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Executive Summary

The Secretary of the Department of the Interior is required to decide if implementation of the
Klamath Hydropower Settlement Agreement (KHSA) and Klamath Basin Restoration
Agreement (KBRA) (1) will advance restoration of the salmonid fisheries of the Klamath Basin;
and 2) is in the public interest. Two alternative management scenarios before the Secretary of
the Interior must be addressed in the Secretarial Determination: (1) Conditions with dams, also
referred to herein as the “Current Conditions”; and, (2) Conditions without dams and with the
KBRA, also referred to herein as the “Proposed Action.” This expert panel (Panel) was
convened to attempt to answer a provided list of specific questions that had been formulated to
distinguish between the effects of the two alternatives (Current Conditions and the Proposed
Action) on coho salmon (Oncorhynchus kisutch) and steelhead (Oncorhynchus mykiss). Coho
salmon in the Klamath River Basin are included in the Southern Oregon/Northern California
Coast Evolutionary Significant Unit (SONCC ESU) and were federally listed as threatened
under the Endangered Species Act on May 6, 1997 (62 FR 24588). Critical habitat was designated
for coho salmon on May 5, 1999 (64 FR 24049). Steelhead in the Klamath River Basin are
included in Klamath Mountains Province Evolutionary Significant Unit (KMP ESU). While
steelhead are not as yet listed as threatened or endangered, the National Marine Fisheries
Service (NMFS) remains concerned about the status of KMP ESU steelhead (West Coast
Steelhead Biological Review Team 2001). Steelhead in the Klamath River Basin consists of
winter and summer runs.

The Panel faced a difficult challenge. The Panel was presented with an enormous amount of
material, spread out in many documents. The proponents of the Proposed Action provided no
single synthesis or overview document compiling their conclusions along with the supporting
scientific evidence. The panel furthermore was funded to meet for only 5 days and the report at
the end of that time. While a tight deadline does concentrate the mind, and encourages focus on
the most important of the evident issues, it also exacts a cost in limiting the depth of the review.
Most especially, it limits the opportunities to follow a trail of scientific evidence back to its
source in original data, and to resolve conflicting sources of information. Thus, the Panel relied,
to a considerable extent, on the summary information made available, other published
information, and their expertise and experience with other systems. The Panel’s statements are
based on careful review of this material and group discussions. However, the Panel’s
statements are no substitute for further scientific investigation. The Panel recommends that its
statements not be used in lieu of doing the necessary and feasible data collection, analyses, and
modeling that is recommended below.

Missing from the information provided to the Panel are a detailed plan of implementation of the
KBRA; an integrated view of how the two alternatives might affect specific life stages of each
species; and stage-specific or life-cycle models. Such models would allow the contrasting effects
of the two actions on reproduction, growth, mortality, and movement to be quantified and
combined within and across life stages into a population response. To permit quantitative
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estimation, KBRA actions should be specified in terms of location, timing, duration, extent,

expected use by species and life stage, and resultant changes in reproduction, growth, and

survival. This effort requires integration of information gathering and analysis, and it requires

commitments to a predictable decision-making process to ensure effective allocation of

resources within the restoration program. Given the lack of integration of decision rules for
KBRA activities with information and analysis (models) about the likely responses of habitat
and fish, the Panel can make only qualitative statements conditional on assumptions about the

missing pieces of the puzzle.

With that backdrop, the Panel offers partial answers to the questions posed and the following

overall conclusions, based on a synthesis of our responses to the questions.

1)

(2)

Although Current Conditions will likely continue to be detrimental to coho, the
difference between the Proposed Action and Current Conditions is expected to be small,
especially in the short term (0-10 years after dam removal). Larger (moderate) responses
are possible under the Proposed Action if the KBRA is fully and effectively implemented
and mortality caused by the pathogen C. shasta is reduced. The more likely small
response will result from modest increases in habitat area usable by coho with dam
removal, small changes in conditions in the mainstem, positive but unquantified
changes in tributary habitats where most coho spawn and rear, and the potential risk for
disease and low ocean survival to offset gains in production in the new habitat. Very
low present population levels and low demographic replacement rates indicate that
large improvements are needed to result in moderate responses. The high uncertainty in
each of the many individual steps involved for improved survival of coho over their life
cycle under the Proposed Action results in a low likelihood of moderate or larger
responses (i.e., any single step can offset gains on the other steps). Improvements on the
order of two to four times the current freshwater survival are likely needed to offset the
current low marine survival. Nevertheless, colonization of the Project Reach between
Keno and Iron Gate Dams by coho would likely lead to a small increase in abundance
and spatial distribution of the ESU, which are key factors used by NMFS to assess
viability of the ESU.

The Panel is more optimistic that the Proposed Action could result in increased spatial
distribution and numbers of steelhead, and in the long term (decades), increased
numbers relative to those under Current Conditions. If the Proposed Action is
implemented ineffectively, there may be no detectable response of steelhead. If the
Proposed Action is implemented effectively, and the other related actions occur [e.g.,
Total Maximum Daily Load (TMDL)], then the response of steelhead may be broader
spatial distribution and increased numbers of individuals within the Klamath system.
This assessment is based on the likelihood of steelhead being given access to substantial
new habitat, steelhead being more tolerant than coho to warmer water, the fact that

Klamath River Expert Panel Final Report
Coho/Steelhead Page ii April 25,2011



The findings and conclusions in this report are those of the authors and do not necessarily
represent the views of the funding agency (U.S. Fish and Wildlife Service).

@)

(4)

other similar species (resident redband/rainbow trout?) are doing well in the upstream
habitat, and that steelhead are currently at lower abundances than historical values but
not yet rare. Key issues affecting success will be how the KBRA is implemented, the
degree of colonization of the upper watershed by steelhead, the success of passage
through the unfavorable conditions in Keno Reservoir and upper Klamath Lake, how
reliant the current population is on hatchery fish, the outcome of interactions between
steelhead and resident O. mykiss, and the influence of hatchery releases on the fitness of
wild fish.

The questions posed to the Panel are not answerable in quantitative terms. The Panel
was provided with qualitative information and asked to respond to questions requiring
quantitative answers. The Panel identified six principal obstacles to drawing convincing
conclusions between the two alternatives: (1) insufficient specificity of the KBRA;
uncertainties about (2) fish passage through Keno Reservoir and Upper Klamath Lake,
(3) hatchery effects, (4) disease, and (5) water demand responses to KBRA; and, (6)
limited understanding about coho and steelhead abundances, migration patterns, and
factors affecting survival at each life stage. With this degree of uncertainty, the Panel
guardedly gave partial answers to the questions, still with some misgivings because of
the potential for misinterpretation of the Panel’s responses. “Expert opinion,” even of an
independent panel, should not be used as a substitute for scientific analysis of solid data.

As part of this report, the Panel offers general recommendations, beyond responding to
the questions in the charge. These general recommendations give the Panel’s advice on
how to ensure that the best scientific information is brought to bear on this important
issue in the future. These recommendations include: development of an overall
conceptual model, ensuring access to needed expertise for quantitative analyses,
formation of a centralized science advisory group with strong leadership, formulation of
monitoring and research plans, specification of the details of the actions within the
KBRA and how they will be implemented, some additional temperature analyses and
modeling to better characterize within-day variability, and development and use of
stage-specific and life cycle models of growth, mortality, reproduction, and movement
to better contrast the Current Conditions versus the Proposed Action alternatives, and if
the dams are removed, to ensure the effectiveness of the KBRA.

'Redband trout, rainbow trout, and steelhead are all part of a complex aggregation of sub-species and life histories
of Oncorhynchus mykiss. For ease of the reader, the term O.mykiss is used to refer to the resident form of
redband/rainbow trout and the term steelhead is used for the anadromous life history pattern.
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1.0 Introduction

The allocation of water among competing uses in the Klamath Basin (Figure 1) has often been
contentious. In recent years, stakeholders began discussions to reach a settlement agreement
that would equitably resolve water resource management conflicts in the basin. In February
2010, this goal was reached when two settlement agreements were signed. Six dams occur along
the Klamath River between Upper Klamath Lake and Interstate 5 (Figure 2). These dams
include Iron Gate, Copco 2, Copco 1, J. C. Boyle, Keno Dam, and Link River Dam. The Klamath
Hydroelectric Settlement Agreement (KHSA) would result in the removal of Iron Gate, Copco 2,
Copco 1, and J. C. Boyle dams, as well as facilities of the Klamath Hydroelectric Project located
on the Klamath River and operated by PacificCorp. The removal of the dams together with
improvement of fish passage facilities at Keno Dam and Link Dam would provide for upstream
anadromous fish passage to historically occupied habitats. The Klamath Basin Restoration
Agreement (KBRA) addresses basin-wide environmental restoration and resource management
issues. The Secretary of the Department of the Interior is required by March 31, 2012 to decide if
implementation of the settlement agreements (1) will advance restoration of the salmonid
tisheries of the Klamath Basin; and 2) is in the public interest.

1.1 Secretarial Determination
Two alternative management scenarios before the Secretary of the Interior must be addressed in
the Secretarial Determination:

¢ Conditions with Dams (Current Conditions): No change from current management
including current laws and regulations;

e Conditions without Dams and with KBRA (Proposed Action): Removal of the lower
four Klamath River dams that are part of the Klamath Hydroelectric Project and
implementation of the full range of actions/programs of the KBRA.

To evaluate the impacts of these alternative scenarios on native fish resources in the Klamath
River Basin, the U.S. Fish and Wildlife Service (USFWS) and the National Marine Fisheries
Service (NMFS) determined that existing and new scientific information regarding native fishes
and environmental conditions must be reviewed and evaluated by expert panels, followed by
peer reviews of the expert panel work products. Consequently, four expert panels were created
to address native fish issues as they are impacted by the two alternative scenarios. These four
panels are: 1) Lamprey; 2) Resident Fishes; 3) Coho Salmon/Steelhead; and, 4) Chinook Salmon.
This report presents the findings of the Coho Salmon and Steelhead Expert Panel (Panel).

1.2 Expert Panel

At the request of the USFWS, Atkins (formerly PBS&]J) convened an independent expert panel
to evaluate the potential effects of the two alternative scenarios on coho salmon (Oncorhynchus
kisutch) and steelhead (Oncorhynchus mykiss) in the Klamath River Basin. In order to ensure that
the panelists and their work products were not biased, it was Atkins’ responsibility to:

Klamath River Expert Panel Final Report
Coho/Steelhead Page 1 April 25,2011



The findings and conclusions in this report are those of the authors and do not necessarily
represent the views of the funding agency (U.S. Fish and Wildlife Service).

G
Ruby® N(;rg': Mill Camp® olage oﬂv;ow Oakndgs' Stearns, Shevin C‘
wood Wildwood °
Rmsm°§lcal Safley, iy F y eMcCredie Springs . Rosland Hempsted %I’Q/
lion °°Scotlsburg 4oNore Culp Creek Cruzatte, $LaPine paulina
Murphys Camp’  Elton. PN Champion, ey Beal  Mountains Don Hy
Yakeside ot Yoncalla ® “Bohemia Odell L"" LOPLELISS © Stauffer
£ Locust Grove “Litve River B
Belmont Crescent Lako Umil 4 R
Suther o S oCrascent Desert amsey
Coos Bay“Eas(spoa R ang e s Sutheria (“.nl;.pm.} ) Rosedale Great Sandy Dese Springs
| Ad
3 ; BT Winaiford, dy_ Gide North Umag,, = ountains -(';na:nmsln Embody Wastina o
nryville s Ti I Pine u 0
o M nd 0% Melrose Ak \uriey guogial ofemu Willams Ml )
Yy °Coqume x;:::vg °Nt7foo Umpqua National Forest Wakoﬁeldo °Shcvlln os"‘"" Lake ”‘5
Myrtio Point e e Yamsay erville Siiver Lake
T " _Camas Valley_ - “Tonmilé\ Myrtie Creek A ° $
Wamer 4, A ° Rogue  farer Mazama, Military Summer Lake x
° am
Langlois_ Hare  “pygre o Days Creeke Titler N':;;/:y:al Lakp NP. Lenz, °CmsslngR°c : Fremont 4 g
b ° ‘Rural Union Cmokoons (’Zanyonwllo Forest Chinchalo, A gtional f
Sabas Eckely Dothan, Azaled 1 Binger Larson Place b Fo a;@
Heizh Wakefield Glendale Bitter Lick” & rospect Fuegg Winema WiNehills  aisie 3
) > 3 Fort Klamati Junction Calimus National * e J
ot® Tuft” JVolf Creek Jrail Al 5 R 2e-tTomes “Chewaucan
Somn Almeds S Dudiey” Famker idierest’ Pine Ridge o Crossing,
Aaness Km"y Shady Cove 4 ey ¢ 2
Ragic 2 Granite Hil °Beagle  °Edsala . “Lobert Junction = Whitaker
Knoxvile o Grants Pass, *~ Rogue River -*Eagle Point Beatty q 5 Ply
L S o0 B/ RENe Pl Odessa, o ans !
“Goid Beach  Minois 5~ Wilderville ¢ gimmons Central Point By . Anter, Fort W
Medford ~ aradise N" | River ~ °  Royston
Wheeler City o Jacksonville® s % Dam . Parker Place® " ° om
Ima s Seima Willamsburg P"W":Ia APNER Klamath Faly cCurdy i “as Lakoviow
( Wiliams’, sBingham Talont “yfiShiand Maggam° “Parha —no’ S BRERR °Bonanza"(8"0¥ Cottorwood
Cave Junction® “AlGSalls Wagner Sonngs Sem VHorseny VISt as’ Juniper,
Gray, Brookings O'Brien A Wright Rt “E P2 N Haynesvile” / (Gerber
o lentown Q opco . C. Res) <
B R | °an|own . 5'!“’ N" .,. ..... c."r.“.m" a...°M°"°ﬂ( AT = 5 T Fatmoﬂ,"Nngmc
Smith River 1199 ﬁB o CTN, Cola = v o AdnE: Point alin**" %, :
\] < - o JPC “\fopce pore tsko N S Tuloiake & Clear Fort Bidwell
Gasauet - of¥i 1, _ -~ Klamath River_ Kby, , hrgok " Macdoel Tule LaLo Lost Lake o
Mountains - EFPoy ORQD Gate ava
CIEcRLCY, Six Rivers Scott Yreka dogan Beds {Devis Creek
National Kiamgfin National . [ Wontague 97 b Modoc National Fgfest Lake Cit
Forest | v Ofesi e "'""“"'"‘J’O" Jones ¥Grenada P Jennant Surprise o
Kiaka Marble Warner o ood
-~ Mountain Gazelle - Alturas
Wildemess Etna Weed Sy
. '1 Somes Bar Y 1 P
\ noans Snowdtn Callahan ount Shasta Lookout Ramsey
Stone Lagoon 2 el T < McCioud ™ . Junction h [Flourney
Redwood\Creek eilichpec -, National Funsmuirg Algoma Emng o é leely°
Redwagd o Cecilville Forest Lookout Adin
o 5 : ¢
Trinidad NP H '\al SELY Salmon - ’ oSpalding Corner Leonard °Madel>ne
4 Moonstone  °.F / Mountains ' W McCloud Gomez,  i'piver Mills
Mountains °
o PR i ¢
Arcatam,_ Willow Creek”, Salyer ey e ShLaeed Burney, "\ #Cassel P iy Jermo
Bayside Bur IR e Monkjomery Cresk, ‘Doyles
Sarlbao usn B:nc o im °c°sy Dell 2 ot Comer
Pine Hji” EuTeka Cinsmore 0 ' e - .
Lolets A ™ Junction City |\ rronch afiich Shasta Lake Oak Run Oid Station
Whit 2
Forndale N O1una = IO Ok Lassen National Forest
° Hayfork -y > Millvitie
. Rio Dell t Redding . Shingletown | -assen The Crossing
Capetown, e Bridgeville Kb do Volcanic °
Trinity National Anderson P Susanville
Redcrest ° N Juniper Lake o
% Forest Platina  Sacramento Cottonwood - Manton Mcarl
°Pelro||a ° Valley Paynes Creeke ° Wastwood °J:sneswlle
; Myers Flat OBbcksbuvg AT o Chester leat Croek Junclion
£ =~ Zenia Red Bluft Peligreen Place Mitford |
¢ ; X% % Peflyjohn Place, Twentymile & = Greenville . 4
3 2 Redway Alderpoint o dlla . Mary Ellen Placa Crossing, “Avery Place
g y LY Bolly b, Crosslno Taylorsville “Murdock 395 d
: Garberville Middle Los Malinos Twain, Crossing
3 Plorcy Eel Campbellwlla = Plumas National Forest
H C Merrills 4
é Vs Wildemess oming, Landing ’ °Qumcy Prospd
g o Reyes Placa Bollinger Pace 4 Magalia e Fork Faathe poriola Chilcoot
g Covelo Wilson Landing o e W © °
£ ° Wilder Place” Orland ? Chi nP
Union Landi 4 aradise (4 Nelsons - stious . A
: 9% Layaovile “Keller Place e Bory oot Crossing © Calpine_
o N 1200 2nd Stroat
£ [ e s 5 s NATKINS ....:588%5
H s Figure 1
H afMpm= Klamath River 1 inch equals 30 miles
£ | Sources; NHD, Bing Maps Kilometers Klamath River Basin
5 | Projection: UTM Zone 10 m Klamath Basin o 10 20 40 Prepared By PBSJ / 22756 Scale: 11,300,600
g 3'!‘",“: HADSS Mios Job No.. 100016851 Date: 0410772011
2 Inits: meters o
2 a 10 2 40 File: KlamathRivBasin_8x11_20110407 fig1.mxd
Figure 1. Klamath River Basin.
Klamath River Expert Panel Final Report

Coho/Steelhead Page 2 April 25,2011



The findings and conclusions in this report are those of the authors and do not necessarily
represent the views of the funding agency (U.S. Fish and Wildlife Service).

; e By ATKINS..:55%....
? = Dam % Figure 2
& sources: D, ing s h AN~ Klamath River i i Dam Locations
§ %ﬁmzme % : N Cnizona m Klamath Basin ¢ 2 !!:Ii i
i 0 2 4 8 File: KiamathRivBasin_BX11_20110407_fig2 mxd
Figure 2. Klamath Hydroelectric Dams.
Klamath River Expert Panel Final Report

Coho/Steelhead Page 3 April 25,2011



The findings and conclusions in this report are those of the authors and do not necessarily
represent the views of the funding agency (U.S. Fish and Wildlife Service).

1) manage the process in which panelists were screened and selected; 2) facilitate the Panel
deliberations; and 3) assist with the preparation of the Panel’s conclusions in a report to the
USFWS.

Through existing contacts and referral networking, Atkins identified a pool of almost 60
potential panelists. Prior to commencing the screening process, Atkins had no working
relationship, and only limited direct knowledge of the panelists’ expertise or professional
affiliations. Attempts were made to contact all potential candidates for the Panel. The goal was
to provide a panel of six experts. The Panel was designed to include an ecohydrologist, fish
ecologist, fish population modelers, and experts on coho salmon and steelhead ecology.

Three additional criteria required of each panelist were:
e Ability to meet the timeframe for the review process;

e Ability to provide an expert review that would be widely regarded as both credible and
independent; and,

e Candidates had to be free from potential or perceived conflicts of interest.

Brief biographies for each of the panelists selected for the coho salmon and steelhead expert
Panel are as follows (full resumes have been provided previously to the USFWS and are
included in Appendix A):

¢ Dr. Wim Kimmerer, Research Professor at the Romberg Tiburon Center, San Francisco
State University, has a PhD in Biological Oceanography from the University of Hawaii.
Dr. Kimmerer has 30 years of experience in research and analysis in a wide variety of
topics including the ecology of tropical lagoons, fisheries management planning,
eutrophication, plankton ecology, and the status of Chinook salmon (Oncorhynchus
tshawytscha) in California's Central Valley. His current research focuses on the San
Francisco Estuary, with emphasis on effects of human activities on the estuarine
ecosystem. Dr. Kimmerer was a member of the CALFED Ecosystem Restoration
Program Core Team which developed a strategic plan for the program, and was co-
Chair of the Ecosystem Restoration Program Science Board. He is a science advisor to
the Delta Science Program and to the Subtidal Habitat Goals Project.

e Dr. Kenneth Rose, E.L. Abraham Distinguished Professor of Louisiana Environmental
Sciences, Department of Oceanography and Coastal Sciences, Louisiana State University,
Baton Rouge. He received his PhD in Fisheries from the University of Washington. Dr.
Rose develops and evaluates population and community models of fish, including age-,
stage-, and individual-based models. Dr. Rose has published over 100 papers on various
aspects of ecological and fisheries modeling. He has served on many regional and
national advisory committees, including the NRC committee on a sustainable San
Francisco Delta, the Ecosystem Management committee for the Gulf of Mexico Fisheries
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Management Council, and multiple review panels for biological opinions and
reasonable and prudent alternatives related to salmonids in the San Francisco estuary.

e Dr. Daniel Goodman, Professor, Ecology Department, Montana State University,
Bozeman. He received his PhD from Ohio State University in 1972. His primary research
area is parameter estimation for use in probabilistic environmental models, with
applications in population viability analysis for endangered species, and management of
harvested populations.

e Dr. Joe Ebersole, Research Fishery Biologist, U.S. Environmental Protection Agency,
National Health and Environmental Effects Research Laboratory, Western Ecology
Division, Corvallis, OR. He received his PhD from Oregon State University where he is
currently a courtesy faculty member with the Departments of Fisheries and Wildlife and
Environmental Science. Dr. Ebersole conducts research on stream fish ecology, with a
recent focus on the behavior, distribution, and survival of fishes in stream networks.

e Dr. Thomas Dunne, Professor, Donald Bren School of Environmental Science and
Management, and Department of Earth Science, University of California, Santa Barbara.
He received his PhD from The Johns Hopkins University. Dr. Dunne conducts field and
theoretical research in fluvial geomorphology and in the application of hydrology,
sediment transport, and geomorphology to landscape management and hazard analysis.
He is an internationally recognized expert in fluvial geomorphology with dozens of
publications to his credit and has served on over 40 national and international science
committees.

e Dr. Greg Ruggerone, Vice President, Natural Resource Consultants, Inc., Seattle,
Washington. Dr. Ruggerone received his PhD in Fisheries from University of
Washington where he is currently an affiliated research scientist with the School of
Fisheries. Dr. Ruggerone brings 30 years of experience in anadromous fisheries ecology
and management to this project. He has conducted applied research in salmonid
predator-prey interactions, species competition, climate change effects on salmon
production in the ocean, effects of habitat changes on salmonid production, limnological
studies, effects of hydropower operations on downstream smolt and upstream adult
migrations, and harvest management. He has participated in extensive field studies in
applied fisheries biology and management in Alaska and the Pacific Northwest.

The opinions presented in this report reflect those of the panelists and not the views of their
respective employers or professional affiliations.

1.3 Review Process

Atkins was awarded the contract to conduct the expert panel work for all four panels on June
15, 2010. At that time, Atkins’ staff began assembling a pool of potential candidates for the coho
salmon and steelhead panel. The initial review schedule for this panel was delayed by the
USFWS in early August. The final expert Panel was confirmed on November 8, 2010.
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Background files were provided by the USFWS and submitted to the Panel for review as they
became available beginning November 18, 2010. The Panel convened for meetings in Yreka,
California, from December 13 through 17, 2010. The first day of the meeting (December 13)
consisted of briefings provided to the Panel by members of the Technical Management Team
(TMT) subgroups, whom include scientists with expertise in a variety of technical disciplines
relevant to the review process, as well as interested stakeholders. The Panel worked on this
report in private for the remainder of the week.

During the course of their work the Panel relied on numerous documents as cited in this report.
Key documents reviewed by the Panel included:

e Presentations from the TMT subgroups and stakeholders on December 13 (referenced in
the text by author’s last name and “PPT Presentation 12/13/2010”);

e KHSA, February 18, 2010;
e KBRA, February 18, 2010;

e Synthesis of the Effects of two Management Scenarios for the Secretarial Determination
on Removal of the Lower Four Dams on the Klamath River, Final Draft dated November
23, 2010 (Hamilton et al. 2010);

e Evaluation of Instream Flow Needs in the Lower Klamath River, Phase II Final Report
(Hardy et al. 2006);

e Upper Klamath Basin Restoration: KBRA Actions upstream of Keno (Barry 2010);

e Endangered and Threatened Fishes of the Klamath River Basin: Causes of Decline and
Strategies for Recovery (NRC 2004);

e Hydrology, Ecology, and Fishes of the Klamath River Basin (NRC 2008); and,
e Articles published in the scientific literature and agency reports.

During the meeting, each panelist took responsibility for specific sections of this report and
provided a draft of their text to the other Panel members. Atkins’ staff facilitated the meeting
but provided no substantive technical input. By the completion of the meeting, an initial draft
version of the Expert Panel Report had been reviewed and generally approved by each Panel
member. The draft version of the report was then revisited by the Panel after the meeting, and a
final draft was prepared and posted for stakeholder and agency comment on January 8, 2011.
Through a separate, independent scientific peer review process, the draft report was also
submitted to two independent reviewers for comment. Comments on the draft report were
received through January 25, 2011. Additional comments were received late on January 28,
2011. All comments were carefully cataloged, reviewed, and responded to, as appropriate, by
the Panel to create this final report. A complete list of all comments received on the draft
report, along with the Panel’s responses, is provided as Appendix C to this final report.
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1.4 Panel Role and Nature of Report

The Panel was asked to make a scientific assessment of the relative impacts of the two
alternatives on coho salmon and steelhead of the Klamath River Basin (excluding the Trinity
River).

A wide variety of information is available on the life history of coho and steelhead, and the
types of habitats used by these fishes in the Klamath Basin. The timeliness, quality, and utility
of the information available to the Panel was highly variable. Relative trends in abundance are
known for coho salmon and steelhead for some locations within the system. Some factors
affecting population trends have been described, as discussed below, but the relative
importance of respective factors or mechanisms that affect fish survival is less well known.
Many factors affect fish survival and abundance, and the influence of such factors is often
synergistic and nonlinear. Thus, projections of future abundance trends in response to
management actions have inherent uncertainties, which are further amplified by fluctuating
environmental conditions, economic and technological developments, and longer-term shifts in
river and ocean habitat quality caused by climate variation and change.

Some quantitative and qualitative information on physical habitat characteristics within
portions of the Klamath Basin have been described, including river flows, tributary conditions,
water quality, water temperature, and geomorphology. The future condition of these physical
and chemical variables will depend on drivers such as regional climate variation and change,
the stochastic nature of weather and hydrology, regional economic and land-use change, and
evolving political and regulatory philosophies of natural resource management. For evaluation
of the Proposed Action, the Panel relied, to the extent that it thought it could, upon projections
by agencies and consultants of how the physical attributes of the watershed might change in
response to dam removal, habitat restoration activities, and climate change, even though many
aspects of the Proposed Action (i.e., Fisheries Program, Drought Program, Phase II KBRA) have
yet to be described. Phase I KBRA describes many goals for habitat restoration, including some
general types of restoration projects. The KBRA describes general approaches to improve fish
habitat, but details of how each activity might influence the specific life stage or species of fish
have not been defined. Likewise, some restoration activities have improvement of water quality
as a goal.

The key challenge for the Panel, therefore, was to evaluate the physical and biological
information provided by agencies and stakeholders, to merge this information with the
knowledge base that the Panel brings to the subject, and to logically describe potential outcomes
of the two alternatives. The Panel members bring to the process their general knowledge of fish
biology, lake and river characteristics and behavior, and their experience in environmental
analysis in other systems including those that have been disturbed or actively managed. Their
method of assessment involves assimilating the agency-supplied material together with some
limited number of original documents and computational models used as the basis for the
agency and consultants’” reports. The Panel members can also supply their knowledge of other

Klamath River Expert Panel Final Report
Coho/Steelhead Page 7 April 25,2011



The findings and conclusions in this report are those of the authors and do not necessarily
represent the views of the funding agency (U.S. Fish and Wildlife Service).

literature and case studies of similar issues elsewhere. The Panel did not have the time or
resources to examine original data or re-do analyses, even when such actions seem
straightforward and warranted for the assigned task. Thus, the analytical method of the Panel
involves assessing and interpreting the likely reliability and relevance of the technical
information supplied to them, evaluating its relevance to the biology of target fish, and
estimating the impacts of the two alternatives on coho and steelhead that are highlighted by the
questions about potential change in abundance and harvest based on the best available
information.

The findings presented in this report represent the collective opinion of the Panel developed
within a five-day workshop involving discussions and evaluations of the provided materials
followed by subsequent email exchanges. The assessment as conducted by this Panel combined
qualitative and quantitative information with professional experience to estimate potential
outcomes of the two alternatives, which in turn allowed the Panel to at least partially address
the assigned questions. Over and above the value of the Panel’s estimation, recommendations in
this review can serve as a guide for systematic data collection to reduce uncertainty in the
future.

Table 1. Summary of Klamath Basin Fisheries Program Milestones. Note that many of
the draft documents listed below are to be completed by agencies in the future and
were not available to the Panel during their review.

Year Milestones and Actions

2010 ¢ Klamath Basin Restoration Agreement signed on 18 February (effective date).
e Final Drought Plan by November 30 (not completed on schedule).

e Coho/Steelhead Expert Panel met 13-15 December.

2011 e Draft Phase I Fisheries Restoration Plan by 18 February.

¢ Draft Fisheries Monitoring Plan by 18 February.
e Draft Phase I Oregon Fisheries Reintroduction Plan.

e [nitiate reintroduction activities in Oregon.

2012 e [nitiate assessment of risks and potential impacts of climate change on
management of Klamath Basin Resources.

¢ Finalize NEPA for Phase I Fisheries Restoration Plan by 31 March.
e Finalize CEQA for Phase I Fisheries Restoration Plan by 31 March.
e Final Phase I Fisheries Restoration Plan by 31 March.

e Final Fisheries Monitoring Plan by 31 March.

e Detailed Plan for Facilities Removal on for before 31 March.

¢ Secretarial Determination made by 31 March.

2013 e Final Phase I Oregon Fisheries Reintroduction Plan.
¢ Draft Phase I California Fisheries Reintroduction Plan (presumed).

e Dam Removal Entity (DRE) develops Definite Plan for Dam Removal (presumed).

2014 ¢ Final Phase I California Fisheries Reintroduction Plan.
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Table 1. Summary of Klamath Basin Fisheries Program Milestones. Note that many of
the draft documents listed below are to be completed by agencies in the future and
were not available to the Panel during their review.

Year Milestones and Actions
2019 ¢ Draft Phase Il Fisheries Restoration Plan complete.
2020 e Target date to begin decommissioning the facilities is 1 January.

e Target date for completion of facilities removal is 31 December, at least to a
degree sufficient to enable a free-flowing Klamath River allowing volitional fish
passage.

e Review of fisheries outcomes by 30 June and recommendations for additional
measures, if needed.

2020-2021 e Keno Dam fish passage improvements occur.
2022 e Final Phase II Fisheries Restoration Plan by 31 March.
2022 ¢ Finalize NEPA for Phase II Fisheries Restoration Plan by 31 March.

Post-2022 ¢ Draft and Final Anadromous Fish Conservation Plans to be developed by ODFW.

¢ Draft and Final Phase II Fisheries Reintroduction Plan to be developed by ODFW.
2030 e Review of fisheries outcomes by 30 June and recommendations for additional
measures, if needed.
Source: KBRA
Klamath River Expert Panel Final Report
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2.0 Background

2.2 Alternatives

The two alternatives being considered by the Secretary of the Interior is described in detail here,
along with what the Panel understood (based on information provided) was included within
each of these alternatives.

2.2.1 Conditions With Dams (Current Conditions)

No change from current management, which includes on-going programs under existing laws
and authorities that contribute to the continued existence of listed threatened and endangered
species, as well as species relied upon for ceremonial, subsistence, and commercial purposes by
the Native American Tribes of the Klamath Basin (The Yurok, Hoopa, Karuk, and Klamath
Tribes), hereinafter Tribal Trust species. The Panel understood the Current Conditions to
include:

1. Continued operation of the Klamath Hydroelectric Project (Federal Energy Regulatory
Commission [FERC] Project No. 2082) in the same manner it is currently operated
without any new operating requirements related to the relicensing of the project by
FERG;

2. Requirements of the NMFS Biological Opinion (BO) for coho in the Klamath Basin
3. Implementation of Non-Interim Conservation Plan (ICP) Interim Measures;

4. Implementation of the Upper Klamath Lake Drainage Total Maximum Daily Load
(TMDL) and Water Quality Management Plan (WQMP), as required by the Oregon
Department of Environmental Quality (ODEQ) (ODEQ 2002);

5. Implementation of the Action Plan for the Klamath River TMDLs addressing
temperature, dissolved oxygen, nutrient, and Microcystis impairments in the Klamath

River in California and Lower Lost River, as required by the California North Coast
Regional Water Quality Control Board (NCRWQB 2010);

6. Various fishery management plans prepared by the ODFW and the California
Department of Fish and Game (CDFG); and

7. Effects of climate change on streamflow for the Klamath River watershed; predictions of
these effects were presented to the Panel by Greimann (PPT Presentation 12/13/2010).

8. Implementation of ongoing restoration actions including (from Stillwater Sciences 2010):

e In the mainstem Klamath River: floodplain rehabilitation, large wood
installation, cattle exclusion, and gravel augmentation downstream of Iron Gate
Dam.

e In the Klamath River tributaries: floodplain rehabilitation, large wood
installation, cattle exclusion, fish passage, conifer forest support, fire treatment,

Klamath River Expert Panel Final Report
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2.2.2

conservation easements and land acquisition, road decommissioning, erosion
and sediment control, obtaining minimum flows, and instream flow studies.

Condition Without Dams and With the KBRA (Proposed Action)

Removal of the lower four Klamath Hydroelectric Project dams (Iron Gate, Copco 1, Copco 2,

and J.C. Boyle), and the full range of actions to implement the KBRA. The Panel understood the
Proposed Action and the KBRA to include:

1.

Removal of the four dams and reservoirs listed above together with improvements in
fish-passage facilities at the remaining Keno and Link River dams, thereby opening the
Klamath River to fish access upstream in the mainstem river as far as Keno Dam, and
possibly farther if fish are able to negotiate upstream obstacles and seasonally
unfavorable conditions.

Implementation of various KBRA restoration actions listed in Appendix C-2 of the
KBRA. These actions include water quality remediation actions, aquatic and riparian
habitat restoration, water conservation and water rights acquisition, addition of large
wood and gravel, channel and floodplain reconfiguration, erosion control, and
improvements to fish passage (including at Keno Dam). Available detail regarding these
actions (where they would occur and the miles or acres of area treated) is summarized
by Stillwater Sciences (2010) for the watershed downstream of Keno Dam (Table 2) and
by Barry (2010) for the upper Klamath Basin watershed upstream of Keno Dam
(Table 3).

Implementation of ICP Interim Measures.
Implementation of the two TMDLs cited previously; and

The effects of climate change on streamflow for the Klamath River watershed;
predictions more or less as presented to the Panel by Greimann (PPT Presentation
12/13/2010).

Table 2. KBRA Restoration Needs for the Klamath Basin Downstream of Keno Dam.

KBRA Activity Mainstem Tributaries
Floodplain Rehabilitation (miles of channel) 2 13.27
Large Wood Placement (miles of channel) 63 198
Cattle Exclusion (miles of river) 146 153
Conservation Easements, Acquisitions (acres) 1,176 21,800

Gravel Augmentation (downstream of Iron Gate Dam)

Fish Passage (number of sites) 0 73

Riparian Planting (acres) 0 346

Conifer Forest Management (acres) 0 7,945

Fire Treatment (acres) 0 116,050

Road Decommissioning (miles) 0 1,330

Treatment of Sediment Sources (projects) 0 240

Source: Stillwater Sciences 2010
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Table 3. KBRA Restoration Needs for Klamath Basin Upstream of Keno Dam

Miles, Riparian Acres (Along Stream Banks), or Number of KBRA Activity

Upper Klamath
Williamson River Sprague River Wood River Lake
Tributaries
Sevenmile Fourmile Upper In or Above
Creek/Canal | Creek/Canal Klamath/ Keno
KBRA Activity Mainstem | Tributaries | Mainstem | Tributaries | Mainstem System System Others Agency Lake Reservoir TOTAL
Fer.lce Construction and Offstream Watering 50 44 130 76 25 6 1 26 _ _ 318.4
(Miles)
Maintain Existing Fences, Manage Weeds _ _
and Exotic Plants (Miles) 112 10 220 132 42 46 16 38 616
Riparian Corridor Management Agreements 1,386 91.2 6,202 1,897 720 175 B B _ _ 10,471.2
(Acres)
Le\./ee Removal, Setback, or Breaching 2 _ 30 16 3 _ _ _ B B 51
(Miles)
Physical Habitat Improvements* (Miles) 12 5 22 15 15.4 - - 7 - - 69.4
Native Vegetation Management (Acres) 5,500 - - - - - - - - - 5,500
Improve Quality and Connectivity of
Endangered Sucker Nursery Habitats? 5,500 - - - - - - - - - 5,500
(Acres)
Channel Narrowing (Miles) - 2.1 - - - - - - - - 2.1
. 3 .
Graz.mg Management® (Full-Time _ _ 1 FTE _ 1 FTE _ _ _ B B 2 FTE
Equivalent)
Imprpvmg Dryland Range to Reduce Need _ _ 19,000 _ _ _ _ _ _ _ 19,000
for Riparian Pastures (Acres)
Whole Channel Reconstruction (Miles) - - 15 10 4.5 2.3 3 - - 34.8
Spring Improvement, Enhancement, and _ _ 20 20 _ _ _ _ B B 40
Reconnection* (Number of Springs)
Barrier and Impediment Removal (Number
. - - 2 6 - - - - - - 8
of Impediments)
Treatment Wetlands for Irrigation _ _ _ 3 B _ B _ _ _ 3
Drainwater (Number of Wetlands)
Floodplain Wetland Restoration and _ _ _ _ _ _ _ _ 10 10
Storage® (Mile)
Enhance Endangered Sucker Spawning
Habitat in Springs® (Number of Spawning - - - - - - - - 10 10
Sites)
Klamath River Expert Panel Final Report
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Table 3. KBRA Restoration Needs for Klamath Basin Upstream of Keno Dam

Miles, Riparian Acres (Along Stream Banks), or Number of KBRA Activity
Upper Klamath
Williamson River Sprague River Wood River Lake
Tributaries
Sevenmile Fourmile Upper In or Above
Creek/Canal | Creek/Canal Klamath/ Keno
KBRA Activity Mainstem | Tributaries | Mainstem | Tributaries | Mainstem System System Others Agency Lake Reservoir TOTAL
Study of Management and Reduction of _ B B B B _ B _ B 1 1
Organic and Nutrient Loads
Implement Recommended Organic and _ B B B _ _ _ _ _ Yes _
Nutrient Reduction Actions’
Restore Wetlands on Keno Reservoir - - - - - - - - - TBD from -
Study

Screening Pumps and Diversions ® (Number

. ; - - - - - - - - - Yes -
of Diversions)
Screening Pumps and Klamath Irrigation

: > S - - - - - - - - - Yes -
Project Diversions
Acquisition of 30,000 acre-feet of water Focused in the Sprague River, but acquisition could occur in any of these streams.

Notes:

! Physical Habitat Improvements include treatments of large wood and gravel placement to maximize productivity and capacity for early life stages of anadromous fish to facilitate reintroduction.
2 Includes future earthwork and other activities directed at the Lower Williamson Delta.

3 Covers one Full Time Equivalent (FTE), defined as one grazing management specialist, 5 years full-time, part-time thereafter, to assist landowners with developing ranch management plans and
maintain/enhance riparian corridor.

* Includes revegetating and reconstructing outlet channels, substrate treatments, and morphological changes to spring ponds.

5 Targeted miles of lake fringe wetlands restoration to include removal of levee material and re-use for habitat features such as raised channels or island habitats.

6 Targeted number of spawning sites to include gravel augmentation.

7 Actions will likely be a combination of treatment wetlands, engineered water treatment facilities, physical removal of particulate organics, and treatments to precipitate nutrients.

8 A total of 100 diversions targeted along Williamson, Sprague, and Wood Rivers; 20 diversions targeted at Upper Klamath Lake

9 Studies are underway.

Source: Barry 2010
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2.3 The Questions Put to the Panel

Three sets of questions developed by the TMT and stakeholders were provided to the Panel.
These consisted of general questions as well as questions specific to coho salmon and steelhead.
Because the Panel’s assignment was to assess the effects of the two alternatives on coho and
steelhead, the Panel addressed the general questions from a viewpoint that focused on these
two species. Question S-8 regarding the effects of drought on steelhead was removed from
consideration by the USFWS because the drought plan has not yet been developed (John
Hamilton, pers. comm., December 15, 2010).

The original set of questions included background information and commentary (Appendix B).
Questions are presented below with the introductory commentary removed. Also, several of the
questions were relatively similar between lists for coho and steelhead, in which case the
responses to the questions have been combined (Table 4).

In combining questions, the Panel restated most of the questions listed above for two purposes.
The first was to restate the questions so they applied more generally. For example, one question
from each of the lists applied to habitat (Table 4); by restating these as a single, more general
question the Panel was able to address the entire issue of habitat with a minimum of repetition.
The second purpose of restating the question was to remove redundancy regarding outcomes.
The questions have been condensed accordingly in Section 3.1-3.13. One question on
uncertainty (C-10) is discussed in a general section under that topic (see Section 4.2).

Table 4. Comparison of Report Sections, Topic, and Original Questions Posed to the Panel

Report Section Topic Original Question*
3.1 Sedimentation Management and Physical Habitat S-5,G-1
3.2 Temperature C-3,S-3,G-3
33 Water Quality G-2
3.4 Adult/Juvenile Migration C-7
3.5 Tributary vs. Mainstem Spawning C-8
3.6 Access to Habitat C-1,S5-1,G-4
3.7 Refugia C-2,S-2
3.8 Habitat Restoration S-7, G-4
3.9 Ecosystem Function C-5,S-9,G-10

3.10 Disease C-6,S-10
3.11 Hatchery Operations C-9
3.12 Recreational Fishery S-6, G-6, G-7
3.13.1 Habitat Restoration (KBRA) S-7,G-4
3.13.2 Diversity of Population Structures G-8
3.13.3 Population Spatial Structures G-9
3.13.4 Climate Change C-4, S-4, G-5
4.2.1 Uncertainty C-10

* Capital G, S, and G refer to coho, steelhead, and general questions respectively (Appendix B).
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2.3.1 General Questions

G-1) Sediment Management and Physical Habitat: How will alternatives affect the
sedimentation regime and physical habitat in the short-term (1-2 years) and over the 50-
year period of interest?

G-2) Water Quality: How will the two alternatives differ in reaching the goal of harvestable fish
populations?

G-3) Water Temperature: What are the likely effects of the water temperature regimes under the
two alternatives on rearing, spawning, and use of thermal refugia by native salmonids that
might be manifest in harvestable fish?

G-4) Habitat and Restoration (KBRA): The two proposed alternatives will result in different
paths and timelines for habitat management. What are the likely effects of the two
alternative habitat management paths on the recovery of Endangered Species Act (ESA)-
listed fish or in the level of harvest of fish populations?

G-5) Climate Change: To what degree will the adverse effects of climate change be mitigated
under the two project alternatives?

G-6) Abundance: How will the two alternatives affect abundance of the fish population and
what are the expectations for the enhancement of the fisheries? This question may have
several milestones along a timeline or population trajectory. For example, inasmuch as
some fish populations have been extirpated from the upper Klamath Basin for more than 90
years, when might fish be available for tribal ceremonial use within the upper Klamath
Basin? Using a time trajectory, when will a sustainable fishery start and at what levels?

G-7) Productivity: What are the most likely expectations for productivity over time and what is
the effect of productivity on the number of harvestable fish? What is the role of hatcheries
in relation to productivity?

G-8) Diversity: What will the effect of the two alternatives be on diversity of fish populations?
How will the resulting diversity be manifest in the harvestable population of fish? How
will potentially low baseline populations and/or introductions of hatchery fish affect
diversity under the two alternatives?

G-9) Spatial Structure: Will the two alternatives result in improved spatial structure of fish
populations and to what extent is that improved structure likely to result in harvestable
fish?

G-10) Ecosystem Restoration: How do the proposed alternatives address ecosystem function
and connectivity sufficiently to recover the lost harvest opportunities of fish populations?

2.3.2 Coho-specific Questions
C-1) Given current and future restored conditions of this new habitat, in conjunction with
KBRA actions, to what degree would access to this historical habitat likely affect coho
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populations? To what degree would access to this historical habitat contribute to the
viability of Klamath Basin coho salmon populations?

C-2) Thermal Refugia: How will increased access to large cool-water areas such as Big Springs
in the JC Boyle bypass reach and Project Reach (between Iron Gate Dam and Keno Dam)
tributaries affect the future viability of the Southern Oregon Northern California Coastal
Coho (SONCC) as a population?

C-3) Phase Shift in Seasonal Temperatures: How will the two alternatives differ in the effects on
seasonal temperature patterns and coho life history strategies over the 50 year period of
interest?

C-4) Climate Change: Given the presence of large cascade-type springs in the areas upstream
the dams (e.g., ].C. Boyle), that may mediate the warming effects of climate change (Tague
et al. 2008; Tague and Grant 2009), how will access to these reaches affect the viability of
coho salmon populations? Overall, to what degree do you think the adverse effects of
climate change will be mitigated under the two alternatives being considered and what is
the likely effect on coho populations?

C-5) Ecosystem Function: Given the habitat predictions for salmonid populations under the two
alternatives, what inferences can be drawn about the likely population response of coho in
the 50 year period of interest? Are changes associated with dam removal and
implementation of KBRA, which target restoration of salmonid populations and a more
functional ecosystem, likely to increase coho populations?

C-6) Disease Effects to Coho Salmon: What are the likely conditions for fish health over the next
50 years under the two alternatives?

C-7) Migration of Adults and Juvenile Coho: How would the two alternatives affect habitat
connectivity, survival of the various life stages of coho salmon, and the overall populations
of coho salmon in the tributaries?

C-8) Tributary vs. Main-stem Spawning: Which of the two proposed alternatives offer the
greatest opportunity to increase coho spawning returns in both the main-stem Klamath
River and its tributaries?

C-9) Hatchery Effects: Under these two alternatives what would be the effects to wild coho
populations and harvestable coho populations? Specifically, how might differences in
hatchery operations affect coho local adaptation, fecundity, disease vulnerability and
genetics under the two alternatives?

C-10) Uncertainty of Model Predictions: Please describe your assessment of the uncertainty
associated with each of the alternatives relative to the long-term viability of coho
populations in the Klamath River Basin.
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2.3.3 Steelhead-specific Questions
S-1) Reintroduction and Access to Historical Habitat:

a. Have O. mykiss populations currently upstream of the dams retained the potential for an
anadromous life history?

b. Given passive reintroduction and future habitat conditions with Dams out with the
Klamath Basin Restoration Agreement (KBRA), to what degree would access to this
historical habitat likely contribute to sustaining or expanding steelhead populations?

c. How would these potential returns of steelhead compare to present returns to Iron Gate
Hatchery?

S-2) Thermal Refugia: To what degree will upstream thermal refugia benefit steelhead in the
basin?

S-3) Phase Shift in Seasonal Temperatures: How will the two alternatives differ in the effect on
seasonal temperature regime timing and what are the expected effects on steelhead
populations over the 50-year period of interest?

S-4) Climate Change: How will the two alternatives affect steelhead in the Klamath River?

S-5) Short -Term Effects of Dam Removal Downstream from Iron Gate Dam: How long would it
take for recovery of main-stem steelhead populations downstream of Iron Gate Dam
following dam removal? How might this affect low populations of summer steelhead?

S-6) Expansion of Recreational Fishery: Which of the two management options has the greatest
likelihood of expanding fishing locations and the length of seasons for steelhead? Above
Iron Gate Dam, where would fisheries for steelhead be most likely to develop?

S-7) KBRA Habitat Restoration: How will the two alternatives differ in the effects on
productivity, capacity, and habitat connectivity for steelhead?

S-8) Drought Conditions: Would the two alternatives have different effects on the frequency,
magnitude, and duration of low flows? If so, what are the likely effects of the differing low
flow regimes on populations of steelhead?

S-9) Ecosystem Function and Riverine Processes: Which of the two alternatives will provide the
most opportunities to provide a normative Klamath River and what will be the likely
effects on the steelhead populations?

S-10) Fish Disease: What are the expected effects, both short and long term, of dam removal and
implementation of KBRA on fish disease (other than C. shasta) and what affect might it have
on steelhead populations?
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3.0 Questions and Responses

3.1 Sedimentation Management and Physical Habitat (S-5, G-1)
Restated Question: How will alternatives affect the sedimentation regime and physical habitat
in the short term (1-2 years) and over the 50-year period of interest?

Summarized Answers:

Current Conditions: Continuation of current level of restoration activities and flow regulation
will provide very small, probably undetectable, benefits for the two species.

Proposed Action: Short-term effects of dam removal on sediment transport will be injurious to
upstream migrating coho and steelhead, but longer-term prospects of dam removal with KBRA
is an increase and expansion in spawning and rearing habitat - for steelhead probably
considerably, and for coho probably slightly. Adverse effects of dam removal on juveniles will
be restricted to those rearing in the mainstem, which should be a small percentage of the
number of the juveniles, especially coho salmon, in the system.

Discussion:

Current Conditions will probably result in minor effects on sediment that are unlikely to have
sufficiently large and enduring effects on the availability of habitat or on water quality for coho
and steelhead (the intended targets of these two examples).

Dam removal will allow a small extension (likely about 10-20 percent) of spawning and rearing
for both coho and steelhead into tributaries of the Project Reach?, and probably in short, low-
gradient reaches of the mainstem in the Project Reach. The augmented supply of gravel from
dam removal and restoration of natural supplies should take a few decades to travel along the
middle reach of the Klamath River between Keno Dam and Shasta River, and during its
intermittent travel and storage, it will expand spawning habitat and trigger other channel
changes that will add complexity to juvenile rearing habitat.

