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CHAPTER 2. THE EXI1STING CONCEPTUAL FOUNDATION
AND THE CoLUMBIA RIVER BASIN FIsH AND WILDLIFE PROGRAM

"It is easy to see why the conventional wisdom resists so stoutly such
change. It isafar, far better thing to have a firm anchor in nonsense than to
put out on the troubled seas of thought."

John Kenneth Galbraith, The Affluent Society, 1959.

"It has become equally clear that the simple solutions so often advanced to
solve theills of the fishery were, in light of our growing knowledge of the resource,
only simple minded."

James A. Crutchfield and Giulio Pontecorvo, The Pacific Salmon Fisheries: A Study
of Irrational Conservation, 1969.

For millennia, humans have “managed” natural resources to supply the basic needs of
society. Considerable spiritual, ethical and scientific effort has been expended to define a
sustainabl e relationship between humans and natural resources and to control the distribution and
utilization of those resources.

In the Pacific Northwest, the well being of many native societies was linked to the
abundance of salmon and steelhead. Complex social arrangements developed to proscribe the
interaction of humans and salmon (Gunther 1926; Waterman and Krober 1965; Martin 1978).
Prime fishing areas such as Celilo Falls on the Columbia River became cultural centersfor native
societies and the nexus of extensive trade and economic networks (Thomison 1987). For Native
American societies, natural resource management had a spiritual basis that recognized the
inexorable linkage between salmon, humans and the world (Martin 1978; Highwater 1981). The
well being of human society was equated to the well being of other elements of the natural
system.

European culture has approached natural resources from a much different perspective.
Humans are viewed as separate from the natural world, rather than integral parts of the biological
system. Nature is something to be conquered and controlled. It is both an impediment to human
purposes and an inexhaustible warehouse of raw material (Worster 1977; Callicott 1991). The
natural world was to be “tamed” and brought under human control to maximize human survival
and enjoyment. European development of the American West, in particular, occurred with the
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idea of replacing what was viewed as a wasteful desert with a productive garden that would
contribute to human economic betterment (Bottom 1997).

Early in this century, Gifford Pinchot (1910) attempted to combine this world view with
the prevailing scientific approach to form a concept that has been the basis for natural resource
management for much of this century (Worster 1977). Pinchot’s Resource Conservation Ethicis
encapsulated in his famous axiom that conservation of natural resources means achieving “ the
greatest good for the greatest number for the longest time” (Callicott 1991).

This view of natural resources is based on an agricultural perspective (Bottom 1997).
Pinchot attempted to apply the knowledge of progressive agriculture to the management of
natural resources, particularly in the context of public lands (Worster 1977). Science was to
provide society with the tools to achieve this aim through identification of species and varieties
particularly amenable to human needs. Science would alow us to improve on nature, make its
processes more efficient and provide its abundance to society on a predictable basis (Worster
1977).

Thisview has been especially influentia in the management of fishery resources. Fish
culture promised to replace the inefficiencies of nature with afully controllable system that
would compensate for resources lost to development (Bottom 1997). Organisms of interest such
as salmon could be reared in huge numbers and released to feed in the virtually limitless pasture
of the ocean. The high fecundity of salmon could be used to increase returns rather than being
wasted in dealing with the rigors of the natural world (Bottom 1997). In alike manner, the
environment could be controlled for the betterment of species of interest by removal of predators
or undesirable species, introduction of other species, and construction of artificial habitats.

The management of natural resources by both Native American and European-American
societiesis based on how we view natural resources and our place in the ecosystem. The facts,
assumptions, and beliefs that underlie these views are collectively termed the conceptual
foundation (Lichatowich et al. 1996). Conceptual foundations shape both the measures we use to
value natural resources as well as the types of actions we take in their management. They are key
to understanding the actions that are taken to manage natural resources. The conceptual
foundation for Native American management of natural resources was based on spiritual beliefs
and the hard won wisdom of tradition. The prevailing European-American view that has guided
natural resource management during this century has been based on social and economic beliefs
supported by scientifically derived information and technology.

An understanding of the underlying conceptual foundation is fundamental to the
assessment of an effort such as the Council’ s fish and wildlife program. We believe that the
limited success of the Council’ s program and similar efforts can be traced to inadequaciesin the
conceptual understanding of nature that are the basis for actions. In most cases, the conceptual
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foundation is not clearly articulated, or even understood, leading to conflicting or incorrect
strategies and limiting the learning that can be gained by success or failure. Over the last few
decades, there has been a shift in the perspective guiding natural resource management, at least at
the scientific level. The scientific community has largely moved away from the mechanistic,
agricultural view toward a perspective that recognizes the unique qualities of natural systems and
the role of organisms within their ecosystems (e.g., Christensen et al. 1996). These views,
collected under the term “ Ecosystem Management”, are being incorporated into state and federal
natural resource management plans. If implemented, this shift in perspectiveislikely to
dramatically change how we manage natural resources.

