RETURN TO THE RIVER : Prepublication Copy 10 September 1996
-- PREPUBLICATION COPY --

Return to the River:
Restoration of Salmonid Fishes
in the Columbia River Ecosystem

Development of an Alternative Conceptual Foundation
and
Review and Synthesis of Science
underlying the Fish and Wildlife Program
of the Northwest Power Planning Council

by
The Independent Scientific Group

Richard N. Williams, ISG Chair
LyleD. Cavin
Charles C. Coutant
Michael W. Erho, Jr.
James A. Lichatowich
William J. Liss
Willis E. McConnaha
Phillip R. Mundy
Jack A. Stanford
Richard R. Whitney

Invited contributors:
Daniel L. Bottom

Christopher A. Frissell

10 September 1996



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

Independent Scientific Group (1SG)

Lyle D. Cavin, Ph.D., statistics, Emeritus Faculty and Chair, Statistics Department,
Oregon State University

Charles C. Coutant, Ph.D., fisheries ecology, juvenile migration, Senior Resource
Ecologist, Oak Ridge National Laboratory

Michael W. Erho, Jr. , M.S,, fisheries management, Independent Fisheries Consultant,
formerly with Grant County Public Utility District.

James A. Lichatowich, M.S., salmon ecology and life history, Independent Fisheries
Consultant, formerly Assistant Chief of Fisheries, Oregon Department of Fish and
Wildlife.

William J. Liss, Ph.D., population and community ecology, Professor, Department of
Fisheries, Oregon State University

Phillip R. Mundy, Ph.D., population dynamics, harvest management, Independent Fisheries
Consultant, former Manager of Fisheries Science Department for the Columbia River

Inter-Tribal Fish Commission.

Jack A. Stanford, Ph.D., large river and lake ecology, Bierman Professor and Director,
Flathead Lake Biological Station, University of Montana

Richard R. Whitney, Ph.D., fisheries management, juvenile bypass, Professor (retired),
School of Fisheries, University of Washington

Richard N. Williams, Ph.D., population and evolutionary genetics, ecology, Graduate
Affiliate Faculty, Aquaculture Research Institute, University of 1daho

ISG Scientific Coordinator for the Northwest Power Planning Council
Willis E. McConnaha, M.S., fisheries biology, ecology, Senior Fisheries Scientist,
Northwest Power Planning Council

Invited contributors:
Daniel L. Bottom, M.S,, fisheries management, marine ecology, Research and
Development Section, Oregon Department of Fish and Wildlife, and
Center for Analysis of Environmental Change, Oregon State University
Christopher A. Frissell, Ph.D., fisheries, ecology and freshwater habitat, Flathead Lake
Biological Station, University of Montana



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

Table of Contents

Tableof Contents . . . . . .. ... .. ... ... ...... i
Listof Tables . . . . .. ... .. .. .. ... .. . ... \Y;
Listof Figures . . . . . . ... . ... v
ExecutiveSummary . . . . ... ..o Xiv
Chapter Title Page
1 | ntroduction 1
2 An Alternative Conceptual Foundation. . . . . . . ... .. .. 13
3 Review of the Fish and WildlifeProgram. . . . . . .. ... .. 42
4 Diversity, Structure and Status of Salmonid Populations. . . . . 70
5 Freshwater Habitats. . . . . . . .. . .. .. ... ... .... 130
6 JuvenileMigration. . . . . .. ... Lo 194
7 Hydroelectric Development:. . . . . . . .. . ... .. .. ... 264
Sources of Mortality and Effectiveness of Mitigation Efforts
A. Water Budgeting and Flow Augmentation . . .. . . . .. 265
B. Mainstem Drawdowns . . . . .. .. .. .. ... .. .. 268
C. BypassSystems. . . . . .. . ... 270
D. GasBubbleDisease. . . .. . .. ... ... ....... 315
E. Transportation. . . . . .. . .. .. .. ... ...... 325
F. Predation. . . . . .. ... ... ... ......... 333
8 Habitat, Harvest, and Hatcheries . . . . . . . . .. .. ... ... 353
Sources of Mortality and Effectiveness of Mitigation Efforts
A. Habitat Restoration. . .. . .. .. ... ........ 353
B. Harvest Management . .. . . . . .. ... ... .... 357
C. Hatcheries. . . . . . . .. .. ... ..o 377
D.Disease. . . . ... .. e 405
9 Monitoring and Evaluation . . . . . ... ... ... ... 425
10 TheMarineEnvironment . . . . . ... .. ... ........ 456
The ColumbiaRiverEstuary . .. . . ... ... ... .... 456
ThePacificBasin . . . . ... .. ... ... ....... 462
11 Conclusionsand Implications. . . . . .. .. .. ... ...... 506
12 Appendices. . . . . .. L. 523
A. History of Independent ScientificGroup. . . . . . . .. .. 523
B. Fisheriesrestorationexamples. . . . . . ... .. ... .. 525



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

C. Genetic diversity unitsof chinook salmon. . . . . . . . .. 529
D. Huid dynamicsof riverflows . . . . . ... .. .. . . . 532
E. BypassParts2and3... ... ... ... ... ...... 540
F. History of the juvenile transportation program. . . . . . . . 575

List of Tables

Chapter 4 - Diversity, Structure, and Status of Salmonid Populations

4.1. The Contiuum of population richness in anadromous and marine speciesin
the Northern Atlantic. 71
4.2 ESA designations for chinook salmon in the Columbia and Snake rivers. 87

Chapter 6 - Juvenile Migration

6.1 Alternative migration mechanisms, with characterizing behavior, implications
of the behavior for the unimpounded river, implications for a reservoir, and
projected effects of increased water velocity. 233A

Chapter 7 - Hydroelectric Development

7.1 Fish guidance efficiency measured at Columbia basin projects. 309

8.1 Chinook salmon habitat in the Columbia River basin as length of spawning and
rearing habitat accessible in kilometers. 353

8.2. Acresunder irrigation, and acre-feet of water delivered to agricultura
enterprises by the Bureau of Reclamation, Columbia River Basin. 355

8.3. Annual estimates of total landings, incidental catch by fishery category;
shaker, legal, sublegal, total catch, total incidental catch, total incidental
catch per total landing, I/L, and percent of incidental catch in the total catch,
of number of chinook salmon in adult equivalents, for all Pacific Salmon
Commission fisheries, 1979-1992. 364

Appendices.

Appendix Table 1. MALsand GDUs for chinook salmon in Washington waters of
the Columbia Basin. 529

Appendix Table 2. Snake River spring/summer chinook salmon classification by
subbasin and subpopulation. 530



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

Appendix Table 3. Bypass Measures Required and Executed at Columbia River
and Snake River Projectsin 1995. (Sources. Skalski, 1991; Chelan County 561

Appendix Table 4. Requirements for Installation of Bypass Systems. 567

List of Figures

Chapter 1 - Introduction

1.1. Annud returns of spring, summer and fall chinook, sockeye and coho salmon to the
Columbia River at Bonneville Dam (1938-1995). 3A.

1.2. Relationships between natural and cultural constraints (arrows) and the components
(ellipses) of the ecosystem used by Columbia River sdimonids. 5A.

1.3 Possible types of relationships between normative conditions and salmon production.
TA.

Chapter 2 - Conceptual Foundation
2.1 The components of the natural-cultural system interact against the background of landscape
and society to produce the environmental and socio-economic changes characteristic of the

ecosystem. 13A
2.2. Interactions between landscape and societal components of alarge river ecosystem.
13B.
2.3 Expression of the full capacity of life history diversity requires relaxation of constraints.
19A.

2.4 The continuum of ecological conditions from degradation toward the normative. 19B.

2.5 Thethree important spatial dimensions of the lotic ecosystem, the riverine, or longitudina
habitats (A - C), theriparian, or lateral, habitats between terrace and hillslope, and the
hyporheic, or vertical habitats of the underground latticework associated with flow of river
water through the bed sediments. Arrows show direction of water movement. 20A.

2.6. Total peak redd counts (1948 - 1994) and interdam run size (1962 - 1993) for the Hanford
Reach fall chinook of the Columbia River Basin. 31A.

2.7. A concept of the geographic organization of chinook salmon in the Columbia River basin
prior to extensive human development in which the spawners of the spring, summer, and fall
races of salmon are distributed along an axis of spawning grounds running from mainstem to
headwater. 78A.



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

2.8. Diagrammatic concept of the present geographically fragmented organization of chinook
salmon in the Columbia River basin due to extensive human development. 79A.

2.9. Spawning localities in northeastern Oregon of fall chinook salmon (stippled) in the free-
flowing section of the Snake River below Hell’s Canyon dam, and for fal and spring chinook
salmon in two of its tributaries, the Grande Ronde and Imnaha. 31B.

2.10.1 ThelmnahaRiver. Spring chinook salmon redd (nest) countsin index areas of the Snake
River tributaries, Imnaha River and the Grande Ronde River, and their tributaries,
demonstrate synchronous annual decline of spawners among sites. 82A.

2.10.2 The Grande Ronde River. Spring chinook salmon redd (nest) counts in index areas of the
Snake River tributaries, Imnaha River and the Grande Ronde River, and thelr tributaries,
demonstrate synchronous annual decline of spawners among sites. 82B.

2.10.3. Bear Creek, Wallowa River, and Indian Creek, tributaries of the Grande Ronde River.
Spring chinook salmon redd (nest) counts in index areas of the Snake River tributaries,
Imnaha River and the Grande Ronde River, and their tributaries, demonstrate synchronous
annual decline of spawners among sites. 82C

2.10.4. Upper Minam River, Lower Minam River and Sheep Creek, tributaries of the Grande
Ronde River. Spring chinook salmon redd (nest) counts in index areas of the Snake River
tributaries, Imnaha River and the Grande Ronde River, and their tributaries, demonstrate
synchronous annual decline of spawners among sites. 82D

2.10.5 Lookingglass Creek, Lostine River, South Fork Wenaha River, and Spring Creek,
tributaries of the Grande Ronde River. Spring chinook salmon redd (nest) counts in index
areas of the Snake River tributaries, Imnaha River and the Grande Ronde River, and their
tributaries, demonstrate synchronous annual decline of spawners among sites. 82E.

Chapter 3 - Review of the science behind the Council’ s Fish and Wildlife Program
3.1. Tota number of chinook salmon produced above Bonneville Dam 1938-1995. 50A.

Chapter 4 - Status of Salmonid Species and Populations

4.1 Conceptua diagram of hierarchical genetic structuring in salmonids from the species level
down to the local population level. 85A.

4.2 An example of geographic structure in genetic distance for chinook salmon from North
Americaand Asia (Wilmot et al. 1994). 86A.

4.3 Geographic and tempord structuresin relative genetic distance for chinook salmon populations
from the upper Columbia and Snake Rivers (Matthews and Waples, 1991; Wapleset d., 1991,
Utter et a., 1995). 87A.

Vi



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

4.4. Fiveyear running average of annual chinook salmon harvest in thousands of pounds in the
Columbia River, 1866 to 1992, with the average harvest for four time periods, A - D.
93A.

4.5. Comparison of the five year running averages of the annual landings in thousands of
kilograms for chinook, coho, and chum salmon in the Columbia River 1866 to 1992 (Source:
Beiningen 1976; ODFW and WDF 1993). 95A.

4.6. Five year running averages of the annual landings in thousands of kilograms of coho and
chum salmon in the Columbia River 1866 to 1992 (Source: Beiningen 1976; ODFW and WDF
1993). 95B.

4.7. Annual ocean harvest in numbers of coho salmon in the Oregon Production Index area, 1923
- 1991 (Sources: 1923 - 1970, Unpublished ODFW; 1971 - 1991, Pacific Fishery
Management Council 1992). 95C.

4.8. Annua ocean harvest in numbers of fish for wild and hatchery produced coho salmon in the
Oregon Production Index area (Sources: ODFW 1982; Borgerson 1992; Pacific Fishery
Management Council 1992). 95D.

Chapter 5 - Freshwater Habitats

5.1. Map of the portion of the Columbia River basin accessible to anadromous fishes showing major
dams and tributaries, and the types of main river feeding areas available for juvenile migrant
salmonids. 130A.

Chapter 6 - Juvenile Migration

6.1. Alternative causal relationships that may affect any link between river discharge (flow) and
survivd of juvenile salmonids. 195A

6.2. A conceptual view of juvenile salmonid downstream migration, which involves periods of
movement in the mid-channel followed by stops, which are periods of resting and feeding
along shorelines and in backeddies. 198A

6.3. Did patterns of seasonal chinook salmon catch per unit volume in experimental fyke nets
placed in the unimpounded Columbia River at Byer's Landing (near Richland, Washington) in
1955 by 3-h periods (from Mains and Smith 1964). 200A

6.4(a) Composites of weekly diel patterns of the passage of juvenile salmonids through John Day
Dam in 1986, as measured by gatewell counts. Underyearling chinook salmon May 18-
October 26 (Adapted from Johnsen et al. 1986). 200B

6.4(b). Composites of weekly diel patterns of the passage of juvenile salmonids through John Day
Dam in 1986, as measured by gatewell counts of yearling chinook salmon, April 6-June 15
(Adapted from Johnsen et al. 1986). 200C

Vil



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

6.4(c). Composites of weekly diel patterns of the passage of juvenile salmonids through John Day
Dam in 1986, as measured by gatewell counts of steelhead April 6-June 15 (Adapted from
Johnsen et a. 1986). 200D

6.4(d). Composites of weekly diel patterns of the passage of juvenile salmonids through John
Day Dam in 1986, as measured by gatewell countsof coho salmon, May 18-June 8 (Adapted
from Johnsen et al. 1986). 200E

6.4(e). Composites of weekly diel patterns of the passage of juvenile salmonids through John Day
Dam in 1986, as measured by gatewell countsof sockeye salmon April 27-June 15 (Adapted
from Johnsen et a. 1986). 200F

6.5(a-b). Observed fish travel times with summary regression lines and an estimate of water travel
time (WTT) over arange of river flow rates for (a) Snake River yearling chinook salmon, (b)
Snake River steelhead. Open circles 1981-1983; solid circles 1984-1991. (Berggren and
Filardo 1993). 201A

6.5(c-d). Observed fish travel times with summary regression lines and an estimate of water travel
time (WTT) over arange of river flow rates for (c) middle Columbia River steelhead, (d)
lower Columbia River (John Day pool) subyearling chinook salmon. Open circles 1981-1983;
solid circles 1984-1991. (Berggren and Filardo 1993). 201B

6.6. Schematic views of cycling and spiraling. (@) Cycling of a nutrient or material in a closed
system, such as an aguarium; (b) cycling in an open system with input and output; (c) spiraling
in an open system such as a stream with downstream transport (the dashed vertical lines
represent arbitrary operational boundaries of stream reaches); (d) view of a stream showing
components of a unit spiral (S) including the longitudina distance in moving water (the flush
phase for amigrating fish; Sw) and the distance of relative immobilization (in particulate
materia, if anutrient, or in holding habitats, if afish; Sp); and (e) fluxesin water (Fw), in the
particulate or holding compartment (Fp), and exchange fluxes from water to the holding area
(Rw) and from holding area to water (Rp). Adapted from Elwood (1983). 202A

6.7. Spiraling migrations of stream-type and ocean-type salmonids, showing occupancy of
tributaries and mainstem, and relative spiraling lengths in these habitats (relative percentage of
time spent holding and moving). Each spiral loop indicates a period of holding and feeding.
Page 203A

6.8. Potentia alterations of barren reservoir habitats (right) to move the ecosystem toward a
more normative situation (left) that accommodates the need of spiraling migrants for suitable
riverine conditions. Lengthening of dam tailwater zones of downstream reservoirs,
revegetating revetted shorelines, and installation of flow-enhancing structures and operations
areexamples. 249A

viii



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

6-9. Proximity of holding and moving habitats for juvenile salmonidsin (A) the naturd river,
where coves and backeddies are near the main channel, and (B) areservoir, where flooded
tributaries or old river channels create long distances between shoreline feeding locations and
themainchannel.  249B

6-10. Comparison of generally successful adult salmon fish ladders and generally unsuccessful
turbine intake bypasses for juvenile salmon, in relation to the normative behavior of the life
stages. Adult ladders mimic normative behavior reasonably well whereas juvenile turbine
bypasses force fish to behave counter to their normal tendencies.  249C

6.11. Severa management options for juvenile salmon bypasses at dams that better accommodate
the normative behavior (left) than typical spill (right) or turbine-intake screens (Figure 6.9).
Optionsinclude (right to left) use of stoplogs to create surface spill, surface fish collectors,
and modifications of surface ice and trash duiceways.  250A

6.12. Regulated and natural water surface profilesin McNary Pool and the unimpounded
Hanford Reach of the Columbia River. The Ben Franklin damsite approximates the upper end
of McNary Pool and the boundaries of two water-elevation studies. The upper end of
McNary pool maintains river-like changes in elevation and probably turbulence. Higher river
discharges extend the river-like section.  250B

6.13. A longitudinal section of a hypothetical reservoir between two dams showing alengthening

of the upper river-like reach with lowering of reservoir elevation (ato &) at alow or
intermediate river discharge (h1), and asimilar, but greater response (b to b’) at a higher

discharge (h2). 250C

6.14. Top down view of the effects of changing pool e evations on the configuration of the
reservoir and river asillustrated in cross section in Figure 6.13. 250D

6.15. Flow induced by submerged vanes that control sedimentation and clear river channels. (a)
Schematic perspective view of flow around a single vane at the side of a channel, showing
vertical vortices. The lower panel shows the circulation pattern in channel cross section. (b)
The larger vortex pattern created by a set of closely spaced vanes, shown in perspective and
cross section. (c) Multiple vanes installed at the sides of an expanding water body to constrict
the higher-velocity channel. (Odegaard and Wang 1991a&b) 251A

6.16. A conceptual view of the effects of migratory stock selection by management practices on
metapopulation stability.  251B



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

Chapter 7 - Hydroelectric Development

7.1. Diagram of atypical hydroelectric dam on alarge river, showing the spillway, A and Inset B,
the power house to the right of the spillway, powerhouse cross section area F in the circular
inset, and the navigational lock to the left of the spillway. In the powerhouse cross section,
the fish are seen to move up into a bypass inside the powerhouse, while the water continues
on through turbine. The flow of theriver isfrom left toright. 264A

7.2. Silhouettes of the area upstream of John Day Dam on the Columbia River prior to
impoundment and after impoundment.  268A

7.3. Cross sectional diagrams of the Wanapum Dam powerhouse and spillway. The powerhouse
diagram shows the sluiceway, and the spillway diagram shows the conical gate that controls
the spill of water. Scales are in feet, water depth on the left, and pool elevation on the right.
(Source: Ransom and Malone 1990).  286A

7.4. Cross sectional diagram of the Little Goose Dam powerhouse showing the locations of the
turbine intake fish screening device, a bank of nets across the entrance to the turbine area and
the gatewell area above the screen. Fish may exit the gatewell viaa submerged orificeinto a
juvenile bypass flume . Fish are restrained from other exits from the gatewell by a vertica
barrier screen. (Source: Gessell et al. 1995).  296A

7.5. Wells Dam hydrocombine, as a three dimensional schematic cross section. Direction of flow
IS southeast to northwest. The dark areas on the upstream face and sidewall are panels placed
across the entrances to the spillbays. Note the vertical opening in the panel in the C-slot
which is not present in the panels of the A and B dots. . (After Kudera and Sullivan, 1993).
Page 299A.