The fish will also be attracted to the cooling influence of large springs and more diffuse
discharges of groundwater along the Project Reach. Thermal refugia are especially important to
juvenile coho salmon when stream temperatures are warm. The outcome of interactions in
refugial habitats between juvenile coho, steelhead, O. mykiss3, and other species depends on a
variety of factors, including fish size and density, and is difficult to predict.

The short-term effects of the sediment release will be sediment concentrations in the range of
1,000 to more than 10,000 milligrams per liter (mg/L), which will be injurious to upstream
migrants of both species, and especially to any adult steelhead or “half-pounders” that hold or
spawn in the mainstem. However, these high sediment concentrations are expected to occur for

% The Project Reach is defined in this report as that section of the mainstem Klamath River between Iron Gate Dam
and Keno Dam.
% The Panel refers to steelhead in the report, and uses O. mykiss to refer to redband.
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periods of a few months in the first two years after the beginning of reservoir lowering and
sediment flushing. For a few years after that period, suspended sediment concentrations are
expected to be higher than normal, especially in high flow conditions, but not injurious to fish.
Sediment concentrations between the Project Reach and Scott River are expected to approach,
but not exceed levels that have been observed in large natural floods in the lower Klamath and
Trinity reaches, although the duration of turbidities high enough to be a nuisance to feeding
fish will be greater than at present.

In the long-term, KBRA activities in the tributaries of Upper Klamath Lake will enhance flow
and sedimentation and especially physical habitat quality, but will greatly benefit the fish only
if the coho and steelhead can access the tributaries through Upper Klamath Lake. There is not
strong evidence that coho previously migrated through Upper Klamath Lake (Hamilton et al.
2005).

Background

The physical habitat for fish in the Upper Klamath River Basin upstream of the Iron Gate Dam
(drainage area 4,563 square-miles or 14,763 square-kilometers) is affected by the underlying
geology. The Basin and Range in the most eastern, upstream part of the Klamath catchment
consists of low north-south-trending, fault-bound mountain ranges separated by wide valleys.
Sediments from the ranges have accumulated in the valleys, providing aquifers with significant
groundwater storage potential, draining to lakes, marshes, or directly to the tributaries of the
Klamath (Gannett et al. 2007). The High Cascade Province consists of high tablelands and wide,
shallow valleys developed in the deep, permeable volcaniclastic deposits associated with
geologically recent eruptions.

In both provinces, water from snowmelt and rainfall recharges the deep aquifers and travels to
the stream network as groundwater, which enters the channels and lakes as both diffuse lateral
inflow and in concentrated springs. As a result of the high permeability of these sedimentary
and volcaniclastic aquifers, the density (and therefore total channel length) of the drainage
network is low, and the rates of erosion and sediment supply (especially of mechanically
resilient gravel) are all low. The rivers flow on low gradients, originally through broad marshy
riparian zones that were sustained by the outcropping of water tables and provided productive
tish rearing habitat.

However, extensive lowering of the water table through a combination of channel straightening
and diking, and especially ground water extraction, has dried out these riparian zones and
diminished their capacity for sustaining woody vegetation. This dewatering of the riparian zone
is least intensive in the lowering reaches of the tributaries. The channels have been degraded
further by grazing, browsing, and trampling mainly by cattle. This herd management impact
has resulted in the addition of fine sediment to the stream channels, and the filling of some
pools and springs with fine sediment.
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The upper basin also contains approximately ten shallow lakes, the largest survivor of which is
Upper Klamath Lake (area ~67,000 acres). Several other large lakes, some of which were
originally more extensive than Upper Klamath Lake, have shrunk dramatically over the past
century as a result of drainage, diversion, and consumptive use of water that formerly entered
them. These changes degraded water quality in the streams and lakes of the upper basin.

Upper Klamath Lake has an average depth of about 6-8 feet (ft) or 1.8-2.4 meters (m) with local
depths of up to 20-30 ft (6.1-9.1 m). The maximum depth of Upper Klamath Lake is 61 ft (18.6
m). In addition to distributed and concentrated inputs of groundwater, the lake is fed by two
large tributaries: the Wood and Williamson rivers, the latter receiving much of its flow from the
Sprague River.

3.1.1 Upper Klamath Lake Inflows

Inflows to Upper Klamath Lake determine the availability of water in the tributaries, the lake,
and the Project Reach. Three aspects of the inflows to Upper Klamath Lake that provide a
backdrop for evaluating the Proposed Action are: the pattern of monthly flows before the dams
were constructed; the important role of ground water in the upper basin; and the frequencies of
persistent periods of above-average or below-average annual inflows to the Upper Klamath
Lake.

The aquifer-modulated tributaries, the storage in Upper Klamath Lake, and the former much
larger storage of runoff in the other lakes and marshlands of the upper basin used to delay the
timing of Klamath flow past the Keno and Iron Gate locations so that mean monthly stream
flow peaked in April (Figure 3). Now, with the dams in place, stream flow peaks in March,
before declining rapidly to 35-60 percent of the original unimpaired flow in the period May-

July.

The inflow to Upper Klamath Lake is greatly influenced by ground water. The total inflow to
Upper Klamath Lake is about 60 percent from the Williamson-Sprague system (NRC 2004), and
about 16 percent from the Wood River. The headwater streams in the upper Williamson River
are formed from rainfall, snow melt, and groundwater springs.

The modern seasonal pattern of water supply to Upper Klamath Lake from Williamson River
has been monitored since 1918, before the rapid increase in agricultural development which
began around 1950 (NRC 2008, p. 114). The record shows that the total annual supply from this
river system exhibits persistent periods of low and higher supply. For example, the first 30
years of the record were, on average, lower than during the following 30 years (NRC 2008,
Figure 4-11). This is a general characteristic of climatic and stream flow behavior in western U.S.
hydroclimatic regions that are subject to the influence of enduring oceanic and atmospheric
patterns such as the Pacific Decadal Oscillation (PDO) and the Southern Oscillation.
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Figure 3. Estimated historical mean monthly flows at Keno and Iron Gate compared to the
mean monthly flows at Keno (1949 to 2000) and Iron Gate (1961 to 2000) (From Hardy et
al,, 2006, Figure 4, p. 36).

3.1.2 Lake Levels

A significant hydrological characteristic of Upper Klamath Lake is its surface elevation, which
fluctuates annually by about 3 ft (0.9 m) in near-normal years and by about 5 ft (1.5 m) in dry
years. Its minimum level is now controlled at Link River dam. The upper range of lake level
fluctuations that occur in the spring control the area of seasonally inundated lakeshore
wetlands, which have been reduced in the past century by diking and drainage. These wetlands
are considered to be favorable rearing habitat for resident juvenile fishes and to be a sink for
nutrients. During late spring and summer, lake levels decline in response to decreasing
tributary inflow, support of downstream flow targets, and agricultural withdrawals. In recent
droughts, the level has fallen 2 ft (0.6 m) below the minimum elevation needed for inundation
of lakeshore wetlands. The Proposed Action alternative is expected to produce slightly higher
lake elevations in Upper Klamath Lake throughout the year compared with the Current
Conditions (Figure 4). These higher lake levels will increase inundation of lakeshore wetlands
that are used by larval and juvenile resident fishes (see Final Report for the Scientific
Assessment of Two Dam Removal Alternatives on Resident Fish).
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Figure 4. Average Monthly Flows and Upper Klamath Lake Elevations for the Current
Conditions and Proposed Action Alternatives. (Source: Greimann PPT Presentation
12/13/2010)

3.1.3 Channel Habitat Upstream of Upper Klamath Lake

The western and southern arc of the Upper Klamath Lake basin is drained by spring-fed
streams including Wood River and several smaller tributaries. These streams have reliable
natural hydrographs of cold water [~12 degrees Celsius (°C)] but low sediment supplies. The
springs and adjacent river channel beds tend to be covered with pumice rather than gravel. East
side tributaries to Upper Klamath Lake provide relatively limited habitat for steelhead, and
several are disconnected or dewatered, limiting access, although plans indicate a desire to
reconnect some of these habitats (Huntington et al. 2006). Crystal Creek provides coldwater
refuge for large O. mykiss in Pelican Bay, and could serve a similar function for steelhead and
Chinook salmon (Huntington et al. 2006).

There is significant springwater contribution to the flow of upper Williamson River during the
spring months, and water quality is generally good (supporting a world-class fishery for O.
mykiss and historically supporting anadromous fishes); conditions in Wood River are similar
(Hamilton et al. 2010; Huntington et al. 2006). The Sprague River is currently listed as water-
quality impaired and shows serious habitat degradation throughout most of its lowland reach
in the mainstem and both forks of the river, but before irrigation development it provided
excellent habitat for anadromous fishes.

Klamath River Expert Panel
Coho/Steelhead

Final Report

Page 22 April 25,2011



The findings and conclusions in this report are those of the authors and do not necessarily
represent the views of the funding agency (U.S. Fish and Wildlife Service).

Under the Proposed Action, KBRA includes plans for aquatic habitat restoration in the Sprague,
Wood, and Williamson Rivers and in Upper Klamath Lake (Table 4). Hetrick et al. (2009)
estimated that over 420 (mi) (676) kilometers (km) of interconnected river and stream channels
currently exist upstream of Iron Gate Dam that may provide functional spawning and rearing
habitats for anadromous fish species with requirements that are generally similar to those of the
resident fishes. Hetrick et al. (2009) further stated that Huntington (2006) reported that up to an
additional 60-235 mi (97-378 km) of “potential habitat” exists in the Upper Basin that could be
rehabilitated into a functional condition. The Panel could not confirm these statements about
potential habitat, which are at odds with the field surveys from forty years ago by Fortune et al.
(1966), who reported that only a small portion of accessible streams have suitable spawning and
rearing habitat for salmonids. Fortune et al. (1966) conducted a relatively thorough on-the-
ground survey of habitat availability and quality in these tributaries, and reported significant
limitations on the area of spawning gravels because of the shortage of gravel supply from the
catchment, and the widespread occurrence of pumice and silt. Other limitations on habitat
quality included low dissolved oxygen, high temperatures between spring-fed reaches, some
barriers to fish passage, and limited rearing habitat complexity. The discrepancy may depend
on the meaning of the term “potential habitat” in the summary by Hetrick et al. (2009). If it
means habitat that currently is of low quality but which might be upgraded with restoration
activities, then the definition of the potential is largely a matter of economics, the willingness of
riparian landowners to participate, and willingness of irrigators to sell their water rights.
Huntington et al. (2006) repeatedly stressed that even the limited favorable reaches would
require significant habitat improvements in order to support returning fish populations.
Important components of these planned improvements are likely to be gravel augmentation
and the reversal of past streamflow reductions through the restoration of 30,000 acre-feet of
summer flows in as-yet-unspecified locations within the Upper Klamath Lake tributaries.

Apart from the lower reaches of the Williamson (roughly lower 10 mi or 16 km) and Wood
rivers, and the upper reaches of the North and South forks of the Sprague River, the flow
reduction and the degree of degradation are so intense that restoration to a “functional level” of
spawning and rearing habitat will require substantial effort. For example, because of the
geology of the basin there is a limited amount of spawning gravel, and therefore of bars and
pools. The seasonal, and in some places long-term lowering of groundwater tables by diking,
drought, and pumping extraction, has dried out riparian marshlands and does not support
woody riparian vegetation in long lowland reaches. Riparian vegetation has also been removed
through browsing by cattle. Fencing cattle away from the stream banks has led, in some places,
to sufficient recovery of grassy riparian vegetation to reduce sediment input to streams, which
will reduce phosphorus inputs to Upper Klamath Lake. Reduction of sediment input will
probably also allow flows to deepen the pools and remove fine sediments from existing gravel
bars, but the limitation on this process is likely to be the shortage of gravel in the channels and
the resulting low amplitude of bars, which force flow across channels and increase the scouring
of pools. There is significant potential for improving bar-pool habitat through gravel
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augmentation after quantitative analysis and project design. Also, it is not clear from the
assessment reports how much recruitment of riparian woody vegetation or sedges is expected
or needed to restore fish rearing habitat. The potential for improving stream temperatures
through shading could be estimated by calculating the alteration of the radiation balance
expected to result from whatever riparian vegetation is likely to colonize stream banks as a
result of KBRA.

3.1.4 Channel Habitat Downstream of Keno Dam

The 43 mi (69 km) reach of the Klamath between Keno and Iron Gate dams is generally steep
(gradient is ~0.0025-0.01), extensively confined by bedrock canyon walls, and has a sediment
supply much lower than the river’s transport capacity. Stillwater Sciences (2010) estimated from
various sources that the sediment supplied to this reach comprised only 24,000 tons (t) of sand-
gravel per year and 127,000 t of silt-clay. Thus, gravel bed-material storage on the free-flowing
reaches between reservoirs is sparse, being confined to generally lower gradient reaches such as
the Frain Ranch area [River Mile (RM) 218] and the mouths of the few tributaries. However,
most of this bed material is in the 100-500 millimeter (mm) or 3.94-19.69 inch (in) range, and
only 15-20 percent of it is in the range 10-100 mm (0.39-3.94 in).

Before impoundment, there was a distinctively low-gradient reach at the site of the Copco 1
Reservoir where the river flowed in a valley-wide meander belt through a floodplain containing
old channel scars with varying degrees of connection to the current channel. The Frain Ranch
reach also has a low gradient. Elsewhere, the free-flowing reach comprises long rapids, runs,
and pools among large boulders. There was also a low-gradient reach at the site of ].C. Boyle
Reservoir, but the sediment supply to this reach was, and will remain, very low.

Between the quiescent impoundments, the free-flowing reaches, especially the one between J.C.
Boyle Dam and Copco Reservoir, have generally high velocities with rapid fluctuations of
discharge between 350 and 2,400 cubic-feet per second (cfs) and of velocity during summer
because of peaking power production. These fluctuations inundate the substrate with fast-
flowing water and then dewater it on a daily basis. The Iron Gate Reservoir re-regulates these
flows into a hydrograph that propagates some minor fluctuation several miles downstream
during summer low flows, but is dominated by unreliable and highly variable late-winter peaks
of 5,000-30,000 cfs and extended low flows regulated to at least 700-1,300 cfs during the rest of
the year (Hardy et al. 2006).

Downstream of Iron Gate reservoir the river has a gradient of ~0.0025 and a cobbly surface with
a subsurface median grain size in the 10-20 mm (0.39-0.79 in) range. The mainstem has a
wandering habit with broad, irregular bends and occasional anastomosing side channels. The
average annual sediment supply to this reach increases gradually with increasing distance
downstream of Iron Gate as the river enters more erodible terrain, so some riffles and bars form
in the relatively low-gradient reach beginning at the R-Ranch (approximately RM 187).
However, the sediment supply remains low until it is strongly augmented at the Scott, Salmon
and Trinity river confluences, which, despite heavy impacts by water withdrawals and other
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management actions, provide large sediment supplies to the Klamath. The sediment supply
favors the development of more extensive bar, pool, and riffle habitat. However, the channel
downstream of Iron Gate Dam is simple in form and wide enough to be essentially unshaded.

Coho and steelhead use the mainstem for upstream passage to spawning areas and for seaward
migration of smolts. Only a relatively few steelhead and coho spawn in the mainstem, such as
in the braided reach at the R-Ranch, and most juvenile coho and steelhead likely rear in
tributaries, and juvenile coho avoid the mainstem during warm periods in July and August.

If dams remain in place, then the habitat conditions described above will persist with only
subtle changes due to foreseeable hydrological changes. For example, some habitat
improvements such as local gravel augmentation are already planned in a general way (no
details on amounts or locations were supplied to the Panel) in both the Lower Klamath
(unspecified as to whether this means the mainstem or the tributaries, but it most likely refers to
the tributaries of the Lower Klamath), and in reaches between the reservoirs. Other habitat
improvements are also planned in a general way under the KBRA that may gradually extend
small areas of both spawning and rearing conditions in the sediment-starved impounded reach
and spawning conditions in the lower river. The effects of persistent runs of wet and dry years,
and of anthropogenic climate change that are described elsewhere in this document will occur
whether dams are removed or not.

3.1.5 Hydrology and Geomorphology with the Proposed Action

Dam removal will have only small effects on the flood regime downstream of the Project Reach
because the small storage volumes of the four reservoirs do not currently influence flood flows
to any important degree. Peaking flows within part of the Project Reach will be abolished.
Bureau of Reclamation predictions of Klamath River flows with dams removed and KBRA in
place (B. Greimann PPT Presentation 12/13/2010, see Figure 4 above) illustrate an expectation
of higher flows in April and July-September, followed by decreased flows in October-
December. As far as the Panel can tell from the presentation materials, which were not
documented in detail, these predictions, along with statistical estimates of deviations from the
average, are based on a hydrological model of the basin’s water yield under current land
management and climate, but with some changes of water management. Hetrick et al. (2009)
used a planning model to examine how changing water operations could provide more
favorable habitat conditions for Chinook salmon. They used the 1961-2000 flow record of
inflows to Upper Klamath Lake to illustrate the potential for KBRA operations to conserve
water in the late fall and winter to provide higher spring flows for fry and juvenile rearing in
the spring and early summer. These proposals are roughly similar to the predictions by
Greimann (PPT Presentation 12/13/2010), although Hetrick et al. (2009) modeled longer
periods of increased flow during late spring and early summer when juveniles are rearing in the
main stem.

KBRA also involves plans for limiting the quantity of water diverted from Upper Klamath Lake
and the Klamath River for the Klamath Irrigation Project. This limitation would result in the

Klamath River Expert Panel Final Report
Coho/Steelhead Page 25 April 25,2011



The findings and conclusions in this report are those of the authors and do not necessarily
represent the views of the funding agency (U.S. Fish and Wildlife Service).

availability of water for irrigation being about 10 to 26 percent less than current demand in the
driest years, with water availability for irrigation increasing on a sliding scale with increasingly
wet conditions. The current pattern of agricultural water deliveries being higher in dry years
than in wet years would be reversed. The Panel understands that the planning of such
limitations is still at the conceptual stage with neither the sellers nor their locations identified.
Under the Proposed Action, the KBRA can affect the channels in various parts of the potential
species ranges, mainly through artificial reconstruction of within-channel habitat in the Upper
Klamath Lake basin, and largely by restoration of a natural sedimentation regime downstream
of Keno Dam. There are also some (unspecified) actions within KBRA that will alter the physical
aspects of the channels in this lower basin, most likely within tributaries. The reconstruction
activities will be emplaced and will have their influence over the time scale of decades. As
discussed below, the changes in sedimentation will have both short-term and long-term
consequences.

3.1.6  Short-term Effects of Sediment Release

Geotechnical surveys of the magnitude and grain size of sediments stored behind the four dams
have documented approximately 8.1 million tons of impounded sediment, approximately 84
percent of which is in the silt-clay size range. Only 0.26 million tons are behind J.C. Boyle Dam,
and the rest is distributed evenly between Copco 1 and Iron Gate reservoirs. Stillwater Sciences
(2008; 2009; 2010) and the Bureau of Reclamation (Greimann et al. 2010) have estimated the
fraction of this sediment that will be eroded out of the impoundment sites under various
conditions of flow and reservoir management. Although there are important differences in the
timing of the sediment releases among the various simulations that both groups have made and
in their separate preferred release strategies based on engineering logistics and fish protection,
the major results are consistent and in agreement with the qualitative interpretations made by
earlier consultants (Ayres 1999; Shannon and Wilson 1999).

Stillwater Sciences (2008) predicted that a channel with assigned dimensions will cut down
through the deposits in each reservoir at a rate that will depend on the weather-dependent
water inflow rate and the rate of reservoir lowering (to be managed, but vulnerable to
unpredictable flood flows) and the (low) concentration of sand and gravel in the deposit in each
reservoir. Sediment from J.C. Boyle Reservoir will be flushed earlier and more completely than
sediment from the lower reservoirs. It is likely that within the first year (or two if drought
intervenes) 1.4-3.2 (~ 2) million tons of the sediment [consisting almost entirely of silt and clay
but with perhaps 200,000-300,000 (10-15 percent) tons of sand] will be flushed downstream of
Iron Gate. This would leave 60-83 percent of the sediment in place along the margins of the new
channel that would require rapid re-vegetation under adverse soil and moisture conditions in
order to avoid problems with invasive weeds and dust, as well as chronic erosion of fine
sediment into the river. The predicted first-year total of flushed sediment is smaller than the
total amount transported during major floods on the river, although the transport would occur
over a much larger number of consecutive days and at much lower discharges in the dam
removal case.
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Assuming dam removal begins in November, the Stillwater modeling of deposit erosion
predicts that fall and winter concentrations of sediment downstream of Iron Gate will range up
to about 10,000 mg/L at Iron Gate (3,000 mg/L at Orleans), declining to 2,000 mg/L at Iron
Gate (500 mg/L at Orleans). These are the seasons when adult coho, winter steelhead, lamprey,
and green sturgeon are expected to be using the mainstem and when half-pounder steelhead
are expected to be rearing in the mainstem (Stillwater Sciences 2009). The Oregon Department
of Fish and Wildlife (ODFW 2010) suggested that most adult steelhead would hold in tributaries
rather than the mainstem (based on observations in the Columbia River); most adult coho are
destined for tributaries. Some juvenile salmonids would be in the mainstem during fall and
possibly in winter. The sediment concentrations are computed to remain chronically within a
range of several thousand to several hundred mg/L for periods of up to six weeks for two
seasons at least (November-December and May-June) between periods of reservoir filling.
These periods include a significant proportion of the time when juvenile steelhead and coho
salmon would be moving downstream (Stillwater 2009; Greimann et al. 2010).

This silt-clay fraction is not currently represented in the channel bed downstream of Iron Gate
Dam. It is expected that this “washload” following dam removal will be transported far
downstream by even low flows, and will be flushed rapidly to the ocean by typical annual and
larger floods. This reasonable approximation was used in the simulation model runs by
Stillwater Sciences (2008; 2009; and, 2010), who also interpreted that there will also be some
deposition of this fine sediment along the channel margins and in the floodplain that was not
represented in the model simulations. The amount of this marginal sediment storage will be
greatest in low-gradient, sinuous reaches of the Lower Klamath River. Analogous modeling by
the Bureau of Reclamation (Greimann et al. 2010) has considered some important changes to
preferred release strategies, based on engineering judgments about safety and construction
management, but the implications for river conditions and biological effects are essentially the
same as the Stillwater projections.

Fine sediments carried downstream have the potential to lower dissolved oxygen as a result of
biochemical oxygen demand (BOD) of the carbon incorporated in the reservoir deposits, which
averages about 5 percent by weight (Table 3 in Stillwater 2008). The degree to which this BOD
reduces oxygen in the water column is under investigation (P. Zedonis PPT presentation
8/2/2010). However, water turbulence in the free-flowing river and input of oxygen rich water
from tributaries should help reduce the potential effect of BOD on oxygen content of the river
when sediment is released.

The flushing events will also involve considerable amounts of sand, some of which will be
carried close to the bed and is likely to permeate the channel bed and reduce the quality of
spawnable gravels. Calculations by Ayres Associates (1999) indicate that the channel bed in this
reach should be mobilized by flood flows with recurrence intervals of about 2 years. However,
sand will continue to emanate from the reservoir deposits for years after dam removal and the
entire reach will not be flushed of sand within one or two high flow events, so it is likely to take
more than a decade for the bed fining caused by dam removal to be reversed. Similarly, sand that
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is predicted to settle into some pools downstream of Iron Gate Dam will be scoured away in
floods of 1-2 year frequency. This form of sand storage will be less damaging to juvenile rearing
habitat than the distributed settling of sand into the gravel will be to the quality of spawning
beds. However, most coho and steelhead reportedly spawn in tributaries and they would not be
affected by sedimentation of gravels in the mainstem. Within the impounded reach the bed of
J.C. Boyle Reservoir will be flushed more effectively and sooner than the beds of the other
reservoirs. The buried floodplain on the bed of Copco 1 Reservoir, which included some
attractively complex channel and off-channel habitat before impoundment, may need some
dredging to recover former meanders and floodplain channels.

3.1.7 Long-term Effects of Sediment Release

After the first year or two, the chronically high turbidity will decline to much lower levels,
continuing to be fed by slow erosion of the floodplain and banks of the new channels through
the reservoir sites. As the dams are removed, there will no longer be reservoir filling periods to
interrupt sediment flushing, which will thus be driven by the seasonal and storm runoff regime.

The fining of the channel bed by sand intrusion and coverage downstream of Iron Gate Dam
will gradually be reversed, but not for decades as the sediment supply of sand from the
reservoir is likely to require that time scale to stabilize. Calculations of the likely frequency of
bed mobilization by Klamath River flows by Ayres Associates (1999) and Greimann et al. (2010)
predict bed mobilization every few years in the reach between the Iron Gate Dam site and the
Salmon River confluence, so the sand content of the gravel downstream of Iron Gate Dam will
gradually diminish over a small number of decades.

Stillwater Sciences (2008) did not calculate the transport of gravel out of the reservoir, but
acknowledged that it will occur much more slowly than even the sand transport. Most of the
gravel in the reservoir deposits is likely to occur around the upstream and lateral margins of
each deposit, and particularly at the mouths of tributaries, gullies and eroding alcoves. Thus, on
average, gravel trajectories will begin farther from Iron Gate Dam than the finer sediment.
Average annual transport distances of traced gravel particles in other rivers lie in the range of
several hundreds of meters, but in this case the presence of significant sand and fine gravel in
the source deposit, coupled with the generally high gradient of the Project Reach are likely to
increase the average annual distance of transport. However, the gravel will not clear the Project
Reach for many years after the dams are removed and will spread downstream only slowly. It is
likely that this wave of gravel will be spread broadly across the channel and on lateral bars in
the lower Project Reach (between Copco and Iron Gate dams) and in the first few miles
downstream of Iron Gate Dam. Farther downstream, on the time scale of the first and later
decades the mobile gravel is likely to augment the surface of riffles and bars, expanding the area
of spawnable habitat and increasing the rate of bank undercutting, recruitment of large riparian
wood fragments and the amount of juvenile rearing habitat over a relatively small proportion of
the channel bed.
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3.1.8 Future Habitat with the Proposed Action [Short-term and 50-year Prospect]
The immediate and simplest change in habitat resulting from the dam removal will be the
opening of approximately 69 mi (111 km) of channel in the Klamath mainstem and the lower
reaches of several tributaries between the Iron Gate and Keno dams. Because of the gradient
and limited or patchy spawning habitat, some of the mainstem portion of this reach will serve
primarily for facilitating passage between the few tributaries. A several-mile-long mainstem
reach currently inundated by Copco 1 Reservoir has the potential for reconstruction of habitat,
once its cover of sediment has been flushed away. The value of the mainstem habitat in the
Project Reach for steelhead rearing is higher than for coho; there is presently a robust O. mykiss
population (approximately 1,000 fish per mile) in the non-reservoir portions of that reach
(PacifiCorp 2004; Carter and Kirk 2008). The ODFW (2010) suggests that some spawning habitat
for steelhead is expected in the mainstem near Spencer Creek.

The Project Reach will continue to receive only a small amount of sediment because of the
resistant rocks in this portion of the watershed and the proximity of Keno Reservoir and Upper
Klamath Lake, which will continue to interrupt sediment supplies. The sediment supply will
continue to be far less than the river’s sediment transport capacity, and only the cobbles and
coarsest gravel will travel slowly enough and intermittently so that they will be stored
temporarily to provide a discontinuous substrate on the channel bed and some bars. Currently,
the material on the bed in these reaches between reservoirs is mainly in the cobble-boulder
range (Greimann et al. 2011). The most likely sites for significant, temporary sediment storage
will be the several tributary junctions, the Frain Ranch reach, and about 4 mi (6 km) around the
current site of Copco Reservoir, where a floodplain with active and abandoned meanders had
created significant sediment storage and morphological complexity before impoundment. Both
kinds of sites will probably also temporarily store small amounts of fine-grained sediment.
Gravel augmentation, planned for some sites, will provide some expansion of gravel bars, but
the river will continue to have a high capacity for transporting that gravel away from
augmentation sites. Amounts of money currently envisioned in the ICP Interim Plan for this
activity are sufficient to provide only several thousand cubic yards of gravel per year, which is a
small amount relative to the river’s transport capacity and relative to the extent of the valley
floor in the currently impounded reach. Selection of low-gradient sites, such as the bed of the
J.C. Boyle Reservoir, which currently receives almost no sediment, might be favorable for such
gravel augmentation.

The extent of new habitat for coho and steelhead upstream of Upper Klamath Lake will depend
on the success of these fish to travel through the lake and establish populations in the
tributaries. Thus, it will depend on the success of KBRA restoration activities. The issue is
discussed in Section 3.1.3. Hetrick et al. (2009) claim that 420 mi (676 km) of steelhead habitat,
together with 60-235 mi (97-378 km) of “potential habitat,” are available in the lake tributaries.
However, the proportion of this potential that is likely to be realized is not yet clear from the
planning for KBRA.
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3.2 Temperature (C-3, S-3, G-3)

Restated Question: What are the likely changes in water temperature regimes under the two

alternatives and their effects on rearing and spawning life history strategies?

Summarized Answers:

Current Conditions: The present temperature regime in the mainstem Klamath River is often
near the warm limits for salmonid adults during July through September and near the warm
limits for rearing during May through October.

Proposed Action: Daily mean temperature will be slightly warmer before and slightly cooler
after August, with potentially positive and negative results for affected life stages. The
Proposed Action has the potential to improve temperature conditions over those that will occur
under the Current Conditions, although the net effects of temperature changes on coho and
steelhead under the Proposed Action is not known due to both increased and decreased
temperature across multiple life stages. Further consideration of the potential importance of
within-day variation in temperature is warranted.

Discussion:

The coho question asserts that "under current conditions there has been a phase shift of
temperature downstream of the Project of approximately 18 days due to the Project dams," and
then asks how the two alternatives will "differ in the effects on seasonal temperature patterns
and coho life history strategies over the 50 year period of interest."

First, we consider the premise of an "18 day phase shift." This is a modeling prediction from
Bartholow et al. (2005), who used a modeling shell (called SIAM version 3.75) that links two
component models: MODSIM which simulates flows with a monthly time step, and HEC-5Q
which simulates temperature, evidently with a daily time step. The SIAM shell handles the
"disaggregation" of the monthly flow outputs into daily values for input to HEC-5Q.

The model fitting and testing were carried out with data from 1962-2001 when all four dams in
question were operating. The calibration and validation were conducted separately for
MODSIM and for HEC-5Q. The reported validation error (mean absolute value discrepancy) for
the flow model is on the order of one percent for the monthly means. However, the analysis did
not seem to include an error rate at the level of the disaggregated daily mean flow values that
are transmitted to the temperature model. The reported validation error (mean absolute value
discrepancy) for the temperature model is on the order of 2°C for daily mean temperature
(presumably using actual observed daily flow input). The analysis did not report validation of
the integrated system in which the errors of the flow model propagate through the temperature
model.

The reported validation was all internal to selected years in data sets with the dams in place, so
it does not address reliability of the predictions with dams removed. The way the modeling
represented the Proposed Action scenario was to reduce the "storage" for each removed dam to
1000 cubic-meters (m®) (whereas the reservoirs have maximum storage volumes in the millions
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of m3). Considering that the temperature model is one-dimensional, the ability of a section
calibrated as a lake to represent the temperature dynamics of a river reach is not a foregone
conclusion, and merits confirmation.

The "future scenario" was modeled by re-running 1962-2001 inputs (meteorology and inflow)
with or "without" the four dams in question (so the Current Conditions scenario is simply a
hindcast). This does not address trends in climate change, scenarios of demand for water, or
KBRA actions that might affect the water budget or temperature of inflows over the next 50
years.

For these reasons, the model prediction of an 18 day "phase shift" in the annual thermograph is
not a sure thing, and probably should not be taken literally. Qualitatively, the prediction is
plausible: elimination of the thermal storage in the four reservoirs will allow the affected river
reaches to track air temperature more closely, resulting in some increase in temperature
variability (higher highs and lower lows) and some shift toward earlier warming in the spring
and earlier cooling in the fall.

If, for the sake of argument, we accept the model results at face value, the reported 18-day shift
is the lag at which the lagged correlation is maximum between the Current Conditions and
Proposed Action trajectories averaged over the 40-year trajectories. It is not clear whether this
search for the lag with maximum correlation was for trajectories of daily values in the native
output of the model or whether it was for trajectories of monthly averages, as graphed in Figure
4 of Bartholow et al. (2005). The shift differed for different seasons (longer in the fall, shorter in
the spring and early summer), and differed considerably among years. Variances of the daily
means were greater in the Proposed Action scenario (higher high days and lower low days for
the daily means).

The January through mid-August monthly mean temperatures at the location of Iron Gate Dam
are predicted to be warmer by up to roughly 2°C; and the mid-August through November
monthly means are predicted to be cooler by up to roughly 5°C (Figure 4 in Bartholow et al.
2005). The effects attenuate with distance downstream from Iron Gate Dam.

This seasonal shift in daily mean temperature, if it materializes, would be good for salmon
using the mainstem after August; this will include the coho and winter steelhead spawning
migrations. Conversely, the predicted shift would be bad for salmon using the mainstem
through August. Most returning summer steelhead would likely experience higher mainstem
temperatures (Stillwater 2010). The very early portion of the adult winter steelhead run would
also experience higher temperatures in July (see timing of return in Stillwater 2010), whereas the
later portion of the winter run would experience cooler water under the Proposed Action (dam
removal).

Against these comments on possible consequences of long-term seasonal averages of daily
mean temperature, it must be noted that the fish do not directly experience these mean
temperatures. The fish experience the hour-by-hour temperatures on each day. Regardless of
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the direction of shift in the daily mean water temperature owing to dam removal, the spread of
temperatures between day and night, and the range of variation between warm days and cool
days, will increase under the Proposed Action.

Therefore we can expect circumstances, for example, where even though the mean daily mean
temperature for a period in the fall is decreased by dam removal, the highest temperatures
experienced by the fish (warm hours of the day on warm days) will increase.

On the other hand, if the fish use cooler hours of the night for migrating in the mainstem from
one thermal refuge to the next, the cooler cold hours and cooler cold days (during the warm
season) under the Proposed Action could benefit the fish. Cooler fluctuating temperatures can
also allow time for repair of proteins damaged by thermal stress, allowing persistence through
periods of high maximum daily temperatures (Schrank 2003).

In other words, evaluating the net benefit or harm to fish from the temperature effects of dam
removal as part of the Proposed Action will require more detailed information about the
movement patterns of the fish and more detailed (and reliable) predictions of location-by-
location and hour-by-hour thermal exposure of affected fish.

3.3 Water Quality (G-2)

Restated Question: How will the alternatives affect water quality in the Klamath Basin?

Summarized Answers:

Current Conditions: Water quality in Upper Klamath Lake and the reservoirs downstream to
Iron Gate Dam will continue to be poor. Some improvement is possible because of non-KBRA
activities.

Proposed Action: Water quality under the Proposed Action should generally improve over the
conditions expected with the continuation of current conditions, but with unknown or likely
small improvements in many of the water quality parameters. Water quality should improve
between Keno Dam and Iron Gate Dam after dam removal. The limited detail provided in the
KBRA suggests that minimal reduction in nutrient loading and small increases in dissolved
oxygen levels upstream of Keno Dam are likely. Microcystis blooms are expected to diminish
downstream of Keno Dam as a result of increased channel bed mobility and sand transport

Discussion:

The most important water quality issues occurring in Upper Klamath Lake and the reservoirs
downstream of Upper Klamath Lake include low dissolved oxygen (DO), high ammonium
concentrations, and the formation of blooms of cyanobacteria ("blue-green algae") including the
noxious Microcystis aeruginosa.

Oxygen concentrations at Keno Dam went to zero at times during 1996-1998, but were never
below 4 mg/L at Iron Gate Dam (Campbell 2001). Depression of dissolved oxygen in Upper
Klamath Lake and the reservoirs is due to elevated oxygen demand caused by high levels of
organic matter, mainly due to production by algae (Doyle and Lynch 2005) and to some extent
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due to high ammonium concentrations (Sullivan et al. 2010). Eutrophication (i.e. excessive
production of organic matter) in Upper Klamath Lake and Keno Reservoir can be attributed to
high nutrient loading rates. This kind of problem is common in water bodies receiving runoff
from urban and agricultural areas (e.g., Chesapeake Bay). Paleolimnological evidence shows
that sediment and nutrient loading to the Upper Klamath Lake and resulting biological
productivity in the lake increased concurrent with increasing human settlement in the basin
(Eilers et al. 2004). However, this paper also showed that the lake was eutrophic before
European settlement, presumably as a result of high levels of nutrients naturally occurring in
the watershed.

The limiting nutrient has been reported to change from nitrogen (N) in spring to phosphorus (P)
in fall based on water-column concentrations (Campbell 2001); but large fluxes of P from
sediments suggest an additional loading term (Kuwabara et al. 2009). Experiments with nutrient
addition showed N limitation of growth for total phytoplankton and for the cyanobacterium
M. aeruginosa from Iron Gate and Copco reservoirs during the summer (Moisander et al. 2009).
This potentially toxic form was first reported in 2005 (Moisander et al. 2009). Blooms of the
cyanobacterium Aphanizomenon have been large enough to support an industry harvesting
about 1,000 metric tons annually for human consumption as a dietary supplement (Carmichael
et al. 2000).

Blooms of M. aeruginosa, occur worldwide, and although generally they are understood to result
from over-enrichment of nutrients, control strategies have been slow in coming (Paerl 1988).
However, under Current Conditions, the M. aeruginosa blooms occur only in the reservoirs
downstream of Keno Dam, presumably because of N limitation upstream of Keno Dam
(Moisander et al. 2009). Since this species is intolerant of turbulent water, blooms will likely be
eliminated by removal of the dams under the Proposed Action.

The measures proposed in KBRA to ameliorate hypereutrophication and blooms (Barry 2010)
are inadequately described for quantitative evaluation by the Panel. Proposals include
construction or reconnection of wetlands to remove nutrients. The description provided to the
Panel (Barry 2010) says the restoration is "Likely to be combination of treatment wetlands,
engineered water treatment facilities, physical removal of particulate organics, treatments to
precipitate nutrients (alum, clay, etc.). Cost are certain to be large, precise estimates will follow
appropriate studies." Although these suggestions, if carried out, could reduce nutrient loading
and particulate matter in the lake, the "appropriate studies" necessary to determine the
magnitude and cost and, most important, the likely effectiveness of this group of actions have
not been done. Even a simple mass-balance calculation using crude estimates of the magnitude
of restoration actions would bound the likely improvements. Experience from other locations
where eutrophication is a major problem suggests that, at a minimum, drastic reductions in
loading from the watershed must accompany local amelioration to be effective. These
reductions must account for the apparently high natural nutrient inputs from the local
watersheds, and the unavoidable leakage occurring in watersheds heavily altered for urban and
agricultural use. Thus, it would be premature to conclude that any problems caused by these
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blooms, including low dissolved oxygen, will be substantially reduced by KBRA. The National
Research Council (NRC 2004) report was not sanguine about the likelihood of success in
improving water quality in the face of current upper basin land use and depleted hydrology.

3.4 Adult/Juvenile Movement and Migration (C-7)
Restated Question: Can adult and juvenile coho salmon readily and successfully move between

habitats downstream of Iron Gate Dam during the various life stages?

Summarized Answers:

Current Conditions: Juvenile coho movements between tributaries and mainstem are impeded
by high, stable summer temperatures in the mainstem and by low flows in some periods.
Impediments to adult coho migrations within the mainstem and into some tributaries have not
been documented downstream of Iron Gate Dam.

Proposed Action: Both positive (e.g., greater juvenile access to habitat, greater temperature
variability, warmer temperature in early spring, cooler late summer and early fall temperature)
and negative effects (e.g., higher early summer temperatures) associated with the action prevent
the Panel from determining the net beneficial effects. The Proposed Action alternative will
create more opportunities for successful movement among habitats downstream of Iron Gate
Dam than expected under the Current Conditions alternative, but how these opportunities are
utilized and how the multiple effects on juveniles and adults combine into an overall response
is difficult to assess.

Discussion:
Adult Coho Salmon

Adult coho salmon enter the Klamath River from approximately September to mid-December
with peak upstream migration occurring between late October and mid-November (Stillwater
2010). Spawning generally occurs within a few weeks of arrival at the spawning grounds. The
mainstem Klamath River is used primarily as a migratory pathway by adult coho salmon to
tributary spawning areas. During 2001-2004, approximately 50 percent of all natural spawning
coho salmon occurred upstream of the Trinity River and only about 5 percent of the total
spawned in the Klamath mainstem (Comments on the draft report 2011; Ackerman et al. 2006).
The number of natural-origin versus hatchery coho spawners is not accurately documented
each year, although it is recognized that many spawners are of hatchery origin, especially in
some areas such as the Trinity River. Indirect estimates indicate that 90 percent of adult coho
salmon in the Klamath River system return directly to hatcheries or spawning grounds in the
immediate vicinity of hatcheries (Brown et al. 1994 in Stillwater Sciences 2010). These data
suggest a relatively small portion of natural spawning coho salmon occurs in the mainstem,
therefore only a small proportion of total spawners and embryos would be directly influenced
by dam removal under the Proposed Action.
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Stillwater Sciences (2010) suggested that the following factors may currently affect survival of
migrating adult coho salmon in the mainstem Klamath River: 1) high water temperature
resulting from reduced flows and poor water quality (e.g., low oxygen) can stress adult fish,
delay migration, reduce availability of cold water refugia, and promote infection and
transmission of disease, and (2) low flows may cause passage obstructions at tributary
confluences, although no evidence of blockages was provided. With regard to temperature, in
2002, average daily water temperature near Iron Gate Dam was 20°C in early September when
coho began to enter the river, falling to 15°C at the beginning of the peak migration period in
late October, and to less than 10°C by the end of the peak migration period in mid-November
(FERC 2007 in Hamilton et al. 2010). No quantitative estimates or approximations were
provided for coho pre-spawning mortality, but Hetrick et al. (2009) reported significant pre-
spawning mortality of Chinook salmon during October (average of approximately 50 percent,
with a range of 0 to 100 percent) when many coho also enter the watershed. No quantitative
estimates were provided for blockage of adult coho migration into tributaries resulting from
obstructions at tributary mouths when mainstem flow is low.

Although Stillwater Sciences (2010) suggested mainstem flows following dam removal will be
greater during the adult coho migration period, simulation modeling for 2012 to 2061 indicated
that flows would be lower during October through December (Figure 4 above; B. Greimann PPT
Presentation 12/13/2010). Therefore, potentially lower flows during the fall under the Proposed
Action alternative may reduce the ability of coho to migrate through the mainstem in order to
reach spawning areas in tributaries; however, field studies indicate flows within tributaries are
more important to passage than mainstem flows (Sutton 2007). Actions proposed under the
KBRA in the tributaries are intended to provide greater accessibility to spawning habitats in
tributaries, through manual alteration of tributary confluence channels (Stillwater 2010; KBRA
Action Item ID#2) and increased stream flows through purchasing of water rights (KBRA
Action Item ID#8). KBRA actions may increase flows in tributaries and alteration of the
tributary mouth morphology, but it is not possible to fully evaluate the effectiveness of these
potential actions at this time because the degree to which these factors currently reduce
reproductive success of coho salmon is unknown.

After dam removal, it is expected on the basis of simulations that water temperature during
adult coho migration at Iron Gate Dam will be approximately 2-8°C cooler than at present (see
Figure 8 in Hamilton et al. 2010, Dunsmoor and Huntington 2006). Water temperature at the
beginning of the coho migration period (September) can be stressful (~20°C), and Hetrick et al.
(2009) reported high pre-spawning mortality of Chinook salmon in October. However, pre-
spawning mortality has not been quantified for coho salmon in the Klamath River, and it is
difficult to extrapolate pre-spawning mortality of mainstem spawning Chinook to that of coho
salmon. Although coho begin entering the Klamath River in September when upstream
temperatures are high, coho appear to hold in lower river areas while waiting for cooler
temperatures and higher flows (Ackerman et al. 2006). Therefore, cooler water as a result of the
Proposed Action alternative might help alleviate stress or thermal mortality of coho salmon and
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might enable earlier upstream migration, but it is not possible to estimate to what extent cooler
water may enhance migration and spawning success of coho salmon.

Juvenile Coho Salmon

The large majority of juvenile coho salmon rear in tributaries rather than in mainstem habitats
during summer, largely because mainstem temperatures become too warm for coho salmon
(e.g., greater than 20°C in July and August) (Hamilton et al. 2010; Stillwater 2010). For example,
only 3 percent of pools surveyed in the mainstem (location not reported) were occupied by
juvenile coho salmon, compared with 41 percent by juvenile Chinook and 88 percent by juvenile
steelhead. In the large, relatively warm tributaries (e.g., Shasta River) and in the mainstem,
juvenile coho salmon occupy thermal refugia during periods of relatively high temperature
stress (Chesney, PPT Presentation 12/13/2010; see Section 3.7).

Lestelle (2010; PPT Presentation 12/13/2010) presented a conceptual model of seasonal habitat
use and movement patterns by juvenile coho salmon in the Klamath Basin, based on research in
the Klamath Basin and other regions. The working hypothesis is described here. Fry in natal
tributaries may disperse downstream in the spring, often during the period of receding spring
runoff. Fish that disperse to the mainstem Klamath River find residence along the river margin
or in adjacent slow velocity habitats within the river corridor. As water temperatures increase,
juveniles within mainstem habitats of the Klamath River initiate another movement in search of
thermal refuge, primarily cool water refugia in lower tributaries connected to the mainstem (see
Section 3.7; Sutton et al. 2002; Deas and Tanaka 2006; Sutton 2009; Hillemeier et al. 2009 in
Lestelle 2010). Juvenile coho salmon remain in these thermal refugia during summer when
mainstem temperatures are stressful, but they may move back into the mainstem to feed when
water cools at night, as has been documented in other watersheds. However, some tributary
refugia may not connect with the mainstem during summer and fall until flow increases. As
temperature declines in September, most juvenile coho generally remain associated with local
areas if conditions are suitable, or disperse if food availability or densities are unfavorable.
Some evidence in other watersheds and unpublished data in the Klamath River suggest that
juvenile coho along the margins of large rivers tend to grow faster than those in small
tributaries (Lestelle 2010, Yurok Tribe comments on the draft report). In fall, when flows
increase, some juvenile coho in the Klamath basin move to find habitat suitable for
overwintering (e.g., ponds), as documented in the Pacific Northwest. This behavior is apparent
for juveniles found in relatively steep tributaries in the mid-Klamath region in early fall prior to
increased flows. Passive Integrated Tag (PIT) tagging of juvenile coho in the mid-Klamath
region during summer and fall, together with fyke net trapping at numerous sites within the
mainstem corridor and stationary PIT tag detectors, show a significant redistribution of coho
over the winter. The extent of redistribution has tended to be less for fish residing in the
mainstem corridor upstream of Happy Camp (RM 110), where mainstem and tributary flow
variation is generally small. Significant overwintering habitat includes ponded water areas,
especially those areas in the lower watershed. Growth of coho in these ponds appears to be
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substantial. The migration of coho smolts primarily occurs during April and May, although
some fish emigrate in March and June.

Evidence suggests that high and stable water temperature in the mainstem is a key factor
limiting movement and dispersal of juvenile coho salmon during the summer. Mainstem water
temperature near Iron Gate Dam during the Proposed Action alternative is predicted to be
about 2-4°C warmer during February to mid-July and about 2-8°C cooler from mid-July to
January, and diurnal fluctuations would also be much greater with dam removal (see Section
3.2). Greater variability in diurnal water temperatures and in response to weather patterns may
facilitate greater movement of coho salmon between refuge areas. This would benefit coho
salmon under the Proposed Action alternative.

In spring, elevated water levels (mainstem and tributaries) likely enable movement of fry and
yearlings (pre-smolts) to and from the mainstem and tributaries under either alternative, but the
Proposed Action alternative would enable access to warmer mainstem water in spring than is
currently available. Warmer mainstem water in spring during the Proposed Action alternative
might provide greater growth potential for coho compared with the cooler mainstem water
expected under Current Conditions. Growth potential of mainstem margin habitats may be
greater than that of tributaries (Cederholm and Scarlett 1982 in Lestelle 2010, Yurok Tribe
comments on the draft report). The size of natural coho smolts in the Klamath River is large
(avg. ~130-141 mm; data provided by Yurok Tribe comments on draft Panel report). Under the
Proposed Action alternative, coho would still need to leave the mainstem areas when water
temperature reached stressful levels, which might occur earlier than under the Current
Conditions alternative (see Section 3.2). During fall, mainstem temperatures would cool off
earlier under the Proposed Action alternative, and allow earlier and potentially longer access to
mainstem habitats and to potential overwintering areas. The cooler water with the dams out
may reduce stress during early fall but slightly reduce growth potential of fish residing there
during late fall.

Coho smolts primarily emigrate from the Klamath River during April and May. Experimental
PIT tag releases of coho salmon from Iron Gate Hatchery demonstrate that these fish undergo
high mortality from the hatchery to RM 20 (35 percent, 50 percent, 46 percent in 2006, 2007,
2008, respectively), and most mortality occurred upstream of Scott River (Beeman et al. 2009).
Greater growth potential associated with increased mainstem water temperature in spring
might provide a small benefit for emigrating coho smolts under the Proposed Action
alternative, except for late-migrating fish that may encounter high water temperatures that will
occur earlier under this alternative. Bioenergetic modeling could evaluate this effect of water
temperature on coho salmon. These fish may also be more susceptible to pathogens (Section
3.10). Monthly flows in the Klamath River are not expected to change markedly during the
spring smolt outmigration period (see Figure 4 above; Greimann PPT Presentation
12/13/12010), although Hetrick et al. (2009) suggested there may be higher spring peak flows
after dam removal that would benefit outmigrating smolts.
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3.5 Tributary versus Mainstem Spawning (C-8)
Restated Question: Which alternative offers the greatest opportunity to increase spawning

habitat of coho salmon in the mainstem and tributaries downstream of Iron Gate Dam? (see
Section 3.6 for habitat opportunities upstream of Iron Gate Dam)

Summarized Answers:

Current Conditions: Spawning habitat capacity and quality, and spawner abundances have not
been consistently documented for coho, but nearly all spawning occurs in tributaries. Present
conditions appear to be degraded for coho based on their population status.