With thisin mind, we evaluated the scientific basis for the Council’ s program -- its
conceptual foundation -- rather than the details of specific measures. In the remainder of this
chapter, we describe and critique the development of the Council’s program and itsimplied
conceptual foundation. The Council’s program is largely based on recommendations from the
region’s fish and wildlife managers, and is areflection of the science and strategies that
characterize salmon management in the Pacific Northwest and elsewhere. For this reason, we
use the Council’ s program as a metaphor for natural resource management in general. In Chapter
3, we present an ecologically based alternative conceptual foundation for natural resources
management including recovery efforts such as the Council’ s Fish and Wildlife Program. That
conceptual foundation is based on established ecological principles that we argue have largely
been ignored in traditional natural resource management.

What isa Conceptual Foundation?

The problems that foresters faced in the Blue Mountains flowed as much from
their own scientific paradigms as from the ecological phenomena going on in the forest
itself — phenomena that those paradigms rendered all too invisible. The moral of this
story should be clear. Even well-intentioned management can have disastrous
consequencesiif it is predicated on the wrong assumptions, and yet testing those
assumptions is much harder than people realize.

Cronon, W. 1995. Forward: with the best intentions. In Langston, N. Forest dreams,
forest nightmares: the paradox of old growth in the inland west. University of Washington Press.
Seattle, Washington.

Because it is fundamental to our discussion, we first need to provide a more complete
definition of a conceptual foundation. A conceptual foundation is a set of principles and
assumptions that can give direction to management and research activities, including restoration
programs, such as the Council’ s program. A conceptual foundation determines what problems
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(e.g., limitations on fish production) are identified, what information is collected and how it is
interpreted, and as aresult, establishes the range of appropriate solutions (Lichatowich et al.
1996). Because it influences the interpretation of information, the conceptual foundation can be
apowerful scientific element of management and restoration plans 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. For
example, Heilbroner and Milberg (1995) attributed chaos in economic analysis for the last
several decadesto the lack of acentral 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 puzzle is asmall 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. If 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. Nevertheless, conceptual
foundations should not be static, but should be revised continually as new theory emerges and
new empirical information becomes available. If the pieces of the puzzle do not fit together to
form the proposed picture, then we revise the picture (an hypothesis) and test whether the new
pictureis a better fit to the pieces.

The power of the conceptual foundation to determine how information is interpreted,
even to draw the wrong conclusion from otherwise sound data, isillustrated by 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 simply swam into the first river they came to, which,
because they never migrated far from it in the first place, was almost always their home stream.
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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
ColumbiaRiver. 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 conceptua foundation contained at
least one erroneous assumption, which caused him to misinterpret otherwise sound information.

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).

Review of the Council’s Fish and Wildlife Program

Congress directed the Council to “protect, mitigate and enhance” the fish and wildlife of
the Columbia River as affected by devel opment and operation of the Columbia River Basin
hydroel ectric system, while assuring the Pacific Northwest an “adequate, efficient, economical
and reliable power supply.” Consequently, the Fish and Wildlife Program is constrained to deal
with asubset of the factors in the Columbia River ecosystem. However, it has relevancy only
within the context of the entire ecosystem encompassed by the species of interest to the Council.
Given that context, our approach to review the science behind the Council’ s Fish and Wildlife
Program was conducted along two tracks. First, we reviewed the development of the Council’s
program and its legal and socia context. Second, we attempted to describe the conceptual
foundation behind the Council’ s program based on its collection of measures. While some of
these are unique to the Columbia River and the Council’ s program, many are common to
fisheriesrestoration in general. We were able to discern three global principles and twenty-nine
specific assumptions implied by the measures included in the program. We then evaluated the
scientific support for these assumptions. Given this analysis, we then develop an alternative,
ecologically based conceptual foundation in the next chapter.

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
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populations. Once articulated, such a statement is amenable to scientific analysis whereas the
individual measures may not be.

However, consideration of the scientific basis for individual assumptions may lead to a
situation of focusing on the trees, while missing the forest. It is 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 acase of simply doing too little too late, or, as we contend is true of
salmon restoration in general, a case where an inadequate 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

In setting up the Northwest Power Planning Council, the Congress took great pains to
ensure that the Council did not itself become a fishery management agency. The Council was
directed to base its fish and wildlife program on recommendations solicited from throughout the
region paying particular attention to those provided by the region’s fishery managers and Indian
Tribes. The Northwest Power Act specified very strict and limited grounds on which the Council
could reject arecommendation from state, federal, or tribal fishery management agencies.

