead/rainbowt tiry and juvenile depth and velocity
HSCs between those in the USFWS draft report, laogktin the referenced literature. For 7 of
the 8 comparisons of the depth and velocity HI@sUSFWS draft report HSCs have a clear
shift of higher habitat suitabilities toward deegerd faster water than for HSCs in the
referenced literature. This proclivity toward deep@d faster water results from the critical
reliance on the logistic regression-based approextevelop HSC from observational data.

Response: We agree that most of the comparisons show adatiigher habitat suitabilities
toward deeper and faster water compared with H&Ds the referenced literature. This pattern
suggests that the criteria in the literature &elyilargely biased towards shallow depths and
slower velocities since the criteria in the litewrat were not developed using methods that
adequately address the effects of availability abitat use. Based on the following text from
the discussion, the shift towards deeper and fastaditions are due to more than just the use of
logistic regression:

“The fall/spring-run Chinook salmon fry and juvendnd steelhead/rainbow trout
juvenile depth criteria show non-zero suitabildiheit at low values, for deeper
conditions than the criteria from other studiese #tribute this to the use of
SCUBA sampling to collect fry and juvenile rearid§C data in deeper water.
Typically, criteria data for fry and juvenile anadrous salmonids are only
collected using snorkel surveys, on the assumptianfry and juvenile

* The largest number of fish that we had in one nlesi®n was 300 fish.
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anadromous salmonids will not be found in deepdervan contrast, we found
that fry and juvenile anadromous salmonids will dseper water with suitable
velocities.”

“we observed steelhead/rainbow trout fry in deeqmeditions than for other
criteria; we had seven percent of our observationgter> 3 feet (0.91 meters),
while both the Feather and Trinity River HSC habhziitability for depthgs 3
feet (0.91 meters).”

“The fall/spring-run Chinook salmon fry velocityitaria show non-zero
suitability, albeit at low values, for faster cotmins than the other criteria. We
attribute this to the fact that we observed fatifsgp-run Chinook salmon fry at
higher velocities than for other criteria; we hdibervations at velocities as high
as 3.62 feet/sec (1.10 meters/sec), while botlr#ather River and Beak (1989)
HSC had zero suitability for velocities greatentt2a24 feet/sec (0.68
meters/sec). Similarly, our fall/spring-run Chikasalmon juvenile and
steelhead/rainbow trout fry velocity criteria shown-zero suitability for faster
conditions than other criteria. We attribute tlughe fact that we observed
fall/spring-run Chinook salmon juveniles and stealtirainbow trout fry at
higher velocities than for other criteria. Folfigring-run Chinook salmon
juveniles, we had observations at velocities ah hg3.98 feet/sec (1.21
meters/sec), while both the Feather River and B£889) HSC had zero
suitability for velocities greater than 3.24 feet/40.99 meters/sec). For
steelhead/rainbow trout fry, we had observationsehicities as high as 3.66
feet/sec (1.12 meters/sec), while both the FeatherTrinity River HSC had zero
suitability for velocities greater than 2.69 feet/40.82 meters/sec).”

YCWA 55. Comment: The use of adjacent velocity as a variable in thilcined habitat
suitability HSC development is unique, and haseein validated in other studies. The USFWS
draft report (pg.91) acknowledges that the onlyeottudy that used adjacent velocity HSC for
Chinook salmon fry or juvenile rearing was develbpg the same lead author for the
Sacramento River. Notably, no other studies weratéd that used adjacent velocity as an HSC
variable for Chinook salmon fry or juvenile rearingoreover, no studies were able to be found
that used adjacent velocity as an HSC variablesteelhead/rainbow trout fry or juvenile
rearing. This raises significant questions regaglthe appropriateness of using this HSC
variable here.

Response: We agree that the use of adjacent velocity igumito this study and our previous
study on the Sacramento River. The use of thecadfavelocity criteria developed for the
Sacramento River study was validated on the MeRiedr (Gard 2006). We feel that it is
appropriate to use adjacent velocity becauseaih isnportant aspect of anadromous juvenile
salmonid rearing habitat that has been overlookgutavious studies.