Proposed Action: The Proposed Action may increase and improve spawning habitat for coho,
but the benefits will depend on the combined effects of changes in flow and temperature due to
removal of the dams and the effectiveness of unspecified KBRA activities targeting spawning
habitat in tributaries. The area of mainstem spawning gravel downstream of Keno Dam will
increase but its quality will be diminished by sand content for at least the first few years. Fall
flows in the mainstem will be lower and may influence coho spawning migrations to tributaries.

Discussion:

During 2001-2004, approximately 50 percent of all natural spawning coho salmon occurred
upstream of the Trinity River, almost entirely in tributaries (Comments on the draft report 2011;
Ackerman et al. 2006) The number of natural origin coho spawning in tributaries versus
mainstem habitats is not documented each year, although it is recognized that many spawners
are of hatchery origin. Indirect estimates indicate that 90 percent of adult coho salmon in the
Klamath River system return directly to hatcheries or spawning grounds in the immediate
vicinity of hatcheries (Brown et al. 1994 in Stillwater 2010). Although little spawning occurs in
the mainstem where dam removal would have its greatest effect, juveniles produced in
upstream tributaries would have access to mainstem rearing and migration reaches when
conditions were suitable.

Significant efforts (in terms of monetary expenditures) would be made to improve conditions in
the Klamath Basin downstream of Iron Gate Dam under each alternative (Table 2; Stillwater
2010), but the level of effort would be considerably greater under the Proposed Action
alternative (Table 5). Most of the effort would occur in tributaries where nearly all coho spawn.
However, at this early stage of planning, the linkage of the specific habitat restoration activities
with predicted effects on targeted species (e.g., coho), life history stage, and process (e.g.,
migration, spawning, rearing, foraging) has not been completed. Some of these projects have
the potential to benefit spawning coho salmon (e.g., fish passage, treating sediment sources,
setting minimum flows, cattle exclusion, gravel augmentation), but it is impossible to estimate
the effects these actions might have on spawning coho salmon with the information available.
There has not been an assessment to determine whether coho spawning habitat quantity and
quality is limiting reproductive success and, ultimately, the overall abundance of coho salmon.
However, the Yurok Tribe believes coho spawning habitat is not a factor controlling productivity
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and abundance of coho salmon (Yurok Tribe comments on the draft report 2011). The extent to
which these actions might “fix” habitat problems is unknown. For example, what percentage of
stream banks that are influenced by cattle would be fenced? What percentage of riparian habitat
would be influenced by the proposed actions? It is critical that habitat restoration activities
target species and life history stages, that forecasts of likely effects be made, and that
monitoring be used to evaluate projects and to make corrections as needed.

Very small numbers of coho salmon apparently spawn in the mainstem. Flows during the coho
spawning period in fall are expected to be somewhat less following dam removal (see Figure 7
in Hamilton et al. 2010; Figure 4 in this report). However, cooler temperatures during fall under
the Proposed Action alternative might benefit those few coho that spawn in the mainstem, if
they experience pre-spawning mortality in relation to moderately high temperatures, as do
Chinook salmon during October (Hetrick 2009; average of about 50 percent mortality among
sample periods). The Proposed Action alternative may lead to slightly better spawning habitat
for those few fish that spawn in the river (through gravel augmentation and re-establishment of
natural gravel supply from the impounded reach); however, we received no information on
numbers or percentage of natural-origin coho that spawn in areas downstream of Iron Gate
Dam.

Table 5. Magnitude of Anticipated Habitat Restoration Activities Downstream of Iron Gate
Dam (excluding Trinity River Basin) Under Each Alternative (The monetary expenditures of
the current conditions and dams-out alternatives would be approximately $100.9 million
and $242.5 million during 2012-2020, respectively).

Current Conditions without
Restoration Action Conditions Dams and with KBRA
Mainstem Klamath River
Floodplain Rehabilitation (miles of channel) 0.8 2.0
Large Woody Debris (miles of channel) 10 63
Cattle Exclusion (miles of river) 122 146
Conservation Easements/Land Purchases (acres) 0 1176
Gravel Augmentation Downstream of Iron Gate Dam Yes Until dams removed
Klamath River Tributaries
Floodplain Rehabilitation (miles of channel) 6.21 13.27
Large Woody Debris (miles of channel) 38 198
Fish Passage (number of locations 66 73
Cattle Exclusion (miles of river) 41 153
Riparian Planting (acres) 0 346
Mechanical Thinning to Promote Conifers (acres) 200 7,945
Fire Treatment (acres) 45,000 116,050
Conservation Easements/Land Purchases (acres) 10,000 21,800
Road Decommissioning (miles of road) 470 1,330
Treating Sediment Sources (projects) 100 240
Instream Flow Studies Yes Yes
Obtaining Minimum Flows Possible Likely

Source: Stillwater 2010
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3.6 Access to Habitat (C-1, S-1, G-4)

Restated Question: How will increased access to habitat upstream of Iron Gate Dam benefit

coho salmon and steelhead populations?

Summary Answers:

Current Conditions: Coho salmon and steelhead will not have access to habitats upstream of
Iron Gate Dam.

Proposed Action: Access to habitat between Iron Gate and Keno Dams will allow for a small
increase in coho and potentially larger increases in steelhead populations. If both upstream and
downstream passage through Keno Reservoir and Upper Klamath Lake are successful, then
access to upstream habitat (above Upper Klamath Lake) could increase the abundance of
steelhead (possibly substantially) and coho salmon if fish utilize the new habitat and can
successfully complete their life cycles. Increased diversity of life histories and greater spatial
distributions are also possible if the new habitat is of high quality that results in fish being more
successful in completing their life cycles. However, recolonization of habitats above Upper
Klamath Lake are uncertain because many factors may limit population success, especially for
coho salmon.

Discussion:

The Panel was provided with several qualitative and quantitative estimates of positive
responses by coho salmon and steelhead populations to projected changes in both habitat
quality and quantity under the Proposed Action alternative (Table 6). Population responses to
habitat alterations are notoriously challenging to estimate, and honest estimates must include
an evaluation of key assumptions and uncertainties. The Panel believes that the qualitative
estimates of positive population responses for both coho (small because less likely to recolonize
above Upper Klamath Lake) and steelhead (possibly substantial if recolonization occurs above
Upper Klamath Lake) are reasonable, but information is currently insufficient for providing
quantitative estimates.

Table 6. Estimated Population Responses by others (not the Panel) of Coho Salmon and
Steelhead to the Proposed Action (Conditions without Dams and with KBRA).

Source Coho Steelhead
ODFW 2010 (Smith Memo) Not estimated 30,000 half-pounders
Stillwater Sciences 2010 Restoration will increase the Similar to positive benefits for coho

growth, survival, and abundance of
coho salmon smolts

Hamilton et al. 2010 “Likely to increase persistence” “would enable reestablishment”

Huntington 2004 Not estimated 8,645 (mean of several estimates,
upstream of Upper Klamath Lake
only)

It is reasonable to hypothesize that new populations of coho and steelhead between Iron Gate
Dam and Keno Dam, once established, should help ‘spread the risk” in terms of long-term
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viability of salmon and steelhead in the face of climate change (McElhany et al. 2000). This
might be particularly applicable to populations in the Upper Klamath Basin, where
groundwater-dominated habitats might allow persistence in the face of habitat losses that are
expected with climate change. However, the effects of predation and of competition for
thermally benign habitat do not appear to have been considered in sufficient detail in the
projections of the effects of extending the range of anadromous fish into the upper basin.

Increased access to habitat upstream of Iron Gate Dam could contribute to population viability
of coho salmon and steelhead to the degree that fish utilizing the newly-accessible habitats can
successfully complete their life cycle. For example, successful contribution of individuals from
the new habitat would require that: 1) newly-accessible habitat is suitable for spawning, egg
incubation, and juvenile rearing; and 2) fish in the newly-accessible habitats do not incur
increased costs relative to downstream populations (e.g., decreased survival of outmigrants).
Survival of emigrating steelhead smolts and coho smolts is currently low, although the data for
steelhead and coho are hatchery-based and limited (Beeman et al. 2009, ODFW 2010). This
raises concerns about the survival rates of smolts originating higher in the basin. Survival of
wild coho salmon and steelhead will likely be higher than hatchery fish, particularly under the
Proposed Action alternative.

Materials provided to the Panel included numerous examples of reasons that population
responses to new habitat may be modest, at best. We have attempted to summarize key
uncertainties for population response estimates below.

One uncertainty is the colonization ability and the feasibility of active re-introduction. Pess
(2010) outlined factors influencing the likelihood of colonization success by salmonids. The
ODFW (2010 Smith Memo) summarized the likelihood of colonization of the upper Klamath
Basin by steelhead, given known characteristics of the population and habitat conditions
between Iron Gate Dam and Link Dam. They concluded that the proximity of the source
population, straying rate, habitat type and condition, and life history adaptation to local
conditions were sufficient to make steelhead colonization highly likely. The Panel concurs with
their analysis. The documentation of at least 33 distinct life history categories among steelhead
in the Klamath Basin (Hodge 2010) provides further evidence that a high degree of life history
plasticity is present, and may contribute to the likelihood of re-emergence of anadromy in the
upper basin.

The ODFW has not addressed the likelihood of colonization by coho salmon. Colonization by
coho appears less likely than by steelhead but still possible, particularly if conditions affecting
the survival and abundance of downriver populations improve substantially (ODFW 2008).
Greater abundance of coho in downstream areas would increase the likelihood of some coho
straying upstream to colonize tributaries such as Spencer Creek.

A second major uncertainty is the survival and productivity of the fish in newly colonized
habitats. Colonizing or reintroduced steelhead will have access to small areas of high-quality
habitats for spawning and early juvenile rearing in the mainstem Klamath River and in

Klamath River Expert Panel Final Report
Coho/Steelhead Page 41 April 25,2011



The findings and conclusions in this report are those of the authors and do not necessarily
represent the views of the funding agency (U.S. Fish and Wildlife Service).

tributaries upstream of Iron Gate Dam, including Upper Klamath Lake and its tributaries
(Carter and Kirk 2008). The mainstem Klamath River supports steelhead rearing and resident O.
mykiss, even below Iron Gate Dam; up to 1,000 fish per mile (Carter and Kirk 2008). Coho
salmon may have been historically present at least to Spencer Creek (Hamilton et al. 2005), and
re-introduction scenarios extend coho salmon upstream to that point. Habitat suitability
estimates and surveys provided by Huntington et al. (2006), Fortune et al. (1966), and others
provide useful information on the distribution of suitable habitat for steelhead and coho salmon
upstream of Iron Gate Dam. In questions to the Panel, these habitats have been described as
“unused” but they are in fact occupied by a variety of native and non-native fish species. The
success and productivity of steelhead and coho salmon in the newly-accessible habitats will
depend on the following factors:

1. The extent of competition and predation experienced by colonizing steelhead,
particularly the partitioning of resources between steelhead and non-anadromous O.
mykiss (Huntington et al. 2004, ODFW 2010). Steelhead may be at a disadvantage relative
to resident trout when smolt emigration and marine survival rates are low.

2. Migratory survival of steelhead adults and juveniles through the Link Dam to Keno

Dam reaches where poor water quality may create seasonal barriers to successful
movement (ODFW 2010).

3. Productive capacity and adaptive fitness of coho salmon in the newly-accessible habitat.
Lestelle (2006) hypothesized that an interior-form coho salmon, if still present, would
likely be more successful in migrating to and from the upper basin.

Near-term research could clarify life history information for resident O. mykiss in Upper
Klamath Lake and tributaries, to provide baseline information that could help assess the
likelihood of emergent anadromous life histories, and to identify the degree of potential
resource partitioning between resident O. mykiss and anadromous forms. Studies could
document evidence for and source of outmigrants observed downstream of Link Dam. Post-
colonization studies could establish the degree and type of interaction between resident O.
mykiss and steelhead in new habitats, as described in ODFW (2008).

Given the seasonally poor water quality in Keno Reservoir, it would seem prudent to test
opportunities for water quality improvements, or at least to assess the success of fish at two-
way passage through experimental trap-and-haul releases in Keno Reservoir, before assuming
that anadromous fish will complete these stages of their life cycle. The Panel was provided with
summaries of proposed KBRA activities, including water quality treatment and management
for the Keno Reservoir, but details on the expected success of these activities were not provided.
The Panel notes that the TMDL for the Lost River and Link River, which discharge into Keno
Reservoir, is set for warm-water fishes not cold-water species such as coho salmon and
steelhead. Additionally, the National Research Council (NRC 2004) report suggested water
quality problems were unlikely to be overcome.
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If water quality and passage issues cannot be addressed, pilot studies should assess risks and
teasibility of the trap-and-haul alternative that has been proposed, building upon experiences
gained from other reintroduction programs (e.g., Cowlitz and Toutle River, WA) and perhaps
using large migratory O. mykiss as a proxy for steelhead.

3.7 Refugia (C-2, S-2)

Restated Question: How will the two alternatives differ in the effects of thermal refugia on

productivity, capacity, and habitat connectivity for steelhead and coho?

Summarized Answers:

Current Conditions: With present conditions, thermally-suitable summer rearing habitats for
coho salmon and steelhead will be primarily restricted to colder tributaries and isolated refugia
downstream of Iron Gate Dam.

Proposed Action: Maintenance and restoration of groundwater-dominated habitats accessible
to coho and steelhead under the Proposed Action will likely increase availability of thermal
refugia over Current Conditions. However, the extent to which any increased thermal refugia
will benefit the productivity of coho and steelhead is not known. The Proposed Action should
facilitate persistence of both species more than continuation of Current Conditions, especially in
the face of habitat losses that are expected under climate change.

Discussion

With Current Conditions, thermally-suitable summer rearing habitats for coho salmon and
steelhead are primarily restricted to cold tributary confluence refuges in the mainstem (e.g.,
Sutton et al. 2007), groundwater-fed habitats in tributaries (e.g., Big Spring Creek tributary to
Shasta River; Chesney PPT Presentation 12/13/2010), and colder portions of tributary habitats.
Warming and shrinkage of cold-water habitats within tributaries due to water withdrawals and
diversions, land use, and riparian alteration have increased reliance of coho salmon and
steelhead on the remaining remnant, and often fragmented, cold-water habitats. Coldwater
habitats upstream of Iron Gate Dam are not currently available to anadromous salmonids. In
tributaries downstream of Iron Gate Dam, ongoing restoration efforts, including riparian
vegetation protection and enhancement, water management to increase summer streamflows,
and re-connection of isolated cold-water habitats in the tributaries, could increase the
availability of thermally suitable habitats for coho salmon and steelhead. Enhancement of
tributary confluence refuges through placement of large wood, improved access, or additions of
other types of cover could enhance the capacity of these refuges. Improvements to summer
rearing capacity and habitat quality associated with these activities have the potential to
improve pre-smolt production in the basin, particularly where limiting-factors analysis
indicates that summer habitat capacity is temperature limited.

Under the Proposed Action alternative, newly established populations of coho salmon and
steelhead upstream of Iron Gate Dam should help spread the risk in the long-term viability of
salmon and steelhead in the face of the continuing stresses from land and water resource use in
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the upper basin and climate change. This might be particularly applicable to populations in the
upper Klamath basin, where groundwater-dominated refuges might allow persistence in
thermally suitable habitats in spite of expected warming. These benefits will be greatest for
steelhead, assuming they are able to successfully colonize the spring-fed stream systems
upstream of Upper Klamath Lake. Benefits for coho salmon will depend on the success of
establishing productive coho salmon populations in these colder upper-basin habitats. The
highest probability of success will be within the known historical range of coho salmon where
cold-water habitats can be rehabilitated or maintained, such as the lower reach of Spencer
Creek. Establishment of coho salmon above Upper Klamath Lake is much less certain, but if
attained, would be a significant contribution to the spatial diversity and suite of life history
options available to Klamath Basin coho populations (Lestelle 2006). Restoration of streamflows
in tributaries downstream of Iron Gate Dam (e.g., Shasta and Scott Rivers) will likely be
essential for enabling coho salmon populations to respond to habitat improvements there,
providing a potential source of colonists for the new habitats above Iron Gate Dam.

Thermal refuges can occur at several spatial scales. While most references to refuges pertain to
features at the scale of habitat units [1-10 square-meters (m?); e.g., Klamath mainstem-tributary
pool refuges], thermal refuges can occur at reach scales (Big Springs complex in the JC Boyle
Bypass reach) or catchment scales [1-10 kilometers (km); Spring Creek, Williamson River
tributary, springs within Upper Klamath Lake]. Small refuges can be critical for allowing fish to
persist in stream reaches where they might otherwise perish, but such refuges can be ephemeral
in the face of changing stream flows, and can result in high concentrations of fish that lead to
increased exposure and susceptibility to disease or predation. As a result, the population-level
importance of these features is highly dependent upon their capacity, and the net survival
benefits conferred to fish that use them. Larger thermal refuge features can be more stable and
predictable, and possess much higher capacity. Reach-scale or catchment-scale thermal refugia
can also provide a suite of resources for fish, by containing a diversity of habitats that may
support multiple life-history stages. These larger-scale refugia will provide the most significant
benefits to steelhead and coho salmon, from a perspective of population persistence.

Estimating the contribution of cold-water refuges to fish populations requires an understanding
of the following factors, which may vary in importance with spatial scale:

1. Thermal regime of the refuge and the ambient conditions, including the length of time
fish need these refuges (Sutton et al. 2007).

2. Bioenergetics of trade-offs between benefits of thermal refuge use and costs associated
with reduced foraging opportunities or increased risk of predation, disease, or mortality
from disease (e.g., Coutant 1987).

3. Capacity of the refuge (e.g., Armstrong 2001).

4. Accessibility of the refuge, including proximity to corridor habitats, and frequency and
spacing of refuges that could allow movements of fish through thermally stressful river
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corridors, including both long-range movements and potentially diurnal movements to
and from foraging and refuge habitat.

5. Relative importance of refuge availability, given above conditions, in the overall life
cycle and productivity of coho salmon and steelhead populations. This may vary with
population size because of the presumably limited capacity of the refuges.

Information on potential cold-water sources available in and upstream of the Project Reach
suggests that several areas are highly likely to provide high-quality refuge habitats. The Big
Springs complex in the J.C. Boyle Bypass reach has a well-documented thermal regime and
flow, providing excellent water quality year-round (USDI Bureau of Land Management 2003).
Bartholow and Heasley (2005) provide an approach for predicting temperatures under different
flow regimes by month that is useful for projecting thermal conditions under future flow
scenarios. The mainstem river channel in this location (Big Springs) is relatively high-gradient,
with boulder substrate and relatively high water velocities, but with some backwater habitats
and off-channel areas. Current densities of O. mykiss are locally high in this reach (Carter and
Kirk 2008). As such, the Big Springs complex is likely to provide high-capacity, high-quality
rearing habitat for juvenile steelhead rearing, and could complement the potential spawning
and rearing habitats in Spencer Creek upstream. Adult summer-run steelhead, if present during
periods of thermal stress, could also utilize this refuge, but the capacity of this habitat for adults
and associated risks associated with harassment and poaching would need to be assessed.
Currently, Klamath summer-run steelhead enter the river in March through June (Hopelain
1998 cited in Stillwater 2010), and primarily enter cold tributaries to estivate. If summer
steelhead are to utilize thermal refuge habitats in the Project Reach and upstream, they will
need to enter the Klamath River sufficiently early to be able to access these reaches before the
intervening mainstem temperatures inhibit migration. Fall/winter steelhead, which arrive at
Iron Gate Hatchery October during the winter (Shaw et al. 1997), could presumably access the
Project Reach after adverse thermal and DO conditions become more favorable in late fall.

There is much less suitable rearing habitat for other anadromous species (such as coho salmon)
at Big Springs because of high flow velocities in the channel and the limited amount of off-
channel, lower-velocity habitats (Huntington and Espinosa 2006). Fall migrating coho salmon
are unlikely to require thermal refuge habitats in the Project Reach. Coho salmon juveniles
would be more likely to utilize cooler waters in small tributaries and Spencer Creek.

Increasing water temperatures and decreasing flows in the tributaries in spring can lead to mass
emigration of young-of-the-year coho salmon from tributaries into the Klamath River mainstem
(Chesney and Yokel 2003). Downstream emigration of fry in the spring is a common life-history
pattern in coho salmon populations, but its contribution to populations depends on the ability
of these fry to find suitable habitats (Koski 2009). In the Klamath Basin, emigration of fry from
tributaries to the mainstem may be a costly tactic for coho salmon, because the likelihood of
survival under Current Conditions in the mainstem is low unless fish find suitable refugia
(NRC 2004). Remaining in tributaries subject to water withdrawals or high summer water
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temperatures is also perilous for coho salmon fry. The paucity of favorable rearing options for
coho salmon juveniles in these reaches highlights the need for integrated improvements in both
mainstem and tributary habitats, including restoration of tributary flows.

Significant benefits to productivity of coho salmon in tributaries could be realized in several
ways by the KBRA. If water temperatures could be reduced by substantially increasing the
extent of riparian vegetation, and summer stream flows increased substantially through
improved flow management, summer carrying capacity of tributary habitats might be
increased. This should reduce some of the losses of fry to hostile habitats. Improvements in
summer rearing conditions in the mainstem and enhancement of known refugia could allow
increased survival of out-migrating fry and juveniles that utilize the mainstem during summer,
and allow greater expression of a life-history type that is currently suppressed (Lestelle 2006).
However, the extent of any such improvements is unclear from the description of KBRA
provided to the Panel, so the magnitude of improvements in survival cannot be estimated. But
perhaps most importantly, restoration of thermal regimes through water management and
riparian improvements could, if successful, reduce the need for thermal refugia, expanding
summer spatial ranges and options for rearing and migration (Dunsmoor and Huntington

2006).

3.8 Habitat Restoration (S-7)
Restated Question: How will the two alternatives differ in the effects on productivity, capacity,

and habitat connectivity for steelhead?

Summarized Answers:

Current Conditions: This alternative could result in small improvements in habitat for
steelhead due to TMDLs, the NMFS coho BO, and ongoing non-KBRA restoration activities.
However, these actions are not necessarily targeted for steelhead and, without specific targeting
for steelhead, their effectiveness for steelhead is likely to be low.

Proposed Action: Improved habitat conditions over that with Current Conditions are likely for
steelhead, including increased capacity and connectivity, but the net effects on abundance are
unknown. Passage through Keno Reservoir and Upper Klamath Lake could continue to be a
problem, depending on the success and effectiveness of the KBRA. The potential for significant
increase in habitat for steelhead is present under the Proposed Action, but it is difficult to
estimate the degree to which this potential is likely to be realized.

Discussion:

The Panel can only state that if the KBRA is implemented effectively, improved habitat
conditions are likely for steelhead. Under the Proposed Action alternative, steelhead would
have access to substantial habitat that is currently inaccessible upstream of Iron Gate Dam, and
KBRA will improve habitat throughout the system. The Current Conditions alternative will
likely result in, at best, relatively small improvements in habitat for steelhead (TMDLs, NMFS
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coho BO, etc.) because these actions are not necessarily targeted for steelhead and thus
steelhead would continue at the historical low levels or decline further.

The Panel was unable to quantify steelhead population responses to KBRA actions because we
were given no quantitative information of the nature and extent and location of proposed
KBRA actions, presumably because planning and design of these investments have not evolved
beyond the qualitative, conceptual stage. The Panel recognizes that there is potential for
improved conditions for steelhead based on the following logic:

1. Steelhead are good swimmers, may stray to non-natal habitats, are more tolerant of
high-temperatures than are salmon, and they are more resistant to disease than salmon.

2. Summer steelhead are found in the Klamath River up to Empire Creek and winter
steelhead are found above there to Iron Gate Dam (Figures 2 and 3 in Stillwater 2010).

3. Resident O. mykiss, which are very similar genetically to steelhead (Currens et al. 2009),
appear to be abundant upstream of the Iron Gate Dam (Carter and Kirk 2008) implying
that steelhead could use at least some of that habitat.

4. Steelhead are exposed to adverse summer conditions in the mainstem for a relatively
short time.

5. Some of the KBRA actions could increase spawning and juvenile rearing habitat quality.

Stillwater Sciences (2010, Appendix) repeatedly suggest that KBRA actions will result in less
sediment, more low-velocity habitats, deeper pools, and cooler water from large woody debris
and shading that will benefit winter and summer habitat for steelhead once they gain access
above Iron Gate Dam. As stated in Stillwater (2010), the idea is to increase the number of
steelhead that reside in fresh water for over 2 years because older, and therefore presumably
larger, smolts provide higher returns as adults.

While logic suggests that KBRA will improve conditions for steelhead, other factors could
dampen or eliminate these benefits, and uncertainty is high because the KBRA plan is so
unspecific. The KBRA will not affect summer temperatures much in the mainstem, and given a
higher daily mean and larger within-day fluctuations in temperatures during the summer
under the Proposed Action alternative (Section 3.2), juvenile steelhead in the Project Reach will
need to find thermal refugia, and those passing through could be thermally stressed. Although
locally adapted interior O. mykiss (upper Klamath stocks) are thought to have higher thermal
tolerances than coastal O. mykiss (e.g., Huff 2005; Rodnick et al. 2004), temperatures are
predicted to exceed 19-20°C, which is roughly the upper limit for growth of juvenile steelhead
(Richter and Kolmes 2005). Whether the transit time will be short enough, or there will be
sufficient thermal refugia to ameliorate the thermal stress, is unclear.

Poor water quality in Keno Reservoir and in Upper Klamath Lake, and the possibility of
difficult passage at Keno Dam, could prevent steelhead from reaching improved habitat
upstream of the Project Reach. Furthermore, the predation pressure in Upper Klamath Lake is
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unknown. Finally, the success of the habitat rehabilitation can be affected by how the steelhead
interact and mix with hatchery and residualized steelhead in the Iron Gate region, and with O.
mykiss upstream of the Upper Klamath Lake. If the habitat added or improved is sufficient to
affect steelhead, then will the redband also respond to the additional habitat and dampen the
response of steelhead? Some evidence suggests that O. mykiss shows signs of migratory
behavior, which would suggest they have maintained some aspects of their anadromy. How
steelhead and O. mykiss will interact (competition for rearing and spawning space, food, and
mates) and whether O. mykiss will produce migratory smolts, which would then be considered
steelhead, are unknown. While the Panel received qualitative statements and opinions (many
based on some scientific evidence) that the each of these issues was manageable, the combined
effects of these issues (i.e., over the entire life cycle) are unknown. Some benefits to steelhead
may be influenced by interactions with the already established O. mykiss, although both
subspecies have co-existed in other systems.

The uncertainty with many of these issues can be reduced before and during implementation of
specific KBRA actions with targeted sampling and measurements, some of which are closely
aligned with ongoing studies. To address the thermal issue in the mainstem, sampling the
health (e.g., condition) of individual steelhead in the mainstem during the warm period would
provide information on whether the conditions are too stressful, and further consideration or
expansion of the ongoing tagging studies and of other studies (e.g., Sutton et al. 2007) would
determine exposure times to stressful conditions and how well fish were finding thermal
refugia when needed. Assessing the success of fish passage at the dams is currently possible,
and water quality monitoring of the Upper Klamath Lake can at least determine if stressful
conditions exist. Dunsmoor and Huntington (2006) and Maule et al. (2007) provide a good start
for such an evaluation. Predation within Keno Reservoirs and Upper Klamath Lake is very
difficult to quantify, but determination of the numbers of exiting smolts from tributaries to
Upper Klamath Lake, Klamath Lake itself, and Keno Reservoir is one possible way to identify
any upstream bottlenecks (without knowing the cause). The predicted interactions between
steelhead and other O. mykiss (redband) could be explored through experimentation and
modeling, but it is complicated. Small pieces can be addressed before dam removal, such as
whether existing O. mykiss populations produce migratory smolts that attempt to pass through
Link Dam. O. mykiss have shown signs of migratory behavior in this system and other systems
(FERC 2007). Some juvenile trout have been observed here (ODFW 2010), but further
observations and analysis could determine the extent of the smoltification process.

The KBRA is a list of possible actions without sufficient detail to estimate quantitatively their
effects on habitat, and the data and modeling needed to quantify the response of steelhead to
these changes in habitat are lacking. The specific locations, implementation details, and
combined effects of KBRA will be major factors in determining their effectiveness in affecting
steelhead reproduction, survival, and growth. Overlain on this is the uncertainty about the
differences in water quality that will be achieved between the two alternatives (Current
Conditions and the Proposed Action, respectively) with the TMDL and non-point source
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programs. The hypothesis is that the Proposed Action will lead to improved water quality more
quickly than the Current Conditions alternative, but how that may differentially affect habitat
for steelhead is unknown. The potential for increase in habitat for steelhead is present under the
Proposed Action, but how well this potential is realized is unclear.

3.9 Ecosystem Function (C-5, S-9, G-10)
Restated Question: How do the alternatives differ in the extent of natural ecosystem function,

more specifically physical habitat and food?

Summarized Answers:

Current Conditions: The information available is insufficient to answer this question, but
limitations on access to tributaries and the reduction of flows and the disruption of the natural
sedimentation system, which together generate the physical habitat, will continue to place
severe restrictions on the amount and quality of habitat available to coho and steelhead.

Proposed Action: The information available on the details of the KBRA is insufficient to answer
this question, but compared to the Current Conditions alternative (continuation of current
conditions), the Proposed Action will increase habitat, a component of ecosystem functioning,
and dam removal should, by definition, help to an unknown degree with ecosystem functioning
related to increased access and higher variation in flows. Information on food quantity and
quality under the Proposed Action alternative cannot be estimated at this time. Opportunities
exist to improve the state of knowledge on this topic.

Discussion:

"Ecosystem function" in this context can apply to two distinct aspects of the Klamath basin
ecosystem. The first aspect is the set of geomorphic and hydrologic conditions that set up
physical habitat for salmonid life history stages, including holding, spawning, rearing, and
migration. This aspect, emphasized in the questions as posed, establishes necessary but not
sufficient conditions for the persistence of salmonid populations.

A more complete definition is the set of physical, chemical, and biological conditions and
processes that enable organisms to complete their life cycles. Although usually posed more
broadly, we apply this definition of ecosystem function narrowly to include those attributes of
the riverine and riparian ecosystems necessary to support salmonid populations, including
physical habitat but also adequate food, some protection from predators, low incidence of
disease, adequate water quality, non-stressful temperatures, and minimal exposure to toxins.

The path toward an answer to the series of questions posed to the Panel lies in the following
restatement of the questions:

A. How will the two alternatives differ in the amount and quality of physical habitat
available to coho and steelhead?

B. How will they differ in the degree to which coho and steelhead can gain access to the
areas of habitat?
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C. How will newly available physical habitat perform in supporting salmon populations
(e.g., through providing shelter and food)?

D. What additional constraints on salmon reproduction or survival in the newly available
habitat may arise through ecosystem processes, either in the newly available habitat or
elsewhere in the system?

Many aspects of ecosystem function are discussed in other sections. These include
geomorphology, sediment movement, temperature, water quality, disease, and habitat
restoration, as well as aspects of the salmon that intersect with habitat characteristics such as
movement, access to habitat, thermal refugia, and spawning (Sections 3.4, 3.6, 3.7, and 3.5).

In terms of answering restated questions A and B, earlier descriptions of the geomorphology
and hydrology of channels upstream and downstream of Upper Klamath Lake illustrate that
suitable habitat for anadromous fishes is inaccessible upstream of Iron Gate Dam and is
severely limited between Iron Gate Dam and Shasta River. Dam removal will expand the
available habitat downstream of Keno Reservoir (by opening up areas upstream of Iron Gate
Dam (Section 3.6), but the amount of new spawning and rearing habitat in the mainstem from
this action alone (dam removal without KBRA) will likely be small, especially for coho. Modest
improvements to the form of the channel habitat (especially undercut banks and toppled
riparian vegetation), to be expected from restoration of the natural sediment transport and
sedimentation regime (and even an intensified form of these during the first few decades after
dam removal), will likely improve shelter for juveniles passing downstream and rearing there.
There will also be an extension of access to spawning and rearing habitat in the tributaries of the
Project Reach. Tributaries will provide more spawning and rearing habitat in the Project Reach
than the mainstem.

Restoration efforts, independent of KBRA, are currently improving habitat in tributaries
downstream of Iron Gate Dam, but the extent of changes and their effect on populations or even
use of the habitat are undocumented in the reports supplied to the Panel. Some of these efforts
apparently began years ago; yet, increases in some species such as coho that depend on
tributary habitat are not apparent.

The KBRA plans identify the intention to improve habitat for various species, including
Chinook and steelhead, upstream of Upper Klamath Lake. However, very few of the proposed
activities are defined clearly enough for their influence on the biotic components of ecosystem
functions to be estimated. Moreover, the effectiveness of these habitat improvements for
anadromous fishes will depend on the success of these fishes in accessing the tributaries
through Upper Klamath Lake. A simple first step would be a chart of the time periods during
which each species and run will need to access the upper basin (a good start was found in
several documents, such as run timing tables Stillwater 2010), but then overlain on the current
and hoped-for conditions (temperature, DO) in Upper Klamath Lake and Keno Reservoir at
those times. Such an overlay would indicate, albeit qualitatively for the time being, the nature of
the challenge to be overcome to allow each run access to the upper basin tributaries where the
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majority of KBRA funds will be invested. The agencies seem to be relying on being able to
facilitate access to the upper basin with a trap-and-haul program to transfer fish into the upper
basin if the fish cannot get there unaided. This also leaves open the issue of downstream
passage of smolts. Reliance on trap-and-haul would not be a restoration of ecosystem function,
and it would constitute an expensive, open-ended retreat from ecosystem restoration goals.

To answer restated questions C and D, we note that there was much discussion about the
physical aspects of habitat and evidence presented that suggests the habitat above Upper
Klamath Lake appears good for steelhead. However, there was little discussion of a principal
element of ecosystem function, namely food quantity, quality, and availability. Food is an oft-
neglected aspect of riverine fish production (Wipfli and Baxter 2010). The principal food sources
in Klamath River tributaries are likely to be terrestrial insects, either in aquatic life stages, as
drift, or falling in the water. There are likely benthic and food-related surveys available, and the
Panel noted some evidence that food is abundant (e.g., large size of smolts), but the ability of
the food base to support additional fish should be addressed. Fast growth of trophy-size
redband suggests food is adequate at the current population levels. Yet, the potential for coho
and especially steelhead to gain access to areas now occupied by O. mykiss and other fishes
raises the potential for competition for food and space. Thus, the food aspects of ecosystem
function, especially at higher fish abundances, have not been rigorously analyzed to date. In
addition to the investigations suggested in other sections dealing with ecosystem function, we
recommend an investigation to ensure food quantity, quality, and availability are sufficient for
supporting the fish community.

3.10 Disease (C-6,S-10)
Restated Question: How will the two alternatives differ in incidence and impact of diseases in
coho and steelhead?

Summarized Answers:

Current Conditions: Continued high incidence of infection of coho is expected. There is
opportunity to reduce the incidence of disease but verifying this will require investigations and
pilot manipulations (e.g., flow pulses).

Proposed Action: Removal of dams can result in reductions in disease incidence for coho over
that expected under Current Conditions if flows under the Proposed Action are sufficient to
disrupt polychaetes in the channel bed and disease is not spread with increased habitat access.
The information available is insufficient to determine the net overall effects of the Proposed
Action. Studies and pilot manipulations could reduce the large uncertainty surrounding this
issue.

Discussion:

Two parasites on salmonids, Ceratomyxa shasta and Parvicapsula minibicornis, cause high
infection rates and mortality in Klamath River salmon (e.g., Nichols et al. 2008). Most of the
available information concerns C. shasta. Infection appears to be highest in Chinook; coho
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become infected somewhat more slowly; and, steelhead are parasitized but rarely impaired
(Stone et al. 2006). The incidence of parasitic infection in salmonids has been high, although this
seems to be a recent phenomenon (Stocking et al. 2006); early surveys showed infection by
another parasite and high rates of bacterial infection (Foott et al. 1999, 2006). Infection by
parasites is highest in the mainstem (although sampling of tributaries appears to have been
limited), and in June 2004 mortality of sentinel rainbow trout was close to 100 percent at all
stations downstream of Iron Gate Dam and less than 5 percent upstream of the dam (Stocking et
al. 2006). This is consistent with the higher abundance of actinospores (the infective life stage) in
the water downstream of Iron Gate Dam than above the dam (Hallett and Bartholomew 2006).
Spawned Chinook carcasses, rather than spawning adults, seem to be vectors for bringing
parasites upstream (Foott et al. 2010).

The life cycles of both parasites require the presence of an intermediate host, identified as the
freshwater polychaete worm Manayunkia speciosa (Bartholomew et al. 1997, 2006). Thus, high
abundance of worms is a necessary but not sufficient condition for disease incidence (Stocking
et al. 2006).

Polychaetes surveyed during 2003-2005 were common throughout the mainstem river and
occurred in all riverine habitats, including reservoirs where they were most abundant near the
inflow (Stocking and Bartholomew 2007). Within the river, the polychaetes had a patchy
distribution and were most common in sandy or algal habitats in areas protected from scouring.
M. speciosa can filter plankton from the water or feed on surfaces (Stocking and Bartholomew
2007). The reason for its high abundance in the Klamath River may relate to relatively eutrophic
conditions there and high abundance of plankton produced in Upper Klamath Lake and the
reservoirs; its absence from the Trinity River was attributed to poor dispersal capability
(Strange et al. 2010).

The prevalence of infection of polychaetes by C. shasta was low, except for slight elevation in
Upper Klamath Lake and Keno Reservoir and 4 percent and 8 percent at two stations 16 and 28
km (9.9 and 17.4 km) downstream of Iron Gate Dam (Stocking and Bartholomew 2007). In the
laboratory, the parasitic load of the worms and the rate of infection in fish were higher at a low
water velocity [1 centimeter per second (cm s)] than at high water velocity (5 cm s?) (Bjork and
Bartholomew 2009a).

Laboratory tests with highly susceptible rainbow trout showed a dose-response relationship
between the number of actinospores per liter of water and the prevalence of infection (Bjork and
Bartholomew 2009b). Although a single actinospore in 0.5 L of water was sulfficient to infect
over half of the fish, the time to death decreased with increasing numbers of actinospores.

The C. shasta story is complicated by the existence of multiple strains that can be distinguished
genetically (Atkinson and Bartholomew 2010). Different strains appear to be specific to different
host fish, which may explain differences in infection between Chinook and coho in some
studies, and why Chinook used as sentinel fish were highly susceptible downstream of the
dams and unaffected upstream of the dams (where they do not now occur). It is noteworthy
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that mortality of PIT-tagged coho salmon release from the Iron Gate Hatchery during 2006-2008
was high and most mortality occurred upstream of Scott Creek (Beeman et al. 2009) where
infection rates appear to the highest (see Section 3.11).

Three potential consequences for disease prevalence in coho may arise under the Proposed
Action from removal of the dams and an improvement of adult passage by Keno Dam under
the KBRA. These potential consequences are reduction in the alternate host (polychaetes),
reduction in infection by reducing Chinook salmon carcasses, and spreading of the disease
above the dams. Steelhead are resistant to C. shasta and have not been reported to have high
rates of disease from other pathogens. However, the Panel notes that the interaction among
parasites, salmonids, and polychaetes is a system that will change in several fundamental ways
upon removal of dams. The risk of unintended consequences seems high.

Reduction in the alternate host (polychaetes) would reduce the incidence of infection in salmon.
The polychaetes are apparently unusually abundant in places, and have found microhabitats
that shelter them from the usual range of flow velocities in the river. Removal of the dams
under the Proposed Action would mobilize sand and coarser sediment over a period of years,
and the abrasion resulting from movement of this sediment during floods may remove
polychaetes. The degree of this removal needs to be determined experimentally or with field-
based flow and sediment manipulation studies. Subsequent recolonization would likely be
slow. This speculation could be tested experimentally by the introduction of gravel into a reach
of the river with high polychaete abundance and monitoring before and after subsequent
floods, particularly experimental floods designed to increase peak flow over that seen in recent
years.

A reduction in loading of organic matter to the river might also reduce polychaete densities (see
Section 3.4). We are unable to determine whether actions under KBRA under the Proposed
Action will substantially reduce nutrient loading to the river, but the land use, hydrology, and
geology surrounding Upper Klamath Lake will likely maintain eutrophic, and even
hypereutrophic, conditions in the lake.

The second possible consequence is any reduction in infection opportunities under the
Proposed Action alternative by reducing the density of salmon carcasses, particularly
downstream of Iron Gate Dam. The high prevalence of infection some distance downstream of
Iron Gate Dam apparently arises from infected Chinook salmon carcasses (mostly hatchery fish)
concentrated downstream of the dam, which infect the polychaetes in and downstream of that
area, resulting in a supply of actinospores to the entire lower river. This concept could be tested
by intensive removal of carcasses in this reach followed by analysis of infection rates in
polychaetes.

The third possible consequence is that dam removal under the Proposed Action can possibly
spread infection upstream of the dams because removal of dams could allow range expansion
of Chinook, coho, and steelhead. Although both parasites are present upstream of the dams,
infection rates of polychaetes are lower than downstream of Iron Gate Dam, and the
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predominant strains of C. shasta upstream of the dams may not be the same as those below the
dams. If the range expansion results in concentrations of carcasses near large populations of
polychaetes, then high infection rates of salmon due to all strains of C. shasta, as well as
P.minibicornis, could spread throughout the system. Furthermore, resident O. mykiss upstream
of the dams could act as reservoirs for the disease (Bartholomew et al. 2007). Colonization of
steelhead in tributaries upstream of Klamath Lake could introduce C. Shasta to resident O.
mykiss if steelhead migrate to the headwaters where resident trout live. These headwater
resident O. mykiss, which do not intermingle with adfluvial O. mykiss, are highly susceptible to
C. shasta (see Resident Fish Expert Panel report). Given the available information, the risk of
dam removal under the Proposed Action causing large-scale spreading of infection is low.
However, the potential biological consequences if this low-risk event occurs can be severe.

3.11 Hatchery (C-9)

Restated Question: How will hatchery production affect the viability and genetic composition

of natural origin coho salmon?

Summarized Answers:

Current Conditions: Continued hatchery production and high stray rates may reduce the
fitness of natural origin coho salmon.

Proposed Action: If hatchery production ceases, fitness of natural origin coho populations
might improve, but overall population abundance might decline if the increase in production of
wild fish fails to offset the loss of hatchery production.

Discussion:

This question is specific to coho salmon, but the comments noted below are readily applicable
to steelhead. The Panel assumed that hatchery production would continue at existing levels for
8 years after dam removal, and then stop. The Panel recognizes that Iron Gate Hatchery
production may or may not cease 8 years after dam removal but the decision process for
determining an ending date has not been described.

Approximately 0.58 million yearling coho, 0.9 million yearling steelhead, 8.5 million
subyearling Chinook salmon and 2.2 million yearling Chinook salmon are released annually
from Klamath Basin hatcheries (Table 7). Most coho and steelhead are released into the Trinity
River whereas most Chinook salmon are released immediately downstream of Iron Gate Dam.
Adult returns of these species are dominated by hatchery salmonids, and many of these
hatchery fish stray to streams where they breed and almost certainly interbreed with natural-
origin fish in the watershed. For example, coho salmon from Iron Gate Hatchery frequently
stray into important tributaries, with hatchery fish making up an average of 16 percent of
recovered carcasses in the Shasta River (Ackerman and Cramer 2006). The Panel is not aware of
basin-wide estimates of stray hatchery coho and steelhead on the spawning grounds. Coho
salmon in the Klamath Basin are part of the SONCC Evolutionary Significant Unit (ESU).
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Hatchery coho salmon in the Klamath Basin are considered part of the ESU. The purpose of
coho production at Iron Gate Hatchery is mitigation for dam and reservoir construction.

Table 7. Klamath River Basin Hatchery Production of Salmonids

Mean Annual Number of Fish Planted by Species, 2004-2008
Coho Chinook Steelhead
Facility Subyearling Yearling Subyearling Yearling Subyearling Yearling
Iron Gate 84 79,710 5,311,363 969,615 146 104,178
Trinity River 0 502,617 3,148,084 1,286,911 0 792,705
Total 84 582,327 8,459,447 2,256,526 146 896,883

Source: California Department of Fish and Game, Final EIR/EIS on Hatchery Operations (2010; Table 2-6).

A critical question is whether the Proposed Action has the potential to improve survival by a
factor of three or four, which is what is necessary to support a sustainable fishery in the absence
of a hatchery. For example, Table 8 shows that the adult return per spawner of coho spawning
in the Shasta River is typically less than one, indicating production of natural origin coho
salmon in this river is not self-sustaining. It is likely that this run is largely sustained by
hatchery strays from Iron Gate (see reference above) and Trinity River hatcheries.

Table 8. Adult Return per Spawner (R/S) and Smolts per Spawner of Coho Salmon in the
Shasta River (Source: Chesney et al. 2009). Return per Spawner is the number of adults
return from a specific brood (parent spawning year).

Brood Adults Smoltyr 1+ coho smolts Smolts per spawner  Adult return  Smolt to adult survival (%) R/S
2001 291 2003 11,052 38 373 3.4% 1.28
2002 86 2004 1,799 21 69 3.8% 0.80
2003 187 2005 2,054 11 47 2.3% 0.25
2004 373 2006 10,833 29 255 2.4% 0.68
2005 69 2007 1,178 17 31 2.6% 0.45
2006 47 2008 208 4 6 2.9% 0.13
2007 255 2009 5,118 20 148 2.9% 0.58
2008 31 2010 622 20 18 2.9% 0.58

Bold values: Projected 14 estimates for 2009 and 2010 were made by CDFG using the mean smolt per adult value (23.2)
from 2001 through 2008. Projected adult returns in 2009 - 2011 are based on the averagel+ smolt to adult survival rate
for 2004 - 2008 (2.90%).

Smolts per spawner in the Shasta River would need to at least double for the population to be
sustainable without supplementation from hatchery strays. Smolt-to-adult survival is very low,
averaging 2.9 percent in recent years. Low survival at sea in recent years is consistent with low
survival from 1974 to 1990 (Mahnken et al. 1998), suggesting that survival at sea may not
improve in the near future. Only about 20 smolts on average are produced per spawner. In
order to produce a sustainable harvest, smolts per spawner would need to triple or quadruple.
This analysis is crude and limited to a few years and one tributary, but it highlights what is
needed to produce a naturally self-sustaining coho population, in light of low smolt-to-adult

survival.
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Hatchery salmon production that leads to introgression with the wild spawning salmon stock
can affect wild salmon by altering their genetic composition and associated phenotypic traits
that influence fitness of individuals. Hatchery fish can affect genetic diversity of the natural-
origin fish, can introduce adverse ecological interactions (e.g., competition, predation, disease),
and can encourage over-harvesting of wild salmon that are mixed with the more numerous and
productive hatchery stock. The effects of hatchery fish on disease are discussed in Section 3.10.
Additionally, the presence of hatchery salmon can confound interpretation of the status of wild
salmon. The issues of diversity, ecological interactions, and over-harvesting are briefly
discussed below with reference to the two alternatives.

Increasing evidence indicates hatchery salmon have lower fitness in natural environments than
wild fish (Araki et al. 2008). Furthermore, this fitness decline can occur very rapidly, sometimes
within one or two generations. Figure 5 shows that reproductive success of hatchery salmonids
spawning in the wild is typically lower than that of wild salmonids. For example, reproductive
success of hatchery coho salmon was approximately 75 percent of that of wild coho salmon
from the same watershed. Based on several studies (Figure 5), hatchery steelhead has
exceptionally low fitness compared with wild steelhead. Some studies suggested hatchery fish
did not have lower fitness compared with wild counterparts, but these tests usually involved
wild populations that had interbred with hatchery fish over many generations (Araki et al.
2008).
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Figure 5. Relative Reproductive Success (RSS) of Hatchery (local and non-local stocks)
versus Wild Salmonids in Relation to Generations of Hatchery Production (RSS is the ratio of
hatchery fish fitness to wild fish fitness within the same watershed. Values below 1 indicate
hatchery fish are less fit relative to wild fish in the same watershed; values exceeding 1
indicate fitness of hatchery is greater than wild fish. Note: values exceeding 1 often involve
wild fish populations that have interbred with hatchery strays. Source: M. Ford, NMFS,
Seattle, WA, pers. comm.; also see Araki et al. 2008).
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In terms of diversity, NMFS determined that Klamath hatchery coho salmon are no more
divergent from the local natural-origin population(s) than what would be expected between
closely related natural-origin populations within the ESU (70 FR 37160 in Hamilton et al. 2010).
This is not surprising given the level of interbreeding that occurs in the Klamath Basin. Given
available information, it is possible or even likely that significant interbreeding of hatchery and
natural-origin coho and steelhead in the Klamath Basin has led to lower fitness of salmonids
spawning in the wild. Hatchery coho production in the Klamath Basin has been supported by
coho brought in from out-of-basin hatcheries (Weitkamp et al. 1995). The level of fitness
reduction among the natural origin salmonids in this system is unknown. Cessation of hatchery
production in the future, as considered under the Proposed Action alternative at least for Iron
Gate Hatchery, might lead eventually to greater fitness of natural origin salmonid to the extent
that hatchery strays are greatly reduced (some straying is likely from the Trinity Hatchery).
However, unless survival of natural origin salmonids is greatly increased in the Klamath Basin,
it is possible that total adult returns (hatchery and natural origin) to the mainstem downstream
of Iron Gate Dam would decline. The decline would likely be greater for coho salmon, whose
abundance in the basin is more dependent on hatchery production.

Hatchery fish can introduce adverse competitive and predative interactions. A growing number
of investigations indicate productivity of natural origin salmonids in freshwater and the marine
environment may decline in response to large production of hatchery salmonids (Kostow and
Zhou 2006; Ruggerone et al. 2010). For example, Kostow et al. (2003) and Kostow and Zhou
(2006) reported that over the duration of the steelhead hatchery program on the Clackamas
River, Oregon, the number of hatchery steelhead released into the upper river basin caused the
total number of steelhead to exceed the carrying capacity, triggering density-dependent
mechanisms that reduced reproductive success in the natural population. For the Oregon coast,
Buhle et al. (2009) examined the impact of a large-scale reduction in hatchery stocking on 15
populations of wild coho salmon. Four critical factors influencing the productivity of these coho
populations were identified: 1) adverse density-dependent effects of hatchery-origin spawners
were five times greater than those of wild spawners; 2) the productivity of wild salmon
decreased as releases of hatchery juveniles increased; 3) salmon production was positively
related to an index of freshwater habitat quality; and 4) ocean conditions strongly affected
productivity at large spatial scales, potentially masking more localized effects.