Chapter 8 - Habitat, Harvest and Hatcheries

8.1. Diagrams of watershed components and conditions relative to biodiversity for the pristine,
or historical situation (on left), the degraded situation characteristic of the present (on right),
and the situation where a degraded has been moved in the normative direction (at center).
Page 355A

8.2. Five-year moving average of landings of chinook salmon from the Columbia River in millions
of pounds, 1866 - 1993.  361A

8.3. Hatchery production of all salmon speciesin the Columbia River, 1877 - 1928, as the annua
numbers of fry, fingerlings and yearlings released into the river . (Source: Cobb 1930).
Page 378A.

8.4 Harvest and hatchery production of chinook salmon in the Columbia River, 1866 - 1928, as
the annual numbers of fry, fingerlings and yearlings released into the river . (Source:
Beiningen 1976 and Cobb 1930). 378B



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

8.5. Map of Washington, Oregon, and Idaho showing the many locations to which chinook

salmon reared at Bonneville Hatchery were transferred for release into the wild, 19009 -
1950. Each line may represent multiple transfers. (source: Wallis1964).  380A

8.6. The number of chinook salmon landed in the Columbia River 1882 - 1930. The data

inside the box are discussed inthetext.  381A

8.7 Annual ocean harvest in numbers of coho salmon in the Oregon Production Index area,

1923 - 1991 (Sources: 1923 - 1970, Unpublished ODFW; 1971 - 1991, Pecific Fishery
Management Council 1992.  387A

8.8. Annual ocean harvest in numbers of fish for wild and hatchery produced coho salmon in the
Oregon Production Index area (Sources. ODFW 1982; Borgerson 1992; Pacific Fishery
Management Council 1992). 387B

8.9. Distribution of expenditures for salmon restoration in the Columbiariver prior to 1981 and
from 1981-1991 ( source: GAO 1992). 388A

8.10. A. Continuum of breeding systems that, at opposite extremes, can lead to inbreeding
depression or outbreeding depression. B. Several possible forms of the relationship between
fitness and the degree of outcrossing. (Source: Allendorf and Waples 1996). 391A.

8.10.1 How physical characters of individuals are usualy distributed. Selection. for the physical
characters of salmonids which may confer fitness, such as body size at age, often occurs over
timeinaway that causes the character to be distributed in normal frequency distributions that
are bell-shaped.  391B.

8.10.2 Directional selection happens when selection occurs for a character value other than the
mean A typical example of thistype of selection isthe effect that fishing pressure using size
selective nets have in selectively harvesting larger fish, causing the mean size of fish in the run
to decrease.  392B.

8.10.3 Stahilizing Selection. Stabilizing or truncating selection happens when selection occurs
specifically for the mean character, which will act to reduce overall variation.  392B.

8.11. Total releases of anadromous salmonids into the Columbia River basin 1980-1992. (Source:
Pacific States Marine Fisheries Commission).  396A.

Chapter 10 - The Marine Environment

10.1. Change in the Columbia River hydrograph as percent of annual runoff at the Dalles,
Oregon, 1879-1992. 459A

10.2. Geographic pattern in upwelling on the Pacific coast of North America from latitudes 24 °
N to 51 ° N including Neah Bay, Washington, United States to Pointa Eugenia, Mexico.
Upwelling is measured by offshore Ekman transport in metric tons/sec/100 m coastline.
468A.

Xi



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

10.3. Isoclinesin salinity as ppt during the spring/summer regime in the Pacific Ocean off the
coast of Oregon show the low salinity water from the Columbia River located offshore and to
the south off Oregon. 470A.

10.4. Oceanic currents and domains of the North Pacific Ocean north of the subarctic boundary.
Page 471A.

10.5. Changesin the location of the subarctic boundary based on interannual variationsin the
distribution of mean zooplankton biomass. The shaded area is between Cape Mendocino,
Cdlifornia and the Queen Charlotte Islands, British Columbia, where the transition between
high and low biomass varies widely between extreme "cold" and "warm" years (Source:
Fulton and LeBrasseur 1985). 473A.

10.6. Patterns of oceanic and atmospheric circulation important to salmon production in the
ocean. Because the Pacific Ocean is warmest in the west, strong convection and evaporation
cause air to rise, creating alow pressure system in the western basin, contributing to the
upward portion of the east-west atmospheric circulation. 475A.

10.7. Atmospheric changes associated with the strengthening of the Aleutian Low Pressure
system during the winter may explain warm conditions in the Northeast Pacific. The pattern
of anomalous pressure that often forms during the warm phase of El Nino involves an
atmospheric chain of low and high pressure systems.  477A.

10.8. Trendsin sardine (Sardinops sp.) abundance, as indicated by harvest in ten thousand
tonnes, from three widely separated regions of the Pacific Ocean basin: California, Japan, and
Chile (Kawasaki 1983). 481A.

10.9. Annual changesin combined annual harvests (landings) of al salmon speciesin U.S,,
Canadian, Japanese, and Russian fisheries, 1900 to 1990 in thousand metric tons (solid line)
compared to annual changes in climate, as the Aleutian Low Pressure Index, (broken line).

10.10. Variationsin the harvest of coho salmon from Washington and Oregon (WOC coho) aso
show interdecadal patterns, but these fluctuate out of phase with the more northerly stocks of
pink salmon in the Gulf of Alaska (GOA pink).  482A.

10.11. Aninverse relationship between salmon harvest and annual mean temperatures in western
Oregon, 1927 - 1984. 482B.

10.12. Annual time series of index of abundance in millions of metric tons for anchovy, sardine
and hake off California compared to annual commercial landings in millions of fish of coho
salmonin Oregon.  483A.

Appendices
A.1. Diagram of wave and water motion. (a) Simple water waves are oscillatory and water

particle motion is described by orbits with little net particle velocity. during the passage of the

Xii



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

wave, (b) Asasolitary wave moves into shallower water, as does a wave moving down a
stream in passing from a pool to ariffle area, the water particle velocity of the wave crest
increases and the wave may break. 534A.

A.2. Diagram of the behavior of a solitary wave in (@) deep water, and (b) shallow water.
Page 534B.

A.3. Types of turbulence, (a) unsteady flow, (b) series of surges, and (c) breaking surge or bore.
Page 535A.

A.4.Vortices. (a) Rows of vortices are shed behind solid bodies and trail behind in awake (b)
When two structures are placed in proximity perpendicular to the flow, vortices from each can
combineto yield a zone of accelerated velocity between the structures.  535B.

Xiii



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

EXECUTIVE SUMMARY

BACKGROUND

In the December 1994 amendments to the Columbia River Basin Fish and Wildlife Program
(Section 3.2B), the Northwest Power Planning Council called on the Bonneville Power
Administration to fund the Independent Scientific Group to conduct a biennial review of the
science underlying salmon and steelhead recovery efforts and Columbia River Basin ecosystem
health. The Council’s objective was to provide the region, to the greatest extent possible, clear
and authoritative analysis conducted by impartia experts.

The Council also asked that the independent scientists develop a conceptual foundation for the
fish and wildlife program (Section 5.0F), to provide an overall set of scientific principles and
assumptions on which the program and fish and wildlife management activities basinwide could be
based and against which they could be evaluated.

On September 18, 1996, we delivered to the Council this report, which contains the first
biennial review and a proposed conceptua foundation for the Fish and Wildlife Program. This
report has been peer reviewed by additional scientists, whose comments, where appropriate, are
reflected in thisreport. Appendix A, contains a history of the Independent Scientific Group and
brief biographies of its members.

After an introductory chapter, this report is divided into four main components: Chapter 2
contains the proposed conceptual foundation for the Fish and Wildlife Program; Chapter 3
contains the review of the scientific basis for measures included in the current Fish and Wildlife
Program, using the conceptual foundation as atemplate for this evaluation; Chapters 4 through 10
contain the detailed technical data and documentation on which Chapters 2 and 3 are based;
Chapter 11 describes general conclusions from our review.

It must be noted at the outset that we were not asked to carry on original research. Nor were
we asked to provide specific recommendations for revising the Council’ s Fish and Wildlife
Program. Our charge was to analyze existing data and measures currently in the program, and
draw conclusions based on that analysis. The relevant scientific literature we reviewed and cited
in thisanalysisislisted at the end of each chapter.

In submitting this report, the Independent Scientific Group hopes that it will be a valuable
resource for decision-makers. The findings should enable fishery managers to focus future
research activities on areas that still are not thoroughly understood. However, the review does
not include policy recommendations for recovery and restoration. Nor does it recommend
specific measures or strategies or deal with institutional structures. It is not an implementation
plan. Instead, the conceptual foundation proposed in this report should provide the scientific
foundation for public policy to be developed by the Council and other decision-making bodies. It

Xiv
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can be used to guide salmon restoration activities in general, as well as future devel opment of the
Columbia River Basin Fish and Wildlife Program.

AN ALTERNATIVE CONCEPTUAL FOUNDATION
Defining a Conceptual Foundation

A conceptua foundation is a set of scientific principles and assumptions that can give
direction to management activities, including biological restoration programs. It isthe filter
through which information is viewed and interpreted. Recovery measures and research findings
will take on different meanings when viewed through different filters.

Because ecosystems that have been disrupted over several decades, such as the Columbia
River Basin, have scarce evidence left of thriving natural ecologies, scientists must rely on the best
available information and remnant populations to assemble as complete a picture as possible. In
these instances, the conceptual foundation is designed to be changed over time as new
information, about the problems or the solutions, becomes available.

Conceptua Foundations in the Current Fish and Wildlife Program

As we began our development of this conceptual foundation, we looked first to the Columbia
River Basin Fish and Wildlife Program to determine whether such afoundation already existsin
that document. Our answer isyesand no. The Fish and Wildlife Program actually has several
implied conceptual foundations. Thisis likely aresult of the process through which it is created,
in which recommendations from fish and wildlife managers and others are reviewed and adopted.
Each participating agency or individual brings to the process some version of a conceptua
foundation on which their recommendations are based. In nearly every instance, these conceptual
foundations are not stated outright, but are only implied. In some cases, the foundations that
make their way into the program through the adoption of specific measures are in conflict.

In our review of the Fish and Wildlife Program, we analyzed the general assumptions that
seem to determine the direction of program activities. The most fundamental assumption appears
to be that the natural ecological processes that result in a healthy salmon population can be, to a
large degree, circumvented, simplified and controlled by humans. Out of this context, we drew
three further assumptions:

1. The number of adult salmon made available to spawn is primarily a direct response to the

number of smolts produced. (More young fish will automatically result in more adult
spawners.)
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2. Salmon production can be increased by actions taken within the river without accounting for
conditions in the estuary or ocean.

3. Management actions will not compromise environmental attributes of the ecosystem that
supports salmon.

The assumptions above drive management toward actions that are best characterized as
technological substitutes for ecological processes. They are often measures that respond to
individual problems and they may be credible scientific approaches to those problemsif they are
viewed in isolation: hatcheries and mechanisms for improving salmon survival at hydroelectric
projects, for example, rather than actions that ook at the broader context of salmon life history,
behavior and habitat. They reflect a good faith effort by the Council and the region’s fisheries
managers to recover salmon populations. However, the continuing decline of the basin’s salmon
populations indicates that the conceptual foundations in the current fish and wildlife program and
the actions based on those foundations are inadequate.

Our Proposed Conceptual Foundation
The conceptual foundation we propose departs from some of those in the current program. It

is not intended to validate existing measures in the program, nor does it derive out of those

measures. It isinstead designed to form aframework into which recovery measures can be
integrated, when they are appropriate. It can provide atemplate against which recovery actions
can be measured and evaluated.

In this proposed conceptual foundation, we treat the Columbia River and its tributaries as
both a natural and a cultural system. A natural-cultural ecosystem encompasses al the ecological
and socia processes that link organisms, including humans, with their environments. This
approach integrates the habitat of salmon and other wildlife, as well as human habitat, with land
use and other cultural developments.

We draw our conceptual foundation from established ecological principles, based on what we
understand about the decline of salmon populations and their habitat in the Columbia River Basin.

There are three critical elements of our conceptual foundation:

1. Restoration of Columbia River salmon must address the entire natural and cultural ecosystem,
which encompasses the continuum of freshwater, estuarine and ocean habitats where salmon
complete their life histories. This consideration includes human developments, as well as
natural habitats.

2. Sustained salmon productivity requires a network of complex and interconnected habitats,
which are created, altered and maintained by natural physical processesin freshwater, the
estuary and the ocean. These diverse and high-quality habitats are crucia for salmon
spawning, rearing, migration, maintenance of food webs and predator avoidance.
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3. Lifehistory diversity, genetic diversity and metapopul ation organization are ways salmon
adapt to their complex and connected habitats. This biodiversity and its organization
contribute to the ability of salmon to cope with the environmental variation that is typical of
freshwater and saltwater environments.

1. The Natural-Cultural Ecosystem

We believe an ecosystem with a mix of natural and cultural features can still sustain a broad
diversity of salmon populations in the Columbia River Basin. We call this ecosystem “normative,”
by which we mean an ecosystem where specific functional norms or standards that are essentia to
maintain diverse and productive populations are provided. In developing our definition of
normative, we looked at what conditions lead to high levels of salmon productivity in less-
constrained river systems, as well asin the historic Columbia River Basin.

Key among the conditions we define as normative is the availability of a continuum of high-
quality habitat throughout the salmon life cycle, from freshwater streams aong the entire
migratory path into and back out of the Pacific Ocean. This habitat varies from freshwater to
saltwater, from fast-moving, gravel-bottom streams to deep pools and deeper seas. We assume
that this habitat is dynamic, responding to daily, seasonal, annual or longer life-cycle changes. We
also assume that a diverse array of salmon populations and other occupants of this habitat have
adapted over time to the mgjority of these natural changes. Under some circumstances, salmon in
mainstem reaches and adjacent subbasins of the Columbia formed groups of interconnected
populations, which we refer to as metapopulations.

Development of the Columbia River for hydropower, irrigation, navigation and other purposes
has led to a reduction in both the quantity and quality of salmon habitat, and most critical, a
disruption in the continuum of that habitat. Depleted salmon populations cannot rebuild if any
habitat that is critical during any of their life stages is seriously compromised.

Consequently, we believe that the most promising way to help salmon populations rebuild is
to reduce or remove conditions that limit the restoration of high-quality salmon habitat at each of
their life history stages. Our intent in describing a normative ecosystem for salmon is to point out
key characteristics that are critical to their survival and productivity. Our descriptionis
necessarily general. Specific prescriptions, such as flow regimes, levels of stock diversity, etc.,
will need to be developed through a process that includes policy development and trade-offs
between the natural and cultural elements of the ecosystem. Our normative ecosystem is also
dynamic. Conditions in the normative ecosystem will vary, progressing from the current state of
the river toward historic conditions, based on the region’s decisions and actions.
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2. Productivity and the Network of Habitats

The Columbia River isacomplex network of habitat types from the headwaters to the estuary.
Populations of salmon, as well as other fauna and flora, are distributed throughout this network,
thriving wherever there are sufficient resources to sustain their growth and reproduction. Some
species are relatively localized, finding adequate resources within a narrow geographic range.
These include resident fish. Others, such as anadromous salmon, require vast migrations and
specific conditions at each “post” in those migrations, if they are to thrive.

The system of hydropower dams on the Columbia has greatly diminished the diversity of
habitat once characteristic of this watershed. The dams severed the continuum of habitat, leaving
very little riverine habitat left in the mainstem and isolating other types of habitat. Dams aso
altered flooding and draining patterns, which further reduced available habitat types and food
webs in those habitats. Two key consequences of this |loss of habitat diversity have been a
reduction in the biodiversity of native salmon stocks and the proliferation of non-native species.
Certain species have been able to adapt to conditions created by the dams, while others have not.
For example, invertebrates, fish and plants that are not native to the Columbia have proliferated in
the impounded river reaches rather than in free-flowing reaches, generally because impounded
habitat is more homogeneous.

Normative river conditions are re-expressed at some distance downstream from dams — the
further from the dam, the more habitat recovery occurs. This has been demonstrated on the
Flathead and Clearwater rivers, for example. However, the mainstem dams on the Columbia and
Snake rivers, for the most part, preclude such resetting of habitat conditions because water
released from each dam pours directly into the reservoir behind the next downstream dam. The
exception is the Hanford Reach on the mid-Columbia, the last free-flowing stretch of the river.
The Hanford Reach provides amodel of the productivity possible in river reaches that are not
fully regulated by dams. It supports a healthy population of fall chinook capable of surviving
downstream migration, harvest in the ocean and return upstream to spawn.

Our study has led us to the further conclusion that ocean conditions, which are variable, also
are important in determining the overall productivity of salmon populations. Fluctuationsin
atmospheric and oceanic processes change the physical environment of the ocean, including food
webs, water temperatures and other conditions.

Traditiondlly, fishery managers did not account for ocean conditions in their management
decisions. Thiswas largely for two reasons: they assumed the ocean environment and its food
webs were substantially in equilibrium, and they recognized that it isimpossible to control the
climatic patterns and physical factors that influence ocean productivity.

While we agree that the ocean itself is uncontrollable, our management decisionsin response
to ocean conditions can be altered. What we need is a better understanding of and more attention
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paid to the linkages between freshwater and marine environments and the processes in the ocean
that influence production of salmon. For example, conservation programs designed to address
one set of ocean conditions may not be appropriate for another set. Furthermore, river-based
management programs and dependence on hatcheries for production have led to a significant
reduction in salmon diversity, potentially eliminating those salmon that have adapted to the
greatest variety of ocean conditions.

3. Life History Diversity and Metapopulation Organization

In anaturd river system, the availability of complex and connected habitats is a critica
contributor to salmon productivity. These habitats, whether riverine, estuarine or oceanic, are
dynamic. They change daily, annually and sometimes over decades. They change in response to
cyclic events, such as the annual spring runoff, and to magjor non-cyclic events, such as volcanic
eruptions, droughts or landslides. How effectively salmon populations survive these changes, or
fail to survive them, isinfluenced by their life history characteristics.

Life history characteristics of salmonids include such traits as: age and size at juvenile
migration; growth and maturity during migrations; spawning habitat preferences; migration
patterns; and age and timing of spawning migration. These are the characteristics that enable
salmon to survive and reproduce within the range of their interconnected habitats. But it isthe
diversity of habitats that is the template for this diversity of life history characteristics. Salmonids
evolved over time in response to their diverse and ever-changing environment.

