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0. EXECUTIVE SUMMARY

This progress report covers the first year of the Regional Assessment of
Supplementation Program (RASP). It describes the work completed in seven specific
subject areas: 1) the definition of supplementation, 2) guidelines for setting
supplementation objectives, 3) a classification of proposed and ongoing projects, 4)
a conceptual model of supplementation risks and benefits, 5) a spreadsheet model of
supplementation risks and benefits, 6) identification of critical uncertainties regarding
supplementation, and 7) the global design of supplementation research and
monitoring.

RASP has defined supplementation as The use of artifkialorooacration in an attemr,(
30 maintain or increase naturaloroduction  while maintainina the lona term fitness of
the taraet oooulation. and keeoina the ecoloaical and aenetic  imoacts on nontaraet
pooulations within soecified bioloaical  limits, This definition imposes a restriction on
the development of supplementation objectives: steps must be taken to preserve the _
long term fitness of the target population. This implies maintenance of genetic and life
history variability, and natural rates of genetic change.

The objectives of proposed supplementation programs should be framed in terms of
four ecological dimensions: post-release survival. reoroductive  success, lona term
fitness, and ecoloaical interactions. Managers are free to express tradeoffs among the
dimensions, however, the resulting objectives must be framed with sufficient
specificity to make evaluation and determination of risks and benefits possible.

A conceptual model of supplementation is the central core of the work accomplished
last year by RASP (Figure 0.1). The other subject areas addressed by RASP either feed
into and support the conceptual model or are dependent on the model for their
development. The conceptual model is the basis for a spreadsheet model which the
manager can use as one of the tools to examine risks and benefits of alternative
supplementation strategies.

Flowing from the development and operation of the conceptual and spreadsheet
models are critical uncertainties regarding supplementation (these uncertainties are in
the spreadsheet model as assumptions), and a system for prioritizing uncertainties so
a global research program can address them in an efficient manner. Those critical
uncertainties that are not amendable to resolution through research or will not be
resolved in the near future are the basis for the design of the risk containment
monitoring.

If the processes and methods that RASP develops are to retain their value, RASP must
be updated and reevaluated as new information and experience is gained (Figure 1.1).
Updating is especially critical if the model is to remain an effective tool and if it is to
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reflect our improved understanding of supplementation. Perhaps the Central
Information System is a vehicle that might be used to retrieve and store new
information on supplementation so updating can be done routinely in an efficient and
timely manner.

As uncertainties are resolved through the global research program and through
experience gained from careful monitoring of supplementation projects, the precision
of the spreadsheet model can be improved. However, there are too many
unpredictable factors in the freshwater and marine environments to expect to ever use
the model as a precise forecasting tool. The model does have an important role in
supplementation planning today and in the future. The model must be thought of as
a scratch pad, a means to work out and test new ide$s,  and a way to sort out
alternative strategies. When used properly, the model can help set the sideboards on
the range of possible risks and benefits and it can be used to test assumptions
regarding supplementation. The model won’t make decisions, but it can be an
important tool for the manager struggling with a decision.

FUTURE DIRECTION

RASP has addressed all the objectives in the work plan, however, the value of this
work in supplementation planning will be enhanced if developed further. For example,
the model, as presently implemented, does not include stochastic variation, or life
history complexity (multiple smolt ages so it can handle steelhead). Updated genetic
and behavioral yardsticks and more options for the genetic scenarios would be helpful.

The uncertainties need documentation with literature citations, and they should be
assembled in a format suitable for future updating. The global research design and risk
containment monitoring needs greater detail and literature documentation.

In the coming months, RASP will complete four additional work products:

0 Update of the supplementation and M&E survey to include all planned
and ongoing projects. This will complete the classification and overview
of supplementation in the region.

l Enhance several features of the conceptual and spreadsheet models.
Review the theoretical concepts that influence the choice of strategies
and potential success of supplementation. Concepts and theories applied
in the model will be expanded, and the potential role of supplementation
will be discussed.
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0 Document the critical uncertainties and develop a user friendly data base
covering the literature ielevant to those uncertainties.

l Design a global research and monitoring program for supplementation.
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1. INTRODUCTION

The Fish and Wildlife Program of the Northwest Power Planning Council (NPPC)
prescribes several approaches to achieve its goal of doubling the salmon and steelhead
runs of the Columbia River. Among those approaches are habitat restoration,
improvements in adult and juvenile passage at dams and artificial propagation.
Supplementation will be a major part of the new hatchery programs. The purpose of
the Regional Assessment of Supplementation Project (RASP) is to provide an overview
of ongoing and planned supplementation activities, to construct a conceptual
framework and model for evaluating the potential benefits and risks of
supplementation and to develop a plan for better regional coordination of research and
monitoring and evaluation of supplementation. RASP has completed its first year of
work. Progress toward meeting the first year’s objectives and recommendations for
future tasks are contained in this report.

BACKGROUND OF RASP

In January 1990, the Columbia Basin Fish and Wildlife Authority (Authority), citing the
number of activities being conducted under different programs and differentparts of
the Fish and Wildlife Program, asked the Supplementation Technical Work Group
(STWG)  to coordinate, prioritize and review all ongoing and planned supplementation
studies in the Columbia River Basin. This request was supported by the Pacific
Northwest Utilities Conference Committee, which has been concerned about the
number of supplementation activities being conducted, the high cost and long-term
nature of supplementation studies, and the need to coordinate them to prevent
unnecessary duplication of effort. STWG provided the Authority with a plan to
accomplish the coordination and review needs.

In August 1990, the NPPC gave conditional approval to proceed with the final design
of the Yakima Production Project. The Council called on the Bonneville Power
Administration (BPA) to ‘fund immediately a supplementation assessment to
reevaluate, prioritize and coordinate a existing and planned supplementation
monitoring and evaluation activities in the basin... Provid[ing]  for the participation of
the fishery agencies and tribes and others ,having  expertise in this area.”

RASP was created in response to the Council’s request and to address long-standing
concerns about the need to coordinate supplementation research and monitoring and
evaluation. RASP encompasses the activities  proposed by STWG.
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HISTORICAL PERSPECTIVE

RASP is- clearly the product of recent initiatives, however, it is also embedded in a
larger historical context. RASP was established to help facilitate, in the specific area
of supplementation, implementation of a changing management paradigm for
rebuilding the salmon and steelhead populations of the Columbia River Basin. The
new paradigm elevates concern over the conservation of genetic resources to the level
of a basin-wide policy (Columbia Basin Fish and Wildlife Authority (CBFWA) 1991).
This new policy emphasis reflects the results of a Council sponsored workshop on
genetic conservation and production quality. The workshop concluded that salmon
production goals for the basin can only be achieved and sustained if the genetic
resources of the basin’s remaining salmon stocks are maintained (Riggs 1990).
Developing and implementing production initiatives consistent with genetic
conservation clearly calls for new thinking, new approaches and new performance
measures in the basin’s salmon and steelhead restoration programs.