The Proposed Action alternative may reduce potential effects of competition to the extent
hatchery production is reduced 8 years after dam removal. For example, the Recovery
Implementation Science Team (RIST 2009; http://www.nwfsc.noaa.gov/trt/index.cfm)
reported that reductions in hatchery coho releases on the Oregon coast led to about a 23 percent

increase in the productivity of natural Oregon coast coho populations, whose abundances have
been low in recent decades.

Hatchery salmonids have the potential to consume numerous wild salmon fry, but predation
rates are dependent on several key factors, such as release time and location in relation to
availability of salmonid prey, size of predator versus prey, and residence time of predators. For
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example, Naman and Sharpe (2010 PPT presentation; http://www.stateofthesalmon.org/
events/ portland_spring2010.html) estimated that 458,000 hatchery steelhead consumed 111,000
natural salmonid fry (6.4 percent of population) during a 30 day period in the Trinity River. The
Conditions without Dams and with KBRA alternative has the potential to reduce predation-
related mortality to the extent that hatchery fish currently consume natural-origin salmonid in
the Klamath Basin and hatchery production is reduced 8 years after dam removal.

The third issue of hatchery fish potentially encouraging over-harvesting of natural-origin fish
arises when natural and hatchery fish cannot be easily identified. Hatchery salmon can sustain
much higher harvest rates than wild salmon simply because mortality up to the stage where the
fish are released is greatly reduced in the hatchery. Wild salmon populations can be easily over-
harvested in mixed stock fisheries, unless management can identify hatchery fish and maintain
suitable harvest rates and escapement of wild salmon. An example of the demise of wild coho
salmon following the construction of coho hatcheries is in the Columbia River (Weitkamp et al.
1995). The Panel is not aware of spawning escapement goals for natural origin coho and
steelhead in the Klamath Basin. Harvests of hatchery versus wild origin coho and steelhead
have not been reported to the Panel, although the Yurok Tribe stated that the harvest rate on
coho is less than 10 percent (comments on the draft report 2011). The Proposed Action
alternative has the potential to reduce potential over-harvesting of the natural origin stocks if
hatchery production is eliminated. However, only the Iron Gate Hatchery is proposed for
closure and little or no harvest occurs as a result of this hatchery production.

3.12 Expansion of Recreational Fishery (S-6, G-6 and 7)

Restated Question: What are the prospects for expansion of the fishery, prolonging harvest,

and increasing productivity to support harvest?

Summarized Answers:

Current Conditions: Current Conditions will not, in the short to medium term, result in an
expansion of the fishery. Projecting harvest under the Current Conditions depends on the fate
of the hatcheries and specifics of harvest policies into the future, which are insufficiently
defined at this time.

Proposed Action: The Proposed Action alternative offers a potential for more improvement in
the recreational fishery for steelhead over Current Conditions. Whether this potential is realized
depends on the effectiveness of the KBRA, fate of the hatcheries, and specifics of harvest
policies, which are insufficiently defined at this time. Substantial improvements in the survival
and abundance of ESA-listed coho salmon are needed before sport harvests on the natural
component would be allowed, and this level of improvement is not likely without increased
survival at sea.

Discussion:

Compared to Current Conditions, the Proposed Action alternative offers a potential for more
improvement in the recreational fishery. Dam removal restores to the system river habitat that
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is currently under the reservoirs, provides for mainstem passage at least as far as Keno Dam,
opens the possibility (but not certainty) of passage upstream of Keno Dam, opens the possibility
of access to tributary habitat upstream of Iron Gate Dam, and offers the possibility of small
improvements in the mainstem temperature regime downstream of the project during a
window in the fall, though there is also a potential for some episodes of worse temperatures
during the summer. The KBRA offers an increased budget for restoration activity (on top of
ongoing restoration) downstream of Iron Gate Dam, as well as new restoration activity in the
upper basin.

Given the current lack of specificity and detail of the KBRA program, and the absence of a
detailed life cycle population model, coupled with the probable lack of sufficient data to
simulate the genetic and behavioral consequences of hatcheries, the Panel concludes that
attempts at more concrete prediction of the effects of the Current Conditions and Proposed
Action on harvest is not justifiable at this time. However, the Panel notes that substantial
improvements in coho survival and abundance would be necessary before directed sport
harvests of this ESA-listed stock would likely occur.

3.13 Remaining Questions Not Addressed Above

In the previous sections, this report addressed the general and specific questions in its charge,
except for a general question about habitat restoration (G-4), two of the four components of the
Viable Salmonid Population (VSP) dealing with diversity and spatial structure, and climate
change. The NMFS focuses on four population characteristics when evaluating the status and
viability of salmon populations (McElhany et al. 2000). The characteristics are abundance,
population growth rate (productivity over the life cycle), diversity, and spatial structure. Issues
of abundance and productivity are discussed in the questions above. Diversity (G-8) and spatial
structure (G-9) are discussed here. We then conclude with a discussion of climate change (C-4,
S-4, G-5).

3.13.1 Habitat Restoration (KBRA) (G-4)
Restated Question: What are the likely effects of the two alternative habitat management paths

on the level of harvest of fish populations?

Summarized Answers: This was discussed in the Panel’s responses to the specific questions

about habitat restoration (Section 3.8).

Discussion:

What distinguished this general question from the specific questions in Section 3.8 was that the
stated question implied that the Panel would be provided with EDT results and the results of 2-
dimensional esohabitat modeling. The Panel was not provided information on the EDT method
for tributaries upstream of Upper Klamath Lake or points downstream. The 2-dimensional
habitat modeling known to the Panel was presented in Hardy et al. (2006), which did not
simulate the Proposed Action alternative, and was restricted to the reaches downstream of the
Iron Gate Dam. Simulating this scenario would require knowing the bathymetry and other
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information under the no-dams conditions. Thus, this general question becomes very similar to
the specific questions, which were addressed in Section 3.8.

3.13.2 Diversity of Population Structures (G-8)
Restated Questions: What will the effect of the two alternatives be on diversity of fish

populations? How will the resulting diversity be manifest in the harvestable population of fish?
How will potentially low baseline populations and/or introductions of hatchery fish affect
diversity under the two alternatives?

Summarized Answers:

Current Conditions: Continuation of current conditions will be detrimental to the diversity
structure of coho.

Proposed Action: While the KBRA has the potential to play a role in increasing diversity of
coho in the Klamath by increasing population abundances and expanding available habitat,
these effects are considered to likely be small by the Panel. Given the current state of the coho
population, any increase in diversity, such as can occur under the Proposed Action, can be
viewed as beneficial over continuation of Current Conditions. There is potential to increase the
diversity of steelhead over Current Conditions, if steelhead successfully utilize the newly
accessible habitat and they developed traits that are adapted to the local environments.

Discussion:

Genetic and life history diversity within and among populations has important effects on
population viability (McElhany et al. 2000). Diversity in life history characteristics includes
variations in adult migration timing, residence time of juveniles in freshwater (e.g.,
subyearlings and yearlings), distribution at sea, and age-at-maturation. Greater diversity allows
a species to use a wider array of environments than they could without it. Diversity protects a
species against short-term spatial and temporal changes in the environment; genetic diversity

provides the raw material for surviving long-term environmental change.

Historically, the SONCC coho ESU appeared to be comprised of seven “diversity strata” as
defined by NMFS, including three strata that were present in the Klamath Basin (Williams et al.
2006). In the Klamath Basin, nine distinct population units were identified: lower (mouth to
Trinity River), middle (Trinity River to Portuguese Creek), upper (upstream of Portuguese
Creek to Spencer Creek), Salmon, Scott, Shasta, and three populations in the Trinity. The lower
Klamath population is in the Central stratum, the three Trinity populations are in the Trinity
stratum, and the rest are in the Klamath stratum (Figure 1 in Williams et al. 2006). All nine
populations were characterized by NMFS as functionally independent or potentially
independent (Table 1 in Williams et al. 2006). NMFS concludes that there is currently
insufficient data to assess the risk of the SONCC coho ESU to extinction (Williams et al. 2008),
but Weitkamp et al. (1995) noted that the declines in natural coho production in these rivers in
conjunction with large production of hatchery salmon suggest that the natural coho populations
are not self-sustaining. The NMFS (2010) BO stated that the primary factors affecting SONCC
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coho diversity appear to be hatcheries, out-of-basin introductions, and abnormally low
abundances in some years. NMFS (2010, P. 57) concluded, “by McElhany’s (2000) criteria, this
coho ESU is not currently viable in regards to the diversity VSP parameter.”

While the KBRA has the potential to play a role in increasing diversity of coho in the Klamath
by increasing population abundances and expanding available habitat, these effects are
considered to likely be small by the Panel. Given the current state of the coho population, any
increase in diversity, such as can occur under the Proposed Action, can be viewed as beneficial
over continuation of Current Conditions. Reduction in hatchery strays and reduced
interbreeding of hatchery and natural origin salmon, if hatchery production is reduced, has the
potential for increasing diversity over time, but only if survival and abundance increase in
locations throughout the basin. The Panel did not see an obvious plan or strategy to ensure that
the diversity of the coho populations is enhanced or maintained by the KBRA, although
reduction in hatchery production may contribute to coho diversity. Diversity of coho has the
potential to increase if: (1) coho colonize habitats upstream of Iron Gate Dam after dam
removal; (2) the population is viable and productive; and, (3) the colonizing fish adapt to local
conditions without introgression by hatchery coho.

Klamath steelhead is part of the Klamath Mountains Province (KMP) steelhead ESU (65 FR
17845). Diversity of O. mykiss in the Klamath Basin is relatively high at present, as shown by the
following life history characteristics: summer and winter reproductive ecotypes, “half-pounder”
steelhead and variation within ecotypes, adfluvial O. mykiss upstream of Iron Gate Dam, fluvial
O. mykiss in tributary headwaters, and variation in the duration (1-3 years) juvenile steelhead
remain in freshwater before they migrate (NRC 2004). Genetic diversity of O. mykiss in the basin
was described above. Diversity of steelhead has the potential to increase under the Proposed
Action alternative over Current Conditions if steelhead colonize habitats upstream of Iron Gate
Dam after dam removal and the colonizing fish adapt to local conditions without introgression
by hatchery steelhead. Presently, hatchery returns of steelhead are low (CDFG 2010). Diversity
may also increase to the extent that landlocked O. mykiss upstream of Iron Gate Dam
successfully produce anadromous forms.

3.13.3 Population Spatial Structure (G-9)

The potential for the Proposed Action alternative to expand the spatial structure of steelhead,
and less so for coho, are discussed in our responses to specific questions. Population spatial
structure is related to the number and spatial distribution of spawning populations in the
Klamath Basin. Spatial structure is important to population viability because it affects
evolutionary processes and it may therefore alter a population’s ability to respond to
environmental change (McElhany et al. 2000). Additionally, a broad spawning population
structure contributes to the viability of a salmon population by reducing the potential risk of
catastrophic failure.

The Proposed Action alternative has the potential to increase spatial structure of steelhead and
coho salmon, to the extent that viable spawning populations become established upstream of
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Iron Gate Dam. Continuation of Current Conditions will be detrimental to the spatial structure
of coho relative to conditions under the Proposed Action. The importance of spatial structure in
the Klamath Basin is diluted to the extent that hatchery fish stray (mostly coho) and interbreed
with natural origin fish, and thereby reduce the fitness of natural origin fish.

3.13.4 C(Climate Change (C-4, S-4, G-5)

Restated Questions: To what degree will the adverse effects of climate change be mitigated

under the two project alternatives? How would access to springs in the Project Reach affect the
viability of coho salmon populations?

Summarized Answers:

Current Conditions: With the possibility of less-productive ocean conditions and warming of
freshwater that increases bioenergetic and disease stresses on anadromous fish, continuation of
the current restoration program is unlikely to mitigate population losses.

Proposed Action: KBRA water management might ameliorate high summer temperatures in
tributaries of Upper Klamath Lake. Access to springs upstream of Iron Gate Dam will increase
the availability of thermal refugia. Dam removal would allow anadromous fish access to
thermal refugia between Keno and Iron Gate dams. Thus, the Proposed Action will provide
greater mitigation to climate change than the Current Conditions, and this mitigation should be
stronger for steelhead than for coho. The degree of mitigation provided might not be sufficient
to offset climate change effects that will occur within the system (e.g., loss of thermal refugia)
and in the ocean, especially on coho.

Discussion:

Large springs within the Project Reach will provide thermal refugia for coho salmon that can
reach the springs and compete with other likely denizens of the refugia. Outside of these
springs and some large step-type pools in tributaries, the high-velocity habitats typical of the
J.C. Boyle reach are not suitable for coho salmon rearing. If coho seek to utilize cold springs in
the lower-gradient sections of the Project Reach, then they will have to compete with not only
steelhead seeking reprieve from the heat but also some rather large O. mykiss trout that
currently flourish in the fast-moving water of the Project Reach.

It is unlikely that either of the two alternatives will substantially mitigate the adverse effects of
climate change on coho. The Current Conditions scenario already produces serious thermal
stress at least in the mainstem in July-August, although few coho or steelhead are typically in
the mainstem at that season because they seek cooler waters in tributaries (Stillwater 2010).
Temperatures rising into the 15-20°C range may stress juvenile coho moving downstream
during May-June. Under climate change, it is reasonable to expect tributaries to warm by a few
degrees, but neither measurements nor model predictions were available for these critical
spawning and rearing environments.
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Warming of global climate, the global ocean, and within the Klamath region during the past
century or more is unequivocal. Average air temperatures in the Pacific Northwest region have
warmed about 1.0°C since 1900 or about 50 percent more than the global average warming over
the same period (Mote 2003). Water temperature in the Klamath River has increased 0.5°C per
decade in response to warming trends in the region and to anthropogenic uses of the watershed
(Bartholow 2005 in Hamilton et al. 2010). The evidence for past warming and its association
with anthropogenic effects is well documented and understood, generating confidence in
model-based projections into the future. The warming rate of air temperatures for the Pacific
Northwest over the next century is projected to be approximately 0.1- 0.6°C per decade (ISAB
2007).

Changes in precipitation have been more variable in space and not necessarily monotonic in
time, but the potential for decade scale shifts in local precipitation during the past 80 years is
shown by records at Keno and Tule Lake weather stations, where annual precipitation during
1927-1936 was approximately 20-26 percent less than precipitation during 2000-2009
(unpublished analysis of data by the Panel; http://www.wrcc.dri.edu/cgi-
bin/cliMAIN.pl?orklam). An abrupt decline in annual flows into Upper Klamath Lake
(Greimann PPT Presentation 12/13/2010) occurred in 1977, corresponding with the 1976/1977
ocean regime shift coinciding with a switch in the Pacific Decadal Oscillation. There is as yet no
consensus among various model predictions on whether there will be any significant change in
average precipitation in the Pacific Northwest-Northern California region, although secular
shifts such as the one referred to above indicate that planning must still anticipate such shifts
whether or not they are driven by global warming.

The warming trend of the past century has been correlated across the northwestern United
States with reductions in the proportion of snowfall to rainfall, and with earlier melting,
resulting in earlier runoff and a smaller snowpack reservoir. The projected trend in declining
snowpack relative to precipitation has been documented over the past 50 years by several
studies across western North America (e.g., Service 2004). The result has been earlier peak
stream flows in spring and lower minimum flows in summer (e.g., Leung and Wigmosta 1999).

Snow water equivalent (April 1) in the Klamath Basin has declined significantly since 1950,
especially at elevations less than 6,000 ft (Mayer and Naman 2010a, 2010b in Hamilton et al.
2010). Since these melt-related changes are driven by the more securely understood and
predicted warming, it is reasonable to expect a continuation of these trends over the next half-
century in the absence of a clear projection of a countervailing trend in total winter
precipitation. Earlier melting of snow and higher air temperatures would also expose plants,
soils, and the surface of Upper Klamath Lake to longer and more intense evaporation, thereby
reducing streamflow at all seasons except for winter. This climate effect on flows is expected for
the small tributaries of the Klamath basin downstream of Keno Dam where runoff occurs
relatively quickly from the less permeable soils on older volcanic rocks. In contrast, the Upper
Klamath watershed has several geographical characteristics that will tend to buffer the effects of
earlier snowmelt and increased evapotranspiration. A large fraction of the watershed is
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underlain by deep, permeable volcanic deposits. Fall and winter precipitation and snowmelt
recharge these deep aquifers. This water is protected from evapotranspiration because much of
the storage is deep underground and because the low temperatures at high elevation and thin
soils with sparse vegetation keep evapotranspiration rates low during the spring and summer.
Thus, the effect of climate change on peak timing of flows in the upper Klamath Basin will
likely be smaller than in most hydrogeological environments of the western region. However,
Tague and Grant (2008) have recently pointed out that in basins with this kind of
hydrogeological condition (specifically the Montgomery River basin in Oregon) the effect of
earlier snowmelt on late-summer low flows has some counter-intuitive characteristics. For a
given amount of groundwater recharge, the reduction in late-August flows due to earlier
melting would be smaller than in most Oregon mountain river basins in relative terms but
larger in absolute terms because these local streams maintain relatively high flows in summer in
response to groundwater storage.

The hydrology model predictions by Greimann (PPT Presentation 12/13/2010) for the reach
downstream of Iron Gate Dam, however, do not show a decline in summer flows because it was
assumed that the mandated July through September flows (NMFS BO for coho salmon) would
be maintained during future climate scenarios. Likewise, during October to June, flows
downstream of Iron Gate Dam were projected to be equal to or higher than without climate
change because of a small increase in precipitation and intensified snowmelt under some of the
climate scenarios that Greimann used for illustration of the possible range of outcomes. The
predicted timing of peak flows in the Klamath River was not affected by climate change
according to modeling conducted for the accepted baseline period (Griemann PPT Presentation
12/13/2010), apparently because the reservoirs, lakes, groundwater, and intentional
management of flows buffer fluctuations in flows near Iron Gate Dam. For the 50-year time
scale, there is no basis for confident predictions of channel-altering changes in the flood regime
in response to climate scenarios.

The well understood energy balance that controls stream temperatures provides a secure basis
for expecting that atmospheric warming and earlier snowmelt will translate into
correspondingly higher stream and lake temperatures in the Klamath Basin. Likewise, since
temperature of spring and groundwater input to rivers typically approximates the mean annual
air temperature of the source area, the temperature of spring and groundwater input to rivers
and streams is expected to rise correspondingly. However, deep groundwater in both the
northwestern portion of the Klamath basin (and in the tectonically active Coast Range) is warm
because of non-climatic (geothermal) processes associated with volcanism and tectonism.
During winter low flows, this heat contributes to the stream temperature, but during periods of
summertime heat stress the climatically driven radiation load and air temperature are likely to
be more important. Efforts to model the effects of climate change and dam removal on stream
temperatures at high resolution seem beyond current capabilities and data availability. It may
be more useful to focus temperature modeling efforts on the critical times when temperature is
likely to be stressful.
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Thus, the effects of climate change on the stream-based portion of the life cycle of coho and
steelhead will depend on whether either the upstream-swimming adult migrants or the
downstream-migrating juveniles are in the main channel when temperatures are near critical
levels. Temperature in tributaries will also be higher, but there are spring-based thermal refugia
and shade in these environments to buffer the changes somewhat. Determining fish access to
these thermal refugia in tributaries and the mainstem will be important to ensure they are
sufficient to provide adequate thermal shelter. There appears to be little prospect of changes in
water-supply augmentation through KBRA being sufficient to mitigate temperature increases
driven by global warming. The specifics of the 30,000 acre feet of water proposed to be available
under KBRA are unclear.

Climate change also affects anadromous fish species by its influence on the productivity of the
ocean and marine phase growth and survival of the adult fish. Fish production in northern
California and Oregon is influenced by the California Current and associated upwelling
dynamics. The California Current flows southward from southern British Columbia to southern
Baja California, Mexico. Upwelling of deep, cold, nutrient-rich water in the California Current is
caused by northerly winds driving surface water offshore, which is then replaced by nutrient-
rich deep water. Greater upwelling generally leads to greater zooplankton production, and
greater growth and survival of salmon in the region (Scheurell et al. 2005; Wells et al. 2008).
Inter-annual and inter-decadal trends in climate in the Pacific Northwest, including
oceanographic characteristics, are partially associated with broad-scale climate patterns such as
the tropical Pacific El Nifio Southern Oscillation (ENSO) and the extra-tropical PDO. The warm-
phase of the PDO is often associated with reduced upwelling and reduced salmon production,
further modified by site-specific factors. Although climate change is predicted to produce
greater upwelling in the region, the timing of upwelling may be later and less suited to the
entry timing of salmon smolts into the ocean (ISAB 2007).

Climate shifts will undoubtedly influence productivity and abundance of steelhead and coho
salmon returning to the Klamath Basin. Smolt to adult survival of Klamath coho salmon is
already very low (~2 percent, albeit based on hatchery fish) compared with that in most
northern areas, and recent data from the Shasta River indicate return per spawner of coho
salmon is less than one, i.e., population declining (see Table 8 in Section 3.12; Mahnken et al.
1998). Weitkamp et al. (1995) suggested that natural origin coho production in the SONCC ESU
may not be currently sustainable. Further reduction in survival at sea in response to climate
shifts has the potential to offset potential improvements in the freshwater environment, or it
could cause further reductions or even extinction of natural origin coho populations that are
presently threatened with extinction. In light of the large effect of ocean conditions on salmon
production, monitoring of juvenile production from freshwater habitats will be necessary to
evaluate the effectiveness of salmon habitat projects in the Klamath Basin.
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4.0  Caveats and Looking Forward

4.1 Life Cycles

The original questions posed to the Panel generally included two elements. The first element
had to do with a class of issues that may be addressed directly by some aspect of the Proposed
Action, for example, providing access to habitat not now occupied by steelhead. The second
element linked the issues in the first element with the magnitude of any anticipated changes in
population abundance or productivity of coho or steelhead. In our answers in Section 3, we
address principally the first element of the question. The second element is accessible only
through the use of extensive data synthesis and analysis and population and life cycle models.
This is a result of the multitude of influences on the fish populations, both under the Current
Conditions and under the Proposed Action, operating at a variety of locations, timing, and life
history stages, and potentially interacting. For example, fish abundance could increase if more
spawning habitat were available, but only if the quantity or quality of existing spawning habitat
limits production and if the production in the newly available habitat actually contributes to
subsequent adult returns. None of these relationships is static; for example, limitation by
spawning habitat may depend on the availability of gravel as well as subsequent availability of
rearing habitat. Teasing apart these interactions requires a consideration of all affected stages of
the life cycle, and conceptual and numerical life cycle models are an appropriate context in
which to do this.

Some of the ingredients for at least conceptual life cycle models were in the various reports
provided to the Panel. For example, Table 1 and Section 2.5 “Coho Salmon Conceptual Model”
in Stillwater (2010) provide useful information. However, there was no single, unified
presentation of a conceptual model and how it relates to dam removal and KBRA under the
Proposed Action, and the numerical coho life cycle model was removed from consideration.
More focus is needed to express the conceptual life cycle diagrams, and responses to the
Proposed Action, in terms of the timing and habitat (location) of all life stages, and the factors
affecting the processes of reproduction, growth, mortality, and movement of each stage in each
habitat.

4.2 Notes on Modeling and Uncertainty (C-10)

The assessment involved a number of models to contrast conditions under the two alternative
scenarios. Some of the models were used alone, and some were used in sequence with output of
one providing input to the next. These models included simulations of hydrology (flow), water
temperature, sediment movement, climate change, habitat availability in relation to flow, and
habitat use by salmon. There is no coho population dynamics model under active consideration
at present, though one was developed for this project and then removed from Panel
consideration due to review issues. There is no steelhead model for this system that we are
aware of. The NMFS, so far, has assessed “viability” of salmon populations in the Klamath with
a qualitative scheme called VSP, which is not an explicit population model and does not contain
formal representation of population dynamics.
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The inputs to the modeling chain begin with the meteorological, flow, and water temperature
records available for driving the models and for calibration and validation. We did not see
mention of useful water temperature data predating the construction of the four lower dams.
All calibration in the models we saw described appears to have been confined to times in the
range roughly 1960 to the present. This presents a basic difficulty for calibrating and validating
the modeling of the Proposed Action scenario because the exact river conditions without the
dams is unknown and can only be approximated. As a substitute for validation data on the
Proposed Action scenario, the temperature modeling should consider the likely errors in the
estimates for the temperature dynamics for those river reaches which will emerge when the
present reservoirs are drawn down. While the exact characteristics of the resulting channel are
not yet known, reasonable approximations of their morphology and bed characteristics can be
made.

The climate change analyses, which were used as inputs to some of the hydrology and
temperature models for some scenarios, were reasonable and typical of how climate change is
simulated in a site-specific application. Downscaled results from Global Climate Models
(GCMs) show consistent responses of warmer temperatures, with uncertainty about the
magnitude of warming, and high uncertainty about the direction and magnitude of any
precipitation changes. Some of the hydrologic analyses provided to the Panel confirmed this
general pattern that is also found in other site-specific analyses. These uncertainties were then
propagated through the hydrology and temperature models, resulting in a bounding of the
possible changes in flow and river temperatures. Given the uncertainties resulting from
downscaling from the coarse spatial scales of the GCMs to the finer spatial scale of the
hydrological models, the analyses performed were considered adequate by the Panel, but still
leave work to be done in examining the potential for changes, particularly in low flows, at
critical seasons. Higher resolution modeling of critical areas during important biological time
periods under low flow conditions with climate change is feasible and would provide useful
information on possible fish responses into the future.

A particular concern for the Klamath River is the role of groundwater dynamics and water
demand, and how they may affect surface water hydrology under scenarios of climate change,
human population growth, and economic development in the basin. It is not yet possible to
anticipate how climate change might indirectly affect groundwater pumping in a largely
unrecorded and unregulated environment if, for example, changes in stream flow and water
use lead to unmet local water needs.

The Panel considered the hydrologic and some of the temperature modeling to be usefully
acceptable, with some reservations. The need to calibrate such models with historical records in
a hydrologic system that is continually being altered by sequences of droughts and by irregular
exploitation through surface and groundwater extraction and other forms of water allocation is
a well-known problem that reduces the accuracy of predictions. The models, if implemented
carefully, can formalize consideration of the broad outline of changes to be expected. It is
impossible in a 5-day review for a panel to examine the specific steps involved in model
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implementation in order to evaluate the robustness of model predictions. However, it is
straightforward to recognize that the strategy of calibration of flow and lake levels has high
uncertainty in a system where streamflow has been, and likely will be in the future, reduced by
irrigation withdrawals and groundwater pumping decisions. Improvement in the
understanding of the role of the socio-economic processes governing water diversions will
require extensive studies of groundwater that are currently underway, as well as studies of the
plasticity of water use.

The necessity to disaggregate the output of one model to match the finer time step of the next
model can lead to loss of important information on variability. For example, in at least one set of
analyses, the monthly flows simulated by MODSIM were simply disaggregated to daily flows
to then be used as input to HEC-5Q, whose output of daily temperatures has questionable
estimates of variability (see Section 3.2). Although more complicated models could have been
used, the analyses of flow and temperature were deemed adequate for their intended purpose
of contrasting the average temperatures downstream of Iron Gate Dam between the two
scenarios (Current Conditions and the Proposed Action). The Panel is less convinced about the
simulation of the higher-frequency temperature variations actually experienced by the fish.
There is room for complementary use of even simpler models with higher temporal resolution
to examine (for example) hourly variations of water temperatures at critical times of the year,
and this strategy would not require either complexity or a heavy investment of time. More
detailed modeling (e.g., 2-dimensional) would better describe the spatial and temporal variation
in flow and temperature and help quantify thermal refugia, but would require a major
modeling effort and extensive data collection for model calibration. If pursued, modeling of
refugia would focus on specific examples of refugia that will yield general understanding of the
nature of local responses to basin-wide trends (e.g., drought and water demand management).
The value of this information relative to its cost depends on the degree to which use of thermal
refuges influences productivity and persistence of the fish populations (see below).

The next models in the chain that would have provided useful insights should have been
steelhead and coho life cycle models. The Panel was frustrated that the life cycle model for coho,
which had been provided initially to the Panel, was withdrawn from our consideration just
before the Panel meeting. It is unfortunate that the schedule for model review did not enable the
model to be reviewed and considered by the Panel. A spatially-structured life cycle model is
what is needed to incorporate influences of the Proposed Action on all parts of the life cycle and
assimilate real data about the biological and physical changes that occur over seasons and over
the entire spatial range of a species. A mathematical representation of the life cycle dynamics of
coho (and steelhead) would provide the basis to formalize the specific issues and assumptions
that need to be examined in the predictions of project effects. Model analyses using alternative
parameter values and assumptions, in turn, can identify the critical data needs for monitoring
and experiments. Information collected subsequently can then be used to refine the models,
increasing the reliability of predicted fish responses to the two contrasting scenarios (Current
Conditions and the Proposed Action). Model runs may reveal that some information that is
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missing or poorly known is actually unimportant, while other information is critical. This result
can be used in prioritizing data gathering for subsequent improvements in the model or
improvement to the analyses to provide a better understanding of population responses. The
final result of this iterative process of modeling and data collection provides increasing
reliability in model predictions of fish responses. The modeling enables disagreements to be
clearly articulated and the possible differences to be bounded.

A model can serve a variety of legitimate purposes, depending on the degree of scrutiny it has
passed. For a complex system such as salmon in the Klamath River, the first use of a model is
simply as a vehicle to formalize a comprehensive representation of the available knowledge and
hypotheses about the functioning of the system. This facilitates discussions and brainstorming
for ensuring completeness of the model components and data sets, revealing possible gaps, and
providing a platform to explore sensitivities to various components of the system or to possible
changes in values of parameters. During this phase of development and testing, the model
essentially serves as an organizing framework. Our comments in this report related to the
desirability of incorporating a detailed spatially structured life cycle model in the assessment
illustrated our sense that such a model component would help clarify the scientific thinking.

There is a tendency to over-use the models for making concrete quantitative predictions, but the
legitimacy of that use requires quality control and quality assurance steps, assessment of
prediction uncertainty, and a paper trail of model development and evaluation so that the
customers who may want to use the predictions can be aware of the expectable reliability. Our
review has touched lightly on these issues with respect to some of the temperature modeling. If
and when fish life cycle models are added to the mix (and they should be), these issues will take
on some immediacy, because the uncertainty of such population model projections is often
quite large compared to the resolution desired for purposes of making a management decision.

4.3 Caveats and recommendations

The task of the coho and steelhead Panel occurs at a very early stage in the decade-long process
of evaluation, planning, decision-making, and design leading up to a potential 2020 initiation of
dam removal. Nevertheless, the decision whether to commit to that schedule is slated to be
made fairly soon (the Secretarial Decision 2012). The Panel has been asked to make a scientific
assessment of the impact of two strategies for river management (Current Conditions versus the
Proposed Action) on coho and steelhead populations of the Klamath River Basin.

The questions posed to the Panel are very wide-ranging, overlapping, and not amenable to
simple or exact answers. Providing such answers would require years of field investigations,
which the agencies have not yet had the resources to conduct. The Panel members have been
able to respond only through qualitative estimates based on evaluation of the fragmentary,
conflicting evidence provided and their own scientific understanding and experience in other
river systems. However, the review does highlight six obstacles to more confident conclusions
about the likely differences between the two alternatives. Removal of these obstacles by well-
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planned studies in the near term would facilitate more effective design of the KBRA restoration
effort. The obstacles are:

1. Insufficient specificity in the current substance of the KBRA and the decision rules for its
implementation.

The anticipated habitat benefits from dam removal alone are relatively straightforward to
estimate. The present specification of mitigation and restoration in the KBRA is vague; yet, it is
likely to have a large, but difficult to predict, influence on the fish.

2. Serious uncertainty about fish passage and colonization.

The degree of upstream and downstream blockage or mortality for anadromous fish at Link
and Keno dams, migration through Keno Reservoir and Upper Klamath Lake, and colonization
of upper basin habitats are unknown. There is a significant probability that trap-and-haul
programs will be necessary to reap the benefits to anadromous-fish habitat restoration in Upper
Klamath basin. At present, the Panel was provided with inconsistent information about plans
for trapping and hauling coho or steelhead. Certainly, removing dams is necessary for increased
opportunity for upstream habitat usage; whether such opportunity is realized depends on
effective passage and transit by the migrating fish and conditions for them in the upstream
habitat.

3. Serious uncertainty about the effects of hatchery fish introgression.

Hatchery introgression could affect the development of well-adapted life histories in the wild
stocks under the new conditions created by the Proposed Action, thereby reducing productivity
of populations that may attempt to colonize new habitats. This concern would be reduced if the
production hatchery was removed or if it was replaced with a conservation hatchery Existing
natural populations probably have reduced fitness as a result of introgression.

4. Uncertainty about the potential to control mortality of coho due to parasites in the Klamath River
mainstem.

5. Uncertainty about how land owners will accommodate to KBRA.

This specifically relates to purchases of surface water or to increasing water demands in the
future with climate change, particularly because no regulatory system appears to be in place to
govern compensatory pumping of ground water.

6. Lack of comprehensive understanding (numbers, dynamics, habitat use, migration patterns, and
life history) of the natural-origin salmon stocks of interest.

With this degree of uncertainty, expert opinion expressed as numbers, even when obtained
from experienced specialists, would be inexact, misleadingly concrete, and vulnerable to
inappropriate over-interpretation. Nevertheless, it is possible to define pathways for reasoning
about potential outcomes on the basis of information about the Klamath system, experience
transferred from analogous situations elsewhere, and well-established, tested, and widely
applicable scientific principles. Such reasoning can also define and state its own limits, and

Klamath River Expert Panel Final Report
Coho/Steelhead Page 70 April 25,2011



The findings and conclusions in this report are those of the authors and do not necessarily
represent the views of the funding agency (U.S. Fish and Wildlife Service).

highlight where decisions will have to be made in the face of great uncertainty that may be
irresolvable in time for the Secretarial Determination in 2012.

Furthermore, a decision to proceed with the projects should be understood as a decision to pursue a
hypothesis of increased fish production, for which there is evidentiary support for qualitative responses,
but whose quantitative outcome is largely unknown. Large-scale restoration, such as the Proposed
Action alternative, have great potential for benefiting the targeted species, but can also easily
become ineffective due to the complexities of the plan and the ecosystem. In this spirit, the
Panel highlights the following four important topics:

a. The processes, controlling factors, and hazards likely to have the greatest influence on
project outcomes could be identified now.

b. Experiments and studies could be carried out between now and the planned date for
dam removal (2020) to reduce some of the uncertainties, which in turn could provide
guidance and direction for the KBRA.

C. Monitoring programs could be planned, coordinated, and implemented now for
effective and timely detection of the consequences for the salmon of the grand
experiment comprising the dam removal and KBRA program. A monitoring program
could be designed and established soon to provide useful and timely guidance for
KBRA and the design of dam removal.

d. A scientific advisory structure could be implemented at the beginning of the planning
process to advise continually on effective and timely adaptation of KBRA mitigation and
restoration activities in response to monitoring and experimental results, to identify
ineffective and counterproductive activities, and to recommend new ideas and
maintaining and fine-tuning activities that prove effective.

“Expert opinion” even of an independent panel should not be used as a substitute for scientific
analysis. The Panel was provided with qualitative information and asked to respond to
questions that should be answered with more than qualitative (i.e. ideally quantitative)
answers. A short-term expert panel cannot do a comprehensive synthesis of this mass of
disjointed information in a short period of time. The Panel’s role is to clarify issues and provide
a view from outside of the agencies and an independent evaluation of the available information.
Although this report is structured as answers to the questions posed to the Panel, the most
frequent response is that we did not have sufficient information to truly answer the questions.

The presentations we were shown on December 13, 2010 did not convey an effective,
comprehensive view of the project as a whole. We are concerned that this may reflect on the
coherence of the project's design and execution. The proposed restoration program would
benefit greatly by developing and communicating a clear overall conceptual model, which then
could be fleshed out with explicit modeling and statistical testing against observations. The
program is large and complex and subject to controversy, and involves multiple species with a
wide variety of life history strategies. Nevertheless, there is an underlying logic that would
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provide organizing principles for assessment. Each target species must complete its entire life
cycle in order for any benefits of the Proposed Action to be fully manifested, and for the goals of
the program (sustaining fish populations) to be met. The life cycles of each species should be
described through time and space in this system, and then the logical connections from the
actions to the life stages and processes (e.g., spawning, juvenile growth) explained. The Panel
recognizes that such information must have contributed to the thinking that led to the
development of the KBRA. Although some of this information might be latent in the
documentation, the information is fragmentary and scattered among different documents. In its
present form, the restoration plan comprises dam removal and a long list of vaguely-defined
KBRA actions, only partially supported by a mix of limited quantitative modeling of abiotic
factors (e.g., sediment transport, flow, and temperature) which, in its present form, cannot be
integrated to predict effects on fish. This makes assessing the likely responses to the Proposed
Action difficult, qualitative, and overly reliant on subjective opinion. Formulating a single,
overall conceptual model for each species across all possible actions will focus the plan, and
allow identification of areas of disagreement or uncertainty about likely responses to actions,
and help reduce uncertainty and resolve disputes through specific scientific investigations.

The Panel is heartened to see the quantitative analyses to date, and urges an expansion in scope
of these analyses. Expertise for additional quantitative analyses such as habitat and life cycle
modeling is available in the agencies and their contractors, and ought to be brought into the
planning of the restoration program. Difficulties in securing the services of personnel skilled in
these analyses should not be allowed to impede development of an overall, predictive model, or
specific quantitative analyses. The Panel strongly emphasizes the value of making the agencies’
expertise in quantitative analyses and available to the offices responsible for the restoration
program.

The Panel also questions some of the timing of when information is available relative to the
expert panel meetings. Critical material, such as some of the daily flow modeling and the
description of estimation methods for the monthly flow modeling, was made available to the
Panel in draft form and with some lingering questions about the methods and results, especially
the daily flow data. There is an enormous amount of information on salmonids, and greater
synthesis and presentation of the evidence from all viewpoints on key scientific issues prior to
the meeting would have increased the effectiveness of this Panel. The Panel was asked to do
more synthesis and integration on its own than was practicable and optimal in the brief period
allotted to the panel meeting. The Panel understands that the analyses are complicated and
ongoing, and thus suggests that either greater synthesis be done in advance and key analyses be
confirmed prior to panel meetings, or that panel meetings be scheduled when such information
can realistically be made available. Perhaps repeated panel meetings, designed to occur
periodically throughout the evaluation process, could ensure maximum use of the expert
panels.

The KBRA restoration program should give scientific leadership a prominent role in program
design and implementation. The KBRA restoration program would benefit from having a Lead
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Scientist to coordinate and promote monitoring and research plans, and to explain the
implications of scientific findings to decision-makers and designers of the proposed project. The
Proposed Action is obviously controversial, and it is of national importance and prominence. In
similar situations elsewhere, having a single person in charge of coordinating and dealing with
science, and able to separate science from other issues, has greatly helped to keep discussions
and arguments clear, focused, and integrated. The Proposed Action is complicated and
expensive. If the decision is made in favor of the Proposed Action, it is anticipated to continue
for decades. Knowledge gained through monitoring and scientific investigations during that
time will be invaluable for adjusting the course of the program to maximize benefits. If the
decision is made to proceed with the Proposed Action, then monitoring and research plans
should be immediately formulated and begun. Most of the key science issues have already been
identified (though not resolved) or can be anticipated. However, to date, the program has
under-invested in monitoring and analysis. A suitable advisory body with a single leader can
help to ensure that such monitoring proceeds.

Centralized scientific leadership can also ensure effective use of peer review. The Panel heard
several times at the briefing that a report had been “peer-reviewed.” There are several
definitions of peer review, and they vary greatly in rigor. An essential element of peer review is
the response to the reviews and the subsequent changes that were made. Peer review should
include the disclosure of review comments and the response to the review comments, and in
many cases, subsequent evaluation of the adequacy of the response by an impartial
intermediary.

As the program matures, scientific leadership will play a crucial role in overseeing the
development and maintenance of a central shared database for all the accumulating data, in
coordinating the integration and coupling of linked models, and in fostering a setting where
scientific disagreements can be resolved on the scientific merits.
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Donald Bren School of Environmental Science & Management
University of California Santa Barbara

Santa Barbara, CA 93106
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2. Hydrology, sediment transport, and sedimentation in river channels and floodplains

3. Sediment transport, channel migration, and oxbow lake sedimentation in rivers of the Central Valley,
California.
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hillslope, and fluvial geomorphology, and in the application of hydrology, sediment transport, and
geomorphology to landscape management and hazard analysis.

While working for the USDA Agricultural Research Service (1966-1969) and McGill University
(1971-1973), he conducted research on the effects of topography, soil characteristics, and vegetation on
runoff processes under rainfall and snowmelt in Vermont and Canada. While teaching at the University of
Nairobi, Kenya (1969-1971), he initiated a long-running research interest in African environments, including
experimental studies of runoff and erosion processes, and statistical studies and field surveys of the effects of
land use on hillslope erosion and river-basin sediment yields. He continues to use data from the experimental
studies to model sediment transport and hillslope evolution, one of his long-term research interests. He also
conducted occasional studies of reservoir sedimentation, water quality, and erosion due to charcoal
production and grazing. This work was supported by the Rockefeller, Guggenheim, and Beijer Foundations,
the United Nations Development Programme, U.S. National Science Foundation, and Kenya government
agencies between 1969 and 1991.

While teaching in the Department of Geological Sciences at the University of Washington (1973-
1995), he studied landsliding and debris flows; drainage-basin sediment budgets in natural and managed
forests; tephra erosion and debris-flow sedimentation on active volcanoes; and sediment transport and
channel morphology in sand-bed and gravel-bed river channels. He also conducted several studies related to
resource management, such as the impacts of gravel harvesting on the river-channel sedimentation and
morphology; impacts of timber harvest on erosion and sedimentation; and effects of flow diversion and
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reservoir management on sedimentation. The work was funded by NSF, and various state agencies (Depts.
of Ecology and of Natural Resources), and federal agencies (USFS, USGS, FEMA).

Since moving to California he has studied hydrology, sediment transport, and floodplain
sedimentation in the Amazon River of Brazil and in the Andes Range and adjacent floodplains of eastern
Bolivia. His work, funded by NSF and NASA, involved studies of runoff processes in forest and pastures,
modeling of the runoff response of the Amazon River, channel and bed material surveys, floodplain coring to
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and floodplain features from satellite images, flow and sediment transport modeling in channels and
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urbanized watersheds around Santa Barbara, and as well as sediment transport, channel change and oxbow
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Elected Honorary Member, Japanese Geomorphological Union, 2009

SOME RECENT PUBLICATIONS

T. Dunne, J. A. Constantine, and M. B. Singer, The Role of Sediment Transport and Sediment Supply in the
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Hydraulic Processes Throughout the Amazon River Basin, Hydrological Processes, 23, 1221-1235,
DOI: 10.1002/hyp.7252, 2009

J. A. Constantine and T. Dunne, Meander Cutoff and the Controls on the Production of Oxbow Lakes,
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U. S. Army Basic Research, 1983-88
U. S. Geological Survey Water Resources Research, 1987-89
Opportunities in the Hydrological Sciences, 1987-89
Alluvial Fan Flooding, 1994-96
Future Roles, Challenges, and Opportunities for the U.S. Geological Survey, 1998-2000
Water Resources Activities of the U.S. Geological Survey, 2006-2009
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United Nations

Missouti River Recovery and Associated Sediment Management Issues, 2008-2010
U.S. National Committee for the International Union of Geological Sciences, 2009-13
Sustainable Water and Environmental Management in the California Bay-Delta, 2010-2013
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FAO Committee on Soil Erosion and Soil Conservation in Developing Countries, Rome,
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FAO/UNEP Committee on a Methodology for Assessing World Soil Degradation, Rome,
1978
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International Geographical Union, Commission on Field Experiments in Geomorphology,
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Program Committee for 1994 Annual Meeting.
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Oregon State Legislature, Blue Ribbon Panel on Anadromous Fish Populations and Forest
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California Department of Forestry and Fire Protection/Univ. of California Committee on
the Scientific Basis on the Prediction of Cumulative Watershed Effects (chair), 1998-
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State of Washington Panel on Salmon Conservation Validation Monitoring, 2000.
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U.S. Fish and Wildlife Service, Adaptive Management Forum for San Joaquin River
Restoration, 2001-2003.

Sustainable Ecosystems Institute, Portland, Scientific Panel on the Columbia River Channel
Improvement Project, 2001.

State of California Bay-Delta Program Independent Science Board, 2003- 2005(Chair).

Iraq Foundation, Eden Again Project, Technical Advisory Panel on Restoration of the
Mesopotamian Marshlands, 2003.

National Academy of Sciences Warren Award Committee (Chair 2004, 2006)

American Institute of Hydrology Award Committees (Theis Award 2006; Linsley Award
2007)

Sustainable Ecosystems Institute, Portland, Scientific Panel to Review the Missouri River
Pallid Sturgeon Restoration Project (2008)

National Science Foundation Steering Committee for the Community Surface Dynamics
Modeling System (2007-2009)

National Science Foundation, Steering Committee for MARGINS (2008-2009).

National Science Foundation, Review Committee for the Hydrological Synthesis Project
(2008-2011)

California Bay-Delta Conservation Program -- Independent Science Advisor on Adaptive
Management (2008-2009)

US Department of the Navy, Naval Research Laboratory, Marine Geosciences Division,
External Review of Research Program on Battlespace Environments and Undersea
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EDUCATION

Ph.D. Fisheries, University of Washington, 1989.
M.S. Fisheries, University of Washington, 1981.
B.S. Biological Sciences, University of California, Irvine, 1978.

EXPERIENCE

1993-present Vice-President, Fisheries Scientist, Natural Resources Consultants, Inc. Responsible

1990-1993.

1989-1990.

1984-1989.

1982-1984.

1982.

1979-1981.

for salmon investigations in the Pacific Northwest and Alaska. Affiliated research
scientist, Alaska Salmon Program, School of Fisheries, University of Washington.

Principal Fisheries Biologist. University of Washington, Fisheries Research Institute.
Project Leader/ Co-PI, Alaska Salmon Program. Responsible for directing several
research projects at FRI's Alaska field stations and supervision of graduate students.

Senior Fisheries Biologist. University of Washington, Fisheries Research Institute.
Project Leader for the Alaska Salmon Program (see above responsibilities).

Predoctoral Research Associate. University of Washington, Fisheries Research
Institute. Project Leader for the Chignik Lakes Salmon Research Program.
Responsible for directing research projects and supervision of students.

Fisheries Biologist. Jones & Stokes Associates, Inc. Responsible for environmental
studies related to fish and fisheries in Alaska, Washington and California.

Consultant. BioSonics, Inc. Examined juvenile salmon migration at a Columbia
River dam using hydroacoustic techniques.

Research Assistant. University of Washington, Fisheries Research Institute. Field
research on salmon at the Wood River lakes, Alaska.
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1978-1979.  Biologist. California Department of Fish and Game. Assisted several marine
fisheries projects, including the annual CALCOFI anchovy survey.

1978. Biologist. University of California, Irvine. Department of Ecology and Evolutionary
Biology. Received Student-Originated-Studies grant from the National Science
Foundation to examine the effects of groundwater removal on natural spring
communities in the Owens Valley, CA.

1977-1978.  Lab Technician. University of California, Irvine. Department of Ecology and
Evolutionary Biology. Field biologist for rocky intertidal studies.

PROFESSIONAL SERVICE

Society Memberships

American Institute of Fishery Research Biologists, NW District Director (1993-1994),
Regional Director (1994-1995)

American Fisheries Society

Scientific Referee

Aquatic Living Resources

Arctic-Yukon-Kuskokwim Sustainable Salmon Initiative
American Fisheries Society

Canadian Journal of Fisheries and Aquatic Sciences

First International Symposium on GIS in Fishery Science
Fisheries Oceanography

Fishery Bulletin

Fourth World Fisheries Congress, American Fisheries Society
Gulf of Alaska Ecosystem Monitoring Program (GEM)
Gut Shop 1993

Marine Stewardship Council

National Science Foundation

Nature

North American Journal of Fisheries Management

North Pacific Research Board

North Pacific Anadromous Fish Commission

Marine Stewardship Council

Ohio Sea Grant College Program

Pacific Salmon and Their Ecosystems: Status and Future Options
PICES

Reviews in Fish Biology and Fisheries

Transactions of the American Fisheries Society

West Coast National Undersea Research Center, NOAA
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Committees

Science Technical Committee, Arctic-Yukon-Kuskokwim Sustainable Salmon Initiative
Chignik Regional Aquaculture Association, Scientific Advisor

Independent Scientific Advisory Board, Columbia River, Ad Hoc member

AWARDS AND SCHOLARSHIPS

American Institute Fisheries Research Biologists, Research Award, 1992 (Visiting scientist in
Russia)

John Cobb Memorial Scholarship, 1989

American Institute Fisheries Research Biologists, Research Award, 1988

Seattle Poggie Club (Fisheries) Scholarship, 1986

National Science Foundation Student-Originated-Studies Grant, 1978

University of California, Irvine President's Council Grant, 1977

Dean's Honor List: 1974, 1975, 1976, 1977

SUPERVISION OF GRADUATE STUDENT RESEARCH

Griffiths, J. 2009. Assessing the implications of changing geomorphology and climate on the
habitat characteristics of Black Lake, Alaska. M.S. Thesis. University of Washington, Seattle.

Westley, P. 2007. Biocomplexity and rapid natural habitat change in the Chignik Lake system,
Alaska. M.S. Thesis. University of Washington, Seattle.

Chasco, B. 2004. Inseason run size forecasting of Chignik sockeye salmon. M.S. Thesis.
University of Washington, Seattle.

Harvey, C.J. 1994. Upstream migration of fishes in Black River, Chignik Lakes, Alaska. M.S.
Thesis. University of Washington, Seattle. 154 p.

Bumgarner, J.D. 1993. Long-term trends in the growth of sockeye salmon from the Chignik Lakes,
Alaska. M.S. Thesis. University of Washington, Seattle. 86 p.