In the salmon ecosystem of the Columbia River Basin, the variety of habitat types was vast.
The loss of much of the habitat and degradation of even more, as well as the loss of connectivity,
have constrained salmonid production and reduced life history diversity.

In their 1996 review of the status of Pacific salmon, the National Research Council
recommended that salmon be viewed as metapopul ations rather than as isolated stocks. This
application of metapopulation concepts to natural populationsis still being debated among
scientists, so our inclusion of the metapopulation structure as it applies to salmon should be
viewed as a hypothesis that requires further study and confirmation.

M etapopulations are groups of local populations that are linked by individuals that stray
among the populations. Metapopulations persist through the mechanism of straying. When local
populations become extinct, they can be re-established through colonization by strays from
neighboring loca populations. We believe that metapopulation structure is likely in salmon
because these fish display both a high degree of homing to their natal streams, which establishes
the groups of local populations, and a variable level of straying, which provides the dispersal of
genetic traits needed to successfully recolonize habitat vacated by lost populations.
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Salmonid metapopul ations appear to structure themselves into core and satellite groups. The
core populations are generaly large productive populations that occupy high-quality habitat.

Such large, core populations tend to be less susceptible to extinction than are satellite populations,
which have fewer numbers and may occupy lower-quality habitat. Core populations appear to be
important as sources for re-colonizing habitat following extinction of local populations.

Studies indicate that the most abundant salmon spawning populations likely occurred in river
segments with well-devel oped floodplains and gravel bars, where habitat complexity was high,
including areas suitable to spawning, egg incubation and juvenile rearing. We conclude that
salmon populations spawning in large aluvial mainstem reaches of the Columbia may have served
as core populations and, as such, may have played critical rolesin sustaining salmonid populations
in the basin.

Loss of prime mainstem spawning habitat for core populations, and further losses from
fragmentation, isolation and degradation of habitats in tributary systems, could have significantly
reduced the long-term persistence and stability of regional salmon production. For example, most
fall chinook that spawned in the mainstem Columbia and Snake rivers are now extinct.

One of the only surviving mainstem populations of fall chinook spawnsin the Hanford Reach
in the mid-Columbia. Thisisthe largest naturally spawning population of chinook salmon above
Bonneville Dam, and it has been stable during the years when salmon in other parts of the basin
have undergone severe decline. It is possible that fall chinook in the Hanford Reach now function
as a core population, which might serve as a source for colonization of adjacent habitats if
normative conditions were restored in those areas.

Isolated populations of salmon are less likely to be recolonized should they be driven toward
extinction because they may lack adjacent populations with similar genetic traits. For the same
reason, surviving isolated populations also have less likelihood of successfully contributing to
efforts to replenish declining populations elsewhere in the basin. As populations become isolated,
local extinctions become permanent, and the entire metapopul ation moves toward extinction.
Therefore, we believe that restoring salmon populations in this basin will require both the
restoration of more diverse habitat conditions and the reconnecting of habitats into the continuum
necessary to support salmonids at every stage of their life histories. If this continuum can be
restored, we believe that metapopulations will re-emerge to help stabilize regional salmon
populations against environmental fluctuations.

REVIEW OF THE SCIENCE UNDERLYING THE FISH AND WILDLIFE PROGRAM

Using our proposed conceptual foundation as the template, we examined the scientific
assumptions underlying the Council’ s Fish and Wildlife Program. However, while our conceptual
foundation addresses the continuum of salmon habitat from freshwater streams, through the
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estuary and into the ocean, the Council’s program is only required to address salmon habitat
within the Columbia River Basin. Furthermore, while we looked at al causes of salmon decline
and sought ways to reduce and reverse losses from all causes, the Council is mandated to respond
only to hydropower-related losses. Consequently, the Fish and Wildlife Program addresses only a
subset of the factors contained in our conceptual foundation, and we believe it is fundamentally
limited in its effectiveness by these congtraints.

Our approach to reviewing the scientific basis for the fish and wildlife program was to
examine genera principles and specific assumptions implied by the measures in the program and
then assess the validity of those assumptions. We did not evaluate individual measures, but
looked instead at the biological rationale for measures or groups of related measures. For
example, the large number of program measures that relate to flow augmentation in the mainstem
river suggests an assumption that flow rates, altered by the hydroelectric system, contributed to
the decline in salmon populations. Once stated, that assumption can be analyzed scientificaly,
while the individual measures may be more difficult to analyze.

On the other hand, it is possible that individual measures or groups of measures may have
solid scientific justification, but combined with other measures or strategies the outcome may be
inadequate for recovery or inappropriate. In our analysis, we looked at the program, the process
through which it is developed and the vaidity of assumptions reflected in it, based on existing
scientific data.

Development of the Fish and Wildlife Program

The Northwest Power Act requires that the Columbia River Basin Fish and Wildlife Program
be assembled from recommendations submitted to the Council by the region’s fish and wildlife
managers, including Indian tribes from the basin. The recommendations are proposed by these
managers and other interested parties, reviewed by members of the public throughout the
Northwest and adopted by the Council. The measures that are approved for inclusion in the
program do not necessarily spring from or respond to a common understanding of the basin or its
fish and wildlife resources. They are not necessarily based on a common conceptua foundation.
In fact, as we noted above, there appears to be some conflict among implied conceptual
foundations in the program.

We argue in Chapter 3 that there are three major problems with this approach to building a
recovery program and incorporating new information asit is learned. First, the program becomes
a“list” of measures, with advocates for various measures competing for recognition rather than
working together to build the most cohesive and comprehensive effort. Second, measures are not
prioritized based on overall goals or objectives. There are no overall schedules, nor isthere an
integrated means to monitor and evaluate measures. Third, the emphasis on individual measures
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immerses the Council and implementors in endless details rather than an attention to the broader
picture.

Our recommendation is to incorporate an integrated approach with measures based on the
conceptual foundation we propose in Chapter 2. Measures could then be evaluated against that
framework. They could be judged on how they contribute to the protection, mitigation and
enhancement of ecosystem characteristics that are consistent with the biological needs of salmon,
while providing for environmentally responsible energy production.

In addition, we suggest that credible, scientific review is needed of projects proposed for
funding. We have prepared guidelines for research proposals, for proposal review and for peer
review of projects, which can help the Council design a peer review process for the program.

Adaptive Management in the Fish and Wildlife Program

The Council incorporated the concept of adaptive management in the Fish and Wildlife
Program in 1987, as a means of moving forward with recovery actions while the region continued
to debate questions of biology and hydrology. In our view, adaptive management has since been
used to justify a variety of actions on the premise that they may provide new information. We
contend that adaptive management is intended as a much more rigorous scientific approach. The
term should only be used in reference to explicit management experiments that include
hypotheses, test conditions and a detailed experimental design. The concept of adaptive
management should not be used as justification for every action about which the outcomeis
uncertain.

Assessment of the Fish and Wildlife Program

In our review of the scientific basis of the fish and wildlife program, we assigned a qualitative
rating that summarized our assessment of the scientific support for various assumptions. Our
numeric rating ranked assumptions and principles based on what we deem the “level of proof.” A
“level one” would apply to an assumption for which thereis solid peer-reviewed empirical
evidence. A “level two” would be backed by strong evidence, but not conclusive evidence.
“Level three” assumptions have theoretical support with some evidence. “Level four”
assumptions are speculative, with little empirical evidence to support them. Findly, “level five’
assumptions are contradicted by good evidence to the contrary. Chapters 4 through 10 contain
our analysis of the data we reviewed to establish these conclusions.

We first reviewed three general principles that appear in both the Council’ s program and in
the Northwest Power Act.
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1. The salmon bearing ecosystem in the Pacific Northwest and northeast Pacific Ocean has
considerable excess carrying capacity. Level of proof: four. Thisassumption leadsto the
further assumption that there is a ssimple relationship between the numbers of smolts and
increasing overall productivity over the long term. What confounds this assumption isthe
complexity of both freshwater and marine conditions. Inriver, estuary and ocean
environments fluctuate dramatically in response to both human-caused and environmental
changes. These fluctuations influence the long-term carrying capacities of the available
habitat. The key to resilience in a variable environment is not just the numbers of smolts nor
the quantity of habitat. Given the dynamic nature of the environment, we conclude from our
analysis that it isthe diversity of both habitat and genetic traits that is critical to restoring
Columbia Basin salmon, not the quantity alone.

2. Abundance of salmon and steelhead in the Columbia River Basin has, to a significant
degree, declined due to, and is presently limited by, human actions. Level of proof: one.
This assumption isirrefutable. Even accounting for natural variation in the environment,
decline of most species has closaly paraleled the development of the basin. Damage from
early and ongoing development has removed substantia portions of the basin from access by
salmon, atered remaining habitat, reduced the abundance of salmon and decreased the ability
of surviving salmon populations to cope with natural environmental variations. Focusing only
on hydropower impacts severely constrains the region’s ability to reverse these trends.

3. Ecosystemfunctionslost as a result of development of the Columbia River can be replaced
by technological solutionsto individual problems. Level of proof: four. The best evidence
against this assumption is the continuing decline of the basin’s salmon populations. Despite
decades of experiments with technologica solutions and the expenditure of billions of dollars
in recovery efforts, salmon populations remain depressed. While technology will continue to
be a part of any restoration effort in the Columbia River, we recommend that the region move
from a strategy of “fixing” ecosystem damage to one that places greater reliance on re-
expression of the natural biologica and physical processes of the Columbia River salmon-
bearing ecosystem.

We aso analyzed 29 specific assumptions contained in the Fish and Wildlife Program,

assigned a numeric ranking to each, and provide in Chapter 3 a brief overview of the science
supporting our ranking. In Chapters 4 through 10, we expand on this evidence.
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GENERAL AND SPECIFIC CONCLUSIONS

As we noted above, restoration of Columbia River Basin salmon populations will require a
new definition and understanding of the salmon ecosystem. Humans have transformed the
Columbia River Basin from athriving natural environment to a great hydroelectric, irrigation and
trangportation system, one that drives this region’s economy. The human approach to salmon
recovery has reflected these impressive technological accomplishments: hatcheries have attempted
to replaced natural productivity, flow augmentation has attempted to replace the spring freshet,
barge transportation has attempted to replace inriver migration, and so on. To reverse the decline
of salmon populations, we believe the region must endorse a conceptual foundation for salmon
recovery, such as the one we describe in Chapter 2, and base its efforts on that foundation.

The key to salmon productivity in the future will be the degree to which normative ecosystem
conditions are re-introduced into the Columbia River Basin. To accomplish this return to
normative conditions, we recommend the following:

1. Recognize explicitly that salmon in the Columbia Basin exist naturally as collections of locally
adapted popul ations organized into aggregates of core and satellite populations known as
metapopulations. To increase total productivity, management decisions should nurture life
history and population diversity. That diversity will require protection for the remaining core
populations, and restoration and reconnection of potential core habitats at strategic areas
within the basin. The Hanford Reach, the last free-flowing stretch of the Columbia, could be a
model for this management approach.

2. Protect and restore freshwater habitat for al life history stages, with afocus on key Columbia
River and tributary reaches and lakes. This approach would include: restoration of the spring
freshet to revitalize inriver habitats; stabilization of daily fluctuations in flows to alow food
webs to persist in shallow-water habitats that are important juvenile rearing areas; provision of
incentives for watershed planning that emphasizes riparian and upland land-use activities to
enhance instream and lake habitats; and identification of food web compositions and other key
conditions that are critical for migrating juvenilesin key habitats. Wherever possible,
reconnect restored tributary habitats to restored mainstem habitats, particularly where remnant
core populations, such as the Hanford Reach fall chinook, exist.

3. Manage stocks with a more complete understanding of migratory behavior and the limitations
that migratory behavior could place on river operations. From our review, we concluded that
the Columbia and Snake rivers should not be treated merely as conduits through which young
salmon passively migrate to the sea. On the contrary, we learned that the young fish have
ecological requirements that must be met during their downstream migration through the
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mainstem habitat. Fishery managers need to better understand these needs and manage
accordingly.

4. Reduce sources of mortality throughout the salmonid ecosystem, including the ocean and the
estuary, as well as the rivers and tributaries of the Columbia River Basin.

5. Current and future salmon recovery measures should correspond to the normative ecosystem
concept and be evaluated for their effectiveness in meeting stated objectives. For example, an
approach whose godl is a normative ecosystem would highlight restoration of life history
diversity, rather than more technological approaches, such as transporting fish in barges or
producing them in hatcheries. Hatcheries and transportation should only be used selectively
and experimentally, and they should be monitored carefully. To dea with the uncertainties
associated with the region’ s efforts, the FWP as a whole needs an integrated ecosystem
monitoring and evaluation program.

6. Recognize that estuary and ocean dynamics are important regulators of the patterns of salmon
productivity. While repairing conditions in the ocean is difficult, if not impossible, some
management actions can be taken to improve the productivity of salmon in these
environments. For example, managers can regulate harvests to maintain viable food chains,
they can set sustainable escapement targets so sufficient numbers of spawning pairs are
allowed to reach upriver habitats, and they can implement hatchery protocols that allow fish
populations to respond to natural fluctuations in ocean productivity. The estuary can be
improved and protected through pollution abatement, enhancement of riverine flows and
restoration of wetland habitats within the estuary.

7. Re-evaluate the concept of salmon reserves as a means of protecting core populations and
potential core population habitat. These core populations could enable reseeding of available
healthy habitat, which in turn could rebuild salmon abundance and metapopulation structure
throughout the Columbia Basin. The region should consider establishing a salmon reservein
the vicinity of the confluence of the Snake and Columbiarivers, including the Hanford Reach.

IMPLEMENTATION OF NORMATIVE CONDITIONS

We recognize that what we are proposing is an ecosystem recovery that, if we are successful,
will be unmatched anywhere in the world. Uncertainties remain, but those uncertainties can be
addressed through innovative research and adaptive management. We are convinced that
restoring normative conditions at every stage of the salmon life cycle will give this region the
opportunity to accomplish the goa of restoring salmon populationsin thisbasin. Samon are
remarkably resilient and productive in healthy habitat. If the focus of our management actions
returns to the river, so that natural processes and habitat are restored, the saimon aso are likely to
return to the river.
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CHAPTER 1. INTRODUCTION

Purpose of the review

The Columbia River Basin Fish and Wildlife Program was devel oped by the Northwest
Power Planning Council (hereafter NPPC or Council) as directed by Congress in the Pacific
Northwest Electric Power Planning and Conservation Act of 1980. Congress charged the Council
to develop a plan to “ protect, mitigate and enhance” the fish and wildlife of the Columbia River as
affected by development and operation of the Columbia River Basin hydroelectric system. Inits
latest revision of the Fish and Wildlife Program, FWP (Northwest Power Planning Council,
1994), the Council created the Independent Scientific Group and directed them to 1) develop a
conceptual foundation for the Fish and Wildlife Program (section 5.0F), and 2) provide a biennial
review of the scientific basis for the Fish and Wildlife Program (section 3.2B). This report
responds by providing a conceptual foundation based on current ecological science and by
evaluating the assumptions and beliefs embodied in the Fish and Wildlife Program in light of this
scientific foundation.

Following this introduction that provides the background for our review, the report is
organized into four sections:

1. Anexplicit, ecologically based conceptual foundation for the FWP (Chapter 2),

2. A review of the scientific basis for the assumptions and beliefs implied by measures
in the FWP based on this conceptual foundation (Chapter 3),

3. A technical review and documentation supporting the conceptual foundation
and the review of the FWP (Chapters 4-10).

4. Conclusions and implications of the overall review (Chapter 11).

History of the Fish and Wildlife Program

Congress directed the Council asitsfirst act to prepare afish and wildlife plan to address
the loss of fish and wildlife in the Columbia River Basin resulting from the operation and
development of the hydroelectric system. The first Fish and Wildlife Program was adopted in
November, 1982, following an extensive public process to garner ideas and projects. The Council
conducted similar processes to revise the program in 1984, 1987, 1992 (Strategy for Salmon),
and most recently December of 1994. Unless otherwise specified, the focus of thisreview isthe
Fish and Wildlife Program of December 1994 (Northwest Power Planning Council, 1994). Our
report constitutes the first scientific review of the Fish and Wildlife Program.
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Each version of the Council’ s Fish and Wildlife Program (FWP) has described awide variety
of actionsto be carried out by the Bonneville Power Administration, other federal agencies and
the region’s state and tribal fish and wildlife managers. These have focused on in-river returns and
production of anadromous salmonids. The Fish and Wildlife Program emphasizes actions to
increase survival of salmon and steelhead in the Lower Snake River (i.e., downstream from Hells
Canyon Dam), the middle and lower reaches of the mainstem Columbia River (i.e., downstream
from Chief Joseph Dam), and their tributaries. Actions implemented so far, include: modification
of mainstem dam operations and facilities to improve bypass of adults and juveniles; coordination
of river operations to provide enhanced spring flows; reduction of smolt predators; construction
and operation of hatcheries, modification of existing artificial production operations, including
supplementation of naturally reproducing populations; implementation of "best management
practices’ for land use activities, and a variety of research and monitoring objectives designed to
answer critical questions. Similar measures have been implemented, but at a reduced scale, for
resident salmonids and sturgeon in headwater tributaries (Northwest Power Planning Council,
1994). The Fish and Wildlife Program aso counsels against new hydropower development on
any anadromous fish stream or in stream reaches with a high value to resident fish or wildlife
habitat.

Congress included the fish and wildlife provisions in the Act because it recognized the
impact of hydroelectric development on salmon and steelhead in the Columbia River. By thetime
the hydroel ectric system was completed in 1975 with the construction of Lower Granite Dam on
the Snake River, salmon runs had declined considerably from their previous abundance. Asthe
Act was being debated in Congress, the National Marine Fisheries Service began to analyze the
status of Snake River chinook populations to determine if they warranted protection under the
Endangered Species Act (ESA; 43 Fed. Reg. 45628 (1978)). Passage of the Act forestalled ESA
listing determinations by NMFS for approximately a decade. However, declines resumed in the
late 1980 s and Snake River sockeye, spring, summer, and fall chinook were listed under the
Endangered Species Act inthe early 1990's. These listings, and the listing of Kootenal River
white sturgeon in 1991, has added another layer of complexity and additional capital cost to the
restoration effort in the Columbia River. Development of recovery plans for listed fish
populations in the Columbia River are the responsibility of the National Marine Fisheries Service
(NMFES). The Fish and Wildlife Program may constitute one of the most ambitious environmental
restoration efforts ever undertaken worldwide (Lee and Lawrence, 1986).