Salmonids have been artificially propagated in the Columbia Basin f&r over 100 years.
Throughout that period hatcheries have been the major tool of managers who used
them to meet the utilitarian goals of supplying the fishing industry with commodity
and replacing production lost through habitat destruction. Prior to the 1940s and SOS,
with little scientific advice, the hatchery program, which released primari.ly  fry and sac
fry, made small to negligible net contribution to the fishery. Following 1940, research
on hatchery practices and evaluation of the hatchery program lead to progressively
better culture techniques and healthier smolts that survived better after their release.
However, nearly all the early resea~rch  focused on nutritional requirements of
salmonids, developing treatment and diagnosis of disease, designing,better  .physical
facilities, selecting the best time and size to release juveniles from @e hatc.hery,  and
other in-hatchery practices. The impact of hatchery programs on natyrally  reproducing
fishes and factors determining survival of the hatchery fish after release received little
attention.

Supplementation - ’the attempt to increase natural production through the use of
artificially propagated fish - has focused attention on the behaviorali  ecological, and
genetic influences on the success and sustainability of salmonid  restorat@n.  ,If natural
production is to be increased through the use of artificiatty  propagated fish, then
behavioral, genetic and ecological considerations become as important or more
important than the standard hatchery practices. Recent studies have demonstratedthe
importance of genetic and ecological factors in the successful use of aflificial
propagation to supplement natural production (Reisenbichler  ana McIntyre 1977,
Chilcote et al. 1986, Nickelson et al. 1986, and Oregon Department of Fish and
Wildlife 1986).
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The recent emphasis on supplementation to‘revitalize natural production in the basin
(Table 5.1), the precarious status of several stocks of salmon and steelhead (Nehlsen
et al. 1991 ), and the commitment to double dwindling total production in the basin
(Northwest Power Planning Council 1987), has reaffirmed the importance of
hatcheries in the Columbia’s salmon production system (Table 1 .I). Hatcheries will
remain important in some of their traditional roles and they will assume additional roles
in supplementation. The roles and responsibilities of hatcheries are changing. The
relationship between artificially propagated and wild fish is receiving more attention
and so are the accountability and the criteria by which hatcheries are evaluated. For
examples of these changes, see the supplementation section of the Integrated System
Plan (CBFWA 1991); Oregon’s Natural Production and Wild Fish Management Rules
(Oregon Administrative Rules 635-07-501 through 529 and 635-07-800 through 815)
and Idaho’s Draft Anadromous Fishery Management Plan 1991 - 1996 (Personal
communication Ed Bowles, September 17, 1991).

Table 1.1 Percent of projected production attributable to supplementation in
System Planning. Computed from System Planning Model output
(Duane Anderson, NPPC, personal communication).

SPECIES/STOCK
COLUMBIA RIVER REGION

LATE COHO 97.7% -

EARLY COHO 100.0% 1~00.0% -

FALL CHINOOK

SPRING CHINOOK

SUMMER CHINOOK

SUMMER STEELHEAD
A

S U M M E R  S T E E L H E A D  - 72.0% -
B

Throughout most of their 100 year history in the Columbia Basin, hatcheries’ were
evaluated by a narrow set of market, production, and efficiency criteria. For example,
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hatchery performance measures included the economic yaJue of hatchery contributions
to the catch, poundsof  fish. released, contribution to the fisheries and feed conversion
ratios. These criteria will remain important but ecological, life history and genetic
performance measures will be added to them. Hatcheries will be evaluated in terms
of genetic risk (Busack lSSO), .status  of natural production, productivity and life
history patterns (particularly where-an increase of natural production is the goal), and
overall fitness of the target stock.

Changing management strategies, espec,ially  fundamental changes, are not easy to
accommodate. Managers are faced with major new challenges while at the same time
the conventional wisdoms they relied on in the past are weakened or removed. The
hatchery program is facing a challenge greater than any it has had to face since the
1940s when it became generally accepted procedure to rear salmon to full term
smolts to achieve highest survival. The transition from fry or sac fry releases to full
term smolts presented huge physical and technical problems. For example, many of
the early hatcheries were designed for fry release and did not have year-round water
supplies (Oregon Fish Commission 1955). Holding fish for extended periods required
better understanding of nutritional requirements of salmon and of disease control,
prevention, and treatment. Those were not small obstacles that had to be overcome.

Hatcheries today are facing an equivalent challenge: to integrate the artificial and
natural salmon production systems in the Columbia Basin to produce a net doubling
of the total production. However, the increase in production has to be done in a way
that makes it sustainable. This will call for new ideas in the physical design and
operation of hatcheries as well as a better technical understanding ‘of genetics,
behavior, competition and predation - fields that were not strongly emphasized in the
domain of artificial propagation until recently. RASP was established to help develop
processes and methods to ensure that?he transition is completed in a rational.and
efficient way.

However; RASP is not the only entity contributing to the transition. $n the next
section, selected reports by others that are relevant to the objectives and tasks of
RASP are briefly reviewed.

RELATIONSHIP TO OTHER WORK
. . . .,

The recent emphasis on restoration of’ natural production “&nd ooncern- &&t--the
erosion of genetic resources in the Columbia Basin has produced several recent
publications containing i-nformation  relevant to RASP. Following% a brief description
of selected published reports and work in progress on the topic of supplementation
in the Columbia Basin.
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Current Work

Smith, E.M., B.A. Miller, J.D. Rodgers and M.A. Buckman.  1985.
Outplanting anadromous salmonids - a literature survey. U.S.
Department of Energy, Bonneville Power Administration Project No. 85-
68.

Smith et al. (1985) reviewed 200 references on topics dealing with offstation releases
of hatchery fish for the purpose of supplementing or reestablishing natural rearing.
Their conclusions were divided into three categories: streams managed exclusively
for wild production, streams managed for a mixture of hatchery and wild production,
and streams managed exclusively for hatchery production. They concluded that
streams managed exclusively for wild fish should only be enhanced through habitat
protection and harvest control. Streams managed for a mixture of hatchery and wild
production present technical, biological, and political problems that may make
increasing production without impacting the wild stock impractical. Smith et al.
(1985),  however, provides a set of guidelines to minimize wild-hatchery interactions
recognizing that the effectiveness of many of the recommendations has not been
proven. The primary consideration in streams managed exclusively for’hatchery fish
is to plant fish at a time when environmental bottlenecks can be avoided. Smolts may
be released if a rapid build up of adults is desired.

One purpose of RASP is to clearly define the technical uncertainties that Smith et al.
(1985) thought would limit the success of supplementation in the mixed hatchery-wild
streams, use a life history model to determine the sensitivity of risks and benefits of
supplementation to changes in the uncertainties, and devise a global research plan to
efficiently reduce those uncertainties.

Miller, W.H., T.C. Coley, H.L. Burge and T.T. Kisanuki. 1990. Analysis
of salmon and steelhead supplementation: emphasis on unpublished
reports and present programs. U.S. Department of Energy Bonneville
Power Administration project No. 88-l 00.

Miller et al. (1990) reviewed 316 past and present supplementation projects,
however, only 26 of the projects actually fit Miller’s definition of supplementation
(Table 1.2). Twenty-five of the projects were considered a success by the project
leaders, however, only eighteen of those were the subject of:quantitative evaluation.
Even though the project leaders considered all but one of the supplementation projects
a success, Miller et al. (1990) concluded that none of the evaluated projects had
rebuilt natural runs to self-sustaining levels. They did not state whether the failure to
show self-sustaining populations was the result of an inadequate experimental design
or a true failure in supplementation.
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Miller et al. (1990) compiled a useful data base containing the 316 projects. The
report’s narrative provides useful information on a wide variety of supplementation
projects. However, the criteria by which projects were evaluated were not clearly
defined. Miller et al. (1990) and the project leaders were .obviously  using different
criteria to determine success of the supplementation projects. The lack of clear
evaluative criteria, has led readers with differing perspectives to draw different
conclusions regarding the success of supplementation.