Hanson, R. 1992. Brown bear (Ursus arctos) predation on sockeye salmon spawners in two
tributaries of the Wood River Lake system, Bristol Bay, Alaska. M.S. Thesis. University of
Washington, Seattle. 124 p.

Berejikian, Barry A.. 1992. Feeding Ecology of Rainbow Trout with Comparisons to Arctic Char in
Iliamna Lake, Alaska. M.S. Thesis. University of Washington, Seattle. 72 p.

Zimmermann, M. 1991. Trends in the freshwater growth of sockeye salmon from the Wood River
Lakes and Nushagak Bay, Alaska. M.S. Thesis. University of Washington, Seattle. 119 p.

PUBLICATIONS
Journals and Book Chapters
Ruggerone, G.T., J.L. Nielsen, and B.A. Agler. 2009. Linking marine and freshwater growth in

western Alaska Chinook salmon, Oncorhynchus tshawytscha. Journal of Fish Biology 75: In
press.
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Press.
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Ruggerone, G.T., S. Goodman, and R. Miner. 2009. Behavioral response and survival of juvenile
coho salmon to pile driving sounds. In review.
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Life History Models: Advancing Science for Sustainable Salmon. American Fisheries Society
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Resources Division. Prepared by Anchor Environmental LLC and Natural Resources
Consultants, Inc. Seattle, Washington.

Schiewe, M., G. Ruggerone, and P. Schlenger. 2005. Evaluation and assessment of hatchery and
wild fish interactions in WRIA 9. Prepared for WRIA 9 Technical Committee c/o King County
Water and Land Resources Division. Prepared by Anchor Environmental LLC and Natural
Resources Consultants, Inc. Seattle, Washington.

Ruggerone, G.T. 2005. Biological Evaluation: Fishermen’s Terminal docks 5 through 10
reconstruction, replacement, and dredging. Prepared by Natural Resources Consultants, Inc. for
the Port of Seattle.

Ruggerone, G.T. 2006. Evaluation of salmon and steelhead migration through the upper Sultan
River canyon prior to dam construction. Prepared for City of Everett, WA.
(http://www.snopud.com/water/relicensing/history/existing/fish.ashx?p=3378)

Ruggerone, G.T. and M.L. Link. 2006. Collapse of Kvichak sockeye salmon production during
brood years 1991-1999: population characteristics, possible factors, and management
implications. Prepared for North Pacific Research Board and the Bristol Bay Science and
Research Institute. Anchorage, AK. (http://doc.nprb.org/web/03 prjs/r0321 finall.pdf)

Ruggerone, G.T. 2006. Abundances of wild and hatchery salmon by region of the Pacific Rim.
Draft. Prepared for the Moore Foundation by Natural Resources Consultants, Inc., Seattle, WA.

Ruggerone, G.T., T. Nelson, J. Hall, and E. Jeanes. 2006. Habitat utilization, migration timing,
growth, and diet of juvenile Chinook salmon in the Duwamish River and estuary. Prepared by
Natural Resources Consultants, Inc. for the King Conservation District and Salmon Recovery
Funding Board. fip:/dnr.metrokc.gov/dnr/library/2006/ker1953.pdf

Gaudet, D. and G.T. Ruggerone. 2007. Forecasting coho salmon run timing in Southeast Alaska.
Prepared for the Southeast Sustainable Salmon Fund. Juneau, AK.

Ruggerone, G.T. J.L. Nielsen, and B. Agler. 2007. Retrospective analysis of AYK Chinook
salmon growth. Prepared for the Arctic Yukon Kuskokwim Sustainable Salmon Initiative,
Anchorage, AK. (http://www.aykssi.org/docs/Project Docs/Final Reports/107.pdf)

Chaffee, C., G. Ruggerone, R. Beamesderfer, and L.W. Botsford. 2007. The Commercial Alaska
Salmon Fisheries Managed by the Alaska Department of Fish and Game A 5-Year Re-
Assessment Based on the Marine Stewardship Council Program. Prepared for Alaska
Department of Fish and Game and the Marine Stewardship Council. (http://eng.msc.org/)

Mantua, N.J., N.G. Taylor, G.T. Ruggerone, K.W. Myers, D. Preikshot, X. Augerot, N.D. Davis, B.
Dorner, R. Hilborn, R.M. Peterman, P. Rand, D. Schindler, J. Stanford, R.V. Walker, and C.J.
Walters. 2007. The salmon MALBEC project: a North Pacific-scale study to support salmon
conservation planning. NPAFC Doc. 1060. 49 pp. School of Aquatic and Fishery Sciences,
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University of Washington, Seattle, WA 98195-5020, U.S.A.
(http://www.npafc.org/new/publications/Documents/PDF 2007/1060(USA).pdf)

Ruggerone, G.T. 2007. Evaluation of salmon and steelhead migration after a landslide on the
Sultan River. Prepared for Snohomish County Public Utility District.

Ruggerone, G.T. 2008. Recolonization of benthic invertebrates after dredging of Fishermen’s
Terminal, Washington. Prepared for Port of Seattle, WA.

Ruggerone, G.T., S, Goodman, and R. Miner. 2008. Behavioral response and survival of juvenile
coho salmon exposed to pile driving sounds. Prepared by Natural Resources Consultants for the
Port of Seattle, WA.

Ruggerone, G.T. and B.A. Agler. 2008. Retrospective analysis of AYK chum and coho salmon.
Prepared for the Arctic Yukon Kuskokwim Sustainable Salmon Initiative, Anchorage, AK.
(http://www.aykssi.org/Research/project_profile.cfm?project_id=124)

Ruggerone, G.T., B. Agler, S. Gilk, D. Molyneaux, D. Costello, D. Young 2008. Habitat and
Growth of River-Type Sockeye Salmon in the Kuskokwim Watershed, Alaska. Prepared for the
Arctic Yukon Kuskokwim Sustainable Salmon Initiative, Anchorage, AK.

Ruggerone, G.T., T. Loughlin, and D. Norman. 2009. Biological Assessment: Navy Puget Sound
Kinetic Hydropower system (NPS-KHPS) Demonstration Project. In preparation. Prepared by
Natural Resources Consultants.

INVITED PRESENTATIONS

The use of salmon scales to test hypotheses about salmon growth, climate, and ocean carrying
capacity. 4th International Otolith Symposium, August 24-28, 2009; Monterey, California.
Keynote presentation.

Growth and Survival of Salmon in Response to Competition at Sea and Climate Change. State of
Salmon 2009 Conference, Bringing the Future into Focus. Innovative Approaches to Applying
Conservation Principles. February 2-5, 2009. Vancouver, BC

Abundance and relative contribution of hatchery and wild salmon in the North Pacific Ocean.
NPAFC International Symposium on the Bering-Aleutian Salmon International Surveys (BASIS):
Climate Change, Production Trends, and Carrying Capacity of Pacific Salmon in the Bering Sea and
Adjacent Waters. November 23-25, 2008. Seattle, WA, USA

Management Data for Long-term Monitoring of Salmon Growth and Survival versus Climate
Change. Long Term Research and Monitoring Project (LRMP), North Pacific Anadromous Fish
Commission. April 7-11, 2008. Sokcho, South Korea.

Growth and Survival of Salmon in Response to Competition and Climate Change: Implications for
Interactions of Wild and Hatchery Salmon. Symposium: Population Growth, Climate Change and
Fish Habitat in the Columbia River Basin. American Fisheries Society Western Division
Conference, May 4-9, 2008; Portland, OR.

Climate change, salmon interactions, and implications for salmon recovery. Pacific Salmonid
Recovery Conference. November 6-9, 2007. Seattle, WA
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Growth and Survival of Salmon in Response to Competition and Climate Change. AYK SSI
Symposium on the Sustainability of the AYK Salmon Fisheries. February 6-9, 2007; Anchorage, AK.

Growth and Survival of Salmon in Response to Competition and Climate Change: Implications for
Interactions of Wild and Hatchery Salmon. Current Issues Facing Salmon Hatcheries in the Russian
Far East. Petropavlovsk-Kamchatsky, Russia. November 30, 2006. Invited by World Wildlife
Fund and the Wild Salmon Center.

Growth, Abundance, and Survival of Salmon in Response to Climate Change. World Wildlife Fund,
Climate Camp Alaska. Homer, AK. October 30, 2006.

The Kvichak Decline: Is there anything we can do about it? Dillingham & Naknek, AK. October
19 & 20, 2006.

Growth and Survival of Salmon in Response to Competition and Climate Change. AYK SSI
Symposium on the Sustainability of the AYK Salmon Fisheries. Anchorage, AK February, 2007.

Survival of Puget Sound chinook salmon in response to climate-induced competition with pink
salmon. Lake Washington Salmon Workshop. Seattle, WA. February 2004.

Evidence for Competitive Dominance of Pink Salmon Over Other Salmonids in the North Pacific
Ocean. 2003 Annual Meeting of American Fisheries Society Meeting, San Diego, CA. April 2003.

Linkages between climate, growth, competition, and production of sockeye salmon populations in
Bristol Bay, Alaska, 1955-2000. USGS Global Change Project Review and Planning Meeting.
Phoenix, AZ. March 2003.

Survival, growth, and age at maturation of Puget Sound chinook salmon released during odd- versus
even-numbered years: evidence for interspecific competition with pink salmon during early marine
life. Northwest and Alaska Science Center, NMFS, Seattle, WA. November 2002.

Differential Marine Growth of Sockeye Salmon During Odd and Even Years: Evidence for Density-
Dependent Effects of Asian Pink Salmon Abundance on Bristol Bay Sockeye Salmon, 1955-1997.
Bristol Bay Salmon Science Symposium, Dillingham, Alaska. May 2001.

Abundance and stock origin of coho salmon on spawning grounds of lower Columbia River
tributaries and photographic documentation of habitat disruption. Presentation to Columbia River
Coho Salmon Working Group (NMFS, WDFW, ODFW). Portland, OR. February 1999.

Effects of farmed salmon on wild salmon stocks in the Pacific Northwest. Pacific International
Council for the Exploration of the Sea (PICES). Fairbanks, AK. October, 1998.

Historical Growth of Sockeye Salmon Affected by Large Spawning Escapement in 1989. 1998
Exxon Valdez Restoration Workshop. Anchorage, AK, January 1998.

Past, present and future of salmon runs in the Chignik Lakes, Alaska. First Annual Conference of
the Alaska Peninsula. Chignik Lake, AK. February 1997.

Factors influencing the survival of sockeye salmon in Alaska. Presentation to the Coastal Zone and
Estuarine Studies Division, National Marine Fisheries Service. Seattle, WA. March 1995.
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Age-specific use of habitat by juvenile coho salmon in the Chignik Lakes Watershed, Alaska. 1994
Northeast Pacific Chinook and Coho Salmon Workshop. Salmon Ecosystem Restoration: Myth and
Reality. Eugene, OR. November 1994.

Preseason and inseason forecasts of sockeye salmon returning to Bristol Bay, Alaska. The 7th
Annual Bristol Bay Fisheries Conference. Dillingham, AK. April 1992.

Preseason and inseason forecasts of sockeye salmon returning to Bristol Bay, Alaska. The 6th
Annual Bristol Bay Fisheries Conference. Dillingham, AK. April 1991.

Influence of predation on salmon populations. School of Fisheries, University of Washington.
Seattle, WA. May 1991.

Predation on sockeye salmon by fish and wildlife in Alaska. Department Fisheries and Oceans
Canada. Cultus Lake, British Columbia. February 1991.

Preseason forecast of Bristol Bay salmon runs, 1990. The 5th Annual Bristol Bay Fisheries
Conference. Dillingham, AK. April 1990.

Predator-prey interactions and fisheries management. Joint Institute for Marine and Atmospheric
Research and National Marine Fisheries Service Seminar. Honolulu, HI. July 1989.

CONFERENCE AND SEMINAR PRESENTATIONS

The salmon MALBEC project: a North Pacific-scale study to support salmon conservation planning.
American Fisheries Society North Pacific International Chapter Annual Meeting. Tacoma, WA.
June 6-8, 2007. Introduction presented by N. Mantua.

Hatchery Versus Wild Salmon Production in the North Pacific Ocean. American Fisheries Society
North Pacific International Chapter Annual Meeting. Tacoma, WA. June 6-8, 2007.

Hatchery Versus Wild Salmon Production in the North Pacific Ocean. 9™ Salmon Ocean Ecology
Meeting. Newport, OR. March 14-16, 2007.

Ocean Climate Change and Collapse of the World’s Largest Sockeye Salmon Population. 9™
Salmon Ocean Ecology Meeting. Newport, OR. March 14-16, 2007.

Salmon MALBEC: Model for Assessing Links Between Ecosystems. (N. Taylor- presented). 9™
Salmon Ocean Ecology Meeting. Newport, OR. March 14-16, 2007.

Retrospective Analysis of Yukon and Kuskokwim Chinook Salmon Growth. AYK SSI Symposium
on the Sustainability of the AYK Salmon Fisheries. Anchorage, AK. February 6-9, 2007.

Growth and survival of salmon in response to climate change, competition, and a dynamic ocean
carrying capacity. Global Challenges Facing Oceanography and Limnology. American Society of
Limnology and Oceanography, June 2006.

Salmon age structure and variable resilience of Bristol Bay sockeye salmon to climate change.
Pacific Salmon Environment and Life History Models: Advancing Science for Sustainable Salmon
in the Future. 135™ Annual Meeting American Fisheries Society, September 2005.
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Growth and survival of salmon in response to climate change and a dynamic ocean carrying
capacity. The Evolution and Ecology of Biocomplexity as Key to Fisheries Sustainability. 135"
Annual Meeting American Fisheries Society, September 2005.

Linkages between climate, growth at sea, and abundance of sockeye salmon in Bristol Bay, Alaska,
1955-2000. GLOBEC Symposium: Climate Variability and Sub-Arctic Marine Ecosystems.
Victoria, B.C. May 2005.

Survival and Growth of Puget Sound Chinook Salmon in Response to Climate-induced Competition
with Pink Salmon: Implications for Habitat Protection and Restoration. Sustainability and
Restoration: a practical partnership for the 21*. Society for Ecological Restoration. Seattle, WA.
April, 2005.

Top-down and bottom-up linkages among climate, growth, competition, and production of sockeye
salmon populations in Bristol Bay, Alaska, 1955-2000 (S2-2068). North Pacific Marine Science
Organization (PICES) 13" annual meeting. Honolulu, HI. (Presented by J. Nielsen). October,
2004.

Survival of Puget Sound chinook salmon in response to climate-induced competition with pink
salmon. Northwest Salmonid Recovery Conference. Seattle, WA. October, 2004.

Linkages between climate, growth, competition, and production of sockeye salmon populations in
Bristol Bay, Alaska, 1955-2000. Study of Environmental Arctic Change (SEARCH) open science
meeting, Office of Polar Processes, National Science Foundation. Seattle, WA. (Presented by J.
Nielsen). (http://siempre.arcus.org/4DACTION/wi_pos_displayAbstract/7/601). October 2003.

Survival, growth, and age at maturation of Puget Sound chinook salmon released during odd- versus
even-numbered years: evidence for interspecific competition with pink salmon during early marine
life. 5™ Annual Salmon Ocean Ecology Meeting. Newport, OR. February, 2003.

Seasonal marine scale growth of Bristol Bay sockeye salmon during odd- and even-numbered years:
evidence for competition with Asian pink salmon and seasonal food web dynamics in the North
Pacific Ocean and Bering Sea. 5™ Annual Salmon Ocean Ecology Meeting. Newport, OR.
February, 2003.

Long-term trends in annual Bristol Bay sockeye salmon scale growth at sea in relation to sockeye
abundance and environmental trends, 1955-2000. 4™ Annual Salmon Ocean Ecology Meeting, 15-
16 January, 2002, Santa Cruz, CA.

Differential Marine Growth of Sockeye Salmon During Odd and Even Years: Evidence for Density-
Dependent Effects of Pink Salmon Abundance on Nushagak Bay and Chignik Sockeye Salmon, 1955-
1997. Pink and Chum Salmon Workshop. University of Washington, Seattle. March 2001.

Natural Habitat Degradation in a Major Salmon Watershed: A Lesson in Salmon Population
Resilience and Decline. Washington Lakes Protection Association Conference. SeaTac, WA 2000.



G.T. Ruggerone Page 19

Historical analysis of sockeye salmon growth among populations affected by large escapements
associated with the Exxon Valdez oil spill. Legacy of an oil spill: ten years after the Exxon Valdez
oil spill. Anchorage, AK. March 1999.

A historical perspective on salmonid production from Pacific rim hatcheries. First Symposium of
the North Pacific Anadromous Fish Commission. Hokkaido, Japan. w/ C. Mahnken, NMFS.
October 1996.

Factors influencing the survival of salmon in Alaska and the Pacific Northwest. Visitation Retreat
& Cultural Center, City of Federal Way, WA. October 1995.

The application of remotely-sensed data to salmon harvest management and operational planning of
the salmon industry in Alaska. Third Thematic Conference: Remote Sensing for Marine and
Coastal Environments. Seattle, WA. September 1995.

Initial water quality assessment of the Upper Hood Canal Watershed. Presentation to the Upper
Hood Canal Watershed Management Committee. Seabeck, WA. November 1994.

Investigations of salmon populations, hydrology, and limnology of the Chignik Lakes, Alaska,
during 1993. Chignik Regional Planning Team. Anchorage, Alaska. December 1993.

Population dynamics and winter ecology of sockeye salmon. 1993 Sockeye-Kokanee Workshop.
Richmond, British Columbia. March 1993.

Long-term trends in the growth of sockeye salmon from the Chignik Lakes, Alaska. 1993 sockeye-
kokanee workshop. Presented by J. Bumgarner. Richmond, British Columbia. March 1993.

Migrations of juvenile sockeye salmon and other fishes into and out of Black Lake, AK. Chignik
Regional Aquaculture Association. Everett, WA. December 1992.

Factors affecting the early marine growth of Bristol Bay sockeye salmon. Workshop on the growth,
distribution, and mortality of juvenile Pacific salmon in coastal waters. Sidney, British Columbia.
October 1992.

Migrations of juvenile sockeye salmon and other fishes into and out of Black Lake, AK. Chignik
Regional Planning Team. Anchorage, AK. October 1992.

Sockeye salmon run fluctuations and winter habitat quality of Black Lake, Ak. Chignik Regional
Planning Team. Anchorage, AK. April 1992.

Habitat and sockeye salmon dynamics in a unique Alaskan lake. The 54th Annual Meeting of
Pacific Fishery Biologists. Semi-am-hoo Resort, Blaine, WA. March 1992.

Responses of juvenile salmon to low oxygen levels in Black Lake during February 1992 and the
forecast of adult sockeye returning to Chignik in 1992. Chignik Seiners Association, Shilshole
Marina, Seattle, WA. March 1992,

The Alaska Salmon Program of the Fisheries Research Institute, University of Washington. Poster
presentation at FISH EXPO 1991. Seattle, WA. October 1991.

Enhancing harvests of Chignik salmon through predator control and habitat rehabilitation. a cost-
benefit analysis. Chignik Seiners Association. Seattle, WA. January 1991.
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Rehabilitation and enhancement of sockeye salmon returning to Black Lake, Alaska. Chignik
Regional Aquaculture Association. Seattle, WA. November 1990.

Factors influencing the large fluctuations of adult sockeye returning to Black Lake, Alaska: results
of the 1990 winter investigation. Chignik Seiners Association. Chignik, AK. June 1990.

Bycatch of Pacific salmon by the domestic trawl fishery. The 5t Annual Bristol Bay Fisheries
Conference. Dillingham, AK. April 1990.

Salmon projects of the Fisheries Research Institute in Alaska. Annual Meeting of the National Food
Processors Association. Seattle, WA. March 1990.

Predator impacts on salmon populations. Annual Meeting of the National Food Processors
Association. Seattle, WA. March 1989.

Threespine stickleback (Gasterosteus aculeatus) aggregations as a refuge from predation for sockeye
salmon fry (Oncorhynchus nerka). National meeting of the Animal Behavior Society. Missoula,
MO. August 1988.

Forecasts of Chignik salmon and the effects of predation by coho on sockeye survival in the Chignik
Lakes, Alaska. Presentation to the Chignik Seiners Association and salmon processors. Chignik,
AK. June 1988.

Salmon forecasts and research activities of the Fisheries Research Institute in the Chignik Lakes,
Alaska. Presentation to the Chignik Seiners Association and salmon processors. Chignik, AK. June
1987.

Evaluation of the fisheries monitoring program to determine effects of the proposed Navy Home
Port, Everett, WA. Presentation to Engineers and Navy personnel. Federal Way, WA. Oct. 1987.

Salmon forecasts and research activities of the Fisheries Research Institute in the Chignik Lakes,
Alaska. Presentation to the Chignik Seiners Association and salmon processors. Chignik, AK. June
1986.

Consumption of migrating juvenile salmonids by gulls foraging below a Columbia River dam.
Meeting of the Northwest Chapter, American Fisheries Society. Bellingham, WA. March 1986.

Alaska salmon research by the University of Washington. Seattle Poggie Club. Seattle, WA. April
1986.

Predator-prey interactions of piscivorous coho salmon and juvenile sockeye salmon in the Chignik
Lakes, Alaska. Fisheries Research Institute Seminar, University of Washington. October 1986.

Salmon Research in Alaska: Past, Present, and Future. Organized seminar series at Fisheries
Research Institute, University of Washington. October- December, 1986.

Salmon forecasts and research activities of the Fisheries Research Institute in the Chignik Lakes,
Alaska. Presentation to the Chignik Seiners Association and salmon processors. Chignik, AK. June
1985.
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EXPERT WITNESS TESTIMONY

Dam effects on salmon

Exxon Valdez Oil Spill

Skokomish Tribe v. Tacoma Power

Salmon Forecast Accuracy

Calkins v. Burger King

Proposed Cross Cascade Pipeline

Dam Effects on Salmon

Exxon Valdez Oil Spill

Glacier Bay Oil Spill

Touchet River Chemical Spill:

Reconstructed salmon harvests by Tulalip Tribe had Sultan
Diversion Dam not been built in 1916. Estimated fish passage
through high gradient cascades. (case mediated & settled,
2005).

Effects of oil spill on salmon tenders in Alaska (deposition,
case settled) 2003.

Tribal harvests had the dams not been built, 1926-1998.
Ability of salmon to pass Big Falls prior to inundation by

reservoir. (report, deposition, case removed in summary
judgment) 2001.

Preseason and inseason run size forecast accuracy; insurance
claim for 1998 Bristol Bay run failure (report, case settled)
2000.

Probability of biotoxin accumulation in pollock from the Bering
Sea (report, case settled) 2000-2001.

Effects of refined oil pipeline on salmon and habitat (report,
deposition, pipeline explosion ended proposed pipeline) 1999.

Chinook and steelhead runs reconstructed to estimate historical
(85 yr) runs and harvests had dams not been built. (report,
mediation settlement) 1998.

Effects of oil spill on salmon harvests in Alaska (reports,
deposition, trial testimony) 1994.

Effects of oil spill on salmon harvests in Cook Inlet, Alaska
(report, deposition) 1989.

Effects of ammonia spill on salmonids in Touchet River, WA
(deposition) 1983.



William J. (“Wim”) Kimmerer, Ph.D.
Telephone: (W) (415) 338-3515
(H) (510) 848-7388

FAX: (415) 435-7120
Email: kimmerer@sfsu.edu
Web: http://online.sfsu.edu/~kimmerer/

Current Position
Research Professor, Romberg Tiburon Center for Environmental Studies, San Francisco State
University.

Education

University of Hawaii, Ph.D. 1980, Biological Oceanography
U.S. Navy Nuclear Power School, 1968

Purdue University, B.S. 1967, Chemistry

Research and Professional Experience

1994-present Senior Research Scientist & Research Professor,
Romberg Tiburon Center, San Francisco State University
1986-1995 Senior Scientist, BioSystems Analysis Inc.
1982-1985 Research Fellow, University of Melbourne (Australia), Zoology Dept.
1980-1982 Research Associate/Assistant Director, Hawaii Institute of Marine Biology
1976-1980 Research Assistant, University of Hawaii
1973-1980 Graduate student, University of Hawaii
1972-1973 Flight instructor
1967-1972 U.S. Navy submarine force, final rank Lieutenant

Research and Professional Interests

The ecology of estuaries and coastal waters, with emphasis on the San Francisco estuary. |
study the influence of the physical environment including freshwater flow, tidal currents, and
turbulence on behavior, movement, and population dynamics of plankton and fish; predatory
control of species composition and abundance of plankton and fish populations; functioning of
ecosystems, populations, and material cycling; and human impacts on aquatic ecosystems and
the interaction of science and management. |apply a variety of methods to investigate these
processes including laboratory studies, field studies, mechanistic modeling such as particle
tracking, individual-based models, and hydrodynamic models, and statistical analyses using
traditional as well as modern and Bayesian methods.



Research Projects (San Francisco Estuary)

Primary production and foodweb dynamics supporting delta smelt

Population dynamics of copepods and other plankton

Impacts of changing freshwater flow on the estuarine ecosystem

Effects of introduced species, particularly introduced clams and copepods

Effects of water circulation on transport and responses of biota

Effects of water diversions on populations of delta smelt and salmon and their food
Potential causes of the recent decline in abundance of several fish species
Individual-based modeling of delta smelt

Participant, workshops at National Center for Ecological Analysis and Synthesis on the
Pelagic Organism Decline in the San Francisco Estuary

Environmental controls on Chinook salmon

Management-Related Projects

Chair, Estuarine Ecology Team, Interagency Ecological Program for the San Francisco
Estuary, 1995 - present.

Co-Chair, Science Board, CALFED Bay-Delta Ecosystem Restoration Program, 2000-2005
Advisor to the CALFED Lead Scientist on the Environmental Water Account
Co-convenor, CALFED Ecosystem Restoration Program workshop on adaptive
management, 2002

Co-convenor, CALFED workshops on salmonids and delta smelt, 2001 and 2003,
hatchery impacts on Battle Creek, California, 2003, and Environmental Water Account
review, 2006.

Member, Steering Committee and Technical Advisory Committee, Delta Risk
Management Strategy (Department of Water Resources)

Scientific advisory panel, Blue Ribbon Task Force for a Vision for the California Delta
Review panel, U.S. Fish and Wildlife Service 2008 Biological Opinion on delta smelt.
Advisory committees, Bay Delta Conservation Plan

Member, Delta Native Fishes Recovery Team

Science Advisor, San Francisco Bay Subtidal Habitat Goals Project

Advisory panel, California Water Resources Control Board hearing on flow standards

Other Professional Activities

Honorary Fellow, California Academy of Sciences

Co-founder and former President, California Estuarine Research Society, an affiliate
society of the Estuarine Research Federation

Advisory committee, Georgia Coastal Estuaries LTER Program

Invited participant in workshops at the University of Rhode Island (effects of freshwater
flow on estuaries), Louisiana Universities Marine Consortium (coastal restoration), and
the University of British Columbia (science needs for coastal management)

Associate Editor, San Francisco Estuary and Watershed Science

Reviewer for professional journals including Limnology and Oceanography, Marine
Biology, Marine Ecology Progress Series, Estuaries and Coasts, Estuarine, Coastal, and
Shelf Science, ICES Journal of Marine Science, Environmental Biology of Fishes



. Reviewer of grant proposals for the National Science Foundation, EPA, and Seagrant
offices, and panelist for NSF
. Chair, Search Committee for Director of the Romberg Tiburon Center, 2008

Selected Publications (last 6 years)

Kimmerer, W.J. 2004. Open-Water Processes of the San Francisco Estuary: from physical
forcing to biological responses. San Francisco Estuary and Watershed Science [online
serial]. Vol. 2, Issue 1 (February 2004), Article 1.
http://repositories.cdlib.org/jmie/sfews/vol2/iss1/artl

Kimmerer, W.J. 2005. Long-term changes in apparent uptake of silica in the San Francisco
Estuary. Limnology and Oceanography 50: 793-798

Kimmerer, W.J., M.H. Nicolini, N. Ferm, and C. Peialva. 2005. Chronic food limitation of egg
production in populations of copepods of the genus Acartia in the San Francisco
Estuary. Estuaries 28: 541-550.

Kimmerer, W.J. 2006. Response of anchovies dampens foodweb responses to an invasive
bivalve (Corbula amurensis) in the San Francisco Estuary. Marine Ecology Progress
Series 324:207-218.

Bouley, P.B. and W.J. Kimmerer. 2006. Ecology of a highly abundant, introduced cyclopoid
copepod in a temperate estuary. Marine Ecology Progress Series 324:219-228.

Sommer, T., C. Armor, R. Baxter, R. Breuer, L. Brown, M. Chotkowski, S. Culberson, F. Feyrer, M.
Gingras, B. Herbold, W. Kimmerer, A. Mueller-Solger, M. Nobriga, and K. Souza. 2007.
The collapse of pelagic fishes in the upper San Francisco Estuary. Fisheries 32(6): 270-
277.

Kimmerer, W.J. and M.L. Nobriga. 2008. Investigating dispersal in the Sacramento-San Joaquin
Delta using a particle tracking model. San Francisco Estuary and Watershed Science.
[online serial]. Vol. 6, Issue 1, Article 4.

Kimmerer, W. 2008. Losses of Sacramento River Chinook salmon and delta smelt to
entrainment in water diversions in the Sacramento-San Joaquin Delta. San Francisco
Estuary and Watershed Science. [online serial]. Vol. 6, Issue 2, Article 2.

Choi, K-H. and W. Kimmerer. 2008. Mate limitation in an estuarine population of copepods.
Limnology and Oceanography 53:1656-1664

Brown, L.R., W.J. Kimmerer, and R.L. Brown. 2008. Managing water to protect fish: a review
of California's Environmental Water Account. Environmental Management. 43:357-368.

Choi, K.-H. and W. Kimmerer. 2009. Mating success and its consequences for population
growth of an estuarine copepod. Marine Ecology Progress Series 377: 183-191.

Kimmerer, W.J., E.S. Gross, and M.L. MacWilliams. 2009. Is the response of estuarine nekton to
freshwater flow in the San Francisco Estuary explained by variation in habitat volume?
Estuaries and Coasts 32:375-389.

Grimaldo, L., W. Kimmerer, and A.R. Stewart. 2009. Dietary segregation of pelagic and littoral
fish assemblages in a highly modified tidal freshwater estuary. Marine and Coastal
Fisheries 1:200-217

Kimmerer, W. J. and A.L. Gould. 2010. A Bayesian approach to estimating copepod
development times from stage frequency data. Limnology and Oceanography Methods
8:118-126



Mac Nally, R. and others 2010. An analysis of pelagic species decline in the upper San Francisco
Estuary using Multivariate Autoregressive modelling (MAR). Ecol. Appl. 20: 1417-1430.

Thomson, J., W. Kimmerer, L. Brown, K. Newman, R. Mac Nally, W. Bennett, F. Feyrer, and E.
Fleishman. 2010. Bayesian change-point analysis of abundance trends for pelagic fishes
in the upper San Francisco Estuary. Ecol. Appl. 1431 -1448: 1431 -1448.

Gould, A.L. and W.J. Kimmerer. Growth, reproduction, and development of the cyclopoid
copepod Limnoithona tetraspina in the San Francisco Estuary. Marine Ecology Progress
Series 412:163-177.

Paganini, A., W.J. Kimmerer, and J.H. Stillman. 2010. Metabolic responses to environmental
salinity in the invasive clam Corbula amurensis. In press, Aquatic Biology.

Kimmerer, W.J. 2010. Modeling delta smelt losses at the south Delta export facilities. In
press, San Francisco Estuary and Watershed Science.

Selected Presentations

Kimmerer, W.J. 2008. Water quality and the foodweb of the upper San Francisco Estuary.
Invited presentation to the Bay-Delta Public Advisory Committee, January 2008.

Kimmerer, W.J. 2008. Variation of Physical Habitat for Estuarine Fish with Freshwater Flow.
Invited, Interagency Ecological Program Annual Meeting, Asilomar, CA, February 2008.

Kimmerer, W.J. 2008. Modeling Approaches for Delta Smelt and Other Fishes in the San
Francisco Estuary. Invited presentation to the CALFED Independent Science Board, May
2008.

Kimmerer, W.J. 2008. Structure and Function of the Low-Salinity Zone Foodweb in The San
Francisco Estuary. Invited, CALFED Science Conference, Sacramento, October 2008.

Kimmerer, W. 2009. Introduction to Zooplankton Dynamics in Estuaries. Invited introductory
talk, Coastal and Estuarine Research Federation, Portland OR, November 2009.

Kimmerer, W. 2010. Effects of climate and other long-term changes on estuaries: a
zooplankton perspective. Invited plenary talk, Conference on Climate Change Impacts
on Estuarine and Coastal Ecosystems. Boulogne, France.

Kimmerer, W. 2010. The Pelagic Foodweb of the upper San Francisco Estuary: Changing
Conditions and Changing Understanding. Delta Science Conference, Sacramento.

Selected Current Funding

U.S. Bureau of Reclamation (Sacramento). Pelagic Organism Decline/Habitat Study Group
Investigations. Kimmerer (lead Pl) with R. Dugdale, F. Wilkerson, J. Stillman, A. Parker, L.
Sullivan, E. Gross, M. MacWilliams.

NSF Biological Oceanography: Feeding and food limitation in copepod nauplii, the neglected life
Stage. With S. Cohen, RTC.

CALFED: Foodweb Support for the Threatened Delta Smelt and other Estuarine Species in
Suisun Bay and the Western Delta. Kimmerer, lead PI, with R. Dugdale, E. Carpenter, A.
Parker (SFSU), R. Cohen (Ga. Southern U.), J. Thompson (USGS), and G. McManus (U.
Conn.).



Personal History:

Résumé: Daniel Goodman
Department of Ecology
Montana State University
Bozeman MT 59717

Born in Cincinnati, Ohio, May 20, 1945

Education:

Ohio State University, B.Sc. in Biology, Cum Laude, 1966
Ohio State University, Ph.D. in Zoology, 1972

Career History:

1987-present Professor of Biology, Montana State University

1987-1993
1981-1987
1975-1983

1972-1974

Field Projects:

Adjunct Professor of Biology, University of California, San Diego
Associate Professor of Biology, Montana State University

Assistant Professor of Population Biology, Scripps Institution of
Oceanography

Research Associate, Program on Science, Technology & Society, and
Division of Biological Sciences, Cornell University

1967 Ecological investigations of ice worms on Casement Glacier, Alaska.

1968 Limnological investigations and reference sample collection on Tower Island
in the Galapagos.

1970 Raising a sediment core from the lake Birket Ram, Golan Heights, Israel.

Awards and Honoraries:
Phi Beta Kappa
Woodrow Wilson Fellowship

Committees:

Board of Trustees, The Institute of Ecology 1979-82

Condor Advisory Committee, Cal Fish & Game Commission 1981-85

Committee of Scientific Advisors, US Marine Mammal Comission 1985-89

Scientific Committee, International Whaling Commission 1986-88

Science Advisory Board, US Environmental Protection Agency

Research strategies subcommittee 1987-88

Long-term ecological research subcommittee 1987-1989

Gobal climate research subcommittee 1989

Ecological processes and effects committee 1989-1994

Independent Science Advisory Board for Salmon Recovery, Northwest Power
Planning Council 1996-2005

Independent Scientific Review Panel, Northwest Power Planning Council

1997-2005



Scientific Review Panel for Artificial Production, Northwest Power Planning
Council 1998-1999

Hawaiian Monk Seal Recovery Team, National Marine Fisheries Service
2002-present

Review Panel for Groundfish Fishery Control Rule North Pacific Fishery
Management Council, chair 2002

Science Panel, North Pacific Research Board 2002-2005

Bering Sea Integrated Ecosystem Modelling Oversight Committee, North Pacific
Research Board, chair 2006-2010

Fish Passage Center Oversight Committee, Northwest Power Planning Council
2007-present

Validated Sampling Plan Review Panel, Department of Homeland Security
2007-present

Silvery Minnow PVA Working Group, Middle Rio Grande Endangered Species
Collaborative, 2008-present

Cook Inlet Beluga Recovery Team, National Marine Fisheries Service 2010-

Current Graduate Courses:

Scientific Method

Introduction to Quantitative Biology

Mathematical Demography and Population Management
Multivariate Analysis of Ecological Data

Parameter Estimation for Ecological Models

Current Graduate Students:

Gina Himes-Boor

Completed PhD dissertations of advisees:

Cullen, J.J.

Methot, R.D.

Dengler, A.T.

Lopez, G.W.

Barlow, J.P.

MacCall, A.D.

1980. Chlorophyll maximum layers of the Southern
California Bight and mechanisms of their formation and
maintenance. University of California, San Diego.

1981. Growth rates and age distributions of larval and
juvenile Northern anchovy, Engraulus mordax, with
inferences on larval survival. University of California, San
Diego.

1981. Spatial distributions of phytoplankton: limitations of
power spectral techniques. University of California, San
Diego.

1981. Population studies on Tisbe cucumaria (Copepoda;
Harpacticoida). University of California, San Diego.

1982. Methods and applications in estimating mortality and
other vital rates. University of California, San Diego.

1983. Population models of habitat selection, with
application to the Northern anchovy. University of
California, San Diego.



Gustafson, D.L.

Boveng, P.L.

Easter-Pilcher, A.L.

Berkson, J.M.

Harting, A.L.

Eguchi, T.

Wright, C.K.

Hennen, D.R.

Schwarz, L.K.

Taylor, R.L.

Kaeding, L,R.

Himes Boor, G.K.

1990. Ecology of aquatic insects in the Gallatin River
drainage. Montana State University.

1993. Variability in a crabeater seal population and the
marine ecosystem near the antarctic peninsula. Montana
State University.

1993. Analysis of the listing of species as endangered or
threatened under the Endangered Species Act. Montana
State University.

1996. Modeling the restoration of a metapopulation:
Implications for resource management. Montana State
University.

2002. Stochastic simulation model for the Hawaiian Monk
Seal. Montana State University.

2003. Bayesian mark recapture estimates of population size
for the Eastern Bottlenose Dolphin. Montana State
University.

2004. Improved wetland detection in Yellowstone National
Park by combination of Landsat thematic mapper imagery,
image texture, and ancillary GIS information. Montana
State University.

2004. The Steller sea lion (Eumetopias jubatus) decline and
the Gulf of Alaska/Bering Sea commercial fishery. Montana
State University.

2007. Survival rate estimates of Florida manatees
(Trichechus manatus latirostris) using carcass recovery data.
Montana State University.

2009. A multistate mark recapture analysis to estimate
reproductive rate in the endangered Steller sea lion
Eumatopius jubatus

2010. Assessment of factors that may have affected the
cutthroat trout population of Yellowstone Lake during the
three recent decades. Montana State University.

2010. Applying novel approaches to old data sets: utilizing
opportunistic observations and Bayesian estimation to
describe spatial patterns for Steller sea lions. Montana State
University.

Completed Masters theses of advisees:

Boveng, P.L.  1985.

Effects of nutrient enrichment on Georgetown Lake plant

communities. Montana State University.

Wade, P. R. 1987.

Distribution and abundance of phytoplankton taxa in the

Eastern Scotia Sea. Montana State University.

Adkison, M.D. 1989.

Spatial pattern in the influence of sulfur dioxide emissions

from Arizona and New Mexico copper smelters. Montana State
University.

Ward, E. 2003.

Evaluating trends and biases in shipboard tuna vessel data



used in the estimation of dolphin abundance. Montana State
University.

Publications and reports:

1970
1971

1971

1971

1972

1973

1974

1974

1975

1976

1978

1978

1979

1979

1979

1979

1979

1979

1980

Ideology and ecological irrationality. BioScience 20: 1247-1252.

(with W.B. Parrish) Ultrastructure of the epidermis of the ice worm,
Mesenchytraeus solifugus. J. Morph. 135:71-86.

(with P.A. Colinvaux) Recent silica gel from a saline lake in the Galapagos
Islands. Abstr. Ann. Mtng. Am. Soc. Pet. Geol. and Soc. Econ. Paleont.
and Miner.

Ecological investigations of ice worms on Casement Glacier, S.E. Alaska.
0.S.U. Research Foundation, Institute of Polar Studies, Report No. 39.
The paleoecology of the Tower Island bird colony: a critical examination of
diversity-stability theory. Ph.D. Dissertation, Ohio State University.
Standards for occupational exposure to pesticides. In, Report of OSHA
Project, College of Adminsitrative Science, Ohio State University.

Natural selection and a cost-ceiling on reproductive effort. Am. Nat.
108:247-268.

The validity of the diversity-stability hypothesis. Proc. First Int. Congr.
Ecology. pp. 75-79.

The theory of diversity-stability relationships in ecology Quart. Rev. Biol.
50:237-266.

Ecological expertise. In, H.A. Feiveson, F. Sinden and R.H. Socolow (eds.)
Boundaries of Analysis. Ballinger, Cambridge, Mass. pp. 317-360.

(with F.M.H. Reid, E. Stewart, and R.W. Eppley) Spatial distribution of
phytoplankton species in chlorophyll maximum layers off Southern
California. Limnol. Oceanogr. 23:219-226.

Management implications of the mathematical demography of long lived
animals. NTIS (PB-289 678) 80 pp.

(with R.H. Whittaker) The classification of species according to
demographic strategy. I. Population fluctuations and environmental
heterogeneity. Am. Nat. 113:185-200.

Competitive heirarchies in laboratory Drosophila. Evolution. 33:207-219.
Regulating reproductive effort in a changing environment. Am. Nat.
113:735-748.

Calculating vital rates from spotted porpoise age distributions. NMFS
Status of the Porpoise Stocks Workshop, Doc. 51.

On the interpretation of age distributions. I[UCN & WWEF Workshop on
Biology and Management of Northwest Atlantic Harp Seals, Working Paper
7.

Applications of eigenvector analysis in the resolution of spectral pattern in
spatial and temporal ecological sequences. In, G.P. Patil and M.L.
Rosenzweig (eds.), Contemporary quantitative ecology and related
ecometrics. Statistical ecology series. Vol. 12. International Co-operative
Publishing House, Fairland, Maryland. pp. 139-155.

Demographic intervention for closely managed populations. In, M. Soule and



1980

1980

1981

1981

1981

1982

1982

1982

1982

1982

1982

1983

1983

1983

1983

1983

B. Wilcox (eds.), Conservation biology. Sinauer, Stamford, Con. pp.
171-195.

The maximum yield problem: distortion in the yield curve due to age
structure. Theor. Pop. Biol. 18:160-174.

(with A.M. Barnett, E. Demartini, R. Larsen, P.D. Sertic, and W. Watson).
Predicted larval fish losses to San Onofre Nuclear Generating Station Units
1, 2, and 3, and preliminary estimates of the losses in terms of equivalent
forage fish. Report to Marine Review Committee of the California Coastal
Commission.

Life history analysis of large animals. In, C.W. Fowler and T.D. Smith
(eds.) Dynamics of large mammal populations. Wiley-Interscience, New
York, pp. 415-436.

The limits to microcosms: problems in the interpretation of toxicity results
from laboratory multispecies test systems. Cornell University, EPA
Ecotoxicology Workshop, Working Paper.(ERC Report No. 12, May 1982).
Final report of the shadow effects simulation project: depressions of
planktonic populations associated with operation of the cooling system of
the San Onofre Nuclear Generating Station. Report to the Marine Review
Committee, California Coastal Commission.

Optimal life histories, optimal notation, and the value of reproductive value.
Am. Nat. 119:803-823.

(with D.P. DeMaster, D.J. Miller, R. DeLong and B. Stewart) Assessment of
California Sea Lions/fishery interactions. Proceedings, 47th North American
Widlife and Natural Resources Conference. Portland, Oregon.

An assessment of the status of the Northwest Atlantic stocks of hooded
seals. Int. Cons. Exp. Mer., Seal Working Group, Working Paper.
Analysis of the harp seal management models. Int. Cons. Exp. Mer., Seal
Working Group, Working Paper.

Exploratory analysis of connectivity indices as discriminators of biological
oxygen demand. Report to EPA, Environmental Research Laboratories,
Duluth.

Dynamic response estimation of population status relative to maximum net
productivity level. California Coastal Commission, Ocean Studies
Symposium, Proceedings.

Discrete time parametrization of the life history. NMFS, Pre-Status of the
Porpoise Stocks Workshop, NOAA.

Converting estimates of fraction pregnant to an estimate of fecundity.
Report to NMFS, NOAA.

Multivariate quantitative structure-activity relationships for the prediction
of biological oxygen demand in organic compounds. Report to EPA,
Environmental Research Laboratory- Duluth.

(with T. Gerrodette and J.P. Barlow) Two computer programs to project
populations with time varying vital rates. NOAA Technical Memorandum
NMFS-SWFC-28.

Thermal modeling for the Madison River-Ennis Reservoir system: effects of
modifications on downstream river temperatures. Report to Blue Ribbons



1984

1984

1984

1984

1984

1984

1985

1985

1985

1986

1986

1986

1986

1987

1987

1987

1987

1987

Area Wide Planning Commission.

Statistics of reproductive rate estimates, and their implications for
population projections. Rep. Int. Whal. Commn., Special Issue 6:161-173.
Risk spreading as an adaptive strategy in iteroparous life histories. Theor.
Pop. Biol. 25:1-20.

(with R.W. Eppley, and F.M.H. Reid) Summer phytoplankton assemblages
and their environmental correlates in the Southern California Bight. J. Mar.
Res. 42:1019-1049.

(with R.H. Whittaker and J.W. Morris) Pattern analysis in
savannas-woodlands at Nylsvley, South Africa. Mem. Botanical Survey of
South Africa. Special Volume 49. 51pp.

Considerations of age structure in back projection calculations for the
northern offshore spotted dolphin population. NOAA Admin. Rept.
LJ-84-26C.

Uses of the gross annual reproductive rate calculation in the spotted dolphin
assessment. NOAA Admin. Rept. LJ-84-22C.

The minimum viable population problem: the demography of chance
extinction. NOAA Admin. Rep. NMFS, SWFC LJ-84-44C.

(with T. Gerrodette and J.P. Barlow) Confidence limits for population
projections when vital rates vary randomly. Fish. Bull. 83:207-217.

(with P. Smith) Determining a history of fish location with an archival tag:
precision of latitudinal estimates using temperature and depth records. In,
J.R. Hunter, et al. (eds) The dynamics of tuna movements, an evaluation of
past and future research. IATTC. pp 161-178.

(with M. Taper, and S. Hinkins) Geographic patterns in lake chemistry:
Analysis of the EPA Eastern Lake Survey. Report to EPA.

(with M. Taper, and S. Hinkins) Comparison of chemical characteristics of
lakes that are existing long-term monitoring sites with estimated
characteristics of the lake population of the Eastern US. Report to EPA.
(with A.S. Lefohn, and H.M. Benedict) A critique of NCLAN’s use of the
Weibull curve for predicting crop losses resulting from ozone exposures.
Report to API.

(with J.R. Hunter, A.W. Argue, W.H. Bayliffe, A. Dizon, A. Fontaneau, and
G.R. Seckel) The dynamics of tuna movements: an evaluation of past and
future research. FAO Fisheries Tech. Paper 277.

The demography of chance extinction. In, M.E. Soule (ed) Viable
populations. Cambridge U. Press. pp 11-34.

Considerations of stochastic demography in the design and management of
reserves. Nat. Res. Model. 1(2): 205-234.

How do any species persist? Lessons for conservation biology. Conservation
Biology. 1(1): 59-62.

(with H. Braham). The role of special scientfic permits in relation to the
comprehensive assessment. Int. Whal. Commn. Working Paper SC/39/02.
8 pp.

Comments on the sea lion food-habits data: scat contents in the collections
from San Clemente Island. NOAA Admin. Rep. LJ-87-07C. 13 pp.



1987

1987

1988

1990

1991

1992

1994

1994

1994

1994

1996

1997

1997

1998

1998

Systematic evaluation of scientific research permit requests: application to
the Southern Hemisphere minke whale example. Rep. Int. Whal. Commn.
38:

(with D.G. Chapman). Comments on annex R2 ”A preliminary
consideration on a method for estimating age-dependent natural mortality
from age composition obtained by random sampling.” Rep. Int. Whal.
Commn. 38:

Dynamic response analysis. [. Qualitative estimation of stock status relative
to maximum net productivity level from observed dynamics under harvest.
Marine Mammal Sci. 4:183- 195.

Book review—Evolution of life histories of mammals: theory and pattern.
Bull. Math. Biol. 52:583-596.

Book review—Matrix models. Bull. Math. Biol.54:149-161.

(with J.H. Jourdonnais, R. Walsh and F. Pickett). Structure and calibration
strategy for a water temperature model of the lower Madison River,
Montana. Rivers 3:153-169.

(with S. Blacker and J. Clark). Application of data quality objectives to a
Hanford waste tank remediation problem. Env. Test. & Anal. 3(4):39-43.
(with S. Blacker). Risk-based decision making for efficient environmental
cleanup. Env. Sci. & Tech. 28(11):466a-470a.

(with S. Blacker). Application of risk-based decision making for a Superfund
cleanup: case study. Env. Sci. & Tech. 28(11):471a-477a.

P.R. Mundy, D. Neeley, C.R. Steward, T.P. Quinn, B.A. Barton, R.N.
Williams, D. Goodman, R.R. Whitney, M.W. Erho and L.W. Botsford.
Transportation of juvenile salmonids from hydroelectric projects in the
Columbia River Basin; an independent peer review. Final Report. U.S. Fish
and Wildlife Service, Portland, OR.

Statistical and cost-benefit enhancements to the DQO process for
characterization decisions. US Department of Energy. DOE/EM-0316.
NTIS.

D. Bottrell, N. Wentworth, S. Blacker and D. Goodman. Improvements to
specifying limits on decision errors in the data quality objectives process.
Proceedings, Computing in Environmental Resource Management
Conference, 1966, Air and Waste Management Association.

D. Bottrell, S. Blacker and D. Goodman. Application of decision theory
methods to the data quality objectives process. Proceedings, Computing in
Environmental Resource Management Conference, 1966, Air and Waste
Management Association.