Astheriver basin has been developed over the last 100 years or so, piecemeal technological
approaches, such as artificial production, fish bypass, and transportation, among others, have been
developed to substitute for losses in salmon production and habitat and to sustain harvest.
Despite these efforts, populations of anadromous and resident salmonid species have declined
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markedly from their historical abundance and distribution. Prior to development in the basin, the
Columbia River may have supported over 200 distinct anadromous stocks, which returned several
million adult salmon and steelhead to the river annually (Northwest Power Planning Council,
1986; Nehlsen et al., 1991). All five native eastern Pacific salmon species and steelhead
historically returned to the Columbia River, although chinook stocks dominated the runs. Today,
most chum, pink, and wild coho stocks (with the possible exceptions of Hamilton Creek, Hardy
Creek and Grays River chum stocks, and Hood, Clackamas, and Klickitat river coho stocks) are
extinct and the other species are at risk of extinction. Nehlsen (1991) identified 69 extinct stocks
and 75 others at risk of extinction in some areas of the basin. Only Lewis River (WA) and
Hanford Reach (WA) fall chinook, Lake Wenatchee and Lake Osoyoos (WA) sockeye, and five
summer steelhead stocks in the John Day River (OR) can be classified as healthy (Mullan et al.,
1992; Huntington et al., 1996). Total returns of cultured and wild chinook and sockeye reached
an dl timelow in 1995 (Figure 1.1). Likewise, resident salmonid populations, such as bull trout,
also are increasingly isolated by habitat fragmentation and have been eiminated from many river
segments. Many remaining populations are reduced in size and vulnerable to extinction.
Evauation of native salmonids in headwater reaches of the Columbia River shows that the
distribution of healthy stocks are reduced to 10-30% of their origina distribution, depending upon
species (Behnke, 1992; Anderson et al., 1996; Lee et d., In Press).

Legal Objectives and Constraints

The Act was intended to restore salmon and steelhead as affected by hydroelectric
development while ensuring an efficient, adequate, economical, and reliable power system. It
placed specific objectives and constraints on development of the Council's Fish and Wildlife
Program including:

1. The program should improve the survival of anadromous fish at dams.

2. It should provide adequate flows between dams to improve production, migration,
and survival as needed to reach sound biological objectives.

3. Measures must complement the activities of federal and state fish and wildlife
agencies, and appropriate Indian tribes.

4. The program should use the best available scientific information.

5. It must be consistent with the legal rights of appropriate treaty Indian tribes.

6. Where equally effective means of achieving the same sound biological
objectives are available, the Program must use the least costly aternative.
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The Fish and Wildlife Program was not intended to deal comprehensively with salmonid
restoration in the basin, but was to address the effects of development and operation of the
hydroelectric system. The Act also allowed the Council to seek off-site mitigation to compensate
for hydroelectric losses. In other words, mitigation activities need not be confined to dam sites.

The Council is primarily a policy development body; it has no jurisdiction or regulatory
authority over harvest, water rights, or land management in the basin. The Bonneville Power
Administration (BPA) is obligated to fund actions in a manner consistent with the Council’s
program. The U.S. Army Corps of Engineers, the U.S. Bureau of Reclamation and the Federa
Energy Regulatory Commission must take the program into account “to the fullest extent
practicable.”

Goals of the Fish and Wildlife Program

The Council evaluated the historical abundance of salmon and steelhead in the basin and
inferred the impact of operation and development of the hydroelectric system to derive general
goals for the Fish and Wildlife Program (Northwest Power Planning Council, 1987). While the
goals have been reworded and modified in subsequent versions, they remain essentially unchanged
in the 1994 Fish and Wildlife Program. The goal isto increase (i.e., double) numbers of salmon
and steelhead in the Columbia Basin, while preserving genetic and life history (phenotypic)
diversity by reducing human-caused mortality at all life stages. We take this to mean that salmon
and steelhead should increase without loss of species diversity or decreases in genetic and life
history diversity within populations and species. The Fish and Wildlife Program emphasizes
production in areas above Bonneville Dam where hydropower development has been most
extensive.

Development of the Fish and Wildlife Program

The Act requires the Council to base Fish and Wildlife Program measures (actions) on
recommendations submitted by the region’s fish and wildlife managers, and Indian Tribes, and
other regional parties. Consequently, the Fish and Wildlife Program is a collection of individua
measures proposed by a diverse constituency. The measures were discussed in public before they
were adopted by the Council. The measures, as awhole, do not necessarily reflect an explicit
concept of the system. As aresult, the Fish and Wildlife Program does not originate from asingle
a priori framework of assumptions and information about how the physical and biological
components interact to form the salmon bearing ecosystem. We think this is a fundamental
shortcoming and germane to thisreview. Sets of measures, however, such as for artificia
propagation in hatcheries or for mainstem passage of smolts, do have underlying assumptions and
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concepts, athough they are not clearly stated or integrated. We have attempted to identify these
topical assumptions as a basis for our review (see Chapter 3).

Relationship to Other Plans and Reviews

Other insightful scientific syntheses of the salmonid fisheries problems in the Columbia
River and adjacent region predate our effort, e.g., (Netboy, 1980; Ebel et a., 1989; Rhodes et al.,
1994; Lichatowich et al., 1995). Also, at least six recent reviews (Table 1.1) provide detailed
action plans or recommendations to reduce mortality and increase salmonid production, in
addition to reviewing the status of the fisheries and the causes and consequences of declines. A
main theme in these reviews, and our review, is that the downward trend in numbers (i.e., adult
returns in anadromous species and population size in resident species) and stock diversity isduein
large part to human actions occurring against a backdrop of natural environmental change (Figure
1.2). Agentsof natural environmental changes are cyclic oceanic changes such as El Nino, floods,
drought, predation, competition and disease. Examples of human-mediated environmental change
isrelated to habitat degradation and loss, hatchery effects, harvest, and introductions of non-
native biota. Effects of human mediated changes may be exacerbated by ineffective transfer of
information among research scientists, managers, and policy makers.

Our report follows logically from other recent reviews and recovery plans (Table 1.1). It
focuses primarily on the Columbia Basin ecosystem and the Council’s Fish and Wildlife Program.
Nevertheless, our report emphasizes many of the same factors and reaches many of the same
conclusions as the recent NRC report, which examined the decline of Pacific salmon stocks at
large. The NRC panel (National Research Council 1996) emphasized the importance of life
history and genetic diversity of salmon populations and recommended management efforts be
directed at the local population and metapopulation levels. The panel also focused on
rehabilitation of the Columbia Basin salmon ecosystem through regeneration of natural processes,
rather than through a primary reliance on substitution oriented technological solutions, such as
hatcheries, transportation, or modification of stream channels.

Application of RETURN TO THE RIVER to Future Efforts

Throughout our review, RETURN TO THE RIVER, we attempt to identify ecological
processes that require restoration, as opposed to identification of technological methods. We
stress the need to restore the natural functions of the Columbia River ecosystem that produce
salmonid fishes, as opposed to circumventing natural ecological processes. Salmonid populations,
and other riverine biota, cannot recover in the absence of quality habitat for each life history stage.
Despite decades of effort, the present condition of most populations in the Columbia River Basin
demonstrates the failure of technological methods to substitute for lost ecosystem functions.
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Normative conditions, which provide critical habitat functions in the natural-cultural landscape,
must be restored, not mitigated. By conducting our review in the context of a conceptual
foundation that focuses on ecosystem-scale habitat restoration, we hope we have provided a
perspective for the salmon recovery effort in general, as well as alogical mechanism for
evaluating the scientific efficacy of measures (and the implied assumptions) contained in the Fish
and Wildlife Program.

| mplementation

The ISG presented its preliminary findings to the Council and to the region's sdlmon
managers on April 23, 1996 and May 9, 1996 respectively and solicited scientific and technical
peer reviews of the draft document. Responses to the presentations and comments from some of
the peer reviewers revealed a common concern: the need for specific prescriptions to implement
the recommendations contained in our review. An implementation program containing specific
recommendations would have to incorporate social and economic concernsin addition to a
scientific basis for action. Thisis beyond the scope and role of this group and our charge to
evaluate the science underlying the Council’s Fish and Wildlife Program. Although thisis not an
implementation document and the review is not intended to fill that role, concerns about
implementation raise important questions concerning the application of RETURN TO THE RIVER in
subsequent regional efforts to develop an ecosystem restoration program. These include:

1. What should the Council do with RETURN TO THE RIVER?

2. What strategic actions would be consistent with the conceptual foundation in
RETURN TO THE RIVER?

3. What could the Council and the region expect of a program based on the RETURN TO
THE RIVER?

What should the Council do with RETURN TO THE RIVER?

We believe that the conceptual foundation presented in RETURN TO THE RIVER (Chapter
2), is consistent with the objectives of the Northwest Power Act and the broad policies expressed
in the Fish and Wildlife Program. Nevertheless, the conceptua foundation described in the next
chapter is a departure from the overall approach to restoration that has characterized the region’s
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efforts to date and is embodied in the assumptions underlying the Council’ s program (see
Chapters 2, 3 and 11).

We believe afailure to adopt an ecologically based conceptual foundation and to change
the approach to salmon restoration in the basin will lead to more extinctions of salmon
populations and little progress towards the rebuilding goal. Temporary increases in some
populations may occur in response to fluctuations in ocean conditions, but the overall downward
trend in returns that has occurred throughout this century will likely continue. We recommend
that the Council accept RETURN TO THE RIVER as a scientific basis for refocusing the region’s
efforts.

What strategic actions would be consistent with RETURN TO THE RIVER?

As stated above, the devel opment of specific prescriptions is beyond the scope of this
study. Developing tactical stepsto implement the recommendationsin RETURN TO THE RIVER isa
separate project that should be undertaken after appropriate strategic steps are taken. The
recommendations contained in RETURN TO THE RIVER, in particular the movement towards a more
normative river ecosystem involves policy decisions that include tradeoffs between salmon and
important regiona social and economic factors. Asafirst strategic step in implementing the
recommendations contained in RETURN TO THE RIVER, the Council should examine the
implications of the normative ecosystem concept; in particular, what steps would move the
Columbia River along the continuum from its current state to a more normative state (i. e., the
restoration of natural ecological processes consistent with the needs of native fish and wildlife
species). Steps ranging from watershed level restoration in subbasins, manipulation of mainstem
flows, permanent drawdowns and dam removal should be evaluated in terms of the socia and
economic costs to the region. The potentia social, economic and biological costs and benefits of
implementing normative conditions should be determined and become part of the regional debate
regarding salmon restoration.

What could the Council and the region expect of a program based on RETURN TO THE RIVER ?
The normative river is not a static target; it is a continuum of conditions covering a broad
range of values from dlightly better than the current state of the river to conditions that closely
approximate the pre-development state (Figure 1.3). Because the region lacks experience in the
approach to restoration described in RETURN TO THE RIVER, we cannot predict the exact
relationship between increasingly normative conditions and salmon production. The relationship
might be linear with salmon production increasing continuously in proportion to the movement
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towards normative conditions (Figure 1.3). It may be non-linear (logistic) with little or no
increase in production until significant changes accumulate followed by rapid increasesin
production (Figure 1.3). We believe the more likely relationship will be characterized by a series
of thresholds and plateaus (Figure 1.3). Asthe river moves towards more normative conditions
little improvement may be observed until athreshold is reached causing an increase in production
to anew level or plateau. The shape of the response of the ecosystem to restoration actions has
important implications for scaling the region’ s expectations and the amount of effort required to
elicit identifiable change (Figure 1.3).

The region does have experience with taking very small steps toward the normative
conditions and tinkering around the edges of the existing system of natural resource usein the
basin (see Box 1.1). Those small steps have produced no discernible progress towards the
objectives of the Northwest Power Act, the Council's goals or the condition of populations listed
under the Endangered Species Act. Because of this, it is reasonable to question the underlying
rationale that has guided these efforts. It is becoming increasingly clear that more substantial
changes, based on a scientifically derived rationale, must be taken. At the same time, our
knowledge of how to restore key attributes of an ecological system of the scope and complexity
of the Columbia River isimperfect and arigorous program of evaluation, monitoring and research
will be required. In the following chapters, we present a scientifically rigorous framework for
making those major changes. A fish and wildlife program based on this conceptua foundation is
unlikely to be socialy painless or inexpensive nor isit likely to provide short-term gratification.
Scientific uncertainties abound and unforeseen events will occur. However, we believe that an
approach based on the principles described in following pages, combined with an implementation
program governed by the principles of adaptive management, offers the best hope for preventing
large scale extinction of salmon in the basin and making meaningful progress towards the
Council's goals.

Box 1.1. In hisreview of the 1993 National Marine Fisheries Service Biological Opinion on
Columbia River mainstem operations (the Biological Opinion is similar in scope and rationale
to the mainstem actions in the Council’ s program). Judge Marsh concluded: “... the processis
serioudy, “significantly,” flawed because it istoo heavily geared towards a status quo that has
allowed al forms of river activity to proceed in adeficit situation-- that is, relatively small
steps, minor improvements and adjustments-- when the situation literally cries out for a major
overhaul.” Idaho Department of Fish and Game v. National Marine Fisheries Service, Civil
No. 92-973-MA, dlip opinion at p. 36 (D. Ore. 1994).
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Table 1.1. Recent recovery or enhancement plans and other detailed analyses of scientific information pertaining
to the decline of anadromous salmonid fishes of the Columbia River.

NAME

USA v. OR & WA management plan

Inter-tribal plan for restoration

Chapman plan for Snake River

chinook and sockeye

Fish and Wildlife Program

Snake River sailmon (NMFS)
recovery program

Chapter 1

CITATION(S)

see Chapter 7

(Columbia River Inter-Tribal Fish
Commission, 1995)

(Chapman et al. 1990; Chapman et al.
1991)

(Northwest Power Planning Council 1994)

(National Marine Fisheries Service 1995)

NOTES

Federal, court-ordered plan to meet tribal
treaty rights, emphasizes escapement and
hatchery production

Evolved from USA v. OR & WA;
emphasi zes supplementation and habitat
restoration

Analysis of status and causes of decline;
emphasizes habitat restoration and
supplementation

Mandated by Congress; emphasizes
hatchery production, transportation, flow
augmentation and mitigation studies by
agencies (see Chapter I1)

Mandated by Congress; emphasizes
supplementation, transportation and flow
augmentation
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Botkin report

National Research Council report
(Upstream)

East-Side Assessment
Broad-Scale Assessment of Aquatic
Species And Habitats

Chapter 1

10 September 1996

(Botkin et a., 1995)

(Nationa Research Council 1996)

(Leeetdl., inpress)

10

Analysis of regiona salmon status and
causes for declines; emphasizes habitat
degradation and overharvest as problems
and provides generalized restoration
mechanisms

Analysis of regional salmon decline by
National Research Council of National
Academy of Science; emphasizes habitat
degradation, genetic problems associated
with hatchery production, overharvest and
ingtitutional constraints as problems and
provides generalized restoration
mechanisms

Assessment of aquatic resources within the
interior Columbia River basin ecosystem.
Concludes that losses and degradation of
habitat have severely reduced native fish
diversity and abundance. Identifies
strategies to manage and rehabilitate
habitats and fish populations.
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CHAPTER 2. A CONCEPTUAL FOUNDATION FOR RESTORATION
OF COLUMBIA RIVER SALMONIDS

“ Conservation efforts must nurture the whole life history, not focus inordinate
attention on elusive “ bottlenecks’ to production. | believe conservation efforts
will fail if primary attention is not directed to providing the habitat opportunities
that historically supported the stock in its natural state.” (Healey 1994).

The ISG was directed by the Fish and Wildlife Program (Section 5.0F) to develop a conceptual
foundation for restoration of Columbia River sdmonids. Our gpproach was to treat the Columbia
River asanaurd and culturd system (Figure 2.1); that is, aregional ecosystem with boundaries
logicdly defined by the life cycles of native sdmonid fishes and including human land use and other
culturd activitiesthat characterize the basin. Restoration requires detailed understanding of the
interactive, biophysica attributes and processes that control the survival of sdmonids (e.g., Figure 2.2)
rather than a smple accounting of numbers of fish a various points and timesin the ecosystem. This
approach is consstent with Council's policy to support native species in native habitats (Section 2.2A
of the FWP), but it dso identifies problems with the Council's approach to restoration.

In the development of a conceptual foundation, we attempted to be responsive to the
directives, explicit or implied, in the FWP; however, we did not try to fashion a conceptual
foundation that justified the existing measures of the FWP. Rather, we attempted to build a
framework based on established ecologica principles that would be consistent with the available
data explaining the decline of salmonid fishes and their habitats in the ecosystem. Stanford et al.
(in press) recently proposed a general protocol for restoration of large rivers regulated by dams
and diversions. This paper, which in part grew out of our review, summarizes the influences of
dams on river ecosystem processes and biota and is a key supporting document for our conceptual
foundation for the restoration of Columbia River salmonids.

What isa Conceptual Foundation?

A conceptua foundation is a set of scientific principles and assumptions that can give
direction to management activities, including restoration programs, such asthe FWP. A
conceptual foundation determines how information is interpreted, determines what problems (e.g.,
limitations on fish production) are identified, and as aresult, establishes the range of appropriate
solutions (Lichatowich et al., 1996). Because it influences the interpretation of information, the
conceptua foundation can be a powerful scientific element of management and restoration plans
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and it can determine the success or failure of those plans. Natural resource management carried
out with the best intentions and methodological expertise can have disastrous consequences if
based on incorrect assumptions (Cronon, 1995). The importance of a conceptual foundation and
the problems created by the failure to explicitly define it extends beyond natural resource
management. Heilbroner and Milberg (1995) attributed chaos in economic analysis for the last
several decades to the lack of a central vision, or in our terminology, a conceptual foundation.

To illustrate the importance of a conceptual foundation, think of it as analogous to the
picture that comes with ajigsaw puzzle. Each piece of the puzzleis a small data set containing
useable information; but interpreting the relevance of that information is difficult or even
impossible without referring to the picture. Salmon managers generate and review many data sets
and large volumes of information. They look at many pieces to the puzzle of salmon management
and ecosystem restoration. However in fisheries management, watersheds or ecosystems do not
come with a picture clearly illustrating the functional ecological processes that lead to production
of desirable fishes. Consequently, to interpret the relevance of those data sets, the picture
(conceptual foundation) must be developed by scientists and managers from the best available,
scientific principles and assumptions. |f the conceptual foundation underlying a program such as
the Fish and Wildlife program is erroneous, it is equivalent to an attempt to complete ajigsaw
puzzle using the wrong picture as aguide. Conceptual foundations should not be static, but
should be revised continually as new theory emerges and new empirical information becomes
avalable.