It’s questionable whether any of the projects considered supplementation by Miller et
al. (1990) would have fit the definition proposed by RASP (Table 1.2). A review of
the Miller report using the more restrictive criteria of RASP could lead one to the
conclusion that supplementation has not been attempted or evaluated.

Table 1.2 Examples of definitions of supplementation. used in recent publications
The definition used by RASP is highlighted for comparison.

“Supplemen tation is the use of artificial propagation in the
attempt to maintain or increase natural production while
maintaining the long term fitness of the target population,
and keeping the ecological and genetic impacts on nontarget
populations within specified biological limits.” (RASP)

“The release of fish from hatcheries at locations away from the hatchery
to increase natural production in streams determined to be seeded or
used at less than ‘optimal levels’.” (Smith et al. 1985) 1.

“Planting all life stages of hatchery fish to enhance wild/natural stocks of
anadromous ,salmonids.”  (Miller et ,al. 1,996)

“The stocking of fish into the natural habitat to increase the abundance
of naturally reproducing fish populations.” (Cuenco t991)

“Supplementation is usually undertaken to provide harvestable surpluses
of fish from stocks that may not otherwise nat,urally  produce sufficient
fish to meet the demand from fishermen. Management .opportunities G
range from rebuilding threatened or endangered wild stocks to bolstering
already self sufficient natural runs. Hatchery fish used to supplement wild
stocks of salmonids are stocked at egg, fry fingerling, smolt,,and  adult life
stages.” (Stewwg and Bjornn 1990)
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Cuenco, Michael L. 1991. Examples where supplementation has
successfully resulted in increasing natural reproducing fish populations.
Manuscript Columbia River Inter-TribaI.Fish  Commission. Portland, OR.

Cuenco (1991) described several successful supplementation projects, however, the
report, like M,iller  et al. (19901,  failed to clearly state the criteria used tp determine
success. Success may have been measured by questionab,le  criteria. In example 3, a

4 hatchery program for chinook salmon begun in 1984 in Horse Linto Creek, a tributary
to the Trinity River, was deemed a success in 1989 when 70 spawning pairs were
observed. Five years from the first hatchery plant is not enough time to complete a
cycle of naturally produced fish and determine if the program had produced a self-
sustaining population.

Cuenco (1991) did show that under some circumstances supplementation produces
self-sustaining populations. Whether or not those successes were achieved without
adverse genetic or ecological impacts on the target and nontarget populations cannot
be determined from the information supplied.

Scientific Review Group. 1991. Review of fisheries supplementation in the
context of activities related to the Columbia River Basin Fish and Wildlife Plan.
Memorandum to Wally Steucke, IPP Coordinator. 7pp.  Portland, Or,

The Scientific Review Group (SRG) reviewed the Supplementation Work Plan and
reports by Miller et al. (19901,  Steward and Bjornn (1990) and Bjornn and Steward
(19901. Principal investigators dealing with supplementation were interviewed by the
SRG. Rather than focus on specific plans or reports, the SRG developed a general
overview of supplementation. The SRG’s  overview has provided RASP with guidance
over the past several months. There is a general correspondence between the
objectives of RASP and the subjects discussed in the SRG report. For example, a
definition of supplementation, setting supplementation objectives, classification,
identifying critical unknowns and research design are common to the RASP and SRG
reports. The concerns, discussed by SRG and their recommendations will continue
to guide RASP through the development of a final report.

Steward, C.R. and T.C. Bjornn. 1990. Supplementation of salmon and’
steelhead stocks with hatchery fish:. .A synthesis of published iiterature.
U.S. Department of Energy, Bonneville Power Administration Project 88-
100.

Steward and Bjornn (1990) greatly expanded the review of Smith et al. (1985). RASP
will use the information base contained in Steward and Bjornn (1990) to document
the critical uncertainties discussed later in this report.
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Bjornn, T.C. and C.R. Steward. 1990. Concepts for a model to evaluate
supplementation of natural salmon and steelhead stocks with hatchery
fish. U.S. Department of Energy, Bonneville’Power  Administration Ptoj&t
88-l 00.

See The Supplementation Model - Conceptual Framework in this report for a
discussion of the paper referenced above.

Lee, D.C. and J.B. Hyman. 1991. Stochastic life-cycle model (SLCM):
A tool for simulating the population dynamics of anadromous salmonids.
Resources for the Future, Washington, D.C. 22 pages.

See Supplementation Model- Conceptual Framework for a discussion of this paper.

Riggs, L. 1990. Principals for genetic conservation and production
quality. Northwest Power Planning Council Contract C, 90-005.

This report was the product of a workshop - the first of a series of three - on
production principals sponsored by the Northwest Power Planning Council (NPPC).
The report develops gehetic  conservation guidelines for all forms of production and,
therefore, has broader .application  than supplementation as’ defined by RASP.
However, the principles and guidelines are applicable to RASP.

Riggs (1990) introduces the subject of gene conservation with the unequivocal
statement: ‘Sustainable increases in salmon and steelhead productivity in the
Columbia River Basin can.only be achieved if the genetic resources required for all
forms of production, present and future, are maintained in perpetuity.” This statement
symbolizes the changing m&nagement  paradigm in the Columbia River Basin. The
report gives six guiding principles, six management opportunities, and seven
implementation guidelines. RASP has,used  Riggs (1.990)  as the general context within
which it carries out its work.

Work in Proaresg

The NPPC has completed a second workshop which addressed sustainability of
anadromous fish resources. The”‘subject  of sustainability Was d2u;ided  into three
general areas: genetic diversity and conservation, population viability and
supplementation, and hatcheries. Draft technical reports on each of the subject areas
are being revised. While all the reports will be relevant .to RASP, ‘the report on
supplementation and hatcheries (with a draft title of Genetic Conservation Guidelines
for Salmon and Steelhead Supplementation) will have obvious application to the RASP
process. Two members of RASP have helped prepare the report.
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The technical reports mentioned here, including those that are in draft form such as
the Sustainability Workshop reports and the Monitoring and Evaluation Group’s (MEG)
report (Guide to Genetic Impact Monitoring) offer a wealth of useful information to the
manager contemplating a supplementation project. However, because of the
magnitude of the printed material and some overlap and inconsistencies in the
presentation of similar ideas, the prudent manager may find it difficult to interpret and
reduce the mass of information to a consistent set of ideas and guidelines from which
to develop his or her program. In the next year RASP will attempt to integrate the new
information into the framework presented in this report in such a way that the
manager will have a useful planning, evaluation and decision making tool.
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2. APPROACH

Supplementation is one of many tools embedded in the complex scientific, social, and
economic matrix of fisheries management in the Columbia Basin. It is difficult at best
to extract one of those tools from the management matrix, examine and evaluate it,
describe its risks and benefits, uncover the technical uncertainties that limit success,
and recommend an adaptive research and management course.