D. Goodman and S. Blacker. Site cleanup: An integrated approach for
project optimization to minimize cost and control risk. In, R.A. Meyers
(ed), The Encyclopedia of Environmental Analysis and Remediation. Wiley,
NY. pp 4329-4347.

(with others) Environmental Risk Assessment of Oil and Gas Activities
Using National Security and Civilian Data Sources. Final Report of the
Environmental Working Group of the U.S.-Russia Joint Commission on
Economical and Technological Cooperation. March 1998. Washington DC



2000

2001

2001

2001

2002

2002

2002

2002

2002

2002

2004

2004

2004

2005

Management of Columbia River Salmon under the Endangered Species Act:
Environmental Engineering for a Dysfunctional Ecosystem. In, J. Baden and
P. Geddes (eds), Saving a Place: Endangered Species in the 21st Century.
Ashgate Publishing Co, Burlington, VT. pp 132-158.

Managing Columbia Basin salmon: the facts, the questions, and the data.
In, What We Don’t Know About Pacific Northwest Fish Runs: An Inquiry
Into Decision-Making Under Uncertainty. M. Katz and P. Koss [eds.]
Portland State University. Proceedings of the Portland State University
Salmon Symposium, Portland, Oregon. July 7-8, 2000.

(E.C. Luschei, L.R. Van Wychen, B.D. Maxwell, A.J. Bussan, D. Buschena,
D. Goodman) Implementing and conducting on-farm weed research with the
use of GPS. Weed Science 49:536-542.

Population dynamics. In, Encyclopedia of Global Change. Vol. 2., A.S.
Goudie [ed.] Oxford University Press. 1,424 pp.

Uncertainty, risk, and decision: the PVA example. In, J.M. Berkson, L.L.
Kline, and D.J. Orth (eds), Incorporating Uncertainty into Fisheries Models.
American Fisheries Society Symposium 24:171-196.

Extrapolation in risk assessment: improving the quantification of
uncertainty, and improving information to reduce the uncertainty. Journal of
Human and Ecological Risk Assessment. 8:177-192.

Predictive Bayesian PVA: A Logic for Listing Criteria, Delisting Criteria,
and Recovery Plans. In, S.R. Beissinger and D.R. McCullough [eds],
Population Viability Analysis. University of Chicago Press. pp 447-469.
(P.A. Bisson, C.C. Coutant, D. Goodman, R. Gramling, D. Lettenmaier, J.
Lichatowich, W. Liss, E. Loudenslager, L. McDonald, D. Philipp, B. Riddell)
Hatchery surpluses in the Pacific Northwest. Fisheries 27:16-27.

(C.K. Wright, R. Sodja, D. Goodman) Bayesian time series analysis of
segments of the Rocky Mountain trumpeter swan population. Waterbirds
25:319-326.

(D. Goodman, M. Mangel, G. Parkes, T. Quinn, V. Restrepo, T. Smith, K.
Stokes). Scientific Review of the harvest strategy currently used in the BSAI
and GOA groundfish fishery management plans. Report to the North Pacific
Fishery Management Council.
(www.fakr.noaa.gov/npfmec/misc_pub/f40review1102.pdf)

Methods for joint inference from multiple data sources for improved
estimates of population size and survival rates. Marine Mammal Sci.
20:401-423.

Taking the Prior Seriously: Bayesian Analysis Without Subjective
Probability. In, M. Taper and S. Lele (eds), The Nature of Scientific
Evidence. University of Chicago Press. pp 379-409.

Salmon supplementation: demography, evolution, and risk assessment. In,
M.J. Nickum, P.M. Mazik, J.G. Nickum, and D.D. MacKinlay (eds),
Propagated Fish in Resource Management. Symposium 44. American
Fisheries Society. Bethesda, Maryland. pp 217-232.

Selection equilibrium for hatchery and wild spawning fitness in integrated
breeding programs. Can. J. Fish. Aquat. Sci. 62:1-16.



2005

2006

2006

2006

2007

2007

2008

2009

Adapting regulatory protection of marine mammals to cope with future
change. Ch 11, pp 165-178 in, J.E. Reynolds, W.F. Perrin, R. Reeves, S.
Montgomery, and T.J. Ragen (eds), Marine Mammal Research:
Conservation Beyond Crisis. Johns Hopkins University Press. 223 pp.
Perspectives on ecological indicators. Pp 75-77, In “Report of the
PICES/NPRB Workshop on Integration of Ecological Indicators of the
North Pacific with Emphasis on the Bering Sea” G.H. Kruse, P. Livingston,
J.E. Overland, G.S. Jamieson, S. McKinnell and R. I. Perry (eds.) PICES
Scientific Report No. 33, 109pp.

www.pices.int /publications/scientific_reports/Report33/ Rep_33_default.aspx
(Lowry, L., G. O’Corry-Crowe and D. Goodman) Delphinapterus leucus
(Cook Inlet Population). In, TUCN, 2006 TUCN Red List of Threatened
Species.

A PVA Model for Evaluating Recovery Criteria for the Western Steller Sea
Lion Population. pp 222-284, In, National Marine Fisheries Service, Draft
Revised Recovery Plan for the Steller Sea Lion (Eumetopias jubatus).
National Marine Fisheries Service. Silver Spring, MD. 294 pp.
www.fakr.noaa.gov /protectedresources/stellers/recovery/ ssldraft0506.pdf
(Marasco, R.J., D. Goodman, C.B. Grimes, P.W. Lawson, A.E. Punt, and
T.J. Quinn II) Ecosystem-based fisheries management: some practical
suggestions. Can. J. Fish. Aquat. Sci. 64:928-939.

(McDonald, L.L., R. Bilby, P.A. Bisson, C.C. Coutant, J.M. Epifanio, D.
Goodman, S. Hanna, N. Huntly, E. Merrill, B. Riddell, W. Liss, E.J.
Loudenslager, D.P. Philipp, W. Smoker, R.R. Whitney, and R.N. Williams.
Research, monitoring and evaluation in the Columbia River Basin: lessons
learned and suggestions for large scale monitoring programs. Fisheries 32:
582-590.

(Bowen, D., L. Gage, D. Goodman, L. Lowry) Report of the Independent
Review Panel on the National Marine Fisheries Sefvice’s Implementation of
the Permit Program for Research: Steller Sea Lion and Northern Fu Seal
Case Study. Appendix C. pp 32-82 in National Marine Fisheries Service
Policy and Guidance for Implementation of the Steller Sea Lion and
Northern Fur Seal Research Permits and Grants Programs under the
Preferred Alternative of the 2007 Final Programmatic EIS. NMFS
Headquarters Office of Protected Resources.
(www.nmfs.noaa.gov/pr/pdfs/permits/ssl_eis_policy.pdf)

The future of fisheries science: merging stock assessment with risk
assessment for better fisheries management. Ch. 28, pp 537-566 in, R.J.
Beamish and B.J. Rothschild (eds.) The Future of Fisheries Science in
North America. Springer. 736 pp.



Dr. Joseph L. Ebersole

Research Fisheries Biologist, U.S. Environmental Protection Agency, National Health and Environmental
Effects Research Laboratory, Western Ecology Division, Corvallis, OR

Education:
M.S., Oregon State University, Fisheries Science, 1994
Ph.D., Oregon State University, Fisheries Science, 2001

Previous Positions:

2000-2001: Instructor in fisheries biology, Oregon State Univ.

1997-2000: Graduate research assistant, Oregon State Univ.

1996: Visiting investigator, Univ. of Montana Flathead Lake Biological Station
1993-1996: Faculty Research Assistant, Oregon State Univ.

Research Interests and Skills:

Physical-biotic interactions in streams

Fish behavior and life history

Geomorphic influences on aquatic systems

Restoration ecology and philosophy

Social dimensions of natural resource management

Professional Societies:

American Fisheries Society

Society for Conservation Biology

Ecological Society of America

Appointments / Honors:

Courtesy Assistant Professor, Department of Fisheries and Wildlife - Oregon State University

Technical Peer Review Committee for Water Temperature Standard Development, USEPA Region 10,
2000-2003

Temperature Technical Advisory Committee, Oregon Dept. of Environmental Quality, 2000-2003

Reviewer for Environmental Management, Regulated Rivers Research and Management, Transactions of
the American Fisheries Society, North American Journal of Fisheries Management, Journal of the
American Water Resources Association, Fisheries, Canadian Journal of Fisheries and Aquatic Sciences



Selected Publications:

Ebersole, J. L., M. E. Colvin, P. J. Wigington, S. G. Leibowitz, J. P. Baker, M. R. Church, J. E. Compton, B. A.
Miller, M. A. Cairns, B. P. Hansen, and H. R. LaVigne. 2009. Modeling stream network-scale variation in
coho salmon overwinter survival and smolt size. Transactions of the American Fisheries Society 138:564-
580.

Ebersole, J. L., M. E. Colvin, P. J. Wigington, S. G. Leibowitz, J. P. Baker, M. R. Church, J. E. Compton, and
M. A. Cairns. 2009. Hierarchical modeling of late-summer weight and summer abundance of juvenile
coho salmon across a stream network. Transactions of the American Fisheries Society 138:1138-1156.

Rodnick, K. J., S. St-Hilaire, P. K. Battiprolu, S. M. Seiler, M. L. Kent, M. S. Powell, and J. L. Ebersole. 2008.
Evidence for sex and or habitat differences in swimming performance, parasite infestation, tissue
biochemistry, and morphology of juvenile coho salmon in Oregon’s West Fork Smith River. Transactions
of the American Fisheries Society 137(6):1571-1590.

McCullough, D. A., J. M. Bartholow, H. I. Jager, R. L. Beschta, E. F. Cheslak, M. L. Deas, J. L. Ebersole, J. S.
Foott, S. L. Johnson, K. R. Marine, M. G. Mesa, J. H. Petersen, Y. Souchon, K. F. Tiffan, and W. A.
Wurtsbaugh. 2009. Research in Thermal Biology: Burning Questions for Coldwater Stream Fishes.
Reviews in Fisheries Science 17(1):90 - 115.

Church, M. R,, J. L. Ebersole, K. M. Rensmeyer, R. B. Couture, F. T. Barrows, and D. L. G. Noakes. 2009.
Mucus: a new tissue fraction for rapid determination of fish diet switching using stable isotope analysis.
Canadian Journal of Fisheries and Aquatic Sciences 66:1-5.

Roni, P., D. Van Slyke, B. A. Miller, J. L. Ebersole, and G. R. Pess. 2008. Adult coho salmon and steelhead
use of boulder weirs in Southwest Oregon streams. North American Journal of Fisheries Management
28:970-978.

Ebersole, J.L., P.J. Wigington , J.P. Baker, M.A. Cairns, M.R. Church, J.E. Compton, S.G. Leibowitz, B.
Miller, and B. Hansen 2006. Juvenile coho salmon growth and survival across stream network seasonal
habitats. Transactions of the American Fisheries Society 135:1681-1697.

Wigington, P.J., J.L. Ebersole, M.E. Colvin, S.G. Leibowitz, B. Miller, B. Hansen, H. Lavigne, D. White, J.P.
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General Questions for Klamath Review Panels

As part of the Secretarial Determination on the removal of four lower dams on the
Klamath River, expert panels will be asked to conduct a scientific assessment. The
panels will be asked to determine the most likely effects of the two proposed alternatives
on the harvest of selected fish species, mostly salmonids. The two alternatives are:

No Action: No change from current management conditions, which includes ongoing
programs under existing laws and authorities that contribute to the continued
existence of listed threatened and endangered species and Tribal Trust species.
This Alternative would be realized if a negative determination is made. This
Alternative is referred to herein as the Current Conditions Alternative (Hamilton
et al. 2010).

Proposed Action: Removal of the lower four Klamath River dams and the full range of
actions/programs to implement the Klamath Basin Restoration Agreement
(KBRA). This Alternative would be realized if a positive determination is made.
This Alternative is referred to herein as the Dams-out Alternative.

The products or opinions from the panels will be used by the Economic Sub Team
to evaluate the economics of the fisheries. In response to the needs for economic
evaluation, the Biological Sub Team included questions of a quantitative nature that
would be useful in the evaluation of salmonid fisheries enhancement as required in the
Klamath Hydropower Settlement Agreement (KHSA). Inasmuch as the KBRA is part of
an alternative under review, we used the broad definition of fish from the KBRA to
mean: “the historic complement of species (including races) of fish that naturally
occupied the Klamath River Basin”. Furthermore, the KBRA defined harvest
opportunities to mean: full participation in Tribal, ceremonial, and commercial, ocean-
commercial and recreational harvest; and inriver recreational harvest opportunities for
anadromous fish species. The time period for the evaluation of the alternatives is 50 years
from 2012 to 2062.

We will pose general questions and species-specific questions to the panels. The
species specific questions might address a life history attribute or habitat requirement
unique to that species. General questions fall into two themes. The first theme examines
future habitat conditions and the second theme the viability of fish populations associated
with those habitat conditions. Selected questions on habitat address hydrology, water
quality, habitat, habitat restoration, ecosystem function, and climate change. The second
theme is the biological viability of fish populations as indicated by criteria such as those
proposed by Williams et al. (2008): 1) abundance, 2) productivity, 3) diversity, and 4)
spatial structure. We propose to use these criteria because they are a conceptually
intuitive link to salmonid population size, to the recovery of ESA listed species, and to
the potential for harvest resulting in an economic or cultural benefit.
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The signatories to the KBRA acknowledged the federal ESA listed status of coho
salmon, Lost River and shortnose suckers, and bull trout and the Biological Sub Team
recognizes those species have been subject to prior ESA reviews. While the earlier
reviews create a data rich record, we encourage the panels to conduct a diligent review of
the best available information on each of the species with respect to the two alternatives
and the 50 year time horizon which are unique to this review process. Furthermore, we
recognize the incongruous nature of the current listing status and the request of
projections of future harvest opportunities, but do the best you can.

Ideally, each projection of the fish population abundance, harvestable fraction,
and spawning escapement would be provided on an annual basis over the 50 year
analytical horizon with some estimate of uncertainty. While such a quantitative estimate
may be ideal for economic analysis, the Biological Sub Team and Economics Sub Team
recognize projection of fish population abundance may be largely unachievable for most
of the species reviewed. Our expectations are that in lieu of quantitative estimates, ranked
value of abundance or an expression of change such as “two fold increase” could be used.
Also useful is the trajectory of population abundance over time, such as declining or
increasing under each of the proposed alternatives. Furthermore, if mileposts along the
50 year timeline marking significant events such as the salmonid populations reaching
self-sustaining status, a harvestable surplus, or escapement goals can be identified, then
these can be applied to further analysis. Because all ecosystem components can not be
quantified, the review panels are encouraged to express qualitative values when
predicting quantitative values is not prudent.

Questions:

1) Geomorphology: The two alternatives will result in very different geomorphic
dynamics of the Klamath River down stream of Keno Dam. We recognize that the dams
are associated with bed starvation of gravels and removal of dams may mobilize
sediments over the short-term and over decades. How will alternatives affect
geomorphology in the short-term (1-2 years) and over the 50 year period of interest?
Included in this question are the potential effects of KBRA restoration activities on
geomorphology of tributaries throughout the Klamath Basin and subsequent effects on
harvestable populations of fish. What are the expected short-term effects of dam removal
on the fish abundance and how long will it take these populations to return to baseline
levels?

2) Water quality: The panels will be provided with information on numerous water
quality issues from throughout the basin including dissolved oxygen, pH, ammonia, blue
green algae, microsystin toxin, phosphorus loading, and Total Maximum Daily Loads
(TMDL). Water quality in the Klamath Basin presents a multiplicity of challenges to
restoration of fish populations. The Stakeholders and Water Quality Subgroup will
provide some insight concerning the likely trends in water quality during the 50 year
period of interest. Under these water quality scenerios, how will the two alternatives
differ in reaching the goal of harvestable fish populations?
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3) Water temperature: If reviewers consider the broad distribution of salmonids,
salmonids in the Klamath River Basin are at the southern limit of their range.
Furthermore, the removal of dams is predicted to alter the seasonal pattern of water
temperatures with higher spring and summer temperatures and cooler fall water
temperatures. What are the likely effects of the water temperature regimes under the two
alternatives on rearing, spawning, and use of thermal refugia by native salmonids that
might be manifest in harvestable fish?

4) Habitat and restoration (KBRA): Habitat is essential to productive fish populations
and the stakeholders have recognized this critical linkage in the crafting of the Klamath
Basin Restoration Agreement. The review panel will receive information on the use of
Ecosystem Diagnosis and Treatment (EDT) method for tributaries above Upper Klamath
Lake and the 2-D model of mesohabitats in the project reach to estimate aquatic habitat
under the two alternatives. In addition, the panel will be provided a description of KBRA
effects on habitat in the Klamath River Basin. The two proposed alternatives will result
in different paths and timelines for habitat management. What are the likely effects of
the two alternative habitat management paths on the recovery of ESA-listed fish or in the
level of harvest of fish populations?

5) Climate change: We recognize a high level of uncertainty is associated with climate
change during the 50 year period we are studying for the Secretarial Determination. The
review panel will receive information on predicted hydrology and temperature for several
climate change scenarios that have been downscaled for the Klamath River Basin. To
what extent might potential changes in habitat, the hydrograph, and thermal refugia
mitigate the effects of climate change under the two alternatives? What are the likely
effects of climate change on the harvest levels of fish under the two alternatives.

6) Abundance: How will the two alternatives affect abundance of the fish population and
what are the expectations for the enhancement of the fisheries? This question may have
several milestones along a timeline or population trajectory. For example, inasmuch as
some fish populations have been extirpated from the upper Klamath Basin for more than
90 years, when might fish be available for tribal ceremonial use within the upper Klamath
Basin? Using a time trajectory, when will a sustainable fishery start and at what levels?
We recommend the Panel consider abundance at different time scales ranging from
seasonal, inter-annual, and to decadal trends. Economic concerns are that extreme
variation in fish populations can affect economic stability of fisheries and fishing
communities or slow recovery of fish populations and will delay any economic benefits.

7) Productivity: The metrics of productivity of fish populations may be measured several
different ways. These methods include: 1) number of recruit spawners produced per
parent spawner at low abundance, 2) juvenile outmigrants per adult spawner, or 3) redd
counts per redd count of the previous generation. Each of these examples may be
expressed through commonly used stock-recruitment models, such as the Beverton-Holt
or Ricker curves. We recognize that conditions resulting from the proposed alternatives
may not restore fish productivity to levels associated with historical pristine conditions.
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What are the most likely expectations for productivity over time and what is the effect of
productivity on the number of harvestable fish? (role of hatcheries and productivity?)

8) Diversity: Diversity refers to the variation in phenotypic characteristics such as
individual size, fecundity, run timing, and life history patterns of fishes. Collective
diversity of groups of subpopulations will reflect the diversity in the selective
environments across the range of a fish species. The diversity enables the individuals to
respond to changes resulting from subtle to catastrophic events across space and time.
For populations lacking diversity the seasonal availability of adult (harvestable) fish to
fisheries might result in very short and highly regulated harvest seasons. Historically,
diversity of the salmonid populations may have been an important determinant of the
seasonal patterns of harvest, the range in size of harvestable adults, and perhaps other
characteristics of the fisheries. What will the effect of the two alternatives be on diversity
of fish populations? How will the resulting diversity be manifest in the harvestable
population of fish? How will potentially low baseline populations and/or introductions of
hatchery fish affect diversity under the two alternatives?

9) Spatial structure: Spatial structure of the fish populations refers to the distribution of
fish in various habitats used throughout their life history. Spatial structure enables fish
populations to respond to localized catastrophic events across the landscape or to long-
term changes in the environment. For a fishery, spatial structure of the population may
stabilize the opportunity to produce harvestable fish. Will the two alternatives result in
improved spatial structure of fish populations and to what extent is that improved
structure likely to result in harvestable fish?

10) Ecosystem restoration: Numerous small dams across the U.S. have already been
removed and several large dams in the West such as the Elwha Dam (105 ft) and Glines
Canyon Dam (210 ft) in Washington State are scheduled for removal in the future. The
goals of these dam removal projects range from restoring volitional movement of fish to
restoration of entire ecosystems. One of the goals of the KBRA is to restore and maintain
ecological functionality and connectivity of historic fish habitats. However, in most
drainages, in addition to dams, widespread degradation of habitat and other forms of
human perturbations have contributed to the decline of harvestable populations of
salmonids. The signatories to the KHSA recognized that dam removal on the Klamath
River is perhaps not a panacea for restoration of fisheries, and therefore also proposed the
restoration activities of KBRA in an attempt to provide participation in harvest
opportunities for fish species. How do the proposed alternatives address ecosystem
function and connectivity sufficiently to recover the lost harvest opportunities of fish
populations?
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Questions for Expert Panel on Coho Salmon in the Klamath River Basin

The following questions were prepared for the Secretarial Determination to serve as guidance to
the expert panel reviewing coho salmon and steelhead of the Klamath River Basin. The questions
may be considered along with a set of general questions provided to each of the four panels
convened for the Secretarial Determination. The questions are not in order of priority and are not
intended to constrain the discussion by the expert panel or limit the final product.

1)

2)

3)

Reintroduction and Access to Historical Habitat: Coho historically ranged above Iron
Gate Dam (IGD) to at least Spencer Creek and possibly further (Hamilton et al. 2005).
Dam removal would result in access to at least 69 miles of currently unused main-stem
and tributary habitat. Access to streams above IGD should increase the diversity of
habitats available to coho, as habitats in the upper basin are characterized by channels
with lower gradients than in the lower basin. Given current and future restored
conditions of this new habitat, in conjunction with KBRA actions, to what degree
would access to this historical habitat likely affect coho populations? To what degree
would access to this historical habitat contribute to the viability of Klamath Basin coho
salmon populations?

Thermal Refugia: Areas of thermal refugia in the main-stem Klamath River below Iron
Gate Dam are limited. Over summering juvenile coho salmon use both these limited
main-stem refugial areas and lower portions of tributaries that provide cold-water
refuge from critically high main-stem water temperatures (e.g., Belchik 2003; Sutton et
al. 2007; Strange 2010; Sutton and Soto 2010). Under the dams out alternative, access
will be created to cool water tributaries above the dams in the Project Reach and
groundwater areas above the hydropower project (the Wood River, the Williamson
River, and springs on the west side of Upper Klamath Lake). This includes a large
spring complex discharging directly to the main-stem Klamath River below JC Boyle
Dam. This spring complex provides ~225 cubic feet per second of cool water year
round (USDI Bureau of Land Management 2003). However, the thermal effects of
these springs may be reduced under different flow scenarios (Bartholow and Heasley
2005; Federal Energy Regulatory Commission 2007) and different flow scenarios
would result from the dams out alternative. How will increased access to large cool-
water areas such as Big Springs in the JC Boyle bypass reach and Project Reach
tributaries affect the future viability of the Southern Oregon Northern California
Coastal Coho (SONCC) as a population?

Phase Shift in Seasonal Temperatures: Under current conditions there has been a
phase shift of temperature below the Project of approximately 18 days due to the
Project dams. The dams out alternative is expected to return the temperature pattern
closer to what naturally occurred prior to dam construction, with warmer spring water
temperatures and cooler fall temperatures (Bartholow et al. 2005). This may result in
earlier cooling in the fall ranging from about 5° C below Iron Gate Dam to about 1° C
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near the ocean (Bartholow et al. 2005) and may be accompanied by earlier spawning of
coho salmon in the main-stem Klamath River. How will the two alternatives differ in
the effects on seasonal temperature patterns and coho life history strategies over the 50
year period of interest?

Climate Change: Climate change may already be affecting the Klamath Basin
(Hamilton et al. 2010; draft). Bartholow (2005) found evidence of a 0.5° C increase in
water temperatures per decade in the lower Klamath Basin since the early 1960s and
suggested the increase may be related to the cyclic Pacific Decadal Oscillation
depending on future trends. Downscaled projections from three climate models predict
average increases in annual Klamath Basin air temperatures of 2.1 to 3.6° C by 2035-
2045 and June-August increases of 2.2 to 4.8° C (Koopman et al. 2009). Snowmelt
streamflow timing is likely to be 1-4 weeks earlier across the West (Stewart et al.
2005). Given the presence of large cascade-type springs in the areas above the dams
(e.g., J.C. Boyle), that may mediate the warming effects of climate change (Tague et al.
2008; Tague and Grant 2009), how will access to these reaches affect the viability of
coho salmon populations? Overall, to what degree do you think the adverse effects of
climate change will be mitigated under the two alternatives being considered and what
is the likely effect on coho populations?

Ecosystem Function: The Klamath Hydropower Settlement Agreement (KHSA)
identifies the restoration of salmonid fisheries with a harvestable population as a metric
for the two proposed alternatives. Many activities related to habitat restoration under
the KBRA are aimed at restoring or increasing harvestable populations of salmonids by
restoring a functioning ecosystem, which includes access to suitable habitat for all life

stages, productive flow regimes, and improved water quality (e.g., water temperatures
and dissolved oxygen). Given the habitat predictions for salmonid populations under
the two alternatives, what inferences can be drawn about the likely population response
of coho in the 50 year period of interest? Are changes associated with dam removal and
implementation of KBRA, which target restoration of salmonid populations and a more
functional ecosystem, likely to increase coho populations?

Disease Effects to Coho Salmon: In many years, juvenile coho salmon currently suffer
high mortality in some portions of the Klamath River below IGD. Ongoing research
suggests the relatively high incidence of some diseases are associated with upstream
water quality issues, water temperature, spawning aggregations of adult salmon, and/or
a lack of flushing flows that would periodically mobilize sediments and attached algae
that harbor the disease host (a polychaete) (Federal Energy Regulatory Commission
2007). What are the likely conditions for fish health over the next 50 years under the
two alternatives?

Migration of Adults and Juvenile Coho: Under current conditions, about 95 percent of
the coho salmon spawn in tributaries (Hamilton et al. 2010; draft). However, the main-
stem Klamath River is used as an upstream migration corridor for adults, a downstream
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migration corridor for juveniles outmigrating to the ocean, as well as rearing habitat for
juveniles. Improved flow, water temperature, and water-quality conditions for
upstream passage of adult coho may reduce prespawning mortality. Furthermore,
desirable conditions during downstream passage and rearing of juvenile coho may be
expected to have a positive effect on smolt survival. How would the two alternatives
affect habitat connectivity, survival of the various life stages of coho salmon, and the
overall populations of coho salmon in the tributaries?

Tributary vs. Main-stem Spawning: On the average, about 5 percent of the adult coho

returning to the Klamath River (excluding the Trinity River) spawn in the main-stem
river. Past surveys indicate that “the proportion of main-stem spawners may be a
relatively small percentage of the annual adult coho salmon spawning population” (see
p. 8, NMFS 2007 Recovery Plan). Ackerman et al. (2006) describes the approximate
2001 to 2004 run size estimates to various reaches of the Klamath River Basin as being
in the low 100s for naturally produced coho. Which of the two proposed alternatives
offer the greatest opportunity to increase coho spawning returns in both the main-stem
Klamath River and its tributaries?

Hatchery Effects: Under conditions without dams, Iron Gate hatchery (IGH) operations

will continue for at least eight years following dam removal, assuming that an alternate
water supply is secured’. Under the Dams-in management scenario, IGH would
continue operation for the entire period of analysis (50 years). Under these two
alternatives what would be the effects to wild coho populations and harvestable coho
populations? Specifically, how might differences in hatchery operations affect coho
local adaptation, fecundity, disease vulnerability and genetics under the two
alternatives?

10) Uncertainty of Model Predictions: The analyses of the two alternatives for dams on the

Klamath River rely to some extent on simulations from several numerical models.
Simulations of this type have some uncertainty (see McElhany 2010; NRC 2008, p.
120). The model simulations and outputs imply a level of quantitative information
(e.g., certainty, accuracy, precision) for the 50 year period that some interested parties
might view with skepticism. The outputs from selected models include temperature
(Bartholow 2005, Bartholow et al. 2005; Flint and Flint 2008), hydrology (Grieman
2010), climate change (Grieman 2010), sediment movement (Stillwater Sciences 2008;
2009) and the coho salmon life-cycle predictions (Cramer Fish Sciences 2008). To
capture variability in predicted climate change, multiple models were used and for
other modeling some processes may have been represented as stochastic. Please
describe your assessment of the uncertainty associated with each of the alternatives
relative to the long-term viability of coho populations in the Klamath River Basin.
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Questions for Review Panel on Steelhead in the Klamath River Basin

The following questions were prepared for the Secretarial Determination to serve as guidance to
the expert panel reviewing steelhead of the Klamath River Basin. The questions may be
considered along with a set of general questions provided to each of the four expert panels
convened for the Secretarial Determination. The questions are not in order of priority and are
not intended to constrain the discussion by the expert panel or limit the final product.

1)

2)

Reintroduction and Access to Historical Habitat: Steelhead ranged historically to
tributaries above Iron Gate Dam (IGD). Dam removal would result in access to more
than 350 miles of currently unused habitat, yet the increase in numbers of steelhead

expected from this access is modest (Fortune et al. 1966; Chapman 1981; Huntington
2004).

a. Management agencies have proposed a passive reintroduction plan for the
recolonization of habitat unavailable to anadromous fish for nearly 100 years.
Have O. mykiss populations currently upstream of the dams retained the potential
for an anadromous life history?

b. Given passive reintroduction and future habitat conditions with Dams out with the
Klamath Basin Restoration Agreement (KBRA), to what degree would access to
this historical habitat likely contribute to sustaining or expanding steelhead
populations?

c. How would these potential returns of steelhead compare to present returns to Iron
Gate Hatchery?

Thermal Refugia: Juvenile steelhead tend to use thermal refugia in the main-stem
Klamath River to a greater extent than juvenile coho salmon (Sutton et al. 2004).
Under the dams out alternative, temperatures below IGD will be warmer in spring and

early summer. This may result in refugia areas being diminished and used for longer
periods of time during this period. At the same time, access will be created to cool
water tributaries above the dams in the Project Reach and groundwater areas above the
hydropower project (the Wood River, the Williamson River and springs on the west
side of Upper Klamath Lake). This includes a large spring complex discharging
directly to the mainstem Klamath River below JC Boyle Dam. This spring complex
provides ~225 cubic feet per second of cool water year round (USDI Bureau of Land
Management 2003). However, the thermal effects of these springs may be reduced
under different flow scenarios (Bartholow and Heasley 2005; Federal Energy
Regulatory Commission 2007) and different flow scenarios would result from the dams
out alternative. To what degree will upstream thermal refugia benefit steelhead in the
basin?



3)

4)

5)

6)

7)
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Phase Shift in Seasonal Temperatures: The dams out alternative is expected to result in
a phase shift of seasonal temperatures of about 18 days under some predictions
(Bartholow et al. 2005), reverting back to natural thermographs prior to dam
construction. This should result in earlier cooling in the fall accompanied by earlier

warming in the spring and therefore earlier spawning of steelhead in the mainstem
Klamath River. How will the two alternatives differ in the effect on seasonal
temperature regime timing and what are the expected effects on steelhead populations
over the 50-year period of interest?

Climate Change: Climate change will bring higher water temperatures and greater risk
of fish health problems. However, steelhead tolerate higher water temperatures than
coho salmon. Juvenile steelhead can live in streams that regularly exceed 24°C for a
few hours each day with certain food availability and temperature ranges (Moyle 2002).
How will the two alternatives affect steelhead in the Klamath River?

Short -Term Effects of Dam Removal Downstream from IGD: Overall, anadromous
fish populations are predicted to be highly sensitive to the short term impacts of
sediment released following the proposed removal of the four dams in 2020 (Federal
Energy Regulatory Commission 2007). Steelhead life history characteristics; however,
should allow a strong recovery (Stillwater Sciences 2009). How long would it take for
recovery of main-stem steelhead populations below IGD following dam removal? How
might this affect low populations of summer steelhead?

Expansion of Recreational Fishery: There are opportunities to increase recreational

fishing for steelhead under both management scenarios. Which of the two management
options has the greatest likelihood of expanding fishing locations and the length of
seasons for steelhead? Above IGD, where would fisheries for steelhead be most likely
to develop?

KBRA Habitat Restoration: Steelhead largely spawn and rear in tributaries. Many of
these have been impacted by water diversion and habitat degradation. Proposed
projects in the KBRA include: 1) restoring floodplain connectivity in mid-Klamath

tributaries, 2) modifying barriers at tributary outlets, 3) improving fish passage at
culverts, 4) adding large wood structure, 5) improving water quality (e.g., dissolved
oxygen, water temperatures, and presence of cyanobacteria toxins), and other
restoration actions (Barry et al. 2010; Stillwater Sciences 2010). How will the two
alternatives differ in the effects on productivity, capacity, and habitat connectivity for
steelhead?
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8) Drought Conditions: The panel will be presented an update on the current knowledge
of drought conditions and how proposed management addresses those conditions.
Would the two alternatives have different effects on the frequency, magnitude, and
duration of low flows? If so, what are the likely effects of the differing low flow

regimes on populations of steelhead?

9) Ecosystem Function and Riverine Processes: Impoundments and water withdrawals
can change the riverine processes downstream. These effects can include bed
starvation of gravels, diminished flood flows and creation of incised channels. A recent
review has suggested returning impounded and highly regulated rivers to a more
normative state, but not a pristine natural state, is an alternative that will provide
ecosystem services (Williams 2006). For example, in the Grand Canyon, flushing

flows have been used to restore riverine processes (Gloss et al. 2005). Which of the two
alternatives will provide the most opportunities to provide a normative Klamath River
and what will be the likely effects on the steelhead populations?

10) Fish Disease: What are the expected effects, both short and long term, of dam removal
and implementation of KBRA on fish disease (other than C. shasta) and what affect
might it have on steelhead populations?

Literature Cited

Barry, M., et al. 2010. Projected Restoration Actions and Associated Costs Under the
Klamath Basin Restoration Agreement for the Upper Klamath River Basin Above
Keno, Oregon. Klamath Falls, U.S. Fish and Wildlife Service: 12 p.

Bartholow, J.M., S.G. Campbell, and M. Flagg. 2005. Predicting the thermal effects of
dam removal on the Klamath River. Environmental Management 34(6):856-874.

Bartholow, J. M. and J. Heasley 2005. J.C. Boyle Bypass Segment Temperature Analysis,
U.S. Geological Survey, Administrative Report: 34 p.

Chapman, D.W. 1981. Pristine production of anadromous salmonids — Klamath River.
Final consultant report to the Bureau of Indian Affairs. Bureau of Indian Affairs,
U.S. Department of the Interior, Portland, Oregon. July 1981.

Federal Energy Regulatory Commission (2007). Final Environmental Impact Statement
for Hydropower License, Klamath Hydroelectric Project, FERC Project No. 2082-
027, FERC/EIS-0201F. Washington, DC, Federal Energy Regulatory
Commission, Office of Energy Projects, Division of Hydropower Licensing.



November 16, 2010

Fortune, J.D., A.R. Gerlach, and C.J. Hanel. 1966. A study to determine the feasibility of
establishing salmon and steelhead in the Upper Klamath Basin. Final report to the
Steering Committee on the Upper Klamath Salmon and Steelhead Feasibility
Study. Oregon Game Commission. September 1966.

Gloss, S.P., J.E. Lovich, and T.S. Melis, eds. 2005. The state of the Colorado River
Ecosystem in Grand Canyon: U.S. Geological Survey Circular 1282, 220 p.

Huntington, C. W. 2004. Preliminary estimates of the recent and historic potential for
anadromous fish production above Iron Gate Dam. Technical Memorandum.
April 5, 2004. Clearwater BioStudies, Inc, Canby, Oregon.

Moyle, P. B. 2002. Inland fishes of California. Revised and expanded edition. University
of Calif. Press. 502 p.

Stillwater Sciences. 2009. Effects of sediment release following dam removal on the
aquatic biota of the Klamath River. Technical report. Prepared by Stillwater
Sciences, Arcata, California for California Coastal Conservancy, Oakland,
California. 78 p.

Stillwater Sciences 2010. Potential Responses of Coho Salmon and Steelhead
Downstream of Iron Gate Dam to No-Action and Dam-Removal Alternatives for
the Klamath Basin. Arcata, CA: 36 p+ appendix.

Sutton, R., et al. 2004. Klamath River Thermal Refugia Study Summer 2003. Klamath
Falls, OR, Klamath Area Office, Bureau of Reclamation: 143 p.

USDI Bureau of Land Management 2003. 2002 and 2003 Upper Klamath River Water
Temperature Monitoring. Klamath Falls Resource Area, Lakeview District,
Klamath Falls, Oregon. 19 p.

Williams, R.N., ed. 2006. Return to the River: Restoring salmon to the Columbia River.
Elsevier Academic Press. 699 p.






The findings and conclusions in this report are those of the authors and do not necessarily
represent the views of the funding agency (U.S. Fish and Wildlife Service).

APPENDIX C
Comments and Responses on the Draft Report

Klamath River Expert Panel Final Report
Coho/Steelhead April 25,2011






April 25, 2011

Note: In the following text, the major peer review points were responded to by the Panel. The
responses are indicated in bold font indented below the main comment.

Review of:

Klamath River Expert Panel Draft Report
Scientific Assessment of Two Dam Removal Alternatives
on Coho Salmon and Steelhead

Summary of Comments Received from Peer Reviewers
and Expert Panel Responses

General Comments Received from Peer Reviewers:

The reviewers of the subject draft panel report are exceptionally well qualified to evaluate the
report and to provide recommendations for its improvement. Both reviewers hold Ph.D. degrees
and are currently teaching at major universities in the western United States. They have
conducted extensive research related to riverine ecology, including the ecology of salmonids and
the influence of habitat alterations on their populations. Between them, they have over 50 years
of scientific research experience. In addition to having published several hundred peer reviewed
articles in scientific journals, they have written over a dozen books and monographs on fisheries
science and conservation biology. Both individuals have international scientific research
experience. The senior reviewer has been and is currently an advisor for major national and
international, governmental and academic research studies related to freshwater biodiversity
throughout the world.

Both reviewers expressed disappointment with the quality and content of the draft report. This
disappointment resulted more from the process of its preparation rather than the work of the
expert panel. Both agreed that the authors of the report did the best job possible given the
limited time and information that they were provided. One of the reviewers commented that the
answers to the questions posed to the panel and the analysis of the overall Klamath Basin
situation to be based on “solid science and ecology.” However, the other reviewer suggested that
the report not receive wide distribution due to its inherent limitations resulting from the lack of
key information that should have been provided to the panel.

Importantly, the reviewers encourage the U.S. Fish and Wildlife Service and cooperating
agencies to embrace the six recommendations of the panel for improving the overall process of
evaluating the impacts of the two dam removal alternatives. Those recommendations are:

1. Develop an overall conceptual model,
2. Form a centralized science advisory group with strong leadership,
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3. Form adaptive monitoring and research plans based on the overall conceptual model of
the system,

4. Provide the specific details of the of the KBRA actions and how they will be
implemented,

5. Accomplish additional temperature analyses and the modeling to characterize within-day
variability and

6. Develop and use stage specific and life cycle models of growth, mortality, reproduction,
and movement of both species.

Recommendations offered to improve the report include providing the reader more background
on the history and issues related to the management of dams in the Klamath Basin and to
describe the proposed actions to be undertaken within the Klamath Basin Restoration Agreement
(KBRA). Having this information is a key to understanding and evaluating the possible impacts
to the species. As additional background, information on the key limiting factors to coho salmon
and steelhead abundance in the Klamath Basin could be provided.

It was further recommended that the conclusions of the authors be presented in a single section
of the report. The conclusions could then be grouped according to the panel’s level of confidence
in them. For example the panel’s conclusions could be separated into those about which they are
highly confident, somewhat confident, or those that they believe are highly speculative. It is also
suggested that the Table in the Executive Summary be expanded to identify why conditions will
be different without dams and with the KBRA.

A reviewer questioned the lack of information in the report related to “chemical contaminants,
effects of dam removals on foods and food webs, and future land uses.” He also suggested that
the topic of climate change and its affect on the restoration efforts also be considered.

Specific page and sentence related recommendations can be found imbedded in the verbatim
reviewer comments below.

Comments Received from Peer Reviewers and Expert Panel Responses:
Reviewer 1

1 The panel members are well-regarded as outstanding scientists. If the necessary
information had been provided to them, a much more thoughtful, coherent and
comprehensive report would have been forthcoming — even with a short 5 days to do the
job. Basically, preparation of the report must have been a deeply frustrating exercise for
the Expert Panel. The lack of so much key information (e.qg., life history model), the
vagueness of specific actions to be undertaken within the Klamath Basin Restoration
Agreement (KBRA), not being provided an overall initial synthesis of existing
information, and an apparent lack of scientific leadership by the U.S. Fish and Wildlife
Service to provide timely and thoughtful information for the review clearly hampered
their ability to adequately evaluate how dam removals could impact coho and steelhead
in the coming decade(s). It was also quite frustrating reading report for these very
reasons.
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a. This comment is noted.

All in all, this is a poor start for a long term process for the Klamath Basin. This is
especially so when there is so much potential to restore anadromous fishes and
environmental quality in the Basin. The U.S. Fish and Wildlife Service, and other
associated agencies, should be embarrassed (and perhaps ashamed) of their lack of
professional performance leading up to the Expert Panel meeting. | completely agree with
the Panel’s statement in the Executive Summary that their [the Panel’s] “... statements
are no substitute for further scientific investigation”. That said, it seems that the Expert
Panel did as well as they could possibly do under the circumstances.

a. This comment is noted.

General Comments on the Report

3.

There are several important questions and issues that are not adequately addressed in the
Report. | realize that these may not be answerable by the Panel given the lack of
information provided. However, a few well-crafted sentences could improve the
readability. Consider the following:

What are the key factors limiting or controlling coho/steelhead abundance in the Basin?
Assuming that they can be identified, how are they spatially distributed and when are
they most limiting relative to specific life history stages? Even if the limiting factors
cannot be identified with precision, there should be a paragraph or two in the Introduction
giving a broad overview or outlining the key aspects to be quantified.

a. The Panel has revised the text of the report in an attempt to improve overall
readability and more clearly discuss the key factors. The Executive Summary
provides the reader with a concise discussion of the Panel’s findings. The
body of the report includes discussions regarding key limiting factors,
including where in the Klamath River Basin they are experienced under both
alternatives, and which life history stages they are most limiting for both
species based on the information provided.

The Executive Summary would benefit by having a brief description of the proposed
actions to be taken under the KBRA, even in general terms. As a reader who is
somewhat new to the Klamath Basin, | would have welcomed a short synopsis of the
dams to be removed (actions to be taken), the reasons for doing so, the key issues
associated with dam removal, the hoped for outcomes, and the possible duration of the
project.
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a. The suggestion to include a short synopsis is noted. However, in an effort to
retain the succinct format of the Executive Summary, the Panel has elected
to not include the short synopsis. A discussion of the suggested items is
provided in the body of the report. The body of the report provides the
reader with tables summarizing the general actions targeted under KBRA, as
well as a description of the reasons for removing the dams, the key issues
associated with dam removal, the hoped outcomes, and the overall duration
of the process.

The Report could use a section stating the conclusions that the Panel feels highly
confident about, which ones they feel reasonably confident about, and which ones are
highly speculative. This section could be presented in a manner similar to recent IPCC
reports. This would give readers a better sense of what conclusions are based on sound
evidence and which ones are based on extrapolation from other sources or situations. This
is done to some extent in the Executive Summary where the Panel identifies six principal
obstacles to drawing convincing conclusions. In order to balance this approach, it will be
important to indentify where convincing conclusions can be drawn with existing
information, even if they are rare.

a. The suggestion to include a section re-stating the conclusions, and qualifying
the conclusions with confidence statements, is appreciated and noted. The
Panel has provided extensive text throughout the report about the confidence
of their answers to the questions put to them, and has elected to not include
such a section that re-states and qualifies each conclusion, as suggested by
this commenter. Section 4.3 of the final report provides a discussion of the
Panel’s caveats and recommendations.

The Table in the Executive Summary is useful but it does not go far enough in identifying
why conditions without dams and with KBRA will be different. Often this can be done
with a sentence or phrase, and would improve understanding among the readers. For
example, say why temperature regimes will change (i.e., identify possible mechanisms).
Perhaps consider adding a fourth column that does this?

a. The Panel has elected to remove the Table (ES-1) in the Executive Summary
for clarification and in response to this and other comments.

Several topics of basic importance are largely missing from the report. Most notably,
these are chemical contaminants, effects of dam removals on foods and food webs, and
future land uses. | found this especially puzzling since these topics are so closely tied to
sediment properties and regimes, and changing sediment fluxes and properties are
fundamental considerations associated with dam removals. Even if the issues cannot be
addressed in detail, they should be prominently mentioned as topics for future research
and monitoring.
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10.

a. The Panel was not specifically tasked to evaluate chemical contaminants,
effects of dam removals on food and food webs, and future land uses. The
Panel’s task was to answer the questions put to them, to the extent that the
Panel could given the information provided.

The use of Environmental Flows for restoration is receiving a lot of attention in the
literaturel. The Panel might consider looking at this approach to see if it would be
appropriate for the Klamath Basin and for coho/steelhead in particular.

a. This comment is noted.

With the time available to the Panel it was not possible to adequately consider the
consequences of climate change (or environmental change) on coho and steelhead.
Nevertheless, investigating this further should be a key recommendation. Many
restoration actions fail because they do not adequately account for future conditions2, and
environmental conditions are changing rapidly in the Klamath. The Panel could do a
great service by suggesting a way forward on this topic.

a. The effects of climate change are addressed in the report with respect to the
questions put to the Panel regarding this subject.

Since the Panel had neither the time nor the resources to examine original data or re-do
analyses, and because severe limitations the technical information supplied to them, |
suggest that this report receive a very limited distribution. My fear is that it will be used
to justify actions because of the quality of the Panel assembled. The Panel has clearly
stated that much of what they have concluded should be considered as hypotheses — and |
hope this will be readily understood and appreciated by decision makers.

a. This comment is noted.

Specific Comments

11.

P. 17: The statement “The questions posed to the Panel are not answerable with a
satisfactory degree of precision or confidence” should be in bold letters. Other sentences
similar to this one are found throughout the report and should be (at least) in italics.

Arthington, A.H., R.J. Naiman, M.E. McClain and C. Nilsson. 2010. Preserving the biodiversity and ecological
services of rivers: New challenges and research opportunities. Freshwater Biology 55:1-16.

Poff N. L., B. D. Richter, A. H. Arthington, S.E. Bunn, R. J. Naiman, E. Kendy, M. Acreman, C. Apse, B.P.
Bledsoe, M. C. Freeman, J. Henriksen, R. B. Jacobson, J. G. Kennen, D. M. Merritt, J. H. O’Keeffe, J. D.
Olden, K. Rogers, R. E. Tharme and A Warner. 2010. The ecological limits of hydrologic alteration (ELOHA):
a new framework for developing regional environmental flow standards. Freshwater Biology 55:147-170.

Bernhardt E.S., Palmer M.A., Allan J.D. et al. (2005). Synthesizing U.S. river restoration efforts. Science 308:
636-637.
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12.

13.

14.

15.

a. This comment is noted. The Panel has revised these statements in the report.
P. 20: The topic of scientific leadership should be highlighted in some way.
a. This comment is noted. The Panel has elected to not highlight this topic.

P. 37: The rationale for acquiring data on within-day temperatures was not evident in the
Executive Summary. It is clearly explained here but needs to be simply explained in the
Executive Summary too.

a. This comment is noted. The Panel has elected to retain the discussions
regarding acquiring data on within-day temperatures in the body of the
report.

“Water Quality” and several other important terms are never defined. A short glossary of
key terms would be helpful.

a. This comment is noted. The Panel has elected to not include a short glossary
of terms in the report. Selected terms and statements in the report are
afforded additional discussion for clarification.

P. 42 and elsewhere: It may be important to place more emphasis on the use of
bioenergetic models to better understand the consequences of dam removals. A few
sentences explaining how they could be used may act as a catalyst for future
investigations.

a. This comment is noted.

Reviewer 2

1.

I have read and reviewed the draft report of the Klamath River Expert Panel’s Scientific
Assessment of Two Dam Removal Alternatives on Coho Salmon and Steelhead by
Dunne et al. January 8, 2011. My main impression after carefully reading this document
is that of disappointment. Yet, the disappointment does not arise with the report itself,
but rather with the scientific oversight and rigor that has been applied to the entire
process. In fact, | found the experts (Dunne et al.) to be more than qualified and the
panel’s report to be clear, concise and accurate and | strongly agree with their main
conclusions as | will detail below.

a. This comment is noted.

But before that | want to highlight three of the largest and most troubling aspects that
Dunne et al. emphasize in their report that are germane to the entire endeavor, namely the
lack of specificity of the KBRA activities, the lack of a clear overall conceptual model for
the system and the lack of actual and appropriate peer review on sections of the work
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leading to this report. Each of these three things in and of themselves is troubling both
scientifically and managerially but when all three of them are combined in one large and
potentially controversial research plan, it begins to be very worrisome. For example, the
KBRA activities sound like well meaning, science-influenced options, but their extreme
lack of specificity, which is only partially supported by quantitative data, makes the
whole exercise sound like a set of ‘just-so’ or ‘wishful thinking” goals. As an ecologist
myself who has made a career out of employing and having faith in the efficacy of the
scientific method, these types of unspecified and vague (but well meaning) restoration
goals should really be a thing of the past. Restoration has come a long way towards a
rigorous science in the past 20 years and vague plans such as these are not appropriate to
a project of this scale and magnitude, nor one that has the potential for such controversy.
Before this proceeds, |1 would strongly urge that the KBRA activities be made
scientifically specific and concise within the bounds of the available data.

a. This comment is noted.

In addition, the development of an overall conceptual model for the system would go a
long way in helping address the deficiencies with the KBRA activities. As Dunne et al.
suggest, developing such a model will act to not only focus and sharpen thinking on the
system, but it will allow for a form of adaptive management to be built into the plan from
the beginning. With a program of this size, complexity and with so many unknowable
variables at the outset, the only logical approach for some measure of long term success
is to build into the project the ability to generate and test predictions and then revise
managerial or operational options based on the results (i.e. a form of adaptive
management). The most reasonable way to do this effectively is to have a detailed
conceptual model of the system from which to make hypotheses and predictions and |
strongly urge that this happens.

a. This comment is noted.