The power of the conceptual foundation to determine how information is interpreted, even
to draw the wrong conclusion from otherwise sound data, is illustrated through the following
example. Around the turn of the century, biologists working with Pacific salmon were debating
the “home stream theory”. Some held that adult salmon had the ability to home back to the
stream of their birth to spawn. Other biologists, including the eminent ichthyologist David Starr
Jordan, rejected the home stream theory (Jordan, 1904). In Jordan's conceptual foundation, the
salmon's ecosystem did not extend much beyond the mouth of the natal river. He assumed that
juvenile salmon migrated no more than 20 to 40 miles from the mouth of their natal stream.
When the salmon reached maturity, they ssimply swam into the first river they came to, which,
because they never migrated far from it in the first place, was amost always their home stream.

In 1896, juvenile salmon from the Clackamas hatchery were fin-clipped for later
identification and released into theriver. Four years later, some of the tagged fish returned to the
Columbia River. Instead of interpreting the recovery of tagged salmon in the Columbia River as
evidence of homing, Jordan interpreted it as support for his assumption that the salmon did not
migrate far from the mouth of their natal stream. Jordan’s conceptual foundation contained at
least one erroneous assumption, which caused him to misinterpret otherwise sound information.
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The debate over the “home stream theory” was not an academic exercise. Whether or not
salmon homed to their natal stream had important implications for salmon management,
particularly the transfer of stocks between rivers through the hatchery program. By today's
standards, Jordan derived his conceptual foundation from limited ecological data and from a
rudimentary body of ecological theory. Nonetheless, his conceptual foundation was insufficient to
allow new information to be correctly interpreted. A robust conceptual foundation is derived
from thorough analysis of the problem (i.e., breaking the problem into its components and their
corollaries) and synthesis of available information (formalizing what is known).

Doesthe Fish and Wildlife Program have a Conceptual Foundation?

Unfortunately, salmon management and restoration plans rarely contain an explicitly
described conceptual foundation. The Fish and Wildlife Programis no exception. However, it
would be incorrect to conclude that a conceptual foundation is not implicit in the FWP. In fact,
the Fish and Wildlife Program probably has been derived from more than one conceptual
foundation. Each agency, institution, or interest group that proposed measures adopted by the
Council derived those measures from a conceptual foundation, sometimes from different
conceptual foundations. Thus, the existing suite of measures in the Fish and Wildlife Program
probably was derived from conceptual foundations some of which may be contradictory or
inconsistent with each other and possibly with current knowledge. Because those conceptual
foundations were not stated, the Council, scientists, and the public cannot review or evaluate
them. The current PATH (Plan for Analyzing and Testing Hypotheses) process is an exception.
PATH isan iterative process for defining and testing alogical framework of hypotheses related to
the Columbia River anadromous salmon bearing ecosystem (Marmorek and Parnell, 1995). In our
view, PATH is attempting to explicitly define the conceptual foundation (logical framework) for
severa of the models used in the management of the Columbia River. The logical framework
being developed by PATH has a narrower scope and purpose than the conceptual foundation
described here. PATH and our review have taken very different approaches to the devel opment
of a conceptual foundation. PATH focuses on ESA listed stocks of anadromous salmonids,
whereas, our review has focused on the total ecosystem and awider array of species, stocks and
life history types.

In our review of the Fish and Wildlife Program, we identified several assumptions that are
implied in the program or generally form the basis of salmon management in the basin (see review
of FWP in Chapter 3). We have equated those assumptions to the Fish and Wildlife Program’s
implied conceptual foundation. Because our assessment of the conceptual foundation in the FVP
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is derived from implied, rather than stated assumptions, it is necessarily global, rather than
specific.

Management of the Columbia River and its salmonid populations has been based on the
belief that the natural ecological processes that characterize a healthy salmonid production system
to alarge degree can be circumvented, or the natural production process simplified and controlled
by humans, while maintaining or even enhancing production (Lichatowich et al., 1996).. Within
the overall context of a belief in simplification, circumvention, and control, the Independent
Scientific Group identified three global assumptions implicit in the Fish and Wildlife Program
(Whitney et al., 1993, see Box 1).

Box 1. Globa assumptions implicit in the Fish and Wildlife Program. asinferred by the
Independent Scientific Group (Whitney et al., 1993).

1. The number of adults recruited is primarily asmple, positive response to the number of
smolts produced (i.e., it is assumed that human-induced losses of the natural production
capacity can be mitigated by actions to increase the number of smolts, for example
through the use of passage technology, barging, and hatcheries.

2. Samon and steelhead production can be increased by focusing management primarily on in-
river components of the Columbia River (estuary and ocean conditions are ignored
because they are largely uncontrollable).

3. Management actions will not compromise environmental attributes which form the basis for
production of salmonids.

The Independent Scientific Group (Whitney et al., 1993) concluded that these assumptions
and the Fish and Wildlife Program’ s implied conceptual foundation drive management toward
solutions, which attempt to use technol ogies as substitutes for ecosystem functions. The current
approach is exemplified by the use of hatcheries and the passage of juvenile and adult salmonids
through the hydroelectric projects. Survival of salmon migrating past dams is an important
problem that deserves attention, but passage must be considered in the context of the salmon'’s
entire life history and its ecosystem. Much of the work on passage is focused on achieving
margina improvements in the established technology of passage (reviewed in Chapter 7) for a
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limited number of life history types, while ignoring the broader context of salmonid life history,
behavior, and habitat. Aquaculture technology has been an essential component of salmon
recovery, however, its contribution has been minimized because it was not applied within the
context of a normative ecosystem. In view of the continuing decline in salmon, it should be
obvious that the current conceptua foundation, its implied underlying assumptions, and the
implementation of measures derived from the current implied conceptual foundation, have failed
to meet the Fish and Wildlife Program goals and lead to the recovery of salmonids throughout the
Columbia River. The conceptual foundation that we propose and describe herein contains
departures from some of the assumptions that have driven salmon management and restoration in
the Columbia River basin for the past several decades, although it retains and extends some
fundamentally sound assumptions. In sum, it incorporates fundamental ecologica principles and
some newly emerging theory.

An Alternative Conceptual Foundation

Synopsis of Fundamental Assumptions and Principles

The critical elements of our conceptual foundation were derived from a synthesis of
riverine ecological theory (Stanford et al., in press) in the context of habitat diversity (Frissell et
a., In press; In press), life history diversity (Thorpe, 1994; Healey and Prince, 1995), and
declining trends in abundance of Columbia River salmon (Nehlsen et a., 1991; National Research
Council, 1996). The critical elements are given below and described in detail in sections that
follow.
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Box 2. An dternative conceptual foundation developed by the Independent Scientific Group

1. Restoration of Columbia River salmonids must address the entire natural and cultural
ecosystem, which encompasses the continuum of freshwater, estuarine, and ocean habitats
where salmonid fishes complete their life histories. This consideration includes human
developments, as well as natural habitats.

2. Sustained salmonid productivity requires a network of complex and interconnected habitats,
which are created, altered and maintained by natural physical processesin freshwater, the
estuary and the ocean. These diverse and high-quality habitats, which have been extensively
degraded by human activities, are crucia for salmonid spawning, rearing, migration,
maintenance of food webs and predator avoidance. Ocean conditions, which are variable,
are important in determining the overall patterns of productivity of salmon populations.

3. Life history diversity, genetic diversity and metapopulation organization are ways salmonids
adapt to their complex and connected habitats. These factors contribute to the ability of
salmonids to cope with environmental variation that is typical of freshwater and marine
environments.

The Conceptual Basis for Restoration

1. Restoration of Columbia River salmonids must address the entire natural and cultural
ecosystem, which encompasses the continuum of freshwater, estuarine, and ocean habitats
where salmonid fishes complete their life histories. This consideration includes human
developments, as well as natural habitats.

A natural-cultural ecosystem encompasses all the ecological and social processes that link
organisms, including humans, with their environments (Figure 2.1). The natural-cultural system
supporting Columbia River salmonids extends from headwater tributaries into the northeast
Pacific Ocean and includes upland regions and riparian corridors, as well as surface and
subsurface flow pathways and processes. The salmon bearing ecosystem is characterized by
processes that create and maintain awide array of habitats in which fishes grow and reproduce.
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Complex habitats with a high degree of spatial and temporal connectivity permit the development
and expression of life history diversity, which is an essential component of salmonid productive
capacity. Inalife history context, salmonid restoration implies re-establishment of life history
diversity, which requires relaxing or removing the constraints on diversity (Figure 2.3). Depleted
populations of native salmonids cannot be expected to rebuild if any of the habitats required for
successful completion of al life stages are seriously compromised by human activities.

The current approach to restoration in the Fish and Wildlife Program tends to focus on a
small subset of habitats or life history types, abstracting them from the whole and ignoring the
interaction among elements of the ecosystem and life histories. The search for asmple relation
between river flows and survival of salmon is an example. The juvenile salmon are treated as
physical objects moving passively with the current rather than as living organisms interacting with
their habitat (reviewed in Chapter 6). For example, life history diversity in relation to mainstem
migration is ignored and the effects of flow manipulation on the estuary and its capacity to
support salmon are not considered.

The Normative Ecosystem

We believe an ecosystem with amix of natural and cultural features that typifies modern
society can still sustain al life stages of a diverse suite of salmonid populations. We call this
ecosystem "normative”’. Normative is the functional norm which ensures that we provide the
essential ecological conditions and processes necessary to maintain diverse and productive
salmonid populations. We emphasize that our description of the normative ecosystem is
necessarily general and focuses on biological and physical processes and conditions characterizing
the normative ecosystem. The normative ecosystem is not a static target or a single unigue state
of theriver. It isacontinuum of conditions from slightly better than the current state of the river
at one end of the continuum to nearly pristine at the other end. The region through its policy
representatives will have to decide based on its economic, cultural, and ecological values how far
it will move the river along the normative continuum (Figure 2.4). Specific prescriptions, such as
flow regimes, levels of stock and life history diversity, etc., will need to be devel oped to meet the
normative ecosystem concept. We recognize that, because we are dealing with an ecosystem that
has sustained extensive human development for over 150 years, numerous social and biophysica
constraints exist for enhancing normative conditions. The challenge before the region isto reach
consensus on the extent to which these constraints can be relaxed or removed to achieve Fish and
Wildlife Program goals. Nevertheless, we believe strongly that approaching more normative
ecosystem conditions is the only way in which Fish and Wildlife Program goals for recovery of
salmonids and other fishes can be met. Progress toward the restoration goal would require

Chapter 2 19 Conceptual Foundation



RETURN TO THE RIVER : Prepublication Copy 10 September 1996

moving the system from the current, degraded state toward normative conditions with regard to
the most critical attributes for salmonids

The River Continuum

2. Sustained salmonid productivity requires a network of complex and interconnected habitats,
which are created, altered and maintained by natural physical processesin freshwater, the
estuary and the ocean. These diverse and high-quality habitats, which have been extensively
degraded by human activities, are crucia for salmonid spawning, rearing, migration,
maintenance of food webs and predator avoidance. Ocean conditions, which are variable,
are important in determining the overall patterns of productivity of salmon populations.

The Columbia River, like dl large gravel bed rivers isacomplex, dynamic gradient of
habitat types from the headwaters to the estuary. Salmonids and all other riverine flora and fauna
are distributed rather predictably along that gradient according to the requirements of each stage
intheir life cycle (Vannote et a., 1980). Each species or unique life history type will be present
wherever there are enough resources to sustain growth and reproduction and thereby sustain the
presence of the population in the river food web at that location (Hall et al., 1992). Some species
can be maintained without much movement and suites of organisms appear to occur in zones
along the river continuum. Other species must move long distances in search of resources needed
for each life stage, sometimes involving migrations into lakes (e.g., adfluvia bull trout and
cutthroat trout), the ocean (e.g., chinook salmon, coho salmon, chum salmon, and steelhead
trout) or both (e.g., sockeye salmon).

Like al river ecosystems, the Columbia River has three important spatial dimensions
(Figure 2.5) (Ward, 1989): 1) Riverine - alongitudina continuum of runs, riffles and pools of
varying geometry from headwaters to mouth; 2) Riparian - alateral array of habitats from the
middle of the main channel through various side and flood channels and wetlands to flood plains
and the uplands of the valley wall, including streamside vegetation and associated fauna
assemblages; and 3) Hyporheic - alatticework of underground (hypogean) habitats associated
with the flow of river water through the alluvium (bed sediments) of the channel and flood plains.
These three interconnected habitat dimensions are constantly being reconfigured by physical
(e.g., flooding) and biological processes (e.g., salmon digging redds; beavers damming small
streams and side channels on flood plains of larger rivers). Critical habitats for the various life
stages of salmonids exist in al three dimensions.
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Channel morphologies are determined by bedrock geometry and geology and by the legacy
of flooding which mediates the process of cut and fill aluviation. Big floods fill channels with
inorganic and organic materials eroded laterally and vertically from areas upstream, thereby
producing a continuum of instream structures (pools, runs, riffles, gravel bars, avulsion channels,
islands, debris jams) and lateral floodplain terraces in many sizes and shapes. Much of the
Columbia River and its tributaries within the Columbia Plateau are constrained by ancient basalts
(lavarock) and flood plains are not expansive. In other areas of the basin, rivers have deeply
bedded and expansive flood plains interspersed between canyon reaches. Channels with a greater
sediment supply and frequent overbank flooding are constantly shifting, braiding or meandering
on the valley bottom from year to year as the channel fills with material in one place causing the
flow pathway to erode new channels into the flood plain.

Flow of river water through interstitial pathways in gravel bars and floodplain aluvium
and back to the surface is an especially important habitat forming process that may be overlooked
with respect to salmonid ecology (Gibert et a., 1994). Salmonids select upwelling (water flowing
upward through the gravel toward the gravel surface) and sometimes downwelling sites for
spawning because their eggs are naturally aerated in those places. Nutrients increase along
interstitial flow pathways and stimulate production of food for larvae and juvenile salmon in
upwelling zones. The river temperatures are moderated by interstitial flow. Relative to surface
temperatures, ground water from the hyporheic zoneis cool in the summer and warm in the
winter. Regional patterns of hyporheic flow appear to be critical to rivers of the high desert of the
Columbia Plateau (e.g., Grande Ronde, John Day, Y akima), where late summer instream
temperatures may be too high for salmonids (Li et a., 1995; Li et a., 1995). The upwelling zones
provide cool refugiafor salmonids on hot summer days and enhances winter growth by keeping
the water warm and some habitats ice free. Upwelling ground water also mediates establishment
of riparian plants. Leaves and wood debris eroded from the riparian zone into the channel
energize the riverine food web, provide cover for fishes, and cause localized cut and fill aluviation
that provides additional habitat complexity.

The importance of acomplex and dynamic continuum of habitats in the Columbia River is
acentral tenet of our conceptual foundation. We believe that the floodplain reaches and gravel-
cobble bedded mainstem segments (e.g., Hanford Reach) are especially important because habitat
diversity and complexity is greatest in those locations. Alluvia reaches are arrayed along the
stream continuum between canyon segments like beads on a string and appear to function as
centers of biophysical organization within the river continuum (Regier et al., 1989). They are
likely to be nodes of production and biologica diveraty that are structurally and functionally
linked by the river corridor (Copp, 1989; Gregory et al., 1991; Zwick, 1992; Stanford and Ward,
1993; Ward and Stanford, 1995; Ward and Stanford, 1995). Worldwide, intermountain and
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piedmont valley floodplains like the Hanford Reach of the Columbia River are characterized by
nutrient rich floodplain soils and diverse and productive backwater and mainstem fisheries
(Welcomme, 1979; Davies and Walker, 1986; Lowe-McConnell, 1987; Sparks et al., 1990; Junk
and Piedade, 1994; Welcomme, 1995). Not surprisingly, these areas are frequently centers of
human activities within the watershed (Amoros et a., 1987; Petts et al., 1989; Wissmar et dl.,
1994).

The River Discontinuum: the Ecology of the Regulated River

At least three fundamental principles emerge from the large literature on the ecology of
regulated rivers (Stanford et a. in press). These principles are particularly germane to derivation
of restoration strategies for Columbia River salmonids.

1. Habitat diversity is substantially reduced as a consequence of regulation

The dams of the Columbia River have inundated many of the piedmont and mountain
valley floodplains, thereby severing the river continuum. Mass transport dynamics that create
instream and floodplain habitats for riverine biotain remaining free flowing reaches have been
drastically altered. Flood peaks have been eliminated, daily discharges are more variable, and
temperature seasonality has been altered.

As a consequence of reservoir storage of peak flows for flood control, navigation,
irrigation, and hydropower production, base flows have increased substantially and in many places
fluctuate so erratically that aguatic biota cannot survive in shallow, near-shore habitats. Persistent
shallow or dack water habitats are especially important for surviva of early life history stages of
fishes that cannot survive in the strong currents of the channel thalweg. Storage of bedload in the
reservoir and constant clear-water flushing downstream artificially has depleted gravel and finer
sediments in the tailwaters causing armoring of the bed with large cobble and boulder substratum.
Channel constrictions and habitat ssmplification is nearly universal, except in headwater areas.
Vegetation has clogged backwaters owing to loss of scouring flood flow. Riparian communities
have been altered by deforestation and agricultural activities which interact with effects of
regulation to reduce habitat heterogeneity (all of these impacts are reviewed in detail in Chapter 5
of this report).

The general conclusion is that regulation has created a discontinuum of environmental
conditions and severed the connectivity of channel, groundwater, floodplain, and upland
components of the catchment ecosystem. Habitats for riverine biota have become spatially
homogeneous, limited to the permanently wetted portion of the channel thalweg that is dominated
by conditions dictated by operations of upstream storage reservoirs. Indeed, serial construction
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of low-head dams has converted virtually the entire mainstems of the lower Snake and Columbia
Riversinto shallow reservoir habitat that is neither truly laucustrine nor riverine.

2. Native biodiversity decreases and non-native species proliferate as a consequence of regulation

Native biodiversity has decreased substantially in the last 120 years (Behnke, 1992;
Huntington et a., 1996). Most salmon populations spawning in the mainstem Columbia and
Snake Rivers have been extirpated. In the headwaters of tributaries, salmon populations have
become increasingly isolated by flow regulation, diversion and habitat degradation especidly in
the lower reaches. Moreover for anadromous species, mortality resulting from passage through
dams and reservoirs in the mainstem may not affect al species and life histories equally, selecting
against certain life history types, thereby reducing biodiversity, increasing habitat fragmentation,
and increasing the vulnerability of populations to extinction.

Altered temperature patterns and continual export of very fine organic matter and
dissolved nutrients, coupled with ssmplification of the channel, stabilization of bottom substratum,
and loss of floodplain inundation, has promoted environmental conditions to which native species
are maladapted (see Table 5.1 in Chapter 5 listing native and exotic fish species in the Columbia
River Basin). This has created opportunities for nonnative plants and animals to establish robust
populations. In some cases, one or afew native species are more abundant than they were before
regulation (Poe et al., 1991). Non-native invertebrates, fishes, and plants are consistently more
abundant in regulated river reaches compared to unregulated reaches (Li et al., 1987). Reasons
for non-native proliferation vary, but in genera non-native species are often better competitorsin
the homogeneous habitats of regulated river reaches. A wide array of non-natives have been
introduced into the Columbia River system.