This method of program development has several consequences for the final fish and
wildlife program. First, it ensured that the Council’ s program was inherently conservative in the
sense of toeing closely to the established norms of the region’s fishery management. While, over
the years, the Council’ s program has suggested innovative strategies for the region such as
adaptive management, system-wide planning, and, most recently, independent peer review of
projects, the program has remained an accurate reflection of the status quo in fish and wildlife
management. Revisions to the program largely have been variations on theinitial theme and
have consisted of rearrangement of measures to provide an organizational structure, provide
monitoring and evaluation, and deal with uncertainty.

Second, the Council’ s mandate does not naturally lend itself to development of a strategic
and integrated program. It is composed without reference to an explicit, common scientific
framework or conceptual foundation and is only loosely tied to specific goals. The measures are
proposed by various management agencies and interest groups, discussed in public forums, and
adopted by the Council. Individual recommendations are grouped logically by topic and
secondarily by responsible entity to form the program that is reviewed and adopted by the
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Council. The structure that exists results more from a posteriori organization of measures than
from an a priori concept and direction.

While the Council has identified general goals and priorities, their level of generdlity is
such that they provide little guidance or rationale for subsequent selection or prioritization of
measures. Each item (measure) on the list is given equal weight and acted upon before the
program can be evaluated as a comprehensive solution. While there is some sequencing and
scheduling built into the Program, thereislittle incentive for parties to follow the schedule or
accountability if measures are not completed on timeor at al. For example, the 1994 program
took the innovative step of identifying important hypotheses and a process for their testing and
refinement. However, there has been no clearly identified response, although NMFS continues
monitoring survival of juvenile salmonids in the migrations out of the Snake River both in-river
and by barge. Thereisneed for development of a study plan specifically designed to address
these hypotheses.

Third, the conservative nature of the Council’s program is further ensured by its
cumbersome process of change. Any modification to the Council’s program can occur only after
aformal call for amendments and a lengthy review process that typically takes a year or more.
The process encourages a confrontational atmosphere in the proposal and selection of measures.
Advocates argue for their suite of measures as most important (scientifically, politicaly,
culturally, geographically, etc.). The Council haslittle scientific or legal basis for program
structure, thus encouraging log-rolling and other political maneuvering.

Fourth, the Council’ s limited ability to reject measures or suggest new directions means
that, over time, its program has become bloated and less effective than it might be. 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. Controversy has been accommodated by simply adding
new itemsto the program. The program’s scope and lack of process for prioritization provides
limited guidance for annual implementation and erodes the program'’ s credibility. Thisleavesthe
Council and other resource managers of the region open to the criticism that they have not
established a comprehensive plan or defined a strategy.

Partly in recognition of these difficulties, Congress amended the Northwest Power Act in
1996. The amendment mandated formation of the Independent Scientific Review Group (ISRP)
to annually make recommendations to the Council on project priorities within the Columbia
River Basin Fish and Wildlife Program (FWP) and to review the projects proposed for funding
for their scientific merit and consistency with the program. Formalization of a peer review
structure and process addresses a common criticism of past activitiesin the Basin. Therole of
peer review has been recognized nationally as a valuable tool to increase the efficiency and
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effectiveness of large-scale scientific programs (General Accounting Office 1994; Meffe et al.
1998).

Incorporating independent peer review and the project selection changes made in 1995
into a smoothly functioning process has been a challenge to the region. Ongoing adjustments and
improvements have been made in a generally cooperative, iterative, and educational effort
involving the Council, the ISRP, the fish and wildlife managers, BPA, and interested non-
governmental entities. These efforts have resulted in a number of significant changes to
accustomed practices. (1) the Council has moved into a more active role in directing and
overseeing project and program implementation; (2) the quality and design of ongoing and
proposed projects has improved substantialy; and (3) many projects now incorporate specific
benchmarks and monitoring protocols that will allow better evaluation of progress toward
regional salmon rebuilding goals.

While some of the institutional and procedural difficulties described above reflect the
unique legidlative basis for the Council and its fish and wildlife program, we suspect that similar
problems can be found in various guises in other large-scale natural resource recovery programs.
Such programs are developed within a political structure that seeks to balance needed
environmental protection with social, economic and political realities. Thisleadsto compromise,
accommodation and diffusion of direction over time. To combat this, we recommend
incorporation of an integrated approach based on an overall, scientifically credible conceptual
foundation such as we propose in the next chapter. This provides arationa basisfor actions and
a standard for evaluation of measures based on general properties of the desired ecological
outcome. It also provides an objective, explicit structure around which to shape the management
program. In the case of the Columbia River, it would be naive to think that this would eliminate
the traditional controversies that have divided the region’s efforts for decades. However, this
approach would place the Council’ s program on firmer scientific ground and provide a rational
structure for the region’s efforts.