The difficulties that Dunne et al. mention with respect to rigorous peer review are
extremely troubling but can be dealt with fairly easily. First | would have a clear
definition of what is meant by peer review that all parties involved fully understand.
Secondly I would make the peer review process as transparent as possible by making
available both the reviews themselves and the response(s) to the reviews and then provide
documentation of the subsequent changes that are implemented as a result of the reviews.
All of this needs to be made clear and follow a standard protocol, to insure and protect
the integrity of the process.

a. This comment is noted.

In terms of the main report, the primary question to be answered by the panel is whether
either of the two options (option 1 = conditions with dams and option 2 = conditions
without dams and KBRA) will positively influence the populations of coho or steelhead.
As a fish ecologist | feel that a large portion of this answer depends on three of the
potential aspects of option 2, namely: whether the fishes will likely spawn in the opened
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main-stem habitat, whether increased access to currently unavailable habitat will occur
and whether there will be increased thermal refugia under the plan.

a. This comment is noted.

According to the information provided to Dunne et al. it seems likely that potential
spawning in the main-stem could increase slightly under option 2. Unfortunately this is
not a preferred spawning location for either of these species, so the potential benefits are
therefore limited. In addition, any benefit will also somewhat depend on how the KBRA
activities are specifically defined, and as mentioned above, since these are vague at best,
it is hard to predict much of an increase under option 2.

a. This comment is noted.

As to the question of whether option 2 will produce increased access to additional habitat,
again the answers are not clear. It seems that steelhead would likely fare much better
than would coho, due to their inherent ability to ascend farther upstream, yet the specific
responses of either species is murky at best. If fish can successfully pass through the two
lakes (Keno and Upper Klamath Lake) then it looks possible for steelhead populations to
have access to more habitat with option 2, as coho are not likely to successfully pass
through these barriers. The response for steelhead could be significant but it is not a sure
thing.

a. This comment is noted.

Finally in terms of the question about increased thermal refugia and temperature issues
under option 2, the potential results are again mixed. It may be that option 2 and the
KBRA activities will act to increase the amount of cool temperature habitat after August
and if fish make it past Keno and Upper Klamath Lake there is the possibility that they
will have access to additional cool water areas. But at the same time, option 2 and
KBRA will likely make the main-stem water warmer before August and the potential for
upstream refugia is largely limited to steelhead. In addition, it’s not clear how each of
these effects will impact the various life stages of the fishes, partly due to the lack of a
comprehensive conceptual model of the system or models for each of the species.

a. This comment is noted.

| feel strongly that Dunne et al. have done a very good job interpreting the data presented
to them in the extremely short time window (5 days) and have more than adequately
described the difficulties and challenges involved in determining their answers to the set
of questions posed to them. | find that their answers and analysis of the situation are both
grounded in solid science and ecology. Given Dunne et al.’s thorough interpretation of
the data and synthesis of the information presented to them, | feel that despite the flaws
and difficulties with this proposal that it still makes reasonable sense to go ahead with
option 2 (conditions without dams and KBRA). | also heartily encourage the acceptance
of the following specific recommendations from Dunne et al.’s report:
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10.

a.

N =

Development of an overall conceptual model,

Form a centralized science advisory group with strong leadership

Formation of adaptive monitoring and research plans based on the overall
conceptual model of the system

The need for specification of the details of the KBRA actions and how they will
be implemented

The need for additional temperature analyses and modeling to characterize within-
day variability

Development and use of stage specific and life cycle model models of growth,
mortality, reproduction, and movement for both species.

This comment is noted.

I look forward to seeing how this process plays out in the future as this is a
groundbreaking opportunity and I strongly urge that the main findings and suggestions of
Dunne et al. be incorporated into future portions of this plan.

a.

This comment is noted.
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Klamath River Expert Panel

April 25, 2011

Scientific Assessment of Two Dam Removal Alternatives on Coho Salmon and Steelhead
Response to Comments on the Draft Report dated January 8, 2011

Comment | Comment
Number Author Page, Paragraph Comment Panel Response
1 K. Cummins |(none provided) |The panel concluded that available information is insufficient to | The Panel could only go on what

determine the net effects of dam removal on disease incidence,
and that studies and pilot manipulations could reduce the large
uncertainty surrounding this issue. | agree wholeheartedly on
the need for further research, some of which is already
underway, for the disease dynamics are very complex. The
polychaete host of the myxozoan parasites in particular is very
difficult to study. With a nearly microscopic body size (maximum
length of 4mm) and spatially and temporally patchy distribution
in a large river system, the analogy of looking for a needle in a
haystack is apt. However, | maintain that pilot studies already
completed coupled with field data collected by my group and
others point toward the very large role played by streamflow in
maintaining populations of the polychaete in the mainstem of
the Klamath, and believe it is very likely that scouring flows
would be highly effective in reducing polychaete populations.

For example, Stocking (2006) reported the highest polychaete
density described to date (over 40,000 individuals per square
meter) from the Tree of Heaven location below Iron Gate Dam in
March 2005. After a high flow event in May-June 2005, the
location was sampled again and no individuals were found. A
reference population upstream, that had not been impacted by
the high flow, maintained similar numbers before- and after. In
laboratory studies to rear the polychaete (Willson, S.J., M.A.

information was available. The
Panel responds that remarkably,
very little of the extensive literature
on disease dynamics was actually
provided to the panel, and this topic
required a lot of literature-digging,
benefiting from the generous
response of Jerri Bartholomew. The
fact that further research is now
underway on the very topic of flow
and sediment effects on
polychaetes supports the Panel's
conclusion that research is needed
to better understand and predict
the likely effects of dam removal on
polychaete distributions and
therefore disease dynamics.

Comment Submission Form

Page 1




Comment | Comment
Number Author | Page, Paragraph Comment Panel Response

Wilzbach, D.M. Malakauskas, and K.W. Cummins 2010. Lab
rearing of a freshwater polychaete Manayunkia speciosa,
Sabellidae) host for salmon pathogens. Northwest Science, Vol.
84:183-191), we found that polychaetes were easily displaced
by increasing current velocity. We are in the process of
conducting experimental flume studies, funded by PacifiCorps,
to evaluate the effects of varying velocities and particle sizes of
transported sediments on viability and displacement of the
polychaete. Unfortunately the data are not yet in hand, and
scientific research doesn’t always keep pace with the need for
real world decisions.

2 K. Cummins |(none provided) |How does this relate to removing the dams? High flow, scouring | This comment is noted. The Panel
events could of course be artificially created by spilling water agrees that the dams-in scenario
over the dams, and downstream polychaete populations could | will continue to provide for poor
be reduced by flow management with the dams still in place. conditions. Whether the
However, the reduction in polychaete abundance would likely information on the dams-out
only be temporary. We have found that the most reliable year- |scenario is sufficient to conclude
round location for collecting polychaetes is in the upper river, that dams-out will alleviate the
above the dams, where populations are maintained in a problem sufficiently (i.e., reduce

eutrophic and stable flow environment. As long as the dams are |polycheates) to benefit coho
kept in place, upstream populations will continue to serve as a remains speculative.
reservoir to continually replenish depleted populations
downstream. If the dam system is removed, however, the
upstream reservoir can be flushed out and a reduction in
polychaete abundance is more likely to be sustained.

3 K. Cummins |(none provided) |In sum, | support removal of the dams as the most promising This comment is noted. See
way to disrupt the disease dynamics, by ensuring a long term response to comment 2.

reduction in polychaete populations. | also strongly recommend
that data continue to be collected before- during- and following-
dam removal, so that we are always in a position to increase our
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Comment
Author

Page, Paragraph

Comment

Panel Response

understanding of effective river management. Taking out dams
should never provide a license to stop conducting research, but
neither should a need for more data stand in the way of a need
to act based on the best available information at hand.

PacifiCorp

I, last paragraph

Some EDT modeling information on steelhead performance
under dams out alternative (see Option 5) can be found in the
FERC record. The file (Response to November 2010 2005 FERC
AIR-2) was sent to the Chinook expert panel on Jan-13-2010.
The limitations of the data and analysis are made clear in the
report, but the model runs are based on habitat data collected
and entered into the model by local biologists.

Because habitat data for all reaches have been entered into the
EDT database, coho analyses could be readily completed if
needed.

Citation: Response to November 10, 2005, FERC AIR AR-2
Ecosystem Diagnosis and Treatment (EDT) Analysis PacifiCorp,
Portland, Oregon.

This comment is noted. The Panel
was instructed during its
deliberations to not consider the
EDT analysis.

PacifiCorp

“ii”, Number (1)

The authors may want to consider including lack of water quality
improvement over the first ten years as an additional reason
benefits to both species may be small.

This comment is noted.

PacifiCorp

Table ES-1,
Recreational
Fishery

It is our understanding that Trinity River hatchery will continue
to function under both alternatives. Iron Gate hatchery
production (or production at a similar level from other facilities if
Iron Gate hatchery is no longer able to function following Iron
Gate removal) will be eliminated 8-years after dam removal. This
assumption should be confirmed before submitting the final
report.

Total coho adult returns to Iron Gate Hatchery have averaged

The Panel responds that we did
check on hatchery removal with
John Hamilton and used information
provided by him, although there
seemed to be uncertainty in what
would actually happen with the Iron
Gate Hatchery.

e
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Comment | Comment
Number Author | Page, Paragraph Comment Panel Response
~1,300 since 1993. These data should be incorporated into the
analysis when stating differences in coho production for each
alternative.
7 PacifiCorp | Pg 35; 1% The authors imply that the transport capacity of the river may The Panel was told of plans to
paragraph move any gravel placed in the newly exposed habitat under the |augment gravel supplies to the
reservoir downstream and out of the area. However, they then |project reach. It is taken for granted
suggest that gravel placement might be considered in the JC that any gravel supplied to the
Boyle reach as it naturally receives little sediment. But given that | reach, naturally or artificially, will
the transport capacity of the river is likely similar at both eventually be swept downstream.
locations would this action be effective? However, if the agencies insist on
augmenting gravel supplies to the
project reach, choosing low-gradient
reaches will increase the residence
time of the gravel bars produced.
The Panel is not suggesting that the
idea of gravel augmentation is
worthwhile, but the Panel was told
that there was considerable
enthusiasm for such activities, and
that some sporadic gravel
augmentation is already underway.
8 PacifiCorp |Pg 37; section The authors should be more specific about the time frames The Panel found, and continues to

3.4 Water
Quality;
Conditions
without dams
and with KBRA

being discussed when talking about water quality. The report
appears to emphasize the end state (50 years out) without any
consideration of effects that may result in the interim period.
KBRA actions are likely to take decades before improvements in
water quality are observed. A key question then is the interim
water quality conditions in the river in the period following dam
removal and prior to assumed water quality improvements
under the KBRA are implemented and the effects on coho and

find, a high level of uncertainty
about the likely impact of KBRA on
water quality throughout the
system, and on any time scale. The
Panel lacked the information to
extrapolate a likely small (if any)
reduction in nutrient loading on
downstream water quality and fish

Comment Submission Form
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steelhead during this period.

The panel notes that there may be minimal reduction in nutrient
loading in the reach above Keno Dam even with the
implementation of KBRA. How the failure to reduce nutrients in
this area affects downstream water quality conditions and
coho/steelhead production should be discussed.

In this regard, Asarian et al. (2010) estimated that nutrient levels
downstream of Iron Gate dam would increase under a ‘without
reservoirs’ condition. The authors predict that under a dam
removal scenario total phosphorus concentrations would
increase 2 to 12 percent and total nitrogen would increase up to
37 to 55 percent. Thus, under the ‘without dams’ scenario, with
continued seasonal water quality impairment from the upper
basin, elevated nitrogen conditions would be expected to extend
further downriver (the reservoirs have a larger impact on
nitrogen retention than phosphorus, with May — September
total nitrogen retention of approximately 34 percent) with the
associated water quality impairment effects.

Given the large nutrient loads in the river from UKL (and other
upstream sources), “nutrient assimilation” by the river would
result in proliferation of attached algae on the river bottom (e.g.,
periphyton like Cladophora). Periphyton provides an excellent
habitat for the polychaete associated with C. shasta.

Citations: Asarian, E., J. Kann, and W. Walker. 2010. Klamath
River Nutrient Loading and Retention Dynamics in Free-Flowing
Reaches, 2005-2008. Final Technical Report to the Yurok Tribe
Environmental Program, Klamath, CA. 59pp + appendices.

production.

PacifiCorp

Pg 46; 3™
paragraph

Does the report here refer to active or passive re-introduction?

The report refers to active re-
introduction. The Panel refers the

Comment Submission Form
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Comment | Comment
Number Author | Page, Paragraph Comment Panel Response
Also, the report notes that steelhead are likely to colonize the commenter to the “Klamath River
upper basin. Would this colonization be at the expense of the Expert Panel Scientific Assessment
resident trout population? In other words, would total of Two Dam Removal Alternatives
abundance be the same in a stream reach after re-colonization | on Resident Fish”.
by steelhead?
10 PacifiCorp |Pg47; Number |Another factor that may reduce steelhead success is the size This comment is noted.
(2) (length) of the typical adult resident rainbow compared to a
steelhead adult. The panel saw pictures of “large ” resident trout
that were equal in size to the typical adult steelhead. These
adults would likely compete with steelhead for spawning
habitat.
11 PacifiCorp |P. 49; last The panel should note that with dam removal water quality in The Panel responds that while the
paragraph the JC Boyle bypass reach will not provide as much high quality |size of the thermal refuge may

refuge habitats as it does currently. Most of the water currently
in this reach is from the spring inflows supplemented by a 100
cfs release from JC Boyle dam. If JC Boyle dam is removed, the
full flow of the Klamath River will occur in this reach and water
temperatures will increase (Bartholow and Heasley 2005). Flows
into the reach from June-August are expected to be in the 500-
1,000 cfs range in order to achieve flow targets identified below
Iron Gate Dam for this period under dam removal. Table 3 in the
cited report shows that maximum water temperatures will be in
the 18 to 21 °C range; average temperatures from 17 °Cto 21 °C.
Data presented in Table 12 of the report show that the number
of kilometers of stream habitat with a mean daily water
temperature of less than 16 °C is zero. In contrast, under current

shrink under higher flows per the
Bartholow and Heasley model, the
Panel does not assume that this
implies a net reduction in habitat
guality under a dams-out scenario.
The Panel emphasizes in this section
that water temperature is a critical
parameter, but not the only
parameter of habitat quality;
macroinvertebrate communities and
hydrographs are also important
responses to the dams-out
alternative, and are expected to see

Comment Submission Form
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conditions 6.10 of the 7.22 kilometers of stream channel in this
reach have a mean daily temperature of less than 16 °C.

Itis also likely that current DO conditions will likely degrade with
increasing water temperatures in this reach because dissolved
oxygen solubility decreases with increasing water temperature.
Water temperatures leaving the mouths of Jenny and Spencer
creeks are typically in the range of 20 °C-23 °C during the
summer and should not be considered high water quality inputs.

The panel should note that angler days for resident trout may
increase, but this could be offset by a loss in angler days for
fishers targeting reservoir fish communities such as yellow
perch; a very popular fishery for this species exists in both Iron
Gate and Copco reservoirs.

Citation: Bartholow, J., J. Heasley (2005). JC Boyle Bypass
Segment Temperature Analysis. Administrative Report to the US
Fish and Wildlife Service and Bureau of Land Management.

improvements. Current resident
populations of O. mykiss appear to
do quite well at the projected
temperatures where food supplies
are good and other stressors
minimal.

12

PacifiCorp

Pg 51:
paragraph 1

The panel provides little to support the conclusion that
steelhead production may decline under the dams in condition.
The panel seems to be of the opinion that 1) actions proposed in
the TMDL’s for tributaries (Shasta, Scott, Salmon etc) to achieve
temperature, nutrients, sediment targets, etc will be ineffective,
and 2) on-going habitat restoration activities outside of the
Biological Opinion for coho will also provide few benefits. If this
is the case, then the panel should state this explicitly. If the
panel has low confidence in TMDL actions then the same logic
should be applied to TMDL actions proposed for the upper basin.

The Panel's opinion about the likely
effectiveness of TMDLs is
encapsulated in the final report.

13

PacifiCorp

Pg 51; Para 4

If the panel is of the opinion that more low velocity habitat will
be produced in reaches where C. shasta could be present then

This is not the Panel's opinion but is
based on a citation to the Stillwater

Comment Submission Form
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Number Author | Page, Paragraph Comment Panel Response
they should also discuss how this may affect coho survival. report.
14 PacifiCorp |Pg57; Paral The panel should be clearer as to what is meant by reduced The Panel requested this
salmon carcasses and the link to disease. What is the metric information, but was not provided
being addressed here - total carcasses or carcasses per mile? information on hatchery stray data.

In regards to total carcasses in the system, under the dams out
scenario this value is in theory supposed to rise substantially.
Fish will now be produced in the reach below Iron Gate Dam,
Keno to Iron Gate Dam and above Keno. Carcass levels may be
reduced if Iron Gate hatchery strays make up a large portion of
the natural spawning population and this production is
eliminated. Evidence for this hypothesis can be found in Bogus
Creek, where anywhere from 8-60 percent of the spawners are
of hatchery origin. Average fall Chinook escapement to Bogus
Creek is 8,800.

70.0%

60.0%

50.0%

40.0% 4

30.0% 1

20.0%

10.0%

Percent of Hatchery Orgin Chinook Salmen

0.0%
1939 2000 2001 2002 2003 2004 2005 2006 2007 2008

Year

Figure 12. Estimated contribution of hatchery origin Chinook salmon obszrved in Bogus Creek from 1999
through 2008

Citation: Knechtle 2009. Bogus Creek Salmon Studies 2008.

15 PacifiCorp |Pg57:Para3 In regards to nutrients, Asarian et al. (2010) estimated that Total | The Panel responds that these
Phosphorous concentrations will rise 2-12% and Total Nitrogen |estimates are based only on the
concentrations will rise 37-42% following dam removal in current retention in the reservoirs
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Number Author | Page, Paragraph Comment Panel Response
reaches below Keno Dam (See above). and do not take into account the
changes in flows under the no-dam

KBRA actions may reduce these levels over time, but since it may | scenario. They do not account for
take decades before KBRA actions are fully effective, water the presence of large pools in the
quality conditions in the period following dam removal - say sediments behind the dams, which
2020-2030 - may pose risks to both coho and steelhead could be remobilized under flood
populations. The panel may want to consider not only end state | .qnditions. Furthermore, estimates
water quality conditions in their analysis but also water quality | 5f (really rather modest) changes in
conditions during the interim period as well. It appears that the | 1N and TP are insufficient to
highest risk under the dam removal scenario may not be what estimate effects over a period up to
happens if everything works as planned, but rather under an 50 years on water quality in the
outcome in which they do not. In this regard, we did not see a river or estuary.
discussion how changes in water quality may affect the estuary
and ultimately coho and steelhead survival.

16 PacifiCorp |Pg63;3.14.1 EDT results for steelhead were produced as part of the FERC The Panel responds that EDT results
record and should have been available to the panel (Response to | were not provided.
November 2010 2005 FERC AIR-2). Results for Option 5 in this
paper reflect possible steelhead production with the four dams
removed and habitat restored to a level deemed possible by
biologists familiar with the basin.
Citation: Response to November 10, 2005, FERC AIR AR-2
Ecosystem Diagnosis and Treatment (EDT) Analysis PacifiCorp,
Portland, Oregon.

17 PacifiCorp |General If the panel has not already evaluated the Lestelle (2006) report | This comment is noted. To confirm,

regarding coho life history patterns, it may wish to do so to
inform its review.

Citation: Lestelle (2006). A Review of Coho Salmon Life History
Patterns in the Pacific Northwest and California for Reference in
Assessing Population Performance in the Klamath River Basin.

the Panel relied upon the
informative Lestelle 2010 report and
his PPT presentation.

e
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Prepared for U.S. Bureau of Reclamation Klamath Area Office,
Biostream Environmental, Poulsbo, Washington. July 21, 2006.

18 M.Knechtle |General In may cases throughout the document coho and steelhead are | This comment is noted. Where
lumped together when it seems more appropriate to separate appropriate, the text has been
the two animals based on their considerably different life revised for clarification.
histories.

19 M.Knechtle |6,4 The nature of the report excludes the Trinity River yet in some This comment is noted. The Panel
evaluations the Trinity is included. (i.e. proportions of hatchery |requested data on the portion of
coho in the basin (including Trinity) are very high yet if the hatchery versus natural origin
Trinity is excluded from this analysis the proportion of hatchery |spawners by river area, but few data
coho in the Klamath excluding the Trinity is much lower page 40 |were provided.
paragraph 1).

20 M.Knechtle |10,2 Conditions with Dams are interpreted to not include any changes | This comment is noted. The report
associated with the FERC relicensing agreement yet includes discussion of fish passage-
implementation of other basin plans. The FERC relicensing related issues.
agreement includes fish passage an issue that may need to be
considered?

21 M.Knechtle |13.sec2.3.1 Harvest is listed under almost every general question. Every This comment is noted. The Panel
guantitative estimate of naturally produced coho abundance in |did not prepare the questions put to
the mid Klamath watershed are decreasing to levels close to them.
extension and the inclusion of harvest in this section seams
inappropriate.

22 Larry 17,4 The degree of blockage to upstream and downstream migration |The Panel responds that data

Hanson is based on what? Temperatures, DO? The time frame of adult provided (Hamilton 2010 Fig 3)

immigration into the upper basin would occur during the best
environmental conditions in Upper Klamath Lake. Juvenile
emigration out of the basin presumably would be in the spring of
the year. Were the Keno Reservoir and Upper Klamath Lake

indicated DO levels are below 6 ppm
for nearly 5 months of the year,
from early July until mid-November.

Comment Submission Form
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reach environmental conditions evaluated for the migratory
windows of these life stages?
23 M.Knechtle, | 17,5 Uncertainty about the effects on hatchery fish introgression. As |This comment is noted. The Panel
Larry listed later in the document NMFS has recently evaluated this responds that similarity is expected
Hanson issue and found extreme low levels of divergence among the if there are high stray rates.
coho populations in the mid Klamath.
24 Larry 20,2 Restoration, monitoring and reintroduction plans are to be This comment is noted. The Panel
Hanson developed by both Oregon and California in the near future. The |was not tasked to specifically
comment in the document leads one to believe there is an evaluate the level of investment
“under-investment” in these areas. directed toward future plans.
25 Larry 22,3 What life cycle model is being referred to and why was it pulled | This comment is noted. To clarify,
Hanson away from the expert panel? the model was developed by
Cramer’s group, and the Panel was
told that the model had not gone
through proper review.
26 Larry 24,5 Summarized Answers, Conditions without dams, All juvenile This comment is noted.
Hanson salmonid use the main stem Klamath River for rearing and
migration.
27 Larry 24,7 Only those juvenile fish that exhibit a yearling life history will This comment is noted. To clarify, all
Hanson need thermal refuge in the main stem. coho salmon and steelhead spend at
least one year in freshwater.
28 Larry 29,3 Where is the 30,000 acre-feet summer flow increase from Upper | The Panel has noted at various
Hanson Klamath Lake Tributaries coming from? points in the report that we do not

know where the 30,000 acre-feet is
supposed to come from or where it
will be introduced into the river

system. Nor do we know what kinds

Comment Submission Form
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of constraints will be placed on
pumping from groundwater to
replace surface water rights sold to
provide the 30,000 acre-feet.

Furthermore, in Comment 63,
below, reviewer Schlosser has
informed us that the net number is
only 20,000 acre-feet because in
addition to retiring up to 20,000
acre-feet, KBRA will allow 10,000
acre-feet of extra groundwater
extraction. Panel members do not
recall being briefed on this latter
offset.

This is one of many uncertainties
about the likely effectiveness of
KBRA restoration activities.

29

M.Knechtle

30,4

Spelling. Change mainstream to mainstem

The report has been revised in
response to this comment.

30

M.Knechtle,
Larry
Hanson

32,3

How do these concentrations of sediment compare to natural
flood conditions? If dam removal was delayed until Jan 1* verses
Nov 1% the effects on adult coho would be significantly reduced
for that given brood year. The first year of construction should
be scheduled around the strongest year class of naturally
produced coho in an effort to minimize short term negative
effects to this important population. Current strong brood year
of adult natural coho are expected to return in 2019, 2022, 2025

This comment is noted. The Panel
sees no value in making detailed
recommendations for design of the
sediment release. We wrote that
“Although there are important
differences in the timing of the
sediment releases among the
various simulations that both groups
[Stillwater Sciences and Bureau of

Comment Submission Form
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etc... Reclamation] have made and in
their separate preferred release
strategies based on engineering
logistics and fish protection, the
major results are consistent...”
31 Larry 39,4 Do these effects negate each other? The report has been revised for
Hanson clarification in response to this
comment.
32 Larry 40, 1 Does this statement exclude the contributions of Shasta and The Panel is unclear as to which
Hanson Scott River coho populations? statement this commenter refers to.
The topic of the section of the
report involves coho salmon
throughout the watershed.
33 Larry 40, 3 Temperatures in the main stem and temperatures and flows in | This comment is noted.
Hanson the tributaries are the important factors to consider for adult
coho immigration.
34 Larry 40, 4 This paragraph is talking about 2 different things, temperature | This comment is noted. The data
Hanson on entry in the system and temperature at the Iron Gate Dam here refer to temperature near Iron
site. Both are important and both are key at different times. Gate Dam.
35 B.Chesney (41,1 The Shasta River is not naturally a warm stream. Unimpaired This comment is noted. The report

summer base flows from cold spring sources and snowmelt have
been estimated to be approximately 200 cfs (NRC 2004, Null, et
al. 2010). The current summer temperatures and diminished
spring and summer hydrograph are due to water diversions and
used irrigation water returning to the stream at elevated
temperatures. Prior to irrigation development and the
construction of Dwinnel Dam, spring Chinook a species known to
require cold water, were present in the system (Curtis 1922,

has been revised for clarification in
response to this comment.

Comment Submission Form
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DWR 1964, Snyder 1930, Wales 1952, Moyle 2002, in Chesney et
al. 2006). What has been described as the use of cold water
refugia by juvenile coho is in fact their use of the remnant of
cold water habitat upstream of irrigation impacts. Effective
implementation of tail water reduction and riparian restoration
through the Incidental Take Permit and KBRA has the potential
to increase the amount of summer rearing habitat available and
increase juvenile survival and the production of smolts.

36 M.Knechtle |42,3 “Fish may also be more susceptible to pathogens...” Current This comment is noted.
understanding of C.shasta spore transmission indicates that at
temperatures below 10 degrees C transmission is low and
significantly increases above 10 degrees C. If this is true is the
potential risk of disease transmission with increased spring
water temps understated?

37 M.Knechtle 43,3 “...90% of coho salmon in the Klamath Basin...” As stated in This comment is noted. The Panel
comment 2 if the huge hatchery program on the Trinity is asked for hatchery versus natural
removed from this analysis the proportion changes dramatically. |origin coho by area, but did not

receive the data.

38 M.Knechtle |43,4 “...coho spawning habitat quantity and quality is limiting This comment is noted. The Panel
reproductive success...” The current spawning gravel is able to  |still states that there has not been
support one brood year that is significantly larger than the two |an assessment to determine
others therefore it seems unreasonable to conclude that whether coho spawning habitat
spawning gravel is limiting production of the two weaker year guantity and quality is limiting
classes of coho. reproductive success.

39 M.Knechtle |45,2 On what basis is the statement made. “Population response of |The Panel agrees that coho can

coho salmon are expected to be marginal”. Coho salmon have
penetrated the interior portions of the Yukon River in AK and

have the ability to migrate great distances when given the

migrate many miles upriver, but
that does not mean that they will.
There are many places with ideal
coho habitat in Alaska, yet no coho
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opportunity. salmon present. This summary
statement is supported by the
discussion in the report.

40 B.Chesney |48,2 It is unclear why coho should be less likely than steelhead to The Panel believes that steelhead
colonize suitable habitat upstream if the dams are removed. A responses are likely to occur much
study of the behavior of PIT tagged juvenile coho in the Shasta more rapidly, and across a greater
River in 2008 found that coho as small as 60 mm were able to geographic range within the project
seek out suitable habitat by swimming upstream over four miles |reach and upstream, given current
in six day (Chesney et al 2009). It seems likely that if given the healthy populations of O. mykiss in
opportunity they will behave the same way if new habitat is these reaches. Coho have the
accessible in the upper basin. potential to colonize new habitats,

but will also need productive
populations to achieve responses.
The report provides the Panel’s
rationale for factors influencing
likelihood of colonization. The
report has been revised for
clarification in response to this
comment.

41 M.Knechtle 48,3 “...much less important for coho salmon unless they too are able | The Panel responds that if coho
to colonize and become productive in upper basin habitats” On |salmon are unable to establish
what basis is this statement made. See comment 11. productive populations in Upper

Klamath Lake tributaries, then they
obviously will not be able to benefit
from the coldwater habitats
available there.

42 Larry 49,7 The Salmon River, Elk Creek, Clear Creek, Dillon Creek and Indian | The report has been revised in

Hanson Creek all have populations of summer steelhead. These response to this comment.

Inconsistencies among source
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watersheds are not in the lower basin. material regarding definition of
“lower”, “middle” and “upper” river
were noted.
43 M.Knechtle |51,1 KBRA not KRBA The report has been revised in
response to this comment.
44 M.Knechtle |51,3 KBRA not KRBA The report has been revised in
response to this comment.
45 Larry 52,3 What are the limiting factors in the Keno Reservoir and Upper The Panel was provided with
Hanson Klamath Lake reaches? Are they factors that effect emigration or |information suggesting the need to
immigration? improve DO and temperature
conditions, particularly within the
Keno Reservoir; several sources
even implied that trap and haul
would be necessary to move fish
past Keno Reservoir.
46 M.Knechtle |54, 4 Chinook not chinook The report has been revised in
response to this comment.
47 Larry 54,5 Trap and haul programs on a long term basis are a losing The Panel notes that the discussion
Hanson proposition. in the report is consistent with this
comment.
48 Larry 55,1 Are O mykiss populations occupying habitat above Upper The Panel recognizes that the
Hanson Klamath Lake remnants of historic steelhead populations or did | scientific understanding of residency

these populations co-exist pre-dams? Population levels of
resident O mykiss population should adapt to steelhead
presence in the watersheds.

and anadromy in O.mykiss is still
evolving; the Panel’s assumption is
that anadromy is most likely from
the less environmentally stable (non
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spring-fed) Upper Klamath Lake
tributaries. Residency may be a
much more profitable life history for
O. mykiss in the productive, stable
spring creek tributaries of Upper
Klamath Lake.

49

Larry
Hanson

56,6

Scott River not Scott Creek.

The report has been revised in
response to this comment.

50

M.Knechtle

57,4

“...Chinook salmon carcasses (mostly hatchery fish) concentrated
downstream of the dam,...” The section of river that the panel is
referring to is close to the hatchery but has traditionally had
extremely low hatchery contribution rates.

This comment is noted. The Panel
requested data on hatchery versus
natural origin Chinook in this reach
but did not receive data or reports.
The Panel did hear that there were
differing estimates of hatchery
strays. High hatchery strays makes
sense, given the hatchery proximity,
and the fact that many hatchery fish
obviously stray into Bogus Creek.

51

Larry
Hanson

58,7

Of the 10.3 ( not 8.5 million) million Chinook released from basin
hatcheries 4.3 million are released from TRH and approximately
6 million are released from IGH.

This comment is noted. The Panel
used data that were provided by the
hatcheries after the Panel requested
the data. Unfortunately, a
comprehensive spreadsheet of
hatchery data was not available.

52

Larry
Hanson

61,4

Harvest levels of wild and hatchery origin coho have not been
reported to the panel because there is no allowable harvest.

This comment is noted. The NMFS
BO states that there has been some
harvest by Tribes. Some harvest
data were provided for the early
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2000s.

53 M.Knechtle |63,6 “...this population assessment was largely based a simple This statement has been removed
conceptual...” insert “on” to read ...based on a simple... from the text of the final report.

54 B.Chesney |(none provided) |Annotated Bibliography This comment is noted. The

information provided in this
California DWR (Department of Water Resources). 1964. Shasta | comment was considered by the
Valley Investigation. California department of Water Resources | panel.
Bulletin 87. 170 p.
Spring-run Chinook entered the Shasta during May and June. This
population was maintained throughout summer by conditions
provided by the cool, steady flow of Big Springs. These fish
spawned with the appearance of fall freshets and increased
flows (p. B-17).

55 B.Chesney |(none provided) |Chesney, W.R., C.C. Adams, W.B. Crombie, H.D. Langendorf, S.A. | This comment is noted. The
Stenhouse and K.M. Kirkby. 2009. Shasta River juvenile Coho information provided in this
habitat and migration study. comment was considered by the

Panel.
PIT-tagged juvenile coho sought out suitable cold-water habitat,
in response to increased water temperature, by swimming
upstream over four miles (p. 7, pp. 102-137(Appendix 13)).

56 B.Chesney |(none provided) |Curtis, E. S. 1922. The North American Indian, Volume 13, page |This comment is noted. The

113. information provided in this
comment was considered by the
Panel.
57 B.Chesney |(none provided) |Moyle P. B. 2002. Inland Fishes of California, revised and This comment is noted. The

expanded. University of California Press, Berkeley, California,
USA.

information provided in this
comment was considered by the
Panel.
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Spring-run chinook were eliminated in the Shasta River in the
1930’s after the construction of Dwinnell Dam. The dam caused
habitat degradation and increased summer water temperatures.
Historically, the run of Spring Chinook in the Shasta River was
probably the largest tributary run in the Klamath drainage (p.
259).

58

B.Chesney

(none provided)

NRC (National Research Council). 2004. Endangered and
threatened fishes in the Klamath River Basin: Causes of decline
and strategies for recovery. Committee on endangered and
threatened fishes in the Klamath River Basin, National Research
Council. The National Academy Press.

Before water development, the Big Springs complex supplied

103 f3s " to the Shasta River. Flows from springs and accretions
“would have supplied flows close to or exceeding today’s bankfull
condition, even during summer months.” (p. 154). The Shasta
River historically flowed at a minimum of about 200 f3s " year-
round (p. 289).

This comment is noted. The
information provided in this
comment was considered by the
Panel.

59

B.Chesney

(none provided)

Null, S.E., M.L. Deas and J.R. Lund. 2010. Flow and water
temperature simulation for habitat restoration in the Shasta
River, California. River Research and Applications, 26: 663-681.

Reiterates NRC 2004 in that prior to water development, Big
Springs supplied 2.9 m3s7" (103 f3s7"), or half the unimpaired
baseflow, to the Shasta River. Today it contributes 2.0 m3s™" (71
Fs7) (p. 4).

This comment is noted. The
information provided in this
comment was considered by the
Panel.

60

B.Chesney

(none provided)

Snyder, J. 0. 1931. Salmon of the Klamath River California.
Division of Fish and Game of California. Fish Bulletin No. 34.

Spring-run Chinook salmon entered the Shasta in June and early-
July. Historically both fall and spring runs had contributed much

This comment is noted. The
information provided in this
comment was considered by the
Panel.
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to the overall population of the main river (p. 31).
61 B.Chesney |(none provided) |Wales, J. H. 1952. The decline of the Shasta River king salmon This comment is noted. The
run. Bureau of Fish Conservation Division of California information provided in this
Department of Fish and Game Report. 82 p. comment was considered by the
States that most of the Chinook entering the Shasta River are Panel.
fall-run fish. It was deemed improbable that the spring-run
population, formerly substantial, would ever increase (p.64).
Diversion of water for irrigation reduces flow to a level
prohibitive for the entry of salmonids, that Is, until mid-
September (p.62). Water temperatures during these summer
months may approach 85 F (30 C).
62 T.Schlosser |iii, 1 Obstacle (5) “water demand responses to KBRA” is unclear. Not exclusively. To clarify, the
Does this mean water consumptive uses authorized by KBRA? statement refers to changes in
water demand in response to KBRA
implementation, including water
consumptive uses.
63 T.Schlosser |12, Thl. 3 Reference to “acquisition of 30,000 acre-feet” is misleading The Panel received conflicting
because the authorized water diversions for the Klamath information on this, but the quantity
Reclamation Project will increase by 10,000 acre-feet, following | of this acquisition was not a key
dam removal, so the net increase in river flow will not exceed factor in the Panel's opinion.
20,000 acre-feet. KBRA § 15.1.1. One should not expect a
30,000 acre-feet increase to the river brought about by water
rights retirement in the Upper Basin.
64 T.Schlosser [22,1 Reference to “irrigation withdrawals,” the only place they’re The issue of irrigation withdrawals is

mentioned in the document, understates the connection
between water usage and fish habitat.

discussed in several other places in
the document. However, the Panel
responds that it is not possible from
the published data to make an
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overall judgment of the magnitude
of pumping effects on water-table
heights, riparian vegetation,
wetland distribution, or wetland
function. The relative importance
varies seasonally and
geographically, and the report
briefly summarizes what is known
about the topic.

65 T.Schlosser |24,7 Is there a connection between “high water temperatures in the |The Panel does not have the
river” and out-of-stream water use authorized by KBRA? information to determine this.

66 T.Schlosser |29, 3 See comment on page 12 regarding 30,000. See response to comment 63.

67 T.Schlosser |31, 3 See comment on page 12 regarding 30,000. See response to comment 63.

68 T.Schlosser |36, 3 Is the hindcast modeling of “conditions with dams scenario,” The Panel is unaware of any
also weakened by the inclusion of many years when demand for |hindcast modeling that did or did
out-of-stream water use was unconstrained by the Endangered |not take this into account. The Panel
Species Act? attempted to compare two

scenarios for the future.

69 T.Schlosser |47,5 The reference to “current upper basin land use and depleted This comment is noted. The
hydrology” is too cryptic. If possible, the panel should comment |reference seems adequate to the
on whether KBRA measures adequately address those factors. Panel. The Panel stated that there is

insufficient information about KBRA
proposals to judge whether they will
be adequate.

70 T.Schlosser |67, 2 The assumption “that the mandate of July through September The Panel is not in a position to

flows (NMFS BO for Coho Salmon) would be maintained during
future climate scenarios” is unjustified. KBRA § 21.3.1.B

judge what might happen to current
or future agreements in the face of
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commits non-federal parties to support approval under the ESA | climate change and socio-economic

(an HCP) for diversion of water for the Klamath Reclamation changes in the basin. All the Panel

Project as provided in KBRA. Those diversions will reduce can do is to point out the

summer flows. assumptions that the Bureau of
Reclamation made in their modeling
of flows and lake levels under future
climate scenarios.

71 T.Schlosser |67, 2 The assumption “that the mandate of July through September See response to comment 70.
flows (NMFS BO for Coho Salmon) would be maintained during
future climate scenarios” is unjustified. KBRA § 21.3.1.B
commits non-federal parties to support approval under the ESA
(an HCP) for diversion of water for the Klamath Reclamation
Project as provided in KBRA. Those diversions will reduce
summer flows.

72 R.Franklin i,2 Regarding the statement “However, the Panel’s statements are | The Panel has provided answers to
no substitute for further scientific investigation. The Panel the questions posed wherever
recommends that its statements not be used in lieu of doing the |possible, based on the available
necessary and feasible data collection, analyses, and modeling information. It has also pointed out
that is recommended below.”, we consider it unlikely that the where major uncertainties exist, and
Panel’s recommendations for followup science will be heeded. | made recommendations of how
Therefore, a more direct description from the Panel as to how to |some of these uncertainties might
use the information in the Report would be helpful. be resolved.

73 R.Franklin 17,2 Regarding the statement “The questions posed to the Panel are |The report has been revised for

not answerable with a satisfactory degree of precision or
confidence. “ We strongly agree. In fact the HVT team has
pointed to this fact throughout Settlement discussions, this in
the face of federal and state fisheries scientists reaching the
conclusion that fisheries benefits of KBRA are somehow clear to
see —and reliable. Recommend that this text, with its simple
statement of limits of Settlement science, be elevated to

clarification in response to this
comment.
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“headline” status. This phrase would be extremely useful in the
Executive Summary.
74 R.Franklin 18, 2 In regards to” Furthermore, a decision to proceed with the This comment is noted. The Panel

projects should be understood as a decision to pursue a
hypothesis, for which there is some evidentiary support, but
whose outcome is largely unknown. In this spirit, the panel

highlights the following four important topics:

a.

The processes, controlling factors, and hazards likely to
have the greatest influence on project outcomes should
be identified now.

Experiments and studies can be carried out between now
and the planned date for dam removal (2020) to reduce
some of the uncertainties, which in turn may provide
guidance and direction for the KBRA.

Monitoring programs should be planned, coordinated,
and implemented now for effective and timely detection
of the consequences for the salmon of the grand
experiment comprising the dam removal and KBRA
program. A monitoring program should be designed and
established as soon as practicable to provide useful and
timely guidance for KBRA and the design of dam removal.

A scientific advisory structure should be implemented at
the beginning of the planning process that is conducive to
effective and timely redirection of KBRA mitigation and
restoration activities in response to monitoring and
experimental results, on an ongoing basis, so as to
discontinue ineffective and counterproductive activities,
while trying new ideas and maintaining and fine-tuning
activities that prove effective.” While the panel has in this
text offered what is essentially their view of requisite

made some recommendations; it is
up to the various agencies and
stakeholder groups to decide which
of these, if any, to implement, and
determine the consequences of
implementing these or failing to do
so.
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follow-up science, it is unlikely that all of these (perhaps
any) will be implemented. Therefore, the Panel should
consider stating their position on what should be done if
the recommendations are not followed. For instance,
should a decision be delayed until after KBRA documents
(i.e. Drought Plan, Fisheries Restoration Plan) have been
written and analyzed?

75

R.Franklin

20, 1-4

There are a series of recommendations regarding use of
scientific leadership. Please state what risks would be faced if
the program is implemented without the recommendations.
Would fisheries outcomes for instance be unreliable?

See response to comment 74.

76

R.Franklin

31,2

“The KBRA is intended to result in some adjustments to the late
summer flow regime by increasing flows slightly in July through
September, and decreasing them in October-December (B.
Greimann PPT Presentation 12/13/2010, see Figure 4 above).”
Given that the reduced flows in October through December fall
frequently below the Ecological Base Flow limit identified in
Hardy et al. 2006, what is the Panel’s impression of biologic
consequences? As defined in Hardy et al. 2006, flows in the
range contemplated by KBRA will fail to provide minimal
(subsistence level) conditions. Furthermore, these extreme
conditions will repeat annually, affording no relief.

The Panel was charged with
comparing the two alternatives. The
Panel report addresses the rather
modest changes in flow that would
be expected under the Proposed
Action.

77

R.Franklin

33,1

Discussion of oxygen sag during first evacuation of reservoirs is
incomplete and needs to be updated. Misses the point that
“decreased” levels of oxygen are potentially lethal to fish
throughout the Iron Gate to Shasta River reach (approximately),
depending upon a variety of factors including water temperature
and ambient oxygen levels in reservoir depths at time of
breaching. Please address biologic impacts of a range of acute

The Panel agrees that there is a
potential for harmful levels of
oxygen during the transient around
drawdown of the reservoirs and
removal of the dams. This transient
effect can be minimized by
appropriate timing and in any case
the long-term effects of the project
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low-to-zero oxygen events.

are of greater concern.

78

R.Franklin

51,1

“The Panel can only state that if the KRBA is implemented
effectively, improved habitat conditions are likely for steelhead.”
This says to me that if things get better then things will get
better. Recommend describing what effective and ineffective
implementation might look like in this regard.

The Panel responds with
clarification that the answer
depends on what is meant by
"effective." The Panel used this to
mean that KBRA actions would
achieve some set of objectives
related to habitat —i.e., that
effectiveness of KBRA would be
measured not only by actions taken
but also by the results of those
actions in terms of habitat
improvement. In that sense, this
statement could be construed as
circular, but Panel members have
seen too many restoration programs
in which outcomes were judged no
further than the actions themselves
(e.g., how much gravel was dumped
into a river) without an attempt to
say what the outcomes were in
terms of the target species or their
habitat. In that sense, this is not
circular.

79

R.Franklin

52,4

“The KBRA is a list of possible actions without sufficient detail to
guantify their effects on habitat, and the data and modeling
needed to quantify the response of steelhead to these changes
in habitat are lacking.” This stands as a general statement
regarding the relationship between the too-vague KBRA and

The report has been revised to
include a similar statement in
response to this comment.
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analysis of impacts to native fishes. We strongly agree, and
recommend this be incorporated to the top of the Executive
Summary, at paragraph 2.

80 R.Franklin |63, 4 “The 2-D habitat modeling known to the Panel was presented in |This was not part of the Panel's
Hardy et al. (2006), which did not simulate the Conditions charge, although the Panel report
without Dams and with KBRA alternative and was restricted to discusses the fact that flow

the reaches downstream of the Iron Gate Dam.” The cited study | augmentation under the Proposed
provides criteria for the limit of subsistence-level flow conditions | Action would be small.

—known as Ecological Base Flows — which pertain to either the
Dams Out or No Action alternatives. The EBF flow limit is not
impacted by the presence of dams, as this is based solely on
statistical analysis of native hydrology. The Panel should review
hydrologic simulations of the Alternatives and state its
impression of the likely impacts to coho and steelhead of
providing less than minimal flows in October, November and
(sometimes) December of each year.
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81 Dunsmoor |i, 1 The decision standards the Secretary is to use in his decision- The report has been revised for
making regarding facilities removal were carefully crafted and clarification in response to this
intensively negotiated in the KHSA, and they need to retain their | comment, although it has little
integrity in the expert panel review process. The Secretary’s effect on the Panel's response to the
decision standards are whether Facilities Removal under the questions put to them. Note that
KHSA 1) will advance restoration of the salmonid fisheries of the |the Panel's charge was steelhead
Klamath Basin, and 2) is in the public interest, which includes but |and coho salmon, the latter a listed
is not limited to consideration of potential impacts on affected population.
local communities and Tribes.
To the extent that the panel limited its scope to responses of
listed populations, the mark was missed. The KBRA has its own
set of fishery and ecosystem goals (e.g. KBRA sections 9.2.1,
9.2.6, 10.1.2, & 16.3) which cover listed species by default, but
the KBRA has no standards applicable to the Secretary’s decision.
The panel should appropriately consider the effects of
implementing the KBRA in terms of restoration and resource
management synergies with facilities removal under the KHSA.

82 Dunsmoor |iv, Table ES-1, The KBRA and KHSA are comprehensive legal agreements, not This comment is noted. The Panel is

Water Quality

resource management or scientific documents, and hence they
do not provide much direct help to the Panel in answering the
specific questions posed to them. Each agreement defers
detailed planning and implementation to post-agreement
processes not yet completed.

However, | believe the Panel errs in concluding that “The limited
detail provided in the KBRA suggests minimal reduction in
nutrient loading and increase in dissolved oxygen levels
upstream of Keno Dam”. Here is why:

1. We expect to curtail external loads through the KBRA
actions detailed in Barry et al. (2010; filename:

less optimistic than the commenter
about the likely success of
unspecified restoration actions in
achieving a sufficient improvement
in water quality to reduce or
eliminate problems for migratory
fish. The Panel points to the limited
degree of success of such
restorations in other areas where
non-point-source loading is the
problem. The text on Microcystis
was incorrect and has been
modified in response to this
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KBRA_restoration_actions_and_costs_July_30_2010.pdf);

In section 10.1.2 of the KBRA, restoration actions will
include measures to manage and reduce “... organic and
nutrient loads in and above Keno Reservoir and in the
Klamath River downstream”. $55 million is identified for
this purpose (KBRA Appendix C-2, lines 11-12);

KHSA Interim Measure 10 (pg D-2) is specifically oriented
towards identifying nutrient reduction measures, and is
being developed now. While not finalized, the workshop
objective presently being used by the steering committee
is “To identify the technologies and strategies that will
provide a clear working framework to reduce nutrient and
organic matter loads to the Klamath River and improve
water quality conditions within the Klamath Basin.
Workshop participants and experts will be invited to
evaluate the merits of various pollution reduction options
for the Klamath Basin and develop recommendations for
the development of engineering feasibility analyses for
the most promising pollutant reduction options evaluated
at the workshop.” Technologies to be focused on include:

e Wetland treatment systems

e Wastewater treatment systems

e Algae / biomass removal

e Ambient water treatment systems

e Sediment nutrient sequestration

e Others (we’re encouraging innovation).

KHSA Interim Measure 11 (pg D-2) is intended, in part, to
plan and implement nutrient reduction measures. Two
feasibility studies are moving forward now: a) Evaluation
of Organic Material Removal from Keno Reservoir and the

comment.
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Upper Klamath River (filename: IM_11_Study_Plan_Keno_
OM_Removal__Oct_18 2010_.pdf); b) Evaluation of
Treatment Provided by Wetlands (filename: IM_11_
Study_Plan_Treatment_Wetlands__Oct_18 2010_.pdf).

Whether nutrient reduction measures are implemented
in Upper Klamath Lake or in Keno Reservoir, they are
intended in part to reduce the flow of nutrients and
organic matter into and from Keno Reservoir, and thereby
improve water quality in and below Keno Reservoir. |
believe conclusions of Sullivan et al. (2010; filename:
Sullivan_chemgeo_Keno_resv_bod_2010.pdf) support
the notion that removing organic material in the form of
algae and other particulates will remove substantial BOD
from the system.

5. Finally, what could be more certain than that Microcystis
blooms will be reduced, since removing the dams removes
the reservoirs in which the blooms form and persist?

83

Dunsmoor

iv, Table ES-1,
Adult/Juvenile
Migration

Why is this question limited to below Iron Gate Dam? It was not
put to the Panel in that form.