3. Normative conditions are re-expressed predictably in relation to influences of tributaries and as
distance downstream from the dam increases

The Serial Discontinuity Concept (SDC) (Ward and Stanford, 1983; Ward and Stanford,
1995) predicts that the conditions described above that are attributable to flow regulation will
ameliorate in river reaches downstream of storage reservoirs, as a natural consequence of the
biophysical energetics of rivers. The distance downstream of the dam needed to reset normative
conditions isrelated to the limnological attributes (depth, volume, water retention time, trophic
state) of the reservoir, the mechanics of water release (surface, bottom or depth-selective), the
mode of dam operations, and the influence of tributaries entering downstream from the dam. If
the tributaries are large and unregulated, they may substantially accelerate the reset (Stanford and
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Hauer, 1992). In any case given enough distance, conditions at some point downstream from the
dam will closely approximate origina conditions.

Reset towards natural conditions has been demonstrated in Columbia River tributaries
downstream of storage reservoirs, e.g., Flathead River (Hauer and Stanford, 1982; Stanford et al.,
1988); Kootenal River (Perry, 1986); and Clearwater River (Munn and Brusven, 1991). For the
lower Snake and Columbia Rivers, however, little reset of riverine conditions can be expected,
because amost no river environments remains due to nearly continuous impoundment. The free
flowing Hanford Reach is the single exception in the mainstem.

The Marine Environment

The Pacific Ocean and atmosphere do not move towards a steady state condition but
continually shift in response to changes in the global heat budget. Responses on the local scaleto
remote atmospheric and oceanic disturbances suggest that the Pacific basin is an interconnected
oceanic ecosystem. Fluctuations in aimospheric and oceanic processes change the physica
environment and the composition of assemblages of marine biota and act in effect to reset
ecological conditions on local and regional scales. Local salmon populations may encounter a
different set of conditions each year they enter the coastal ocean. The new conditions may be
sufficient to qualitatively change the relationship between a species and regularly occurring
environmental phenomena, such as coastal upwelling. For example, areset in the ecological and
physical processes might explain why production of coho salmon was positively correlated to
upwelling in the 1960s and 1970s and negatively correlated to upwelling during the past decade
(see Chapter 10 for a detailed discussion of ocean processes).

Historically, salmon managers treated the ocean as a constant in the devel opment of
management and restoration plans, as well as in the population models they used to set
escapement and harvest levels. The models and programs assumed that oceanic habitats and
biotic communities existed in stable equilibrium. Salmon managers ignored the ocean becauseit is
impossible to control the climatic patterns and physical factors that influence ocean productivity.
Although we cannot control oceanic processes, it is possible to control and regulate our behavior
and adjust management practices in response to changes in the ocean. In that sense the ocean is
not beyond our capacity to act, but appropriate action will require better understanding of the
linkages between freshwater and oceanic environments and of the biophysical processesin the
ocean that influence marine production of salmon.

Changes in the northeast Pacific ocean that dramatically alter both freshwater and marine
conditions for salmon call into question management programs that emphasize constancy of the
natural environment. Conservation programs designed under one climatic regime may not be
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appropriate under another. An ocean that is variable requires life history and genetic diversity in
the anadromous species to successfully respond to awide variety of potential environmental
conditions. A highly controlled river and widespread use of artificial propagation has reduced
diversity and the flexibility of salmon and steelhead and made them more vulnerable to collapse
when ocean conditions change. The performance of salmon in the estuary and ocean is not
independent of management programs in freshwater. Management programs that reduce
variability in freshwater may unwittingly eliminate behaviors that buffer salmon production in
unstable marine environments.

Salmonid Life Histories and Habitat

3. Life history diversity, genetic diversity and metapopulation organization are ways salmonids
adapt to their complex and connected habitats. These factors contribute to the ability of
salmonid to cope with environmental variation that is typical of freshwater and marine
environments.

Availability of complex and connected habitat facilitates the expression of salmonid life
history diversity and productivity in a watershed (Figure 2.3). Aquatic habitats are dynamic.
They change in response to fluctuations in the environment on daily, annual or decadal cycles and
in response to major disturbances such as record floods and droughts, volcanic eruptions,
landdlides, and other geomorphic processes. Variability is not limited to freshwater habitat.
Ocean conditions favorable for salmon growth and surviva vary on cycles that are both long
(decades or more) and short (El Nino events of oneto afew years) in duration. Salmonid
populations increase or decrease in response to natural environmental changes, and during
extreme changes, when constraints are strongest, individual populations in margina habitats may
be extirpated (Figure 2.3). However, the effects of natural disturbances moderate over time,
habitat quantity and quality are gradually restored, and habitats where local extinction has
occurred are recolonized by salmonids from neighboring populations

W. F. Thompson (1959) visualized the salmon’s habitat as “achain of favorable
environments connected within a definite season in time and place, in such away asto provide
maximum survival”. Salmonids following some habitat chains exhibit high survival while other
chains may lead to extinction from time to time, in response to the natural changesin habitat We
interpret Thompson's chain of interconnected habitats as tempora and spatia “ pathways’ through
the entire ecosystem (freshwater, estuarine and marine). Salmonids following a particular chain of
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habitats --a particular pathway-- exhibit a unique life history pattern. A life history pattern is the
salmonid’ s solution to problems of survival and reproduction in that chain of habitats.

Life histories are comprised of demographic or phenotypic traits such as age at maturity,
mortality schedules, size, and growth (Stearns, 1976). Salmonid life history traits aso include: a)
the age and size that juveniles migrate within the river system, into lakes or to the sea; b) growth
and maturity during riverine and laucustran migrations; ¢) spawning habitat preferences; d)
emigration patterns and; €) age and timing of spawning migration. All of these traits help
salmonids survive and reproduce within the spatial and temporal boundaries of a chain of
interconnected habitats

The complex, integrated set of phenotypic traits that comprise a salmonid’s life history pattern
results from interaction of an individual’s genotype and its environment (Healey and Prince,
1995). An important element of the environment is the “ pathway” of habitats that the individual
follows from birth to death. Life history diversity, which is characteristic of salmonids in general
(Groot and Margolis, 1991; Rieman and Mclntyre, 1993), arises when individuals follow different
habitat “ pathways’ and consequently manifest different sets of phenotypic traits. Healey and
Prince (1995) argue that the population and its habitat are the basic unit of conservation. They
summarize a fundamental premise of the normative river concept:

“Maintaining a rich diversity of Pacific salmon genotypes and phenotypes depends on
maintaining habitat diversity and on maintaining the opportunity for the species to take
advantage of that diversity.”

Thus, spatial and temporal habitat diversity are critical for expression of life history diversity.
Multiple life histories in relation to habitat structure have been observed in several populations of
anadromous salmonids (Reimers, 1973; Schluchter and Lichatowich, 1977; Carl and Healey,
1984; Gharrett and Smoker, 1993; Lestelle and Gilbertson, 1993). In the salmon bearing
ecosystem of the Columbia River, life history diversity should be substantial owing to the
ecosystem’ s large size, its complex riverine physiography and geomorphology, highly variable
flow regime, and complex oceanic circulation pattern. Enhancing normative conditions and
increasing salmonid production requires restoration of habitat diversity which will enable
reexpression of life history diversity (Figure 2.3).

Salmonids following different chains of interconnected habitats may exhibit variation in
important life history traits. For example in chinook salmon, phenotypic diversity is exhibited
over a broad geographic scale in the stream and ocean life history types (Healey and Prince,
1995). Stream type chinook salmon migrate to seain the spring of their second year in
freshwater, whereas ocean type chinook migrate to seain their first year, usualy within afew
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months after emerging from the gravel (Healey, 1991). Stream and ocean type fish aso differ in
other aspects of their life histories, such as oceanic distribution and timing of adult migration
(Hedley, 1991).

Stream and ocean life histories are mgjor life history themes, but variation in juvenile
migration patterns occurs within each theme. Continual downstream migration through the lower
mainstem of rivers by ocean type chinook salmon throughout most of the spring, summer and fall
(Rich, 1920; Beauchamp et al., 1983; Nicholas and Hankin, 1988) may represent severa discrete
migrations of juveniles from different locations in the watershed (Rich, 1920). What appears to
be a single continuous migration of ocean type juvenile chinook salmon may be adiverse
assemblage of groups of salmon following somewhat different habitat pathways or life histories.
Stream type juvenile chinook salmon that migrate to seain their second year also exhibit variation
in their migration pattern. Some stream type chinook salmon remain in headwater areas to rear,
while others move into the mainstem to rear in large pools over winter (Healey, 1991). Inthe
Columbia Basin, this pattern has been observed in the Y akima River (Confederated Tribes
Y akima Indian Nation (CTYIN) et a., 1990), Grande Ronde River, Deschutes River (Ratliff,
1981; Lindsay et al., 1986) and the Lemhi River (Keifer et a., 1993).

Habitat degradation and the loss of connectivity among habitats constrains production and
the expression of life history diversity (Watson, 1992; Lichatowich and Mobrand, 1995) (Figure
2.3). Within the Columbia River watershed, the decline of ocean type life history has been an
important contributor to the overall decline in production of chinook salmon (Lichatowich and
Mobrand, 1995). In sampling conducted in the lower Columbia River from 1914 to 1916, Rich
(1920) observed a migration of ocean type chinook salmon throughout most months of the year.
He attributed this to the sequential migration of juvenile chinook salmon from tributaries
progressively further upstream. Because the occurrence of the ocean type life history patternis
related to areas in the watershed where stream temperatures afford enhanced growth opportunity
(Taylor, 1991), the ocean type life history pattern likely would have originated from populations
of fall chinook salmon that spawned in the mainstems of the Snake and Columbia Rivers and in
the lower and middle reaches of some subbasins. Summer and spring chinook salmon that
spawned in the warmer, middle and lower reaches of some subbasins also produced juvenile
chinook salmon with the ocean type life history pattern.

Mainstem spawning salmon popul ations with ocean type life histories were depleted with
the construction of the hydroelectric system. The Hanford Reach and small areas in the Snake
River support the last remaining populations of that life history type. Loss of habitat connectivity
was amajor contributor to the loss of the ocean type life history in the subbasins (Lichatowich
and Mobrand (1995). Excessive summer temperature in the lower mainstems of subbasinsis due
to a cumulative effect of watershed-wide habitat degradation, which severs the connectivity of the
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chain of habitats linking the subbasin to the mainstem (Table 2.1), as happened in the Y akima
River. The ocean type life history is characterized by a continuous downstream migration in the
subbasins and in the mainstems. The loss of the migration corridor through excessive
temperatures or other barriers, (Confederated Tribes of the Umatilla Indian Reservation (CTUIR)
and Oregon Department of Fish and Wildlife (ODFW), 1990; Confederated Tribes Y akima Indian
Nation (CTYIN) et al., 1990; Oregon Department of Fish and Wildlife (ODFW) et a., 1990;
Oregon Department of Fish and Wildlife (ODFW) and Confederated Tribes of the Warm Springs
Reservation (CTWSR), 1990; Oregon Dept. of Fish and Wildlife, 1990; Washington Department
of Fisheries (WDF) et al., 1990) eliminated those life histories dependent on migration in the
summer and fall months. For example, lethal temperatures in the lower mainstem eliminated
severd life history pathways in spring chinook salmon in the Y akima River (Watson, 1992).

Table2.1. Habitat suitability for juvenile chinook salmon in the lower reaches of the
study subbasins. (Source Lichatowich and Mobrand 1995)

Subbasin Comments on Habitat Sour ce
Y akima Lower river below Prosser (RM 47.1) frequently exceeds CTYIN et
75°F and occasionally reaches 80°F in July and August al. 1990
rendering the lower river uninhabitable by salmonids.
Tucannon Water temperaturesin lower river at or above letha levels. WDF et 4.
1990
Umdtilla Lower 32 miles subject to irrigation depleted flows and CTUIR and
temperatures exceeding upper lethal limits for salmonids. ODFW
1990
John Day Juvenile chinook salmon generally not found in the river Lindsay et
where temperatures reach 68°F. High stream temperature al. 1981,
eliminates juvenile rearing habitat in the lower river. ODFW et
al. 1990
Deschutes In the mainstem Deschutes River, summer temperaturesare | Ratliff 1981,
adequate for chinook salmon. However, there are ODFW and
temperature problems in the lower reaches of the tributaries | CTWSR
where spring chinook salmon spawn. In addition 1990
Ceratomyxa shasta limit the surviva of juvenile chinook
salmon in the mainstem through the summer months.
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The section above describes how complex and interconnected habitats are created and
maintained in the Columbia Basin through natural riverine processes and introduces how the
availability of these habitats facilitates the expression of life history diversity and production in
salmonid populations. The diversity that salmonids exhibit ecologically, behavioraly, and
genetically is remarkable and well-recognized (Utter et al., 1974; Stearns, 1976; Stearns, 1977,
Groot, 1982; Hutchings and Morris, 1985; Utter et al., 1989; Taylor, 1990; Groot and Margoalis,
1991; Taylor, 1991; Behnke, 1992; Stearley, 1992; Hutchings, 1993; Allendorf and Waples,
1996). Thisdiversity arises at the population scale out of an interaction between salmonids
(comprised of genetically variable individuals) and the local conditions of their environments (i.e.,
local adaptation) (Taylor, 1991; Allendorf and Waples, 1996).

Thereis strong evidence that spawning populations of anadromous salmonids exhibit highly
specific local adaptations for a number of traits, such as migrationa timing, time of fry emergence
from spawning gravels, juvenile migrational timing, etc. (Taylor, 1991; Allendorf and Waples,
1996). Freshwater (i.e., non-anadromous forms) typically show greater amounts of isolation
among populations than do anadromous forms, and consequently exhibit greater amounts of
divergence (genetic and phenotypic) over smaller geographic scales than do anadromous
salmonids.

Because salmonid populations occurred throughout the Columbia Basin across a mosaic of
different landscapes, adaptation of individual populations to specific habitats (and life history
pathways) created the abundant diversity that characterized salmonid fishes in the Columbia Basin
(Taylor, 1991). The diversity observed in salmonids, both life history and genetic, occurs within
and among populations and is structured primarily on athe basis of geographic proximity; that is,
populations that occur close to one another are likely to be more similar to one another than they
will be to geographically distant populations. In turn, aggregates of geographically proximate
populations are thought to form metapopulations that act to stabilize regional population structure
against environmental fluctuation. Thus, habitat complexity as generated, altered and maintained
by natural river processes, acts as the template upon which salmonid diversity, productivity and
stability is expressed and upon which it depends.

Salmonid Metapopul ations

In their review of the status of Pacific salmon, the National Research Council (1996)
recommended that salmon be viewed as metapopulations, rather than isolated stocks.
Metapopul ations are spatially-structured groups of local populations linked by dispersal of
individuds (Hanski, 1991; Hanski and Gilpin, 1991). Metapopulation persistence is determined
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by the balance of local population extinction and re-establishment of extinct populations through
recolonization. Dispersal from neighboring local populations allows recolonization of habitats
where local extinction has occurred.

The application of metapopulation concepts to conservation currently is being debated by
scientists and managers, e.g., (Harrison, 1994; Mann and Plummer, 1995). Data pertaining to
salmonid metapopul ation structure and dynamics is limited and many uncertainties remain to be
addressed. Thus, the following discussion of salmon metapopulation structure should be viewed
as ahypothesis that requires further empirical evaluation.

Metapopulation structure is likely in salmonids (National Research Council, 1996) because
they display high fidelity of homing to their natal streams (Helle, 1981), while at the same time
exhibiting relatively low, but variable levels of straying (Quinn, 1993). High natd fidelity favors
adaptation of specific breeding demes (i.e., local populations) to their environments via natura
selection (National Research Council, 1996), which in turn promotes population differentiation at
thelocal level. Low levels of straying between populations will tend to counteract the effects of
isolation and facilitate recolonization of habitats where local extinction has occurred.

Recent studies suggest that salmonid metapopulations may maintain core-satellite structures
(Rieman and Mclntyre, 1993; Li et a., 1995; Schlosser and Angermeier, 1995). Core populations
occupy high quality habitat and are generally large, productive populations that are less
susceptible to extinction than the smaller satellite populations (Hanski, 1991; Harrison, 1991,
Schoener, 1991; Harrison, 1994). Core populations also can serve as important sources of
colonists (Harrison, 1991; Schoener, 1991; Rieman and Mclintyre, 1993; Harrison, 1994;
Schlosser and Angermeier, 1995) to sustain populations whose abundance has been severely
depleted, i.e., the "rescue effect” (Brown and Kodric-Brown, 1977; Gotelli, 1991). Thus, core
populations can buffer metapopulations against environmental change and contribute to the
resiliency of regional salmonid production.

Spawning populations with the highest abundances likely occurred historically in aluvid
segments with well-devel oped flood plains and gravel bars. These areas provide a complex habitat
mosaic highly suitable for spawning, egg incubation, and juvenile rearing and may have functioned
as centers of habitat stability. Productive populations spawning in large alluvia mainstem reaches
may have functioned as critical core populations (Stanford et al., in press). The remnant
populations observed today may represent a collapsed state of historical core populations and
therefore might serve asfoci for restoration efforts. An example of metapopulaton organization
using chinook salmon in the Columbia Basin is presented in Chapter 4.
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Potential Human Impacts on Metapopulation Organization

The extinction rate of local populations of chinook salmon has increased over the last century
(Nehlsen et al., 1991; Williams et al., 1992; Frissall, 1993; Nationa Research Council, 1996) and
has atered the organization of regional systems of populations in the Columbia basin.

M etapopulation theory suggests that fragmentation and destruction of habitat can disrupt regional
metapopul ation organization leading to the collapse or extirpation of vital core populations and
isolation of remaining populations. In turn, this can significantly reduce long-term metapopulation
persistence and the stability of regional production (Rieman and Mclntyre, 1993; Harrison, 1994;
Li et a., 1995; Schlosser and Angermeier, 1995).

Most fall chinook populations spawning in the mainstem reaches of the Columbia and Snake
Rivers have been driven extinct. One of the remaining viable mainstem populationsis the fall
chinook population spawning in the Hanford Reach (Becker, 1985). Escapement to the Hanford
Reach, where relatively high quality spawning and rearing habitat is still available, has averaged
40-50 thousand fish since the mid-1960's and peaked at over 200,000 spawnersin 1986 (Figure
2.6). This population isthe largest naturally spawning population of chinook salmon above
Bonneville Dam and has been stable over the years when populations in other parts of the basin
have undergone severe decline (Oregon Dept. of Fish and Wildlife and Washington Dept. of Fish
and Wildlife, 1995). Fal chinook in the Hanford Reach may presently function as a critical core
population and might function as a source for colonization of adjacent tributaries if normative
conditions were restored in them. Apparently fall chinook spawners also were abundant in the
section of the mainstem Columbia presently inundated by the John Day Reservoir (Fulton, 1968).
This section of river could have formed another critical core area.