An assessment of supplementation offers special challenges because of the variety
of implementation strategies available to the manager and the diversity of
management’ objectives consistent with supplementation. For example, a target
stream may be supplemented with ad’ults, eggs, fry or smolts. Broodstock may be
drawn from the local population, from adjacent or distant stocks if the. local stock has
been extirpated, or from a combination of local and distant stocks in a special
breeding program. Objectives may include the recovery of an endangered stock, the
conservation of a unique genetic trait, or the attainment of full production potential
in a subbasin.

Supplementation encompasses enough diversity that internal consistency among the
various objectives of RASP could not be left to ch&&. RASP developed several
unifying themes. The central themes used by RASP and incorporated into this report
are: changing management paradigm, definition of suppfementation,  currency of
supplementation objectives, ‘classification, and ecological dimensions.

CHANGING MANAGEMENT PARADIGM

Supplementation is controversial. Managers disagree as to what supplementation -is,
whether it has been successful in the past,‘and whether it can‘be-impfemented  in the
present without inflicting further damage to depleted natural production in the basin.
To a’ large degree, RASP is a product of this controversy.

.

We believe the disagreements pker’kupplementation  reflect the tensions qf a shifting
management paradigm in the Columbia Basin.  The.shift  is, in part,, a’recognition  of the
impact of traditional hatchery practiceS  dn natural production ‘and the groking
appreciation for the value of the genetic resources of the extant salmon populations
in the basin.

.
VI

We believe much of the controversy surrounding supplementation could be resolved
if the broader management context were understood and if energy expended in
conflict were directed toward the huge technical challenges presented by the shifting
m a n a g e m e n t  p a r a d i g m .
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Past practices have failed to produce the desired results and have, instead, created
unanticipated problems. The challenge of finding effective ways to meet objectives
is big. Clearly RASP has an educational, as well as a technical, role in the
supplementation issue. Our approach has been to address the technical issues while
acknowledging their context in a changing management framework in the Columbia
River Basin.

DEFINITION OF SUPPLEMENTATION

The need for a clear definition of supplementation was recognized early in the
development of RASP, and a definition was assigned as one of the, first objectives of
RASP. Historically, supplementation has been defined in vague terms which has, in
part, led to different interpretations of the past record as discussed in the
Introduction. Several different definitions of supplementation are in use today (see
Table 1.2).

All definitions recognize the goal of increasing or rebuilding wild/natural production
through the use of artificially propagated fish. However, those definitions, framed in
narrow production terms, fail to recognize that supplementation attempts the more
complex task of integrating natural and artificial production systems.

The definition developed by RASP recognizes the broader management context of
supplementation, specifically an increase in natural production, the. maintenance of
long-term fitness of the supp!emented  stock, and a limitation on the impacts on
nontarget stocks. These concepts are discussed in Chapter 3 and are incorporated into
the model. * .

CURRENCY OF SUPPLEMENTATION OBJECTIVES

Historically, objectives for target populations were expressed in terms of the number
of fish returning to the subbasin  or contributing to the fishery. To be consistent with
the changing management framework described.above, those historicalmeasures of
success or evaluation currency must be expanded to inclu:&  &indices oft the genetic
composition and performance of the returning fish.

An important feature of the conceptual model is the identification of fo.ur  types. or
classes of fish which are subsequently used in the spreadsheet model’to track the
genetic composition and relative fitness of a stock: first generation hatchery fish (Ta),
a fish with two hatchery parents (T,), a fjsh with one hatchery and one wild parent
(T,), and a wild fish or a fish whose fitness is equated to a wild fish (T,,)  . These
types, their notations and their definitions are used throughout this report to-set
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objectives, to track benefits and risks in the supplementation model and in the
description of uncertainties.

CLASSIFICATION

The 63 ongoing and currently proposed supplementation projects (see Table 5.1) in
the basin are classified by three features: target stock characteristics, receiving
stream characteristics, and supplementation strategy.

RASP has used the patient/treatment analogy to explain the relevance of these
classification strata.

The stock and stream characteristics describe the condition of the patient needing
help through supplementation. Supplementation strategies are the possible treatments
available to the manager to effect a cure. Since the purpose of supplementation is to
integrate natural and artificial production systems, the status of the target stock and
the condition of its habitat (condition of the patient) are crucial to the selection of
appropriate strategies. Related questions are: When is supplementation the right
prescription? For ESA conditions? What is the appropriate supplementation treatment
and dosage?

Classification enables RASP to identify clusters of projects sharing similar
patient/treatment characteristics. The clusters of similar projects will be used to
evaluate output from the supplementation model. For example, in developing the
global research design it is important to know if projects falling together in the
classification scheme respond in a similar manner to similar supplementation
strategies.

Classification, combined with the supplementation model, will be used to rank critical
uncertainties and set priorities in the global research design. Uncertainties associated
with a large cluster of similar supplementation projects may receive a higher research
priority than uncertainties associated with a single project.

ECOLOGICAL DIMENSIONS

In order to deal effectively with the biological reality of past extinctions and present
stock depletions, and the conflict generated when artificial and natural production
systems are proposed for integration, supplementation planning must be based on an
analysis of the relationship between the propagated fish and the targeted population
and its habitat. Whatever form this analysis takes - conceptual model, computer

RASP Report/September 199 1 2.3



simulation, or simple strategic plen - the resulting supplementation objectives must
consider all the major ecological dimensions within which the program must operate.

RASP has identified four dimensions important to supplementation: post-release
survival, reoroductive  success, lona  term fitness, and pcoloaical  intes@ong  (see
Chapter 4). Managers are free to establish their specific objectives and express
tradeoffs among the dimensions as value judgments. However, the objectives of each
supplementation program must incorporate all the ecological dimensions with
sufficient detail and specificity to permit meaningful evaluation and determination of
risks and benefits.
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3. DEFINITION OF SUPPLEMENTATION

RASP recognized the need for a clear working definition of supplementation to guide
its work. This chapter presents that definition and discusses its implications.

The definition limits supplementation to the explicit intention of maintaining or
increasing natural production by means of artificial propagation. It is also clear,
however, that inadvertent supplementation - the unplanned addition of hatchery-
reared individuals to naturally reproducing populations - occurs every time surplus
adults from a hatchery program survive to spawn in the wild. This type of ‘incidental
supplementation”, which comprises the bulk of’the  examples cited in the Miller report
(Miller, 1990), has almost certainly been more frequent than the “planned
supplementation” which is the focus of this report. While inadvertent supplementation
is not addressed directly, the proposed framework for setting and evaluating
objectives and the model described in a later section could be adapted to all forms of
artificial enhancement.

DEFINITION

SuDdementation Is.. c

Supplementation refers to strategies for increasing natural production by taking fish
into a protected artificial environment and then releasing them, or their progeny; into
streams where they are later expected to reproduce naturally.
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The four goals shared by all supplementation programs are as follows:

l use of artificial spawning and/or rearing conditions to bypass “survival
bottlenecks” and increase survival above expected natural rates

l increasing natural production or maintaining production in the face of
anticipated declines

0 long term preservation of the fitness and fundamental genetic integrity
of target populations

l limitation of ecological and genetic impacts on both target and non-target
populations

None of these elements is unique to supplementation. For example, traditional
hatchery production for harvest augmentation may employ similar artificial means, and
habitat improvement is usually intended to improve natural production. The unique
feature of supplementation is the assumption that artificial propagation can be used
to improve the production of naturally-spawning populations without adverse genetic
or ecological effects.