YCWA 56. Comment: The USFWS draft report (pg. 92) acknowledges thatn.general,
our biological verification was unsuccessfulThe USFWS draft report (pg. 93) further states
... “The performance of River2D in predicting the CSI otcupied locations is a combination
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of errors due to: 1) the predictive accuracy of thkSC; and 2) the predictive accuracy of the
hydraulic modeling” These statements raise serious questions abeuahdity of the
conclusions in the USFWS draft report.

Response: The discussion establishes that the failure @hiblogical verification was largely
due to small sample sizes and the predictive acgwhthe hydraulic modeling. The failure to
biologically verify these models does not mean thatmodels are not useful for the purpose of
this study, namely providing scientific informatitmuse in determining instream flow needs for
anadromous fish in the Yuba River. Rather, it nsgdiat we did not have an increased
confidence in the use of the flow-habitat relatlips from this study for fisheries management
in the Yuba River. In this regard, we note thasmnostream flow studies, including the Beak
(1989) study, would be characterized as unveriat;e they do not include a bioverification
component.

YCWA 57. Comment: The USFWS draft report (pg. 97) states that thélioal verification

in Hardy and Addley (2001) produced better restiits those found in the USFWS draft report
study due to: 1) presentation of results for anrergtudy site, rather than just for portions oéth
sites that were sampled in the USFWS draft reortt 2) calculations of combined suitability
as the geometric mean of the individual suitaleisitirather than calculation of combined
suitability as the product of individual suitabiéis. This discussion suggests that the USFWS
draft report may benefit from exploring the useatulating combined suitability as the
geometric mean of the individual suitabilities.

Response: We have explored the use of calculating combgethbility as the geometric mean

of the individual suitabilities. As shown in thigdres on the following pages, the selection of
product versus geometric mean does not seem toshewesistent effect on the shape of the
overall flow-habitat relationships. The use of #tacent velocity parameter also does not seem
to have a consistent effect on the shape of theab\lw-habitat relationship. None of the
graphs shown on the following pages show the géskege of the flow-habitat relationships in
Beak (1989), namely the highest amount of habit#iealowest flow, with the amount of habitat
rapidly decreasing with increasing flow.

YCWA 58. Comment: The USFWS draft report (pg. 97) further descrilies the
bioverification in Hardy and Addley (2001) resulied... “large areas with zero suitability
(away from the channel margins) and smaller areashigh suitabilities near the channel
margins where fish were locatédemphasis added]. As noted in Comment 22, ovep&&ent
of the measurements where YOY Chinook salmon eelthead/rainbow trout were observed,
were made near the river banks. These resultsatelia volitional selection of near-shore
habitats by YOY, and should be considered in theldpment and application of combined
habitat suitability HSC, and eventual representatid WUA-discharge relationships.

Response: The relative abundance of fish in near-shoreraitdchannel habitats is confounded
by the difference in depths and cover in near-saacemid-channel habitats. Specifically, it is
likely that the low abundance of fish in mid-chahin@bitats was due to the deeper depths and
lack of woody cover, as compared to near-shoretégbrather than a volitional selection of
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near-shore habitats by fry and juvenile anadronsalr®onids. As such, it does not appear that
consideration of near-shore versus mid-channetdtslis warranted in the development and
application of criteria and WUA-discharge relatibips.

YCWA 59. Comment: Biological validation is intended to determinehBtHSCs are correctly
defining habitat usability. However, review of tilets of combined suitability predictions and
locations of observed fry and juveniles presentefippendix M clearly show that the USFWS 2-
D simulations generally failed to predict the lacat of observed fry and juveniles.

Response: Biological verification as conducted in this sgudsts a combination of whether the
hydraulic model is correctly predicting the depdingl velocities at the fish locations and if the
HSCs are correctly defining habitat usability. ¥fgee that the data presented in Appendix M
shows that the 2-D simulations generally failepredict the location of observed fry and
juveniles. The discussion establishes that tHeréaof the biological verification was largely
due to small sample sizes and the predictive acgwgthe hydraulic modeling.
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