Dam removal will return the thermal regime in the Klamath River
to a normative condition, or nearly so, in that it will restore the
spatial and temporal variability springing from responsiveness to
meteorological conditions. Dunsmoor and Huntington (2006;
filename: Migratory Corridor Technical Memo FINAL revision 1
red.pdf) show this in several ways. First, Figure 21 shows that
the summer-fall thermal regime shifts towards what was
measured below Iron Gate Dam in 1926. Second, Figures A13-
A26 in Appendix A show the seasonal and longitudinal patterns
of temperature magnitude and variation (EC = existing

The Panel responds that there was
significant redundancy in the
original questions. Therefore, issues
involving adult and juvenile
migrations upstream of Iron Gate
Dam were covered in other sections
of the report. The report has been
revised to provide clarification
regarding how the questions put to
the Panel were restated in the text.
Note that the full text of questions
put to the Panel are provided in
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conditions with all dams in place; No IG-COP-JCB is the dam
removal scenario being considered under the KHSA). The Panel
concludes that juvenile coho movements are impeded by high
summer temperature in the mainstem under the Conditions
With Dams scenario, and also that higher summertime
temperatures are a negative effect of the Conditions Without
Dams and With KBRA scenario. However, the foregoing figures
show a much more complex thermal response to dam removal.
While summertime water temperatures can be higher without
the dams, they can also be lower. Thermal regimes in reaches
below the dams have very low variation for extended periods, so
when temperatures ascend to levels impeding juvenile
movement, they remain adverse regardless of short-term
meteorological events. Conversely, without the dams in place,
water temperatures respond rapidly to air temperature changes,
and these events create spatial and temporal thermal diversity
that could be exploited by juvenile fish. | would argue that more
opportunity for movement exists without the dams than with
them during the warmest part of the year, although | am unsure
of the extent to which this may influence coho performance,
since warm summer water temperatures are a natural feature of
this river and it seems unlikely that extensive summertime
movement has ever been possible.

Appendix B of the report.

The second comment provided is
noted. The Panel responds that the
text of the report notes that
temperature fluctuations would be
greater with dams out.

84

Dunsmoor

v, Table ES-1,
Tributary vs
Mainstem
Spawning

Again, why is this question limited to below Iron Gate Dam? It
was not put to the Panel in that form; removal of the dams
immediately increases availability of main stem and tributary
spawning habitat.

The Panel concludes that “any benefit to improve spawning
habitat of coho depend on unspecified KBRA activities targeting
spawning habitat”. What about simply providing access to
tributaries between Iron Gate and Keno Dams? At a minimum,

See response to comment 83.

The Panel responds that access to
tributaries above Iron Gate Dam is
discussed in a question that is more
specific to this area.

Comment Submission Form

Page 30




Comment | Comment
Number Author | Page, Paragraph Comment Panel Response

Spencer, Shovel, Fall creeks will certainly provide an immediate
increase in tributary spawning. See Huntington and Espinosa
(2006; filename: MEMO_HuntingtonandEspinosa2006.pdf)

85 Dunsmoor |v, Table ES-1, Significant habitat for steelhead and coho will be provided Table ES-1 has been removed from
Access to between Iron Gate and Keno dams. See Huntington and the report for clarification.
Habitat Espinosa (2006; filename:

MEMO_HuntingtonandEspinosa2006.pdf)

86 Dunsmoor |vii, Table ES-1, |Restoration measures under KBRA are more likely to improve See response to comment 85.
Climate Change |thermal conditions than water management actions. Sufficient
detail is provided by Barry et al. (2010) to support that
conclusion, assuming that they are implemented in an effective
manner, and that they have the intended results.

87 Dunsmoor |1,1, last See comment 1. The Secretary’s decision pertains to Facilities The report has been revised for
sentence Removal under the KHSA, and the standards are stated clarification in response to this
incorrectly here. comment.

88 Dunsmoor |11,2.2.2.1 Removal of the dams opens up fish access to the entire drainage |The report has been revised for
upstream, as limited by natural fish barriers and by seasonal clarification to this comment.
water quality barriers in Keno Reservoir and Upper Klamath
Lake.

89 Dunsmoor |12, Table 3 The last row in the table incorrectly says “Acquisition of 30,000 |This comment is noted.

acre-feet of water”. Instead it should say something like
“Permanent retirement of water uses sufficient to increase
annual inflow into Upper Klamath Lake by 30,000 acre feet”. To
the extent that water rights will be changed, it will be through
retirement, not through acquisition, which implies that someone
else will take and hold the water right. This is not merely a fine
point, but rather one of profound political significance locally, so
it is important that it be correctly stated here.
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90 Dunsmoor |17, #2:Serious |Indeed, a seasonal (late summer —fall as needed based on water | The Panel agrees that a trap-and-
uncertainty quality conditions) trap and haul from below Keno Dam to haul program might not be
about fish somewhere above Link River Dam has always been the intent. necessary when water quality
passage and Such a program was required in 2007 as a Mandatory Term and |improves. But the NRC (2004) report
colonization. Condition of a new hydropower license, and the fish managers |indicated that improving lake water
plan to implement that program adaptively. As water quality quality is likely to be a difficult and
conditions improve we intend to eventually eliminate trap-and- |uncertain task, and the Panel
haul. agrees.
Power generation at Link River Dam will have ceased, and there
is none at Keno Dam, so downstream mortalities associated with
power generation will be zero.
91 Dunsmoor |17, #5: The Klamath Irrigation Project is a party to the agreement, the This comment is noted.
Uncertainty implementation of which will decrease surface water diversion
about how land |and monitor and limit adverse effects of groundwater use by the
owners will Project (see KBRA Section 15.2.4).
accommodate
to the KBRA.
92 Dunsmoor |18, 2, We face a serious management decision about whether to keep |This comment is noted. The report
Furthermore... |the dams or to remove them. While | won’t disagree with the has been revised for clarification in

general theme of the statement in italics, | find that its context is
self-limiting and therefore skewed, because it considers only the
alternative of removing the dams. How uncertain is the
outcome for the river and for the species if we keep the dams?
Will we even have a chance to restore any fish populations to
the Upper Basin? Will the present downward trends of existing
populations continue? Can the problems with thermal regimes
and Microcystis blooms be ameliorated with the dams and their
reservoirs in place? | could list many more such questions, but
my point is that the central question is this: which of the 2

response to this comment.

In response to many comments, the
Panel has revised the report to
make clearer that the focus was the
contrast between the two
alternatives presented.

The Panel believes that it is great
that agencies will pursue the items
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alternatives is likely to improve the fisheries and the ecosystem
that produces them, not the extent to which we can fully
quantify all outcomes of dam removal.

Additionally, the statement implies a single outcome to dam
removal, declared to be unknown. But we know that removing
the dams a) eliminates Microcystis blooms and toxins emanating
from the reservoirs; b) restores the river to a more normative
thermal regime; c) reconnects upstream ecological processes
and habitats to the Klamath River below Iron Gate, including
some of the largest scale thermal refugia in the entire basin.
More could be said along these lines, but the point is that we do
know some outcomes with confidence, and we also know with
confidence that we cannot manage our way around many of the
most severe problems caused by the dams while they remain.

Finally, | agree with the Panel’s recommendations in a-d, and in
fact would say that we have our eyes on the ball for each of
these. The Fish Managers are developing restoration and
monitoring plans. The Technical Advisory Team will be active on
the science front. A NFWF funded evaluation of past Upper
Basin restoration actions is underway and will be used to guide
subsequent projects and strategies, Chinook reintroduction work
is to begin in 2012 with research into stock selection, evaluations
of timing, location, and methods associated with stocking
embryos or fry above Upper Klamath Lake, evaluations of
Chinook performance moving through Upper Klamath Lake, etc.

listed in a-d of the comment.
However, information on some of
these issues was not provided to the
Panel, such as experimental studies
to evaluate colonization of Chinook
salmon above Upper Klamath Lake.

93

Dunsmoor

24, last
sentence on

page

High summertime water temperatures in the Klamath River are a
natural feature of this system, see Without Project (WOP)
scenarios in Dunsmoor and Huntington 2006, Figures 19-21;
filename: Migratory Corridor Technical Memo FINAL revision 1
red.pdf). No alternative is available that would keep
temperatures in the range that would not require access to

The Panel responds that there is
nothing in this comment that the
Panel would disagree with, or that
conflicts with the text of the report.
However, the Panel states that
there seems little point in the Panel
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thermal refugia. The existing condition provides the fish with adding qualitative speculation of the
high water temperatures in summer and fall that vary little, kind referred to in the Bisson et al.
whereas the dam removal scenario provides high summer water |document. The Panel was not
temperatures that vary a lot. Bisson et al. (2009) argues that charged with repeating one more
habitat management for Pacific salmon should in part strive to | general review of the literature on
provide normative patterns of variability in physical processes river restoration. That would have
that create habitat diversity. Removing the dams will accomplish | been more useful in the original
this better than any available alternative insofar as the thermal |agency documents provided to the
regime is concerned. Panel, along with some quantitative
estimation of the degree to which
the Bisson recommendations would
be met by the proposed KBRA
activities.
94 Dunsmoor |29, middle Here and elsewhere it appears that the Panel assumes woody The report has been revised for
paragraph riparian vegetation to be the potential natural plant community |clarification in response to this
throughout the riparian corridor of the Sprague River, when in comment. The Panel has inserted a
fact sedges and rushes were likely the dominant forms in much |reference to sedges, together with a
of the valley floor. See pages 8-13 in McDowell and Massingill comment on the confusing nature of
(2008); filename: UO_Riparian_Study_Final_Report.pdf. references to the value of riparian
vegetation in the various KBRA
documents. However, the Panel was
unable to locate files named
“McDowell and Massingill (2008)”or
“UO_Riparian_Study_final_Report.p
df” in the files supplied to the Panel.
The Panel comments that this is
another example of the inefficiency
with which materials were provided.
95 Dunsmoor |31, Section 3.2.5 | The KBRA re-operates the system to provide significantly more |The Panel was asked to compare

water below Iron Gate during the spring months (April-June)

current conditions with dams and
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when compared to historic conditions since 1960, moving the the established flow regime
river back towards a normative flow regime. This is largely lost |(controlled partially by the Biological
on the Panel, | believe, because the Panel focused on comparing |Opinion) with the proposed KBRA
hydrographs between KBRA and Biological Opinion outcomes, without dams condition. That is why
both of which represent significant change from the historic the Panel focused on these two flow
condition. Springtime flows are very important for anadromous | projections - although the Panel
fish, more so than summer flows — the Panel’s focus here seems |emphasized that there remains
off-target. considerable uncertainty about the
reliability of flow modeling.
96 Dunsmoor |35, 1% KBRA also plans gravel augmentation to the main stem Klamath |The Panel responds that the
paragraph —see Section 10.1.2 which states: suggestion provided is unclear. The
“Within these specific elements, the Phase | Plan will address, Panel‘ack.nowledges that KBRA
. . . . planning includes a menu of
among other things: (i) coarse sediment management in the litat ts f tential
Klamath River between Keno Dam and the Shasta River qualita |ye conf:ep > forpotentia
. . . restoration actions. But the
confluence, where coarse sediment supply will be managed, in . L
. . i . magnitude, extent, and likelihood of
coordination with any plan for Facilities Removal, to replenish .
. e . . . effectiveness have not been
and sustain existing in-river sediment storage capacity, which ) .
. . addressed by the planning agencies.
may subsequently be increased after evaluating the attendant ) . .
. . o It is therefore impossible for the
biological benefits... T
Panel to make projections of the
likely effectiveness of KBRA on fish
populations. The Panel’s opinion on
this subject is clearly stated in the
final report.
97 Dunsmoor |36, paragraphs |The Panel concludes that the model-predicted 18 day phase shift | The Panel notes the distinction

3-4

in the thermal regime is not a sure thing because of climate
change, water demand scenarios, or KBRA actions. | disagree for
several reasons:

1) Dunsmoor and Huntington (2006) present biological
corroboration of the thermal regime shift in terms of

between coho salmon and
steelhead, with the shift being of
benefit to steelhead. However, the
panel also notes that there was
sufficient uncertainty in the

e
Comment Submission Form

Page 35




Comment | Comment
Number Author | Page, Paragraph Comment Panel Response

coincident shifts in fall Chinook run timing (Figure 22) and | modeling so that the prediction of
though comparison of measured temperatures in 1926 to |18 day shift could vary significantly
model predictions (Figure 21). from the 18 days. This unknown, but
likely large, large range around the
18 days arises from model
uncertainty and from year-specific
conditions.

2) The reservoirs store heat. The thermal response to
removing the reservoirs is not “plausible”, it is a physical
certainty. The river will be much more responsive
following reservoir removals to climate forcings, which
will by far dominate the thermal outcome in the river.
Thus, the trajectory of climate change will indeed be
important, but as noted it will occur regardless of
reservoir removal. The reservoirs have caused impacts
during the late summer and fall that worsen the potential
effects of climate change.

3) Water leaves Upper Klamath Lake equilibrated to air
temperature. Once water flows past Keno it flows
through steep reaches, where turbulent flow will ensure
equilibration with air temperature. There are no actions
contemplated under the KBRA that could have an effect
that would overwhelm these physical processes. | find the
Panel’s concerns on these points to be unconvincing.

4) Models undoubtedly do not provide us exactly accurate
predictions of what the effects of dam removal would be.
In this case, two separate modeling efforts using different
model platforms show the same major result for the late
summer-fall period — the reservoirs store heat and the
river is cooler without them. See Bartholow et al. (2005),
and the PacifiCorp modeling results summarized from a
fish perspective by Dunsmoor and Huntington (2006).
Documents pertaining the development of the PacifiCorp
water quality model are included in the folder named: KR
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Water Quality Model.

5) From a biological standpoint | am far more concerned
about the thermal consequences of the dams in the late
summer and fall because this is when the system naturally
cooled off, and the local species evolved under that
template. Similarly, the local species evolved under mid-
summer conditions that were very warm, with adverse
conditions in the main stem. So while it can be said that
water temperatures will worsen during mid-summer
under dam removal, it can also be said that they are
returning to a more natural condition for the Klamath
River.

6) Finally, while this question was oriented towards coho, |
note that the Panel’s response was not coho-specific, and
so | will point out that thermal results of dam removal for
steelhead are quite positive e.g. see Figures 19-20 in
Dunsmoor and Huntington (2006).

98 Dunsmoor |38, 1% sentence |Wording issue — perhaps “occur” in the first line should be The report has been revised in
on page “occurring”? If not some other change is needed. response to this comment.
99 Dunsmoor |38, 2™ Bradbury et al. (2004) documents similar results to Eilers et al. This comment is noted.
paragraph (2004). See filename: Bradbury_et_al JOPL_history_recent_
limnological _changes _human_impacts_2004.pdf
100 Dunsmoor |37-39, First, see comment 2 above. Second, this discussion relies The report has been revised for
Microcystis entirely on nutrient reduction to change the current problems clarification in response to this
with Microcystis. Kann (2006; filename: comment.

KannFinalYurokMsaeTechMemo2-3-06.pdf) concluded that the
KHP reservoirs provided ideal habitat for Microcystis, where
massive blooms exported large quantities downstream.
Removing the dams will eliminate the habitat for Microcystis and
eliminate the massive blooms and subsequent downstream
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export of Microcystis.
101 Dunsmoor |42, 1% full See comments 3 & 17.5 above. Dunsmoor and Huntington This comment is noted. The report
paragraph, and |[(2006) concluded that dam removal would provide a net benefit | has been revised in response to this
this section in to juvenile salmonid use of refugia (pgs 20-22, Appendix B, Table |comment. The Panel has added a
general B13). Again | point out that high water temperature during statement regarding the benefit of
summer in the main stem is a natural characteristic of the temperature fluctuations.
Klamath River. A key difference between the dams in and out
alternatives is the variability in the thermal regime. Dam
removal enables more effective use of thermal refugia and
allows the river temperatures to respond to cold fronts,
producing cool periods that could enable some movement, a
pattern these species evolved with in this basin.
102 Dunsmoor |51 In reference to #3, we call them resident O. mykiss now, but This comment is noted. The report

they’re only resident because we blocked their access to the
ocean with dams. Dunsmoor and Huntington (2006) conclude
significant improvements in mainstem thermal regimes for
steelhead will accompany dam removal, which is at odds with
the last paragraph.

has been revised for clarification in
response to this and other
comments.
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103

Dunsmoor

52, 1* full
paragraph

Water quality in Upper Klamath Lake and Keno Reservoir is
adverse during the summer and at times during fall. The
following statements regarding life history refer to pgs 14-18 in
Shaw et al. (1997; filename: Klamath R life stage periodicities
chinook coho steelhead 1997.pdf). Winter steelhead would find
no impediments to upstream migration related to water quality.
A seasonal trap and haul will be in place as needed during fall, so
fall steelhead will have some assistance migrating upstream
during portions of their run. Link River Dam has a new state-of-
the-art ladder, and ladder improvements are planned for Keno
Dam.

This comment is noted. The Panel
has provided their opinion regarding
this matter in the final report.

104

Dunsmoor

54, 3™
paragraph, “In
terms of...”

This sentence confuses me. Suitable habitat for anadromous
salmonids is presently inaccessible above Iron Gate Dam — why
reference Upper Klamath Lake here? If it is intended to apply to
the dams out alternative, it is incorrect, since dam removal will
enable fish (especially steelhead) access above Upper Klamath
Lake.

The report has been revised in
response to this comment.

105

Dunsmoor

54, last
paragraph

With respect, saying that “the agencies appear to be relying
upon being able to facilitate access to the upper basin with a
lengthy trap-and-haul program if the fish cannot get there
unaided” is simply unfair and inaccurate. Neither the agencies
nor the other parties intend trap-and-haul to be the long term
answer. The fish transport program is intended to facilitate re-
introduction, and all parties share the goal of discontinuing the
program as quickly as possible. And insofar as the species in
question here are concerned, steelhead are least likely to need
trap-and-haul to be successful. We are all, including the
agencies, determined to be successful with restoration
measures. The Panel has stated many times it lacks sufficient
detail to judge these restoration actions. Fair enough, since
we’re in the process of building basin-wide restoration programs

The Panel responds that it is not
clear what the agencies propose to
do if the fish cannot “get there
unaided”. While the Panel applauds
the efforts made by agencies to
reduce conflict and to plan for
change, the Panel is notin a
position, with the information
provided, to predict the likely effect
on fish populations, either
qualitatively or especially
guantitatively (as the Panel were
asked).
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following the unprecedented effort we have all poured into
getting these agreements in place. Similarly, there are no plans
for downstream transport of juveniles — again, steelhead would
be the species least likely to require such intervention. But
clearly, such management decisions must necessarily flow from
experience. The Panel should also consider that the agencies,
tribes, states, and NGOs have been fighting tooth and nail in the
FERC realm and elsewhere for the last decade to a produce a
result for this basin that represents a full frontal assault on the
ecosystem problems we face here. The detail may be lacking,
but the aspirations and determination to succeed are clear.

106

Dunsmoor

57, 2"
paragraph

Restoring proper sediment dynamics to the reach below Iron
Gate may have another consequence not mentioned here. What
role might the macroinvertebrate community dynamics
associated with hydrology and substrate play? The polychaetes
have invertebrate predators, and substrate and hydrology both
affect invertebrate community dynamics. See Power et al.
(2008; filename: Power_2008_EcolMono.pdf) for interesting
work in the Eel River, a few drainages south of the Klamath.

The Panel cannot address this
guestion with the available
information, although the Panel is
familiar with the Power’s work.

107

Dunsmoor

57,3
paragraph

“Eutrophic” is the natural condition of Upper Klamath Lake — we
are trying to address hypereutrophy, a big difference.

The report has been revised in
response to this comment.

108

Dunsmoor

62, 1%
paragraph
under
Discussion

For steelhead, there is simply nothing to stop them from moving
through Keno Dam and Upper Klamath Lake if the adults arrive
after the water quality improves. Far from certainty? Trout do it
now, why would steelhead be unable? Thermal improvements
resulting from dam removal in late summer and fall are not
small, they are large, and biologically significant.

“After the water quality improves" is
a time frame the Panel cannot
ascertain with the available
information.

109

Dennis
Lynch

20,3

“ensure effective use of peer review”. “This element appears to
be missing from some of the reviews of the reports provided to

This comment is noted.
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the Panel”.

Given the recent preparation of some reports, some reports may

not have gone through all steps of the peer review process. The
SD does have a process for review and peer review. The reports
that the Panel received may have been in various stages of the
review process. | believe the protocols for SD peer review
include all of the major points made by the Panel including a
selection of objective experts, and use of resolution documents
to create a record of the review comments and adequacy of
response. Peer reviewers are anonymous with respect to the
comments but all individuals will be credited on a list of
reviewers.

110

Dennis
Lynch

19,5, sect 3.1.1
and P. 22, Para
3,L2

“There is no coho population dynamics model under active
consideration at present, though one was developed for this
project and then removed from Panel consideration.”

And

“The Panel found it inexplicable that the life cycle model for
coho, which had been provided initially to the Panel was
withdrawn from our consideration just before the Panel
meeting”.

The Coho Model report was not funded directly under the SD
process. The Bureau of Reclamation has been funding
development of this model for several years with Crammer and
Associates. | believe an earlier version of this model is on the
Crammer website; however, this earlier model only includes
estimates of coho response with the dams in place.

In 2010, Reclamation asked Crammer and Assoc to update this
model for a dams in and dams out scenario. Reclamation, the

This comment is noted. The report
has been revised in response to this
comment. The wording has been
changed in the report from
“inexplicable” to “frustrated.”
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agency funding this new work, made an agency management
decision to pull this new version of the Crammer Coho modeling
report back from consideration by the expert panel to ensure
that adequate science review had taken place so that
Reclamation could stand behind the final report. Itis
Reclamation’s prerogative and responsibility to not release a
report that has not received all the review they feel is needed to
make it the best report possible. Additional science review that
Reclamation wants to obtain, and has not obtained up to this
point, will be from other Federal Agency experts as well as from
experts in the stakeholder community. Reclamation is now
developing a plan to obtain those reviews and make any
revisions to the coho modeling report, if warranted.

111

Yurok Tribe

Pgi:parl

Consideration of closely-related actions (such as restoration,
flow management, etc) that are part of the KBRA is appropriate,
however, it is beyond the scope of this panel to make judgments
on the likelihood of implementation of the KBRA, or the
potential effectiveness of KBRA implementation.

The Panel was presented with the
KBRA as a set of actions, either
unspecified or vague as to extent,
and asked to make guantitative
estimates as to the influence of
Conditions without Dams and with
KBRA. The uncertainty in extent,
implementation, effectiveness, and
content of the KBRA actions are
central to any estimate of changes
in coho or steelhead populations. It
would have been irresponsible of
the Panel to assume blindly that the
goals of KBRA would be achieved
without some consideration of the
content of KBRA. Furthermore,
based on the low specificity of the
information provided, and Panel
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members’ experience with other
restoration programs, the likelihood
and degree of implementation bear
heavily upon the likely outcomes
with dams out and KBRA.

112

Yurok Tribe

Pgi:parl

The question before the secretary and therefore the expert
panel is primarily about dam removal, and is the result of
carefully crafted language in the KHSA (section 3.1). The panel
should retain the meaning and exact wording of the language in
the KHSA.

Suggest inserting KHSA language into the document, and
deleting major sections of document relating to the KBRA. The
two alternatives must be evaluated as presented, and the panel
is out of place to insert evaluations as to the likelihood of
obtaining funding for KBRA actions, efficacy of such actions, etc.
[begin quote]

Based upon the record, environmental compliance and other
actions described in Section 3.2, and in cooperation with the
Secretary of Commerce and other Federal agencies as
appropriate, the Secretary shall determine whether, in his
judgment, the conditions of Section 3.3.4 have been satisfied,
and whether, in his judgment, Facilities Removal (i) will advance
restoration of the salmonid fisheries of the Klamath Basin, and
(i) is in the public interest, which includes but is not limited to
consideration of potential impacts on affected local communities
and Tribes.

The Panel disagrees with this
comment. See response comment
111. The Panel was charged to
compare dams-in versus dams-out
with KBRA, and the charge to the
Panel was quite clear that the latter
was to be considered as a package.
The Panel then worked with the
material provided. In order to
answer the questions posed to the
Panel, issues about the efficacy and
implementation of KBRA must be
considered.
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113 Yurok Tribe |ii, 3 The Panel reaches the following conclusion with regard to coho: |The Panel revised the report to state

“The benefits to coho salmon of Conditions without Dams and
with KBRA are expected to be small...” The substance of the
entire document leaves the reader with the view that dam
removal and everything that would go with it would have, at
most, only minor beneficial effects on coho. The extent of any
positive effects, as the document describes, would be
inconsequential in moving toward recovery. This view is put
forth even though the Panel states repeatedly that significant
uncertainty exists about potential effects and that too much is
unknown in order to project effects on population performance.
Given such uncertainty, what confidence should the reader have
in the Panel’s conclusion? We conclude, through our review of
the Draft Report that the Panel’s conclusion hinges primarily on
four issues:

1. That coho could not--or would not be allowed to—
become established in the upper Klamath system
upstream of Upper Klamath Lake(UKL). The Panel
assumed that the upper limit to future coho distribution
would be Spencer Creek, based on the conclusion of
Hamilton et al. (2005) that that was the upper historic
extent of distribution. As we presented to the Panel on
December 13 (see Lestelle’s written comments
submitted to the Panel), it is uncertain where the upper
limit to historic distribution was, but that point does not
need to limit the species future distribution. The Panel
appears to have only allowed for the possibility of future
natural recolonization, and the potential for colonizing
to areas upstream of UKL was apparently waved away.
Active introduction steps could be taken, however,
which could facilitate the establishment of coho in the

more clearly that dams-in will
continue the bad conditions into the
future, and that dams-out with
KBRA should be an improvement.
However, the Panel maintains that
given the uncertainties with dams-
out and KBRA and the current state
of the coho, expected responses by
coho are likely to be small.
Uncertainty is high in particular
about whether coho could maintain
populations upstream of Upper
Klamath Lake, in the near or distant
future. Much of the uncertainty
hinges on whether water quality can
be improved to the extent that
some project proponents seem to
believe. As stated elsewhere, the
Panel is not so optimistic.

At a more general level, the Panel’s
role was to provide their unbiased
(with respect to project outcomes)
expert opinion and evaluation about
the science. Clearly, there are
disagreements among the parties
involved about the certainty of how
dams-out with KBRA will benefit
coho. Equally clearly, project
proponents are enthusiastic about
the project and therefore optimistic
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upper basin. As noted in written comments submitted by
L. Lestelle on behalf of the Yurok Tribe, thermal
conditions of some of the upper watershed’s streams
(Wood River, Williamson River) could provide conditions
to offset future effects of climate change. Huntington et
al. (2006) describe streams in the upper basin that are
well suited to support coho production. As noted our
written comments, the distance of an adult migration to
that area should not be prohibitive. Coho are known to
migrate upstream far greater distances than this in other
rivers. Passage through Link River is now quite possible,
whereas it may have acted as a barrier historically
(Logan and Markle 1993, citing Moyle 1976). The
evidence suggests that if introduced coho could in fact
return to the upper basin, then they could be the key to
recovering the Upper Klamath coho population (as the
TRT defined the basin’s populations), especially in light
of potential climate change. Such an event would also
likely be very important to coho in the aggregate in the
Klamath basin. Despite the presentation of this prospect
to the Panel, the Panel made no comments at all on such
a scenario—not even acknowledging the hypothesis. The
Panel should address this hypothesis directly. If the
Panel finds that an introduction of coho could not take
hold in this area, then explicit reasons should be given.
The Panel itself recognized the importance of explicitly
stating hypotheses in the restoration/recovery program
(see p. 18)—the Panel should state its competing
hypothesis and the basis for such, with regard to the
feasibility for establishing coho in the upper basin above
UKL.

2. An assumption that “most natural spawning” by coho

about outcomes. The Panel
necessarily had to filter out the
optimism and consider only what is
known or could reasonably be
expected, given the available
information. Thus, the conclusion of
the Panel is that dams-out with
KBRA will be an improvement but
the magnitude of improvement is
likely to be small for coho.
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occurs in tributaries of the Klamath River downstream of
Weitchpec at RM 43.5 (see pages 40 and 43). The
significance of this assumption to the panel’s logic
appears to be that since most spawning occurs in the
very lower end of the basin, then restoration activities
and dam removal being considered are of little
consequence to Klamath coho. This assumption will be
shown (in comment no. 22) to be based on an erroneous
inference drawn from Wallace (2004). It is an example of
how something gets passed along in the literature
without re-examination and is taken to be true. Evidence
exists that a substantial amount of the basin’s coho
natural production originates upstream of Weitchpec—
as addressed under comment no. 22. It also bears noting
here that the Panel’s consideration of effects on Klamath
coho were always presented in the context of the
aggregate Klamath population—giving little weight to
population structure and the TRT’s population
delineations. Even allowing for uncertainty in population
structure, the Panel’s conclusion that the effects of dam
removal on “Klamath coho” would be small says nothing
about the possibility of very substantial benefits on a
smaller portion of the aggregate population, i.e., on the
population of the interior region of the basin (such as
the Upper Klamath population as defined by the TRT).
Recovery is to be measured by changes in performance
at the population level—not at the level of the basin-
wide aggregate Klamath population. Allowing coho
access to cold water areas above the current location of
Iron Gate Dam (including but not limited to spring
influenced areas under Copco Reservoir, J.C. Boyle
springs, Spencer Creek, and potentially the numerous

The Panel agrees that coho could
colonize the upper basin assuming
there are still fish available to
colonize that area. The key question
is will they successfully complete
their lifecycle with high enough
survival in both freshwater and the
ocean to produce a viable
population.

This comment is noted. The report
was revised to make it clear that
Yurok Tribe disagrees with Wallace.
Please note that the Panel was
simply trying to state where in the
basin coho spawn: mainstem versus
tributaries; lower areas versus
upper areas. The Panel was
provided little information on
spawning distribution of coho.

The Panel agrees with this
perspective, as it is easy to be too
focused on abundance only. The
Panel discussed this in the report.
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coldwater areas above UKL would directly increase the
abundance, productivity, spatial structure, and diversity
(life history and genetic); all considered to be primary
parameters for determining the viability of West Coast
salmon stocks. These effects would be beneficial to
coho despite the possibility of competition and
predation, which are present under any management
scenario.

3. That the KBRA actions would generally be ineffective at
improving coho performance to any significant degree.
The KBRA is a legal agreement and was never intended | The report has been revised in
to be a comprehensive plan. There is uncertainty with response to this comment. Text was
regard to how the KBRA will be implemented, just as added to summary conclusions to
there is uncertainty if the KBRA is not implemented. At |recognize benefits of broadened
present time, the KBRA restoration and monitoring plans | spatial structure, genetic diversity,
are being drafted which will give more certainty to and life history options with dams
future restoration actions. This is the basis for evaluating | out, even if numeric response is
recovery actions for salmon and steelhead populations |small; qualifications that may limit
across the Pacific Northwest. Action planning is positive responses still hold.
occurring at a very intensive level in numerous
watersheds and the Klamath is no different. For
example, the research that is currently underway by the
Yurok and Karuk tribes on coho ecology is yielding very
substantive information on where and what kinds of
habitat actions should be implemented, by highlighting
the importance of Lower Klamath/estuary habitats for
overwinter rearing of coho from throughout the Basin.
This has already led to the construction of off-channel
ponds and implementation of large woody debris
projects in these areas. Actions targeted at specific
issues that negatively affect survival should have
significant positive effects in improving population
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performance, this is why agencies are investing
tremendous sums of money in improving habitat
conditions in numerous river systems across the
Northwest. Experience in other basins, such as Grande
Ronde (NOAA Fisheries Draft 2010), has shown that with
appropriately targeted actions productivity, abundance,
diversity, and spatial structure can be improved
significantly. This is most evident for populations that
are most depressed, since relief in those cases can have
very substantive effects on population productivity,
which in turn also increases abundance and adds to life
history diversity and spatial structure. Similar results
have been published for recovery planning for many
other populations—of which Mr. Lestelle has been
involved in many using the EDT model (e.g., Carmichael
and Taylor 2009; Thompson et al. 2010) we find that the
Panel has not shown why these same levels of effects
are not possible in the case of Klamath coho. Of course
there are uncertainties—and projected effects may not
materialize as projected, but that is the process for
learning and improving future actions. This is still a
nascent science, and as the panel has noted, dam
removal should be viewed as a grand experiment with
some aspects of the outcome more certain than others.
Large-scale salmonid restoration efforts are occurring
throughout the Pacific Northwest, and the situation is no
different in the Klamath.

4. That C. shasta effects will not be materially improved for
coho and that this is a sort of trump card. While the
Panel correctly identifies that this is a critical The report has been revised in
uncertainty, and seems to recognize that the potential response to this comment.
exists for significant improvements (see page 57), in the |Specifically, text about C. shasta was
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end the Panel seems to disregard the very significant revised in the report. However, the
effects that could occur as a result of dam removal. The |Panel found the future conditions
association between dams and prevalence of C. shasta, |with regard to C. shasta to be a
is clear in our view, throughout the Pacific Northwest, critical uncertainty. That is, if things
even recognizing that there is still much that is not work out well, conditions for coho
known. If C. shasta was significantly ameliorated, then will be better. If not, they will not.
our conclusion would be that very substantive benefits | The main point here is not to
would accrue to coho despite the other uncertainties. As |assume that one or the other
with the issue involving uncertainty in the KBRA actions, |outcome is most likely. The principal
the Panel seems to take the most conservative view in role of science in such a situation is
the face of uncertainty, and fails to recognize that there |to eliminate arguments by reducing
is significant uncertainty if the dams stay in (i.e. disease |uncertainty. Thus, in preparation for
problem can worsen to the point of causing localized a multi-billion dollar restoration, the
extinction). The Panel should explicitly state its most parsimonious approach would
hypothesis regarding the potential effects of dam demand that the key uncertainties
removal on C. shasta effects. If the Panel cannot be reduced to the greatest extent
formulate a specific hypothesis, then it should recognize |practicable before the “Big
that a wide range of results could occur—from no Experiment” is undertaken. To do
change to very significant positive effects. Uncertainty is | otherwise would be irresponsible.
not a reason to conclude that marginal positive effects
are most likely.

These four issues suggest that effects on coho of the dam

removal and KBRA actions could potentially be tremendously

positive.

114 Yurok Tribe |iv, “ecosystem |The expert panel has asserted that there is inadequate The Panel is well aware of the
function” information to ascertain whether dam removal plus available information on effects of

implementation of the KBRA will positively affect ecosystem
function in the Klamath River, and thus be of minimal benefit to
coho salmon. However, a large body of literature, discussed
more fully below, identifies the fundamental ways that dams
alter and disrupt a river’s physical and ecological systems. Even

dams on rivers. In the section on
ecosystem function the Panel
distinguish between effects of dam
removal and consequent re-
connection of habitat to the river,
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if Klamath-specific information is not available to the panel’s
satisfaction, the weight of this body of literature regarding the
effects of dams is such that it appears to be reasonable to
advance the hypothesis that removal of dams on a river will
begin to reverse the profound effects that the dams themselves
have caused.

In its report, the expert Panel failed to recognize the ways in
which the dams disrupt normative function and processes of the
Klamath River and thus how removing dams would restore
normative riverine processes and functions in the Klamath River.
Further, the panel failed to link coho and steelhead population
abundance and stability to these normative functions and
processes.

The need to restore normative ecological function, in part
through dam removal, in the Klamath River is especially urgent
in the face of climate change. Without such restoration actions,
losses in the abundance and resilience of natural coho and
steelhead in the are expected. To adequately weigh the
potential importance of dam removal to the Klamath ecosystem,
one needs to consider the key linkages that drive riverine
ecosystems, and how dams disrupt them.

Physical, chemical, and biological patterns and processes in river
systems are structurally and functionally linked (Minshall 1988,
Ligone et al 1995). At the landscape scale, the river corridor is
linked to longitudinal gradients of water and material transport
(Vannote et al. 1980), lateral gradients of riparian systems
(Naiman et al. 2005), and vertical gradients of groundwater-
surface water exchanges (Ward and Stanford 1982). On the
whole, river systems such as the Klamath function as linked
systems in which ecosystem-level processes in downstream

and the effects of KBRA and other
actions (or outcomes of dam
removal) on other aspects of
ecosystem function besides
hydrology and geomorphology. In
other words, simply removing dams,
while a key ingredient for
restoration, does not imply that
ecosystem function will be restored.
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areas are linked to those in upstream areas (Vannote et al. 1980;
Minshall et al. 1985). Recognizing these linkages within the river
system and its surrounding landscape provides a foundation for
understanding how ranges in variation in these patterns and
processes affect river ecosystems (Stanford et al. 1996; Hauer et
al. 2003), and gives a basis for analyzing the effect of dam
removal to the Klamath River. A river ecosystem with
“normative” —i.e., resembling the natural state though with
some modification—variations in these patterns can usually
maintain physical and biotic processes sufficiently to support the
indigenous species and life histories that evolved there (Liss et
al. 2000; Bunn and Arthington 2003).

Dams and their impoundments can so severely disrupt the
interactive physical and biotic processes (e.g., hydrologic,
organic production, animal movements) relative to the natural
state as to threaten indigenous species and life histories
(Stanford et al. 1996, Ligon et al 1995). The widely accepted
Serial Discontinuity Concept (SDC) views man-made
impoundments, and the dams that form them, as major
disruptors of the natural biochemical and biophysical gradients
along rivers (Ward and Stanford 1982; Naiman et al. 2005).
According to the SDC, dams result in upstream or downstream
shifts in biotic and abiotic patterns and processes—the direction
and extent of shift depending on the nature of the river, species
assemblages, and the spatial position of the dams along the
river. Predicting the effects of dams on the natural patterns and
processes can be difficult due to the highly complex interactions
involved. But the effects most often involve the following (Ward
and Stanford 1982; Stanford et al. 1996; Bunn and Arthington
2002; Naiman et al. 2005): alterations to the natural flow,
thermal, trophic, and sediment transport regimes; altered life
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histories of native species due to the regime shifts; proliferation
of certain taxa due to the regime shifts (which can include
pathogens and parasitic species); losses in connectivity and
fragmentation of habitats (longitudinally, laterally, and
vertically); disruptions to the movements of native species due
to losses in connectivity; invasions of exotics; imposition of
equilibrium conditions on prior existing non-equilibria
communities; conversion of lotic habitats to lentic water bodies
that fundamentally do not function as naturally occurring lake
and wetland systems.

These disruptions caused by dams pose special challenges to
watershed management and species recovery efforts as climate
changes occur. Since individual aquatic and riparian plant and
animal species are adapted to specific temperature ranges,
climate changes are expected to shift potential geographic
ranges of species to the north or to higher elevations (Naiman et
al. 2005). The ability of species to move to more suitable
geographic ranges and elevations will depend on the suitability
of habitats as well as the ability to move along dispersal or
migration corridors (Poff et al. 2002). Within a river system,
dams can block access to cooler thermal regimes, thereby
preventing species to adjust their distributions with climate
change; the Klamath River is a prime example of dams blocking
access to thermal refugia.

The dams on the mainstem Klamath River have had profound
effects on the abiotic and biotic patterns and processes in the
river basin. Changes to all the functions and processes noted
above have occurred result of these dams. While there can be no
doubt that declines in salmon populations are due to the
cumulative effects of many factors over the past century, it is
certain that the dams have played a central part in these losses.
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Without a return to more normative riverine conditions—
especially as the influences of climate change grow—recovery
and rebuilding of the Klamath salmon and steelhead populations
will become more difficult.

The hypothesis that dam removal will begin to reverse the
severe physical and ecological effects as noted above is
reasonable and well-supported.

114

Yurok Tribe

iv, “ecosystem
function”

The expert panel has asserted that there is inadequate
information to ascertain whether dam removal plus
implementation of the KBRA will positively affect ecosystem
function in the Klamath River, and thus be of minimal benefit to
coho salmon. However, a large body of literature, discussed
more fully below, identifies the fundamental ways that dams
alter and disrupt a river’s physical and ecological systems. Even
if Klamath-specific information is not available to the panel’s
satisfaction, the weight of this body of literature regarding the
effects of dams is such that it appears to be reasonable to
advance the hypothesis that removal of dams on a river will
begin to reverse the profound effects that the dams themselves
have caused.

In its report, the expert Panel failed to recognize the ways in
which the dams disrupt normative function and processes of the
Klamath River and thus how removing dams would restore
normative riverine processes and functions in the Klamath River.
Further, the panel failed to link coho and steelhead population
abundance and stability to these normative functions and
processes.

The need to restore normative ecological function, in part
through dam removal, in the Klamath River is especially urgent

The Panel is quite aware of the
extensive body of literature on both
the structure of physical, chemical,
and biological linkages within a
drainage basin and on the effects of
dams on aquatic ecosystems
elsewhere. The literature review is
thus unnecessary. However, it is the
charge of the Panel to assess how
and to what extent that recorded
experience elsewhere pertains to
the specific case of the Klamath and
its fish community in their current
state and their regional and likely
future context.

It would not serve the purposes of
the review’s clients if the Panel
were to uncritically import
references to all the good things
that might have happened where
dams have been removed (or more
generally, all the bad things that
have happened where dams have
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in the face of climate change. Without such restoration actions,
losses in the abundance and resilience of natural coho and
steelhead in the are expected. To adequately weigh the
potential importance of dam removal to the Klamath ecosystem,
one needs to consider the key linkages that drive riverine
ecosystems, and how dams disrupt them.

Physical, chemical, and biological patterns and processes in river
systems are structurally and functionally linked (Minshall 1988,
Ligone et al 1995). At the landscape scale, the river corridor is
linked to longitudinal gradients of water and material transport
(Vannote et al. 1980), lateral gradients of riparian systems
(Naiman et al. 2005), and vertical gradients of groundwater-
surface water exchanges (Ward and Stanford 1982). On the
whole, river systems such as the Klamath function as linked
systems in which ecosystem-level processes in downstream
areas are linked to those in upstream areas (Vannote et al. 1980;
Minshall et al. 1985). Recognizing these linkages within the river
system and its surrounding landscape provides a foundation for
understanding how ranges in variation in these patterns and
processes affect river ecosystems (Stanford et al. 1996; Hauer et
al. 2003), and gives a basis for analyzing the effect of dam
removal to the Klamath River. A river ecosystem with
“normative” —i.e., resembling the natural state though with
some modification—variations in these patterns can usually
maintain physical and biotic processes sufficiently to support the
indigenous species and life histories that evolved there (Liss et
al. 2000; Bunn and Arthington 2003).

Dams and their impoundments can so severely disrupt the
interactive physical and biotic processes (e.g., hydrologic,
organic production, animal movements) relative to the natural
state as to threaten indigenous species and life histories

been built).

The Panel was asked to assess the
particular circumstance of the
Klamath River, where four dams are
located downstream of a warm,
hypereutrophic lake, fed by heavily
impacted tributaries, in which there
are as yet vaguely conceived plans
for implementation of restoration
activities. In this situation, the Panel
concluded that there is a surprising
lack of specificity in the information
provided as a basis for answering
the questions posed to the Panel,
and a surprising lack of initiative in
taking advantage of opportunities
for experimentation with
restoration activities in the Klamath
basin.

e
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(Stanford et al. 1996, Ligon et al 1995). The widely accepted
Serial Discontinuity Concept (SDC) views man-made
impoundments, and the dams that form them, as major
disruptors of the natural biochemical and biophysical gradients
along rivers (Ward and Stanford 1982; Naiman et al. 2005).
According to the SDC, dams result in upstream or downstream
shifts in biotic and abiotic patterns and processes—the direction
and extent of shift depending on the nature of the river, species
assemblages, and the spatial position of the dams along the
river. Predicting the effects of dams on the natural patterns and
processes can be difficult due to the highly complex interactions
involved. But the effects most often involve the following (Ward
and Stanford 1982; Stanford et al. 1996; Bunn and Arthington
2002; Naiman et al. 2005): alterations to the natural flow,
thermal, trophic, and sediment transport regimes; altered life
histories of native species due to the regime shifts; proliferation
of certain taxa due to the regime shifts (which can include
pathogens and parasitic species); losses in connectivity and
fragmentation of habitats (longitudinally, laterally, and
vertically); disruptions to the movements of native species due
to losses in connectivity; invasions of exotics; imposition of
equilibrium conditions on prior existing non-equilibria
communities; conversion of lotic habitats to lentic water bodies
that fundamentally do not function as naturally occurring lake
and wetland systems.

These disruptions caused by dams pose special challenges to
watershed management and species recovery efforts as climate
changes occur. Since individual aquatic and riparian plant and
animal species are adapted to specific temperature ranges,
climate changes are expected to shift potential geographic
ranges of species to the north or to higher elevations (Naiman et
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al. 2005). The ability of species to move to more suitable
geographic ranges and elevations will depend on the suitability
of habitats as well as the ability to move along dispersal or
migration corridors (Poff et al. 2002). Within a river system,
dams can block access to cooler thermal regimes, thereby
preventing species to adjust their distributions with climate
change; the Klamath River is a prime example of dams blocking
access to thermal refugia.

The dams on the mainstem Klamath River have had profound
effects on the abiotic and biotic patterns and processes in the
river basin. Changes to all the functions and processes noted
above have occurred result of these dams. While there can be no
doubt that declines in salmon populations are due to the
cumulative effects of many factors over the past century, it is
certain that the dams have played a central part in these losses.
Without a return to more normative riverine conditions—
especially as the influences of climate change grow—recovery
and rebuilding of the Klamath salmon and steelhead populations
will become more difficult.

The hypothesis that dam removal will begin to reverse the
severe physical and ecological effects as noted above is
reasonable and well-supported.

115

Yurok Tribe

iv; “ecosystem
function”

The panel states that uncertainty with regard to the outcome of
the KBRA is a primary reason it cannot state that benefits from
such actions will accrue. Yet no such consideration is given to
the uncertainties with regard to the no action alternative. For
example, in several locations, the Panel expresses concern with
groundwater pumping that might occur because of the KBRA,
and nowhere in the document does it express a similar concern
with regard to the no action, despite the fact that water

The first sentence on this topic in the
draft report (Table ES-1, Ecosystem
Function, Conditions with Dams)
begins "The information available is
insufficient to answer this question,
..". The Panel does not see how this
expresses confidence in the success
of no-action outcomes.
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deliveries are interrupted in much more unpredictable ways
through BiOp implementation than through KBRA The report has been revised in
implementation. Furthermore, KBRA has safeguards and limits | response to this comment. Text was
on groundwater pumping (Section 15.2.4 of KBRA), when no clarified to explain that the purpose
such safeguards exist for no action (especially in CA where of the report was to compare the
groundwater use is unregulated). two alternatives, not evaluate one
or the other.
The disparity between concern expressed for KBRA uncertainties
and the contrasting confidence the Panel places on the
implementation and success of no-action outcomes (i.e. TMDL's
fully realized, etc); must be addressed in the Panel’s revised
report.
116 Yurok Tribe |1, 3 Panel report needs to clearly state how peer review will occur This comment is noted. The
and how peer review comments will be handled. commenter should note that is the
function of this response and
amendments to the report. The
draft report was released for both
public review and an independent
peer review. Note that all (over 400)
comments received on the draft
report have been considered and
responded to by the Panel.
117 Yurok Tribe |P. 10 Assumptions: While TMDL, TMDL implementation plans, and CA |See response to comment 116.

fisheries restoration plans are assumed to be fully implemented,
the KBRA is not afforded that assumption. This is not a proper
framework for analysis. Credible analysis cannot cast doubt on
implementation of one restoration program (KBRA) while
assuming full and perfect implementation of other programs
such as TMDL. Solution: assume full implementation of all
aspects of each alternative, re-do analyses to reflect these

Such an assumption would fly in the
face of Panel members' experience
with restoration programs
elsewhere.
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assumptions.

118 Yurok Tribe |17, 2 The Panel states that the questions are “not answerable witha | The report has been revised in
satisfactory degree of precision or confidence.” It is not evident |response to this comment. The
from the text what would constitute a satisfactory level of offending text has been replaced
confidence. This potentially means that the conclusions of the with wording that explains the
panel are so fraught with uncertainty that they have little value |Panel's intent. It is the Panel’s
for their intended purpose. The Panel then goes on to list six opinion that the suggestion to
obstacles to “drawing convincing conclusions” —suggesting to us |identify conditions where benefits
that the conclusions can only be taken to be anything but would be "significant" or only
convincing. In light of these uncertainties, We believe that the "marginal" would go well beyond
Panel could serve the process much better by identifying the charge of the Panel. As it
conditions whereby effects on the species could be significant— |stands, the report explains the
then to do the same whereby benefits would only be marginal. It |reasons for the Panel’s conclusions.
would be helpful if the Panel would explicitly address this
guestion: What would be required for the dam removal
alternative to indeed have a very substantive benefit to the
species? Alternatively, what conditions would keep benefits
limited to low levels? By addressing such questions, the Panel
could help make clear its operating hypotheses regarding levels
of effects. This could also help identify necessary studies that are
mentioned on p. 18.

119 Yurok Tribe |P. 17, bullet5 |Similar uncertainties exist for TMDL implementation, state The Panel recognizes that

restoration programs, etc, yet uncertainty is only expressed for
KBRA elements. This is an incorrect frame of reference.

For example, there are considerable uncertainties as to how
landowners will react to the current BiOp, and there are serious
guestions as to whether the current BiOp is biologically or
politically stable.

uncertainty abounds, and not only
in the environment itself. However,
the Panel focused on the key
contrasts between the two
alternatives, one of which is KBRA.
Thus, the uncertainty in KBRA
discussed in the report is central to
the Panel's ability to analyze the
difference between the alternatives.
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120 Yurok Tribe |18, 3-6 Topics are well stated. These would provide the foundation for | This comment is noted.
pursuing the action in a way to garner success in recovery.

121 Yurok Tribe |18,7 Here the Panel further underscores the uncertainty surrounding | The Panel was less constrained by
its task and addressing the questions. The Panel suggests here the availability of information from
that it was unable to consider all of the necessary information elsewhere than by the information
that might be available. specific to the Klamath. Although

we were provided with over 2GB of
Most of the questions being asked of the Panel were not seeking documents, our report makes clear
a quantitative response — of course the Panel did not have the that there were major information
tools or the time for such responses. Instead, the Panel was gaps specific to this system that
typically asked, based on their expert opinion, to explain how precluded facile answers based on
they would expect to the effects of the proposed alternatives to | gther experience. For example, few
differ relative to particular parameters. if any of the examples of dam
| elsewhere include i f
One would expect the panel to draw on the large body of removat e SeW. er_e INCIUGE 1554es o
. , . . hypereutrophication upstream of
literature concerning physical and ecological effects of dams to
. . . . the removed dams, or of severe
rivers, the large body of literature concerning the effectiveness ) .
. . . problems with water quality and
of different approaches to freshwater habitat restoration, and ) .
. N . disease. Thus, 