Ecological and genetic impacts on natural populations resulting from supplementation
are explicit concerns. At a minimum, supplementation programs are designed to
conserve the genetic identity and variability of the target population and to hold the
competitive and predatory impacts on other populations,within  prescribed limits. A
genetic monitoring~program  and contingency plans for dealing with genetic problems
are also highly recommended.

As defined here, supplementation encompasses a wide range of manggement
objectives -the supplementation continuum - ranging from reestablishment df natural
production in vacant habitat to generation of vario,us levels of surplus production for
harvest and other uses.

Supplementation may employ one or more of many different strategies. For example,
fish may be removed from and subsequently returned to the nat~r,~l..anviConrn~~~  at
different times and lifestages; programs may be temporary or’ long term; and
implementation may be constant .(annual)  or intermittent. The optimal combination.of
supplementation strategies depends upon production  and utilization, ,crbje<@es,
constraints and opportunities of reci&nt streams and target populations, an*dyh$  risks
and uncertainties entailed by limited’knowledge.
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Suoolementation  Is Not.. .

Supplementation is most clearly differentiated from conventional hatchery programs
by the respective goals each sets for using adult production. The typical goal of the
conventional hatchery is to maximize adult production for harvest while assuring the
collection of adequate broodstock. The minimization of adverse impacts of surplus
hatchery spawners on natural production is at most a condition on the primary
mission.

The ideal conventional hatchery would be located in an area devoid of natural
production; surplus spawners could, in this instance, be regarded simply
“economically,” as a reduction of net benefits to be corrected by adjustments in
harvest or production programming. The complications of genetic and ecological
interactions between hatchery and natural fish would be precluded, and the manager
could safely implement a hatchery-oriented breeding program to select for traits most
suited to hatchery survival and fisheries contribution.

Most Columbia Basin hatcheries are, however, located in areas with natural
production; and most have, intentionally or unintentionally, imposed selective
pressures on hatchery and natural populations. The relatively recent recognition that
the ecological and genetic consequences of hatchery fish spawning with natural fish
might include a depression of natural production has raised concerns over the
unintended effects and has lead to a number of measures intended to produce
hatchery-reared fish as similar as possible to natural fish and/or to isolate the hatchery
genetically. The difficulty of ensuring hatchery/natural genetic compatibility in
traditional production programs and the absolute priority placed on harvest
augmentation most distinguish conventional hatcheries from supplementation
programs.

Supplementation is differentiated from other artificial attempts to increase natural
production by the required elements of artificial spawning or rearing. We have defined
“artificial” as “the substitution of human activity occurring in a man-made
.environment for voluntary behavior by fish in a natural stream.” Accordingly, neither
riparian restoration nor installation of instream structures intended to improve habitat
would be considered supplementation because neither involves artificial spawning or
rearing. Similarly, construction of spawning channels is not supplementation so long
as fish spawn there voluntari.y;  a spawning channel would, however, represent
supplementation when fish are transported to the channel for spawning. The
‘outplanting” of artificially fertilized eggs in low-tech egg boxes or man-made ‘redds”
would, for example, also fit the RASP definition of supplementation.
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4. OBJECTIVES AND EVALUATION

Supplementation, as a means of implementing the new paradigm of sustainable
natural production, is a relatively new and untested mode of operation. It requires
ongoing evaluation to identify and correct problems in its application. This chapter
identifies broad objectives of supplementation, general strategies for accomplishing
them, and a proposed method of evaluation based on specific goals.

In order to deal effectively with the biological and legal reality of past and threatened
extinctions, and the conflicts between hatchery practices and the preservation of
natural production, supplementation planning must be based on an analysis of all
dimensions of the relationship between the targeted population and its physical and
biological environment. In the final analysis, planning and implementation must
become more sophisticated because ‘simplef  approaches have failed to provide
expected benefits even as they caused unanticipated problems.

OBJECTIVES

Four objectives of supplementation programs were identified by the Scientific Review
Group (letter from SRG to IPP Coordinator, November 13, 1990):

l conservation
l introduction/restoration
l rearing augmentation
l harvest augmentation

The latter, harvest augmentation, would not be considered supplementation within the
RASP definition because it does not necessarily include an increase in natural
production. However, when an increase in or maintenance of natural production is a
concurrent requirement for success, the project would be considered supplementation.
As defined by Miller (1990),  harvest augmentation is, ‘the stocking of anadromous
fish where the primary purpose is to return adults ‘for sport, commercia&  or tribal
harvest,” and is thus fundamentally an option forconlientional  hatcheries/’ .

r
Conservation may be defined as the use’bf artificially  propagated fish to increase the
abundance of a wild/natural population depr%sed to oriticai!levela  by overharvest,
habitat degradation, or other factors. Artificially propagated fish are released, in an
attempt to “push” the population above minimum viable levels, and to maintain or
increase genetic variability in order to promote -long term fitness (Fisher, 1958):
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Introduction/restor&&n  is the-use of eMicial~y propagated fish to establish a stock
in an area where that species was not native (introduction) or to re-establish a species
in an area from which it has been extirpated (restoration). The purpose of both
introduction and restoration is to achieve naturally-spawning populations which
maintain themselves above minimum viable levels. Genetic character per se is
irrelevant so long as the populations become self-sustaining and retian adequate
genetic variability.

Rearing augmentation attempts to increase natural production in existing wild/natural
populations by planting artificially propagated fish in rearing habitat that is chronically
underutilized.

These qualitative objectives are useful in discriminating projects at a gross level. They
do not, however, provide measurable benchmarks for evaluation of individual projects.
Each qualitatively distinct type of supplementation program must be analyzed as
rigorously and compreh+sively  as possible, and specific, quantitative objectlves must
be established for all population responses of concern.

POPULATION RESPONSES

RASP has identified four .population  responses or “dimensions” whereby
supplementation objectives should be stated and evaluated. For each of these
measurable response variables must be identified in order evaluate success:

l post release survival
0 reproductive success
l long-term fitness
l ecological interactions

Post-release Survival

Post release survival focuses on the,absolute  and relative survival of hatchery-reared
fish from the time of release to the time adults return to the subbasin  or are harvested
in a fishery. All environmental conditions and experimental treatments that impact
survival are considered. Survival rates preceding the outmigrant smolt stage are also
included in the case of supplementation programs utilizing eggs, fry, Parr,  or
pre-smolts. i

Post-release survival objectives may be affected by:

0 survival of hatchery-reared fish
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l relative survival of different treatment groups of hatchery-reared fish;

l temporal/spatial distribution of mortality.

Where significant effects of supplementat.ion  on post-release survival are
hypothesized, intermediate response variables should be defined. These intermediate
survival rates should be defined over observable intervals and should have a clear
relationship to the critical uncertainties and experimental hypotheses of an individual
project. Such measures should be defined to provide information on the actual
mechanisms of a particular strategy as well as indications of performance.

Examples of such variables are in-basin (‘smelt to smelt”) survival or smolt survival
between monitoring locations in the subbasin  and mainstem Columbia River.