Remnant populations of fall chinook also occur in the lower mainstems of most major
subbasins, in the Snake River below Hell’s Canyon dam, and in the tailraces of some mainstem
dams (Lavier, 1976; Garciaet al., 1995), but their abundance is much lower than in the past.
Most summer and spring chinook which spawned in upper mainstem segments of subbasins and
lower reaches of tributaries to subbasin mainstems have been extirpated (Lichatowich and
Mobrand, 1995). Aside from the Hanford Reach, natural production of chinook salmon is largely
confined to relatively small populations of spring and summer chinook in headwater streams
where high quality habitat is still available. For example, spring chinook are confined to
headwater areas of the Grande Ronde and Imnaharivers and their tributaries where many of the
streams supporting spring chinook originate in wilderness areas (Figure 2.9).

The probability of metapopulation extinction is enhanced if the dynamics of local populations
and their individual probabilities of extinction become temporally correlated or synchronized
(Harrison and Quinn, 1989; Hanski, 1991). Regional stochasticity refersto the correlated or
synchronized dynamics of local populations resulting from the operation of common
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environmental factors (Hanski, 1991). Human activities have not only increased extinction rates
of local salmonid populations (Nehlsen et a., 1991; Williams et a., 1992; Frissell, 1993; National
Research Council, 1996), but they aso could act to synchronize the dynamics of remaining
populations and thus, render regiona metapopulations more susceptible to extinction (Rieman and
Mclntyre, 1993). For example, land use activities can have pervasive, region-wide effects on
geographically diverse loca populations (see Chapter 5). Synchrony can also be induced in
common migratory pathways and the ocean as a result of mortality due to excessive harvest,
construction of dams, and degradation or destruction of mainstem habitats. Synchrony may be
more likely if migration timing of diverse populationsis seasonally restricted. Moreover, during
the last century, extinction rates have been elevated by human devel opment of the basin, and local
population and metapopulation sizes and dispersal rates have been reduced, possibly making
salmon more susceptible to the effects of correlated natural environmental changes (Harrison and
Quinn, 1989).

Human impacts may have shifted metapopul ation structure from core-satellite to non-
equilibrium metapopulations. In non-equilibrium metapopulations, extinction rates are
consistently greater than recolonization rates and the metapopul ations are undergoing regional
decline (Harrison, 1991). Many stabilizing core populations have been driven extinct,
recolonization and re-establishment of extinct local populationsis limited or does not occur, and
only isolated satellite populations remain. |solated populations have little chance of being
refounded after alocal extinction compared to a population that is close to other populations. As
populations become isolated, local extinctions become permanent and the entire metapopulation
moves incrementally toward extinction (Rieman and Mcintyre, 1993).
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Summary

Habitat conditions for salmonids vary greatly among watersheds within the Columbia
River basin as a consegquence of geographic variation in physiographic factors such as climate and
geology. Even within awatershed, conditions vary from headwater areas to the lower mainstem
reaches. As salmonids complete their life cycles, they encounter awide array of habitat conditions
to which they must adapt to successfully survive and reproduce. Biodiversity in salmonid species
is manifested as phenotypic, life history, stock, and genetic diversity and, at least in part, it
represents adaptation to variation in habitat conditions both in space (i.e., from location to
location) and intime. A fundamental premise of the conceptual foundation presented in this
chapter is that biodiversity is sustained by complex, high quality habitats with conditions suitable
for completion of diverse life cycles.

In general, human actions, including hydroelectric development and habitat degradation,
can constrain or reduce the expression of habitat diversity within and among watersheds which ,
in turn, can constrain the expression of salmonid biodiversity, disrupt the integrity of
metapopul ations, and lower regional salmonid productivity and stability (Figure 2.3). Other
human perturbations such as excessive harvest and introduction of non-native species, can act in
concert with habitat loss to reduce salmonid biodiversity. As aconsequence of human
development of the basin, major spawning populations in the mainstem Columbia and Snake and
the lower mainstems of major subbasins have been eliminated and, with the exception of the
Hanford Reach fall chinook, salmonid production in the basin largely has become confined to
hatcheries and to headwater areas where high quality habitat remains.

In this context, restoration of salmonids involves removing or reducing influences
constraining the expression of biodiversity across the landscape. A critical aspect of biodiversity
restoration is restoration of the diversity and connectivity of habitats necessary for successful
completion of an array of life histories. Full re-expression of diversity may not be possible,
either because society may not be willing or able to sufficiently reduce some constraints due for
economic and other socia reasons, or because some other human activities (e.g., greenhouse
effects; regulation of the flow of entire river systems by hydropower operations, non-native
species, deforestation) may have fundamentally altered the ability or capacity of the ecosystem to
re-express diversity.
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CHAPTER 3. REVIEW OF THE SCIENCE UNDERLYING THE
CouNclIL’sFIsH AND WILDLIFE PROGRAM

VALIDITY OF ASSUMPTIONS AND STRATEGIES FOR SALMONID RESTORATION IN THE
CoOLUMBIA RIVER ECOSYSTEM EMBODIED IN THE FISH AND WILDLIFE PROGRAM

We reviewed the science behind the Council’ s Fish and Wildlife Program from the
perspective of the conceptual foundation described in the preceding chapter. Our conceptual
foundation encompasses the salmon bearing ecosystem and provides a framework applicable to
salmon restoration at large. The Council’ s Fish and Wildlife Program, however, was developed to
“protect, mitigate and enhance” the fish and wildlife of the Columbia River as affected by
development and operation of the Columbia River Basin hydroelectric system. Consequently, the
Fish and Wildlife Program deals with a subset of the factors incorporated in our conceptual
foundation. These actions can only be evauated in the context of the overall salmonid ecosystem
embraced by the conceptual foundation in Chapter 2. Given that context, our approach to review
the science behind the Council’ s Fish and Wildlife Program was to list global principles (3) and
specific assumptions (29) implied by the measures included in the program and then evaluate the
validity of those assumptions. These were derived as part of our review based on the measures
adopted by the Council and are not explicitly endorsed or contained in the Council’ s program.

Thus, our review did not evaluate individual program measures, but instead focused on the
biological rationale for measures or groups of related measures. For example, the fact that the
Program devotes a considerable number of measures to the idea of flow augmentation in the
mainstem river presumably reflects a belief that flow rates as modified by operation and
development of the hydroelectric system have contributed to the declines in salmonid populations.
Once articulated, such a statement is amenable to scientific analysis whereas the individual
measures themselves may not be.

However, as we discuss further below, consideration of the scientific basis for individual
assumptions may lead us to a situation of focusing on the trees, while missing the forest. Itis
quite possible for each individual measure or strategy to be based on sound scientific principles,
but for these measures collectively to be an inadequate response to the modification of the
ecosystem that has occurred during this century. This could be a case of simply doing too little
too late, or, as we contend is true of salmon restoration efforts in general, a case where an
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inadeguate and poorly documented conceptual foundation has led to an inappropriate response to
the problem.

In the review below, we begin with an examination of the program in general and how it is
developed through the Council’ s process. Thisisfollowed by an evaluation of the set of
assumptions and beliefs implied by the array of measures in the Fish and Wildlife Program.

Development of the Fish and Wildlife Program.

Strategically, the Fish and Wildlife Program (FWP) isa collection of individual measures
proposed by regional parties without reference to an explicit, common scientific framework or
conceptual foundation. The measures have been proposed by various interest groups in the Pacific
Northwest, discussed in public forums, and adopted by the Council. Thus the FWP represents a
political agreement which has not been evaluated with reference to a scientifically based standard
for evaluation. Individua measuresin the FWP have been grouped logically by topic and
secondarily by entity or entities to be responsible for accomplishing each measure. The measures
are diverse and span a broad spectrum of often traditional mitigation interests (e.g., hatchery
development, habitat restoration, juvenile fish survival through the hydroelectric system). Some
measures have been completed since the beginning of the FWP in the early 1980's, thus
eliminating these measures from the list. Asthe program has undergone subsequent revisions,
measures have been added. On the whole, revisions have been variations on the initial theme and
have consisted of rearrangement of the program to provide an organizational structure, provide
monitoring and evaluation, and deal with uncertainty.

A fundamenta question is whether thisis the best strategy for incorporating scientific
knowledge into the restoration effort. We find three overall difficulties with this approach. First,
the “list” definition of the FWP encourages a confrontational atmosphere in the proposal and
selection of measures. Advocates argue for their suite of measures as most important
(scientifically, politicaly, culturaly, geographically, etc.). Thelist has no logical endpoint --
controversy can be accommodated by ssimply adding new items. The Council has limited
legidlated ability to reject measures, evaluate their scientific merit or incorporate them within an
overall framework. Evenif all parties can agree to a specific list at a specific point in time, new
items can be added later. Because the Act mandates that the Council use an amendment process
and revise the FWP periodically, the process can become a continuous process of reorganization
and the addition of new itemsto the list. Thisleavesthe Council and other resource managers of
the region open to the criticism that they have not really established a comprehensive plan and
defined a strategy.
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Second, the FWP lacks a structure for selecting or prioritizing measures based on a
framework of overall goals and objectives. While the Council has identified general goals and
priorities for the FWP, their level of generality is such that they provide little guidance or rationale
for subsequent selection or prioritization of measures. Each item (measure) on the list isgiven
equal weight and acted upon before the FWP can be evaluated as a comprehensive solution.
While there is some sequencing and scheduling built into the Program, there is little incentive for
parties to follow the schedule or accountability if measures are not completed on time or at al.
The 1994 program identifies important hypotheses and includes a process for testing and
refinement of hypotheses, but sequencing of actionsis not tied to this hypothesis testing.
Prioritization of measures occurs outside the Council’s public process in various forums and
outside any logical structure that makes the collection of measures a program. Project ranking
appears to depend greatly on the vigor with which proponents pursue their own agendas.

Third, focusing on the individual items encourages interest groups to become immersed in
the endless fine details, thus losing sight of the big picture. Instead of focusing on the most
biologically effective and socially acceptable means of achieving a specified biological condition,
the Council has been diverted by efforts of various groups to protect or promote their own
interests. The list structure of the FWP, although not precluding effective progress on specific
items, tends to be unstructured and unfocused making evaluation and effective change difficult.

We recommend that the FWP incorporate an integrated approach to ecosystem
management that is based on an overal, scientifically credible conceptual foundation such aswe
proposed in the previous chapter. Thiswould lead to arational structure of goals and objectives
and provide a standard for evaluation of measures based on general properties of the salmon
bearing ecosystem. It also would provide the Council with an objective, explicit structure around
which to shape a scientifically based program. We suggest that the Council’ s approach should be
to “protect, mitigate, and enhance” ecosystem properties that are consistent with the biological
needs of salmon, steelhead and other native fish and wildlife species while providing for
environmentally responsible energy production. While it would be naive to think that this would
eliminate the traditional controversies that have divided the region’s efforts for decades, we feel
that this approach would place the FWP on firmer scientific ground and provide arationa
structure for the region’s efforts.

Additionaly, credible scientific review is needed of projects proposed for funding.
Projects needs to be reviewed for their scientific rigor and potential contribution to the purposes
of salmon recovery. A credible review process would provide a means to assess projects and
funding priorities, aong with their potentia contribution to salmon recovery goals. The
Independent Scientific Group has developed guidelines for proposal preparation (ISG Report 90-
3; “Guidelines for Research Proposals’ and 1SG Report 94-2; “ Guide to Proposal Review”) and
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has proposed a process for project review (1SG Report 94-1; “ Guide to Peer Review of Projects’)
that could serve as a basis for design of an appropriate peer review process.

The Role of Adaptive Management in the Fish and Wildlife Program

Adaptive management uses management actions as part of an experimental design to
refine understanding concerning scientific questions. Asaresult of these experiments,
management should adapt, resulting in improved response to environmenta problems (Holling,
1978; Walters, 1986). The appealing common sense of adaptive management belies the practical
difficulties in actually implementing an adaptive approach. Although the concept has arich
literature spanning several decades, the number of cases of successful use of adaptive
management are quite limited (McAllister and Peterson, 1992; Halbert, 1993; McConnaha and
Pacquet, in press).

The Council introduced adaptive management to the region in its 1987 revision of the Fish
and Wildlife Program. Theinitial efforts to craft a fish and wildlife program made the Council
acutely aware of the deep divisionsin the region that often revolved around technical questions of
biology or hydrology. Adaptive management offered away for the Council to take action in the
face of significant scientific uncertainties (Lee and Lawrence, 1986).

With the Council’ s adoption of the concept, adaptive management became part of the
standard lexicon of the Columbia Basin. Since its appearance in the FWP, adaptive management
has been used to justify a variety of actions on the premise that something might be learned that
could lead to improved management. Such a passive approach to learning is at odds with the
rigorous application of the scientific method that is at the heart of adaptive management (Walters,
1986; Hilborn and Winton, 1993).

The use of adaptive management in the Council’s program has been reviewed by Volkman
and McConnaha (1993) and McConnaha and Paquet (in press). They noted that the Council’s
program is one of the first attempts to use adaptive management as part of an ecosystem scale
restoration program. Previous applications focused on limited, if often complex, problems such as
harvest management (McAllister and Peterson, 1992). Practical difficulties have resulted in only
limited success in using adaptive management as part of the Council’s Fish and Wildlife Program;
there appears to be no instance where adaptive management, in the sense of Holling (1978) and
Walters (1986), has been used to address major uncertainties (Volkman and McConnaha, 1993).

In the 1994 FWP, the Council laid out a strategy for using management actions to refine
hypotheses concerning transportation and in-river passage (Section 5.0). This provided an
explicit set of hypotheses on major scientific uncertainties and proposed a management
experiment to address these hypotheses. The experiments were to be timed to coincide with
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identified regional decisions concerning drawdown, flow augmentation and transportation.
However, the Council appears to have had little interest in following through on this experiment.
The NMFS Biological Opinion on mainstem operations and the proposed recovery plan for
endangered Snake River salmon contained many elements in common with the Council’s
proposed experiment, although the integration of the hypotheses, experimental actions and
evaluation are less clear.

A major thrust of our review has been to provide an explicit conceptual foundation for the
Council’s efforts. Many features of our conceptual foundation can probably only be tested
through experimental manipulation of management actions. Faced with the same need to take
action in the face of scientific uncertainty that prompted the Council to originally incorporate
adaptive management into the FWP, we find that adaptive management still offers the best
solution to refining and testing ecosystem-scale hypotheses. In their review of the scientific basis
for ecosystem management, the Ecological Society of America (Christensen et a., 1996) has
recognized the key role of adaptive management in dealing with the complexities and dynamic
behavior of ecosystems.

However, the weak links in an adaptive approach are along term commitment to scientific
evaluation and the political will for management to change or adapt to new information
(Christensen et al., 1996). Adaptive management requires along-term vision that can support
scientific evaluation in the face of fixed or declining budgets. It aso callsfor afundamental shift
in the relationship between managers and the scientific community. Managers need to treat their
actions as experiments, accept failure as part of the learning process and discard cherished
paradigms that fail under scientific testing (Lee, 1993; Volkman and McConnaha, 1993). It is not
clear that the Council or any other regional management entity is politically equipped to
effectively utilize adaptive management.

We recommend that the use of the term adaptive management be confined to explicit
management experiments and avoided as a general prescription. The tendency in the region has
been for avast array of actions, very few of which lead to meaningful learning or improved
actions, to be justified under the banner of adaptive management. Like any good scientific
experiment, management experiments should include description of hypotheses, test conditions
(management actions), and an explicit experimental design. A critical feature of a management
experiment, and perhaps the most difficult, is a process for coupling the results of the experiment
to management decisions.
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Assessment of the Fish and Wildlife Program.

Below we describe our assessment of the conceptual foundation implied in the array of
measures contained in the FWP and summarize our evauation of the scientific justification for the
critical assumptions and beliefs. This assessment is based on the conceptual foundation described
in Chapter 2 supported by the review of scientific information presented in chapters 4 through 10.

For each italicized assumption, we assigned a qualitative rating that summarizes our
assessment of the scientific support for the assumption based on the analysis presented in
Chapters 4-10 (Box 2.1). The rating system is necessarily subjective, and isintended to convey
our judgment of the degree of scientific support available for each italicized assumption based on
our review, rather than representing a rigorous quantitative score.

Each assumption is highlighted in italicized print and followed by the appropriate reference
to the Council’ s Fish and Wildlife Program (FWP), by the chapter in this report that supplies
documentation for the conclusions presented here (RETURN TO THE RIVER or RTR), and our
gualitative assessment of level of proof for supporting evidence. Thisis followed by explanatory
text, which summarizes details and conclusions from the referenced RTR section

Box 3.1. Levelsof scientific support for implied assumptions in the Fish and Wildlife Program.

1- Thoroughly established, generally accepted, good peer-reviewed empirical evidencein
its favor.

2 - Strong weight of evidence in support but not fully conclusive.

3 - Theoretical support with some evidence from experiments or observations.

4 - Speculative, little empirical support.

5- Mideading or demonstrably wrong, based on good evidence to the contrary.
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General Principles

Both the Northwest Power Act and the Council’ s program appear to be premised on the
following general principles:

1. The salmon bearing ecosystem in the Pacific Northwest and Northeast Pacific Ocean has
considerable excess carrying capacity.

Level of Proof: 4

The conceptual foundation in Chapter 2 describes a Columbia River salmon
bearing ecosystem that includes the marine areas encompassed by the migrations of salmon and
steelhead populations as well as the freshwater habitats. The implied assumption of the FWP, and
indeed in most management of Pacific Salmon, is that improvement of the freshwater environment
will have a positive impact on overall salmon production by increasing the number of juvenile fish
surviving to reach the ocean. Validity of this assumption requires that there is presently excess
capacity in the ocean to support the increased numbers of smolts.

However, there is evidence that the abundance and dominance of different marine fish
species fluctuates in response to environmental fluctuations, as well as to the removal of dominant
species by harvest or other factors. The consequences of this for salmon in the Columbia River is
that increases in numbers of juvenile fish due to improvements in the freshwater environment may
not result in an immediate, corresponding increase in adult returns. While removal of ecosystem
constraints caused by human activities in freshwater is key to restoration of salmon, an
appreciation of the dynamic nature of both the freshwater and marine portions of the salmon
bearing ecosystem is necessary to avoid unrealistic expectations of simple cause and effect
relationships between management actions and fish production. It also emphasized that actions to
protect salmon in freshwater become more and more important as survivals of salmon in the
marine environment decline (see Chapter 10).