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. In response to these experiments,
management should adapt, resulting in improved response to environmental problems (Holling
1978; Walters 1986). The appealing common sense of adaptive management beliesits practical
difficulties. 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 1996).
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The Council introduced adaptive management to the management of the Columbia River
in the 1987 revision of its Fish and Wildlife Program. Theinitial effortsto develop afish and
wildlife program made the Council aware of the deep divisionsin the region that often revolved
around technical questions of biology or hydrology. Adaptive management offered a way 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 ColumbiaBasin. However, its actual application to addressing scientific
uncertainty appears quite limited (McConnaha and Paquet 1996). 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 central to the concept of adaptive
management (Walters 1986; Hilborn and Winton 1993).

Volkman and McConnaha (1993) and McConnaha and Pagquet (1996) 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 narrower, 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).

The most ambitious attempt to utilize adaptive management appeared in the 1994 Fish
and Wildlife Program. The Council laid out a strategy for using management actionsto refine
hypotheses concerning the use of juvenile salmon transportation in barges as compared to and in-
river passage of juveniles (FWP; 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 specific regiona decisions
concerning drawdown of reservoir water levelsto increase water velocity, flow augmentation and
juvenile salmon transportation. Regional fisheries agencies and tribes have shown no apparent
interest in following through on this experiment, other than the monitoring by NMFS of survival
of juveniles salmonidsin their migrations out of the Snake River in-river and by barge. The
National Marine Fisheries Service Biological Opinion on mainstem operations under the
Endangered Species Act and their 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
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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 its program, 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 ecosystemm 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 also calls for 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 has been for a
vast 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.

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 Fish and Wildlife Program and summarize our evaluation of the
scientific justification for the critical assumptions and beliefs. This assessment is based on the
conceptual foundation described in Chapter 3 and supported by the review of scientific
information presented in Part 11 (Chapters 4 through 9).

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 4-9 (Box 2.1). The rating system is necessarily subjective, and is intended 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.
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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 RttR), and our
qualitative assessment of level of proof for supporting evidence. Thisisfollowed by explanatory
text, which summarizes details and conclusions from the referenced Return to the River section.

Box 2.1. Levelsof scientific support for implied assumptions in the Fish and Wildlife Program.

1- Thoroughly established, generally accepted, good peer-reviewed empirical evidence
initsfavor.

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.

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 3 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 Fish and Wildlife
Program, 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.
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However, there is evidence that the abundance and dominance of different marine fish
species varies in response to environmental fluctuations, as well asto the removal of dominant
species by harvest or other factors. The consequences of this for salmon in the Columbia River
isthat 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
rel ationships between management actions and fish production. Actionsto protect salmonin
freshwater become more and more important as survivals of salmon in the marine environment
decline (see Chapter 9).

The alternative conceptual foundation described in Chapter 3 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
to continue into the future and will affect the outcome of efforts to control negative human
impacts in the freshwater environment.

Spatial and temporal 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 salmon’s response to a fluctuating environment has been to
develop an array of diverse life history patterns. Unfortunately, regional prioritiesin 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 overall 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. Thisleavesthe early
and late migrating naturally produced populations unprotected, further driving the region to
reliance on avery narrow range of solutions to a highly variable environment.

Restoration of life history diversity through improved management and the restoration of
adiverse array of habitats would increase the probability of achieving Fish and Wildlife Program
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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 alteration 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 paralleled the
development of the basin and the degree of ecosystem alteration. Development and operation of
the hydroel ectric 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 ateration of the marine environment discussed above.

While the Northwest Power Act and the resulting Fish and Wildlife Program devel oped
by the Council are premised on the importance of the alteration 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
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 ateration of
mainstem habitat in the decline of salmonid speciesin the Columbia River, we feel that the
ecosystem perspective of the conceptual foundation in Chapter 3 is key to the development of
comprehensive solutions that address human imposed limitations on salmonid abundance
throughout the basin at each stage of their lifecycle.

3. Ecosystem functionslost 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 popul ations.
As dams were constructed, hatcheries were devel oped to substitute for lost habitat to permit the
continuation of high harvest rates. The solution to ateration of mainstem habitats and increased
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juvenile mortalities was to develop bypass systems at dams, provide some 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 pipelinesto 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 1.3). Effortsto
develop technological solutions to individual 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 Fish and Wildlife Program that follows, it is
apparent that, by and large, many indiv