Peoroductive Success

Reproductive success focuses on how well supplementation fish reproduce in the
natural environment. Reproductive success spans only a single generation, whereas
long-term fitness measures stock productivity over multiple generations. Broadly
defined as the number of offspring produced per spawner, reproductive success may
be measured at several life history stages, and considers ail events and behavior that
impact parent/progeny ratios. Comparisons of reproductive success between hatchery
and natural fish (during pre-spawning and spawning) and among offspring of their
subsequent matings (during incubation, juvenile rearing, and smelt-to-adult) allow
inferences to be made regarding critical periods and influences experienced ‘by
supplementation fish. These comparisons also aid determination of what influence
genetic factors may have on reproductive success.

Reproductive success may be affected by supplementation. treatments in several
ways. Potential effects include changes in:.

* fecundity resulting from differential maturation rates acting through sex,
age, and size composition

a pre-spawning mortality resulting from effects of adult run size on holding
and pre-spawning densities

l spawning distribution and effectiveness including homing .and
distribution, mate acquisition and redd digging capability, spawning
timing, and egg retention
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l offspring survival and production including survival rates (egg-to-fry, fry-
to-presmolt and presmoit-to-smolt and recruit per spawner ratios for
hatchery-reared and natural fish of various hatchery/wild pedigrees.

Where supplementation strategies are expected to affect reproductive strategies,
specific hypotheses and response variables should be identified to permit evaluation
of the effects.

Lona Term Fitness

Long term fitness is defined as ‘the adaptive capability of a population to persist in
the face of environmental variability while undergoing natural genetic change”.
Ultimately, long-term fitness is demonstrated by the simple fact that a population has
maintained itself over a long period of time.

In the context of a supplementation program, long-term fitness must be addressed
through genetic considerations. These include:

l identification of genetically distinct subgroups within the targeted
population, and the determination of the status or “seeding” of
substocks

l assessment of genetic risks, at the substock  level

l definition of fitness in terms of morphology, behavior and physiology,
and specification of impacts of supplementation on fitness components

0 development of procedures to monitor and evaluate variability and
change of genetic frequencies within substocks

l development of supplementation strategies and artificial production
protocols to ensure that genetic safeguards are adequately addressed
(e.g., broodstock collection procedures, mating strategies, etc.).

Strategies should be developed to protect long-term fitness, and related hypotheses
should be defined to detect genetic effects.

Ecoloaical  Interaction3

Ecological interactions
non-target populations
subbasin.

refer to effects. of supplementation on both target and
and on the environment. The focus is on the targeted
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Optimal design of supplementation strategies should consider the physical habitat’s
spawning, summer rearing, and over wintering capacity. Seasonal movement patterns
within the subbasin are also important in identifying optimal release times and
locations.

One of the most important biotic effects is the impact of a successful supplementation
program on non-target species or races. Although it is a generally accepted ecological
principle that total production of a number of species produced sympatricaliy will be
greater than the ailopatric production of any single species, it is also true that a
dramatic increase in one, formerly depressed, component of a community will be
associated with some decrease in the other components (Ricklefs, 1973).

The inter- and intra-specific trade-offs implicit in any supplementation program must
be made explicit, and strategies should be developed to meet defined objectives for
protection of non-target species.

The RASP spreadsheet model can be adapted to estimate impacts on nontarget
species. Based on assumed multi-species carrying capacity and an estimate of niche
overlap, an estimate of non-competitive impacts on the survival of the nontarget
species by life stage and, in some cases, an estimate of gene flow into the nontarget
population and resultant decreases in fitness, the spreadsheet could be modified to
assess equilibrium population numbers for the nontarget species.

Another important biotic issue focuses on adverse predatory and competitive impacts
on the targeted population. Supplementation programs should incorporate release
sites, times and practices designed to circumvent adverse competit,ive and predatory
impacts. Perhaps an even larger issue is whether or not the targeted population
currently exists within a “lower stability region” or ‘predator trap,” and if so, whether
contemplated releases will be large enough to move the population into a higher
stability region. Peterman  (1977) sugge$ted that depensatory mortality could lead to .-
the establishment of two separate equilibrium populations: a small population within
a lower stability region demarcated on its upper end by depensatory mortality in
excess of density-dependant mortality; and a larger population in an upper stability
region in which abundance causes depensatory mortality to be much smaller than
density-dependant mortality.

Planners are well advised to examine historical escapement records for evidence of
multiple stability regions. If the evidence indicates the population is so depressed that
depensatory mortality might be “trapping” it in a lower stability region, planners
should consider either making the program large enough to “swamp” competitors and
predators, or providing for reduced predation and competition.

Species issues related to physical habitat include:
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l factors limiting production, including identification of critical or unique
seasonal patterns of habitat use by specific life history stages

0 species-specific carrying capacities in mainstem  reaches and tributaries

0 changes in habitat parameters including: fish passage at facilities,
screening, flows, water quality, and logging operations and plans

Issues related to impacts on nontarget species include: j

0 competitive and genetic interactions between resident (pre-existing) and
anadromous trout (supplemented)

0 interactions between pre-existing resident trout and other anadromous
species

0 interactions among anadromous salmonids themselves (supplemented
and natural), e.g., competition, predation, ‘“pied-piper” effects,. and
residualism.

Issues related to impacts of other species on target species include:

0 specific times and places associated with large losses of outplanted fish
and development of compensatory release strategies

0 multiple stability regions caused by depensatory mortality and
development of plans intended to move the population into the higher
stability region.

?a
Strategies should be developed to meet specific management objectives defined for
environmental interactions.

EVALUATION
:.

Evaluation of supplementation is necessary to test hypotheses and develop successful
strategies and protocols. It is also necessary to detect unintended results of
supplementation.

To quote Danny Lee (Lee, 1991), “In contrast to planning, program evaluationfocuses
on determining the impact that a single management strategy has had on a fish
population. The primary analytical challenge here is to separate the effect of the
implemented strategy from the effect of random environmental variations.” Given the
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magnitude of environmental variation, this “primary challenge” is formidable:
determining whether objectives expressed wholly in terms of adult returns are
achievable by a particular strategy can take many years. This fact highlights the
importance of designing studies in which environmental variability is tightly controlled
to increase experimental power (Section 8 discusses this issue in detail). It also
suggests that experimental designs should include sub-hypotheses expressed in terms
of “intermediary response variables,” or “surrogate variables,” which can be tested
more easily.

The potential benefits and risks associated with a particular project are dependent on
the objectives of the project. Thus the same hypothetical outcome would be evaluated
as a success for one project and a failure for another.

Currencv  of SuDdementation

Objectives for target populations can be expressed in terms of the number of fish
returning to the subbasin  or the fishery over time and the “type” (in the special sense -
defined in Section 2) of these fish. The relative number of fish of different types and
the total number of fish of all types, as well as time trends and fluctuations in
type-specific and total returns, represent the currency for assessing supplementation
at the target population level.

To reiterate the definition presented in in Section 2, “type” refers to the rearing
history and ancestry (wild or hatchery) of an individual fish in the supplemented
population. In this context, “wild” (Type 0) denotes either a fish having no
hatchery-reared ancestors, or one in which hatchery parents have been succeeded by
a sufficient number of natural generations to have become equivalent to aboriginal
wild fish in fitness.