The normative ecosystem concept described in Chapter 2 stresses that pristine or pre-
development conditions in the Columbia River are unattainable because species composition and
other key features of the ecosystem have irrevocably changed. Similarly, the estuary and ocean
ecosystems may have fundamentally changed during this century as a consequence of harvest,
other human-caused factors, and natural environmental change. Variation in the ocean
environment further confounds the relation between the actions in freshwater and resulting
returns. Relative abundance of sardines and anchovies in the Pacific Ocean, for example, has
shifted over time, as has the abundance of tule and bright fall chinook in the Columbia River.
These, and other species shifts, may reflect long term environmental cycles that can be expected
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to continue into the future and will affect the outcome of efforts to control negative human
impacts in the freshwater environment.

Spatial and tempora variability in the biological and physical aspects of the marine and
freshwater phases of the ecosystem are fundamental features that have shaped the evolution of
Columbia River sailmonids. The biological solution to salmonid surviva in afluctuating
environment has been for to develop a corresponding diversity of life histories. However, regional
priorities in terms of effort and dollars have, for many years, stressed certain life histories and
species over others. Fisheries restoration has focused on a subset of life histories and decreased
overal life history diversity. For example, in the Columbia River, actions such as flow
augmentation, spill, and smolt transportation have been managed to benefit primarily the central
portion of the juvenile downstream migration composed predominantly of hatchery produced fish.
This leaves the early and late migrating naturally produced populations unprotected, further
driving the region to reliance on a very narrow range of solutions to a highly variable
environment.

Restoration of life history diversity through improved management and the restoration of a
diverse array of habitats, would increase the probability of achieving FWP goals. Increased life
history diversity in fresh water environments should serve to buffer the effects of variability in the
estuary and ocean environments.

2. Abundance of salmon and steelhead in the Columbia River Basin has, to a significant degree,
declined due to, and is presently limited by, human actions.

Level of proof: 1

That human ateration of the salmon bearing ecosystem in the Columbia River has greatly
contributed to the decline in salmon and steelhead in the basin isirrefutable. Even accounting for
natural variation in the environment, decline of most species has closely paraleled the
development of the basin and the degree of ecosystem alteration. Devel opment and operation of
the hydroelectric system has removed substantial portions of the basin from access by salmon and
steelhead, altered the remaining mainstem and estuarine habitats, while logging, agriculture and
urbanization have greatly changed tributary habitats. These continue to limit the abundance of
anadromous and resident fish species and have decreased their ability to cope with natural
environmental variation and alteration of the marine environment discussed above.

While the Northwest Power Act and the resulting Fish and Wildlife Program developed by
the Council are premised on the importance of the ateration of the river by development and
operation of the hydroelectric system, the narrow focus of the region on this single source of
ecosystem alteration has hampered salmon restoration. This has also caused the region to focus
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much of its efforts on a single species and life history (Snake River stream-type spring chinook)
thereby losing an appreciation of the diversity and abundance of salmon and steelhead
encompassed by the entire basin. Without discounting the important role of alteration of mainstem
habitat in the decline of salmonid species in the Columbia River, we feel that the ecosystem
perspective of the conceptual foundation in Chapter 2 is key to the devel opment of
comprehensive solutions that address human imposed limitations on salmonid abundance
throughout the basin at each stage of their lifecycle.

3. Ecosystem functions lost as a result of development of the Columbia River can be

replaced by technological solutionsto individual problems.

Level of proof: 4

During this century, the Columbia River Basin has been modified to provide for and
protect human economic needs. Salmon restoration in response to that development has been
based on the assumption that technological innovations could be devised that would substitute for
ecosystem functions which would permit the continuation of abundant salmon populations. As
dams were constructed, hatcheries were developed to substitute for lost habitat to permit the
continuation of high harvest rates. The solution to ateration of mainstem habitat was to develop
bypass systems, provide minor augmentation of flow for spring migrants, and to transport juvenile
migrants around the developed river in barges and trucks. The extreme extension of this
paradigm is evident in proposals to completely separate salmon from their ecosystem by
construction of canals or pipelines to transport fish downriver leaving the river completely
available to fulfill economic needs.

After decades of implementing these approaches, it is apparent they have failed. Despite
innovative engineering and expenditures of billions of dollars over the course of this century, runs
have declined inexorably to their present depressed condition (Figure 3.1). Efforts to develop
technological solutions to individua human-imposed ecosystem changes have been based on the
best of intentions and often on sound, if narrowly focused, science. In the review of the science
behind each assumption in the present FWP that follows, it is apparent that, by and large, many
individual assumptions are supported by the available scientific information. Y et, the fact remains
that salmon have continued to decline despite actions based on these assumptions. It isour belief
that thisisthe result of the guiding premise that for each identified source of mortality there is an
individual technological solution. This piecemea approach to ecosystem restoration presumes
that we have sufficient knowledge to identify all direct, indirect, synergistic and cumulative
impacts of our actions and that we can devise atechnological solution for each impact. The
recognized complexity and dynamic nature of ecosystems and the lack of success of this paradigm
identifies this as an act of hubris. While technology will continue to be a part of any restoration
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effort in the Columbia River, we recommend that the region move from a strategy of “fixing”
ecosystem damage to one that places greater reliance on re-expression of the natural biological
and physical processes of the Columbia River salmon bearing ecosystem.

SPECIFIC ASSUMPTIONS

1. Operation of the hydroelectric systemisa major source of human-induced mortality limiting
numbers and diversity of salmonid populations.

FWP Chapters 1, 5and 6; RTR Chapter 7. Level of proof: 1

Mortality induced by the development and operation of the hydropower systemiswell
substantiated. Grand Coulee and Hells Canyon dams removed major portions of the basin from
anadromous salmonid production, while dams below these produced reservoirs that destroyed
most of the remaining mainstem fall chinook habitat. The series of hydroelectric dams induces
both direct (such asin turbine passage) and indirect (such as flooding or blocking of spawning
sites and increased predation) mortality. Modification of the salmon bearing ecosystem through
development of the hydropower system is clearly one of the mgjor factors limiting the numbers
and diversity of upriver salmonid populations.

The negative impacts of habitat modification to the mainstem affect all populations above
the dams regardless of local habitat conditions. With the exception of the Hanford Reach, the
present river lacks many of the attributes of the normative river. Seasona variation in flow has
been reduced, while daily fluctuations have increased. Mainstem spawning and rearing habitat
that may have historically supported vital core populations has been eliminated, species
composition and diversity have changed, and food chains that formerly supported salmon and
steelhead have been modified or eliminated. The magnitude of the mortality inflicted by the
hydroelectric system relative to mortalities inflicted by other factors, such as habitat degradation
in tributaries or ocean productivity cycles, isless clear. Efforts to minimize detrimental effectsto
salmon and their ecosystem from specific hydropower-related sources of mortality are desirable
for preservation of salmon populations.
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2. Operation and development of the hydroelectric system has altered the hydrologic profile of
the river, which adversely affects survival of juvenile emigrants.

FWP Chapter 5and 6; RTR Chapter 6 and 7. Level of proof: 1

The hydrologic profile has been altered by the hydrosystem in many ways that have
important ramifications for the salmon bearing ecosystem that can adversely affect survival of
juvenile salmonids. The spring flood that formerly assisted the juvenile outmigration have been
reduced, increasing the metabolic costs of emigration. Fish that evolved to use water velocity to
assist downstream migration must now expend metabolic resources to move downstream and to
avoid predators. Salmon may reach the estuary late, exhausted of energy, or both. Flooding has
been reduced or eliminated in both riverine reaches and in reservoirs thus reducing the production
of aquatic insect food used by migrants and the biological and physical processes that maintain
riverine food chains and habitats. Daily fluctuation in flow for power peaking aong with rip-rap
and other bank stabilization actions has simplified formerly complex habitats and created a barren
shoreline zone less capable of supporting juvenile salmonids. Daily fluctuations also strand
juvenile saimonids to die in peripheral dack waters or on shorelines. Annual temperature cycles
that organisms use as developmental cues and that set rates of development have been atered by
water storage and releases timed for hydropower purposes.

The atered seasona flow pattern has changed the dynamics of the freshwater plume in the
estuary and nearshore ocean, thus affecting productivity cyclesthere. The pattern and nature of
sediment and organic matter delivered to the estuary has been altered by changes in flow patterns
and the creation of reservoirs that act as settling ponds to trap sediment and organic debris.

These results have been demonstrated in varying levels of detail, but the weight of
evidence for an overal major effectsis clear. Re-establishment of key riverine aspects of the
normative ecosystem is desirable for salmonid production.

3. Thereisalimited period of time within which yearling juvenile emigrants must reach the

estuary to successfully move from the freshwater to the marine phase of the life cycle.

FWP Chapter 5; RTR Chapter 6 and 7. Levd of proof: 2-3

Thisis an assumption with multiple causes, each having a different degree of
substantiation. There are two aspects to the assumption: (1) smoltification, which is the sum of
physiological and morphological changesin ajuvenile salmonid that make it ready to migrate to
the sea and be capable of tolerating the change from fresh water to salt water, and (2) estuarine
conditions including food availability and predator abundance. This second point is related to the
synchrony of timing of smolt entry to the estuary and coastal waters to coincide with seasonal
cycles of plant and animal production. Both aspects of this assumption are cued by seasonal
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aspects of day length, temperature, and river flow, and it is reasonable to assume that salmon are
evolutionarily adapted to a limited range of these conditions. Migration that is not successfully
coupled to these processes is assumed to be at high risk.

Smoltification is awell substantiated process with timing and attributes that vary with life
history type and species (see Chapter 6 on juvenile salmon migration). Thereisalarge scientific
literature on the process from physiological and morphological perspectives. The relationships of
smoltification to the survival of juvenile emigrantsisless certain. Experimental tests of the
assumption have been largely based on releases of hatchery fish at different times, in which
survival is determined relative to when the fish are deemed “ready” to migrate. The length of time
within which fish must reach the estuary to make the transition to the marine environment or how
thiswindow isrelated to stock or environmenta variablesisrelatively unexplored. The
conservative approach that entails ensuring outmigration timing that is reasonably close to
“natural” in order to match presumed smoltification is founded on theory that needs more
substantiation. Maintenance of stock diversity may have depended on the migrants not all passing
at asmilar time. At the same time, the estuarine environment encountered by juvenile salmonids
is highly variable and subject to a complex set of biological and physical factors. Smoltification
and its ecological consequences are a suite of processes occurring against a backdrop of a
complex and variable estuarine environment and unlikely to be fully understood soon. Because of
this, preservation or restoration of normal seasonal cycles of flow, temperature and physical
habitat, and maintenance of adiversity of estuarine entry times and patternsis likely to aid the
normal expression of smoltification.

4. Yearling chinook emigrants utilize the mainstem Shake and Columbia rivers primarily as an

outmigration corridor linking tributary and marine areas.

FWP Chapter 5; RTR Chapter 6 and 7. Leve of proof: 2

There is good evidence that yearling chinook salmon are primarily in amigration phase
when they occupy the mainstem Snake and Columbiarivers. However, treatment of the mainstem
as asimple conveyance for rapid flushing of outmigrant yearlings by high flowsisan
oversmplification that is not based on the full scope of scientific evidence. Juvenile salmonids use
the mainstem Snake and Columbia rivers for rearing and migration to the ocean. The degree of
use of the mainstem for either of these activities varies with different life histories. Thereislikely a
continuum of variation in the relative use of the mainstem for rearing and migration ranging over
the different chinook life histories. Therangeis set by the ocean type (subyearling) life history
that uses the mainstem for most or al of the pre-smolt rearing in addition to emigration, to the
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stream type (yearling) life history that rearsin tributary areas and uses the mainstem mainly for
emigration.

Y earling chinook emigrants need to have flows in the main channel available when
necessary to move downstream. Clearly, downstream migration is facilitated by downstream
water movement and higher migration rates are associated with higher water velocities.

However, thisis an incomplete model of the relationship between habitat conditions in the
mainstem and yearling chinook survival. Being incomplete, it has led to incomplete solutions to
ateration of mainstem habitats that are based around the concept that yearling chinook (and
steelhead and other spring migrants) smply need to be moved out of the river as quickly as
possible. The relationship between chinook emigrants and their ecosystem is likely to be far more
complex than is suggested by the conventional model.

Although yearling migrants pass through the mainstem corridor quickly as compared to
subyearlings, alimited amount of scientific data suggests that resting and feeding habitats are
needed during pauses in migration, particularly at lower flow levels. Smolts undergo adaily cycle
of movement, with the majority of movement occurring at night or during hours of dusk and
dawn (although this does not occur for al fish every day and patterns at different locations may
vary). Thus, habitat space is needed that is suitable for periodic holding. The use of the term
“corridor” implies asimple channel, which neglects the likely (but incompletely tested)
rel ationships between fish movement and velocity structure (turbulence, unsteady flows).

5. Survival of yearling juvenile emigrantsis inversely related to the amount of time they spend

in the impounded sections of the mainstem Shake and Columbia rivers.

FWP Chapter 5, RTR Chapters6 and 7. Level of proof: 3

The relationship between exposure time of emigrating smolts to mortality factorsin the
hydroelectric system and the overall survival of smoltsisintuitively reasonable, but has not been
demonstrated conclusively. Abundance of yearling chinook has clearly declined in concert with
the expansion of the hydropower system. One of the effects of the damming of the Snake and
Columbia rivers has been an extension of the migration time spent in impounded sections, which
has been documented. Reasonable mechanisms have been proposed for relating survival to
duration of time in the hydroelectric system, including among other factors, increased exposure
time to predators, disease vectors, and the amount of energy needed to complete migration. As
temperatures increase, predator activity and metabolic rates climb, increasing the probability of
predation. Various disease organisms become pathological with the increased temperatures found
in the reservoirs. Thus, other factors interact with time in migration through reservoirs. The
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relative importance of the interactions of passage time with these factors has not been well
defined. The nature of relationship between flow and survival remains to be established.

6. The amount of time spent by yearling juvenile emigrants within the hydroelectric systemis
inversely related to the prevailing water velocity. Therefore, survival is positively related
to the water velocity prevailing during the outmigration.

FWP Chapter 5, RTR Chapter 6. Level of proof: 3

Since juvenile salmon use water currents to move down river, it is both reasonable and
well documented that the amount of time spent by yearling juvenile emigrants within the
hydroelectric system isinversely proportional to water velocity. To date, water velocities have
been anayzed to generaly relate them to fish movement on adaily or seasonal basis over large
reaches of the river. However, the flow and velocity environment within reservoirs is complex
and it islikely that the relationship is a much more localized phenomenon in that fish react to
water velocities encountered at particular places and times. However, because it has not been
possible to separate the influence of flow from that of other variables on survival, the relation
between flow and survival remains obscured.

Water flow and velocity are extremely important physical components of the normative
ecosystem which shape the environment and link the series of habitats occupied during the life
histories of anadromous salmonids. For juvenile salmon, sufficient water velocity during the
down river migration likely reduces energy costs, saves time, and thereby increases the fitness of
the emigrants. Survival during emigration depends on a multiplicity of factors which are related
to flow and velocity, such as temperature, predation, food availability, and hydroelectric system
operations.

A prominent feature of the debate in the region over fisheries restoration has been the
shape and parameters of the relationships between flow, velocity, fish travel time, and survival. It
seems unlikely that an incremental quantitative relationship between these variables would apply
equally to all species and life history types or necessarily be constant over time and space.
Hence, we suggest the abandonment of the search for the elusive “correct” or “optimum” flow
and instead we advise focusing on the restoration of ariverine velocity structure as close as
possible to the pre-impoundment hydrograph.
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7. Water velocity can be enhanced either by augmenting flows from upstream reservoirs or by

reducing the elevation of downstream reservoirs.

FWP Chapter 5, RTR Chapters6and 7. Level of proof: 1

Under normal circumstances, augmentation of flows from upstream reservoirs increases
volume of flow in rivers (generaly raising main-channel water velocities) and reduction of the
water surface elevation of downstream (mainstem) reservoirs will increase water velocitiesin
these reservoirs. This has been demonstrated empirically and it has a firm and well understood
basisin hydraulic engineering. See Chapter 6 on juvenile migration, especialy the portion on fluid
dynamics. Each has additional side effects, such as enhancing the Columbia River plume (flow
augmentation) and restoration of riverine habitat (reservoir drawdown). Water velocities may be
increased locally for benefit of salmonids by other means, however (e.g., baffles), which may be
preferable to the larger-scale options.

8. Subyearling emigrants utilize the mainstem Shake and Columbia rivers for both rearing and

outmigration.

FWP Chapter 5; RTR Chapter 6. Level of proof: 1

This has been clearly established through many years of field studies. Asisdiscussed in
point 4, above, chinook with the ocean type (subyearling) life history use the mainstem river for
both rearing and emigration. In contrast to the stream (yearling) life history, the demarcation
between rearing and emigration phases of the life cycle isless distinct in the ocean type life
history. At the present time, despite elimination of most of the historical mainstem habitat, the
ocean type life history appears to be favored over the stream type as evidenced by the
predominance of fall and summer run fish. While the subyearlings thus have somewhat different
habitat requirements than yearlings, they are not mutually exclusive.

9. Subyearling chinook emigrants are less dependent on flow and water velocities as a physical
aid to migration than yearling chinook emigrants, but are affected by high summer water
temperatures.

FWP Chapter 5; RTR Chapter 6. Level of proof: 1
This has been clearly established through many years of field studies. Subyearlings

(ocean-type, fall and spring run chinook) spend more time than do yearlings (stream type, spring

run chinook) holding in the shallow-water, near-shore habitats where they feed and rear. They use

channel velocities mainly at night, but move shorter distances than do yearlings. Their combined
rearing and migration is protracted through spring and summer. The shallow habitats they occupy
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in the daytime are subjected to severe solar warming and temperatures increase above their
preferred and physiologically optimum levelsin the low-velocity reservoirs. Field studiesin Snake
River reservoirs have shown that high temperatures force the fish out into the channel where food
resources are often insufficient for normal growth

10. Creation of reservoirs has enhanced native and exotic predator populations and increased

the vulnerability of juvenile salmonids to predation.

FWP Chapter 5; RTR Chapter 6. Level of proof: 1

Non-indigenous (exotic) predator species of fish have been introduced into the Columbia
River system and appear to be well adapted to the present reservoir system. Whilethereis
incompl ete evidence regarding increased numbers of indigenous (native) predatory fish as aresult
of the dteration of the mainstem environment, there is ample evidence from the literature
regarding changes in fish community structure following impoundment in other river systemsto
believe that present conditions have resulted in increased numbers of indigenous predators as well.
It is also clear that the present reservoir system has produced conditions that increase the
vulnerability of juvenile salmonids to both indigenous and nonindigenous fish predators.

Although predation rates are now high as shown by detailed field studies, direct evidence
is lacking to compare the current predation rates with rates that prevailed in the unimpounded
river. A related uncertainty is whether the predator control program has been effectivein
increasing smolt surviva athough it appears to have been effective in reducing the numbers
predatory fish. Creation of reservoirs h