Genetic success is demonstrated by the observation of an increase in total production
of fish of all types which is maintained indefinitely (over a large number of
generations). Except for introduction or restoration projects, all successful
supplementation projects will also be identified by the persistence of a significant
proportion of “wild” types in the equilibrium population.

To facilitate discussion of goals and evaluation, it will be useful to review several
terms representing four fundamental types:

l wild fish, in the special sense described above (denoted as T,)

0 first generation hatchery-reared fish (denoted T3)
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0 fish with one or two hatchery parents (denoted T, and N,, respectively).

The use of just these four types, when combined with variable “genetic recovery
rates” - the number of natural generations required for the progeny of a T, fish to
become T, - allows for a considerable degree of sophistication and genetic realism.

Settina Goals

Prescriptions, rules, or norms do not apply to the setting of objectives for
supplementation programs, with the exception that steps must be taken to preserve
the long-term fitness of the target population.

Trade-offs implied by a desired set of.outcomes  in the areas of post release survival,
ecological interactions and, to a degree, reproductive success,, represent value
judgments. Conditioned by existing State and Federal laws (such as the Endangered
Species Act), objectives are set at the discretion of local managers and their
constituents. However, an effective supplementation program could conceivably
represent a large scale ecological change. Such large scale changes in an ecosystem
always have side effects, both on target and nontarget populations. The long-term,
ecological perspective needed in a system as intricately interconnected as the
Columbia Basin requires that side effects and trade-offs be explicitly considered in the
design, implementation and evaluation of supplementation programs.

The requirement to preserve long-term fitness generally implies maintenance of
genetic identity, variability, and pre-supplementation rates of genetic change. The
most basic aspect of preserving long-term fitness is that the population not go extinct.
Unfortunately, all too many populations in the Columbia Basin are so numerically
depressed and/or genetically compromised that preserving the population may entail
counter-intuitive actions. It may, for instance, be necessary implement an outbreeding
program (with a stock from a similar type of habitat) to increase genetic variability in
a critically depressed stock which might otherwise be eliminated by one or two
atypical seasons. But, however justified and implemented, supplementation programs
must attempt to ensure the long term fitness of the targeted population.

The following hypothetical program is discussed to illustrate setting goals. For
heuristic reasons, the goals are described in terms of types (the ToJ.;.,T3  “currency”
described above). While recognizing that it may current/y be impossible to monitor all
types in all areas, there is nevertheless considerable value using the concept in
planning and, especially, in modeling. By assigning all pedigrees “below” T, fractional
relative decrements in fitness (T, has a dimentionless fitness of 1 .O by definition), and
varying the rate (and the possibility) of regaining T, status, considerable realism and
flexibility can be injected into the planning process.
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Consider an upper basin summer steelhead population which is essentially wild (has
never been supplemented) and is currently depressed. Some of the conditions that
caused the initial depression have been eliminated (e.g., a tributary dam has been
removed), and improvements in others (passage at mainstem dams) can be
anticipated. Spawning and rearing habitat in the subbasin  is excellent in quality and
currently is utilized primarily by a large population of rainbow trout which supports a
fishery of some intensity.

In good years, abundance is maintained, but managers fear that three or four bad
years in succession could result in critical depression or extinction. The managers’
fundamental objective is to use supplementation to increase the abundance of the
population rapidly and substantially, and to preserve as much as possible of the native
gene pool. Secondarily, the managers would Ilke to re-establlsh+a  terminal steelhead
fishery, which has been closed for B number of years. The managers determine to
accomplish these general objectives by sustained smolt supplementation utilizing local
broodstock. Within this context, they might set the following specific goals:

Post release survival. The managers wish to double spawning escapement by the third
generation of supplementation:

They also have set the objective that this escapement will be maintained in the face
of a terminal fishery that harvests anaverage of 20% of the returns; therefore, they
have set the objective that escapement to the subbasin  should be 2.5 times the
current average. Through modeling, it has been estimated that, given the number of
smolts that can be produced, this can only be accomplished if the smolt-to-adult
survival of supplementation fish is at least 50% of the wild rate.

Reoroductive  success. Model runs indicate that targeted production increases cannot .
be maintained unless egg-to-smolt survival of T, and T, fish is, respectively, 80 and
90 percent of the wild rate:

Equally necessary, on the basis of model runs, is the preservation of the pre-
supplemented age distribution and mean fecundity in T3 fish:

Draft RASP Report/August 1991 4.9



An additional management objective is that the “homing fidelity” of T3 fish be at least
9Ooh of the To rate, and that T,‘s and T,‘s home at rates ‘equivalent to wild fish.

bona term fitness. Managers have determined that the probability of the population
becoming extinct in the next 100 years should be less than 5 percent. In ad,dition,  the
number of hatchery fish (NJ should never exceed the sum of Nz’s,  N,‘s, and N,‘s. It
is assumed that after two natural generations, T, fish become equally fit as wild fish
(T,,‘s).

Ecological interactions. Managers decide to accept a 50% reduction in abundance of
rainbow trout by the third generation, if necessary, but determine to implement
acclimation and release strategies that might reduce this impact.

Strategy Selection

The use of some type of model is essential to determining the optimal strategy to
accomplish a set of goals for a particular stock and stream - for a particular “system”.
“Model,” as used here, does not necessarily mean an integrated life cycle computer
simulation, or the specific spreadsheet model developed by RASP. Rather, a model
is an interrelated set of quantitative relationships and parameters that summarizes the
best existing understanding of production for a specific system. It is the taskof  the
planner to use the most appropriate model for the system of interest to determine
which combination of actions - which strategy - has the greatest probability of
producing the desired results:

Pr{ Obji,...,Obj, 1 Stockx,Streamy,Strategyz}

This represents the conditional probability of meeting objectives i through k given
stock x, stream y, and strategy z. We cast supplementation planning in this light to
emphasize that the outcome of a particular strategy depends on the system. This
dependency, in turn, emphasizes the need for an integrated, empirically based model.
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5. CLASSIFICATION OF STOCKS,  STREAMS,
AND STRATEklEk

Classification of supplementation projects is being undertaken to identify similar
projects. This is expected to result in the clustering of related projects so that
inferences about strategies and responses can be matie across clusters. It wilt also
help identify where additional monitoring and evaluation is needed and where
unnecessary duplication can be avoided.

NATURE AND PURPOSE OF CLASSIFICATION

Initially, the most important way to classify projects is in terms of similarities among
their various critical uncertainties. As is evident from the schematic representation of
thl? RASP process in Fig. 1.1, the identification of critical uncertainties Is pivotal In the
development a global design for supplementation research. Therefore, all project-
specific critical uncertainties must first be established. Then, it can be anticipated
that one or more techniques of cluster analysis will be employed to identify groups of
projects related by all of their major testable assumptions.

Although the general technique of extracting the critical uncertainties implicit in any
project have been developed in a general way (see Section 7), the technique has not
yet been refined, nor has all of the required information been colle&d  and collated.
In particular, information on specific objectives, (expressed in’ terms of the four
ecological dimensions previously discussed) and monitoring and evaluation programs
is needed for all projects. Definitive classification will not begin until all pertinent data
is in hand.

Note that this “primary” classification scheme is based on the relationship between
the “system” (the targeted stock and stream), the specific objectives of the project,
and the strategies chosen to accomplish the objectives. The ad hoc classification
therefore reflects social values through objectives and scientific judgement through
the strategy. It is necessary to determine clusters of projects related in this way if the
existing “universe” of supplementation is to be described and an efficient global
design developed. However, to show affinities between groups of stocks and streams
in the universe of potential supplementation projects -- the universe containing all
possible combinations of objectives and strategies -- a very different classification
scheme is required. With one important caveat, this scheme must focus,on  the critical
attributes of the system alone. These attributes will be “critical” in the sense that
they determine the response of the system to supplementation strategies. Importantly,
these attributes must also be conditioned on a’ particular strategy. This must be SO
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because the attributes of systems interact with strategies; for example, the attributes
that determine the response to a program based on smolt releases will almost certainly
differ from the attributes that determine the response to a program based on fry.
Strategy-specific classification of systems might be based on systematic spread-sheet
modeling of combinations of systems and “standard” strategies. Clusters of systems
that respond in similar ways to all combinations of strategies could then be grouped
together as “functional equivelents”. Implementation of this scheme awaits refinement
of the spread-sheet model and the definition of standard treatments.

ONGOING AND PLANNED SUPPLEMENTATION PROJEkTS

Ongoing and planned supplementation projects in Washington, Jdaho and Oregon qre
summarized in Table 5.1. All of these projects, to a greater or lesser degree, fit the
definition of supplementation proposed earlier. It is important to note that a number
of ongoing outplanting programs were excluded from the list because they are
intended primari/y to augment harvest, not natural production. Many of these harvest
augmentation programs are to be replaced with “true” supplementation projects; in
such instances, only the planned project was analyzed.

The distribution by species among the 63 projects in the tri-state area is as follows:
l spring chinook - 42
l summer steelhead - 7
* summer chinook - 7
l fall chinook - 4
+ sockeye - 2
l winter steelhead - 1

At this time we have incomplete data on 21 of the projects’, but we expect to
complete them soon.

’ All eight of the Rock Island, the four Douglas Co. PUD projects, spring chinook
projects on Asotin Creek and the Tucannon River, and the Snake River fall chinook
program.
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Table 5.1. Ongoing and planned supplementation proje‘cts.

Alturr Lk. cr. shlrnon R., ID spring CHi
Eaet Fork Sdman Ft.. IO SpfinfJ  Chiiook
Emt Fork Sdmar~ FL, lD Spring Chinook
Uppr South Fork Sdmon R.. ID Spring Chinook
Upper South Fork Salmon R.. ID Spring Chinook
W.Fork  Ymkea Fork Sdmon  R., ID Spring Chinook
W.Fork  Ynkw Fork Sdmon R.. ID Spring Chino&
Pahdmeroi R. Salmon  R., ID Su- Chinook
Pdmiioi R. Salmon  R.. ID Sumrrmr Chinook
Claw Cr. MF Cl-atar,lD Spring Chinook
Rad R. SF Claarwatar,  lD Sprii Chinook
Rad R. SF Claarwuar.  ID Spring Chinook
Amubm R. SF Claarwer. lD Spring Chinook
Crookad R. SF Cbarwatar, ID spring aliioak
Papooaa Cr. Lochaa R.. ID spring Chiiook
Pat. King  Cr. Loohaa R., ID SpthJChilWk
Squaw Cr. Lochaa R.. 10 spring Chiiook
White !hnd Cr. Lodma R.. ID Sprint Chinook
Sig AU Cr. Lodua R., lD Spring Chinook
Crooked Fork Lochsa R.. ID Spring Chinook
L&i R. Salmon.  R., ID Spring Chinook
Lemhi R. Salmon R.. ID spring Chiiook
Lanhi R. Salmon R., ID spring Chimook
Slate Cr. Cl-ata R.. ID Spring Chinook
Eldorado Cr. Claarwatar  R.. ID Spring Chinook
Lolo Cr. Clearwater  R.. IO Spring Chinook
Yooaa  Cr. Claarwatar  RJD Spring Chinook
Nawsoma Cr. Clauwatu R.. ID Spring Chinook
Maadow Cr. Clematar R.. ID spring Chii0ok
Mill Cr. Cl-tier R., ID spring chiiook
Claarwatr R., ID Fdl Chinook
lmnaha R., OR spring chinook
Hood R., OR Wmtar Stealhad
Hood R., OR Spring Chinook
Hoad R.. OR
Umatillo R., OR
Umatilla R.. OR
Umntilla R., OR
CUhuinr Gr, GrAnda R., OR
Lookinglrr  Cr. Gr.Ronde R., OR
Lo&a R. Gr.wa R.. OR
Litda Slmp Cr. km&a R.. OR
Upper Yakima R., WA
Nachr R. Yakima R.. WA
Upper Yakima R., WA
Nachallowu  Ydtima Yak.R..  WA
Lowar Yakima R.. WA
Klickitat  R., WA
Klickita R.. WA
Tucannon  R.. WA
Aeotin Cr. Snake R., WA
Snaka R., WA
Chiwawa R. Wenatchaa  R.. WA
Wenatchaa R., WA
Wanatchea R., WA
Wutatchae R.. WA
Mathow  R., WA
Similkam~ Ft., WA
Methow  R.. WA
Chawuk R. Wenatchaa  R., WA
Twbp R. Mathow R.. WA

ISSFimt Gummtlon Plumd
ISS-Saoand  Ganuation
lSS+ii Ganaration
lss43acmcl  Gmaratlon
~~lsalwhM
ISS-Sacond  Gaarulm
lss-First  Ganwatlon
ISSSacond  Guwatlon
lSSF& Ganwat&n
ISS-Sacond  Ganuation
ISS
ISS-Fimt Gu~uation
ISS-Sacond Gwmratlon
lss
lss
lss
lss
lss
lss
lss
lss
ISSSmolt Program
lSS-Parr Program
ISS-SmolUParr Progrvn
Naz Parca Tribd Progrm
Naz Paroe Trii Program
Naz Perca Tribd Program
Naz Perco Tribd Progrwn
Naz Pwca Tribd Progrwn
Nu Pareo Tribd Program’
Nu Parca Tribal Program
Nez Psrca Tribal Program
ODFW
ODFW
ODFW

Summer Stadhead A-run ODFW
Summer Stedhaad A-runODFWNmatilla Tribe
Sprirtg  Chinook ODFWAhnatilla  Triba
Fdl Chinook ODFWlurvutiWa Triba
Spring Chinook ODFW
Spring Chinook ODFW
Spring Chinook ODFW
M Stadhud A-runODFW
SphgChhOOk YW Project IVKFP)
spring chinook YKFP
Summer Stdhaad A-runYKFP
Su- Staaihaad ArunYKFP
Fdl Chinook YKFP
Spring Chinook YKFP
Summer Stadhaad A-runYKFP
Spring Chinook WDF
Spring Chinook WDF
Fdl Chinook WDF
Spring Chinook Rock bland Rocutiflcation
Su- Chinook Rock bl4 Recwtification
Sodceya Rock bland Racartifiwtion
Summar Staalhaad A-runRodc bland Muir
sunlmar chinook Rock bhd Rwaeifdan
.su- chinook Rock bluui RecertifiutMII
Spring Chinook Dauglw Co. PUD
sprin(l chinook Douglas Co., PUD
spring chklook Douglr  Co., WD

Okanogan  R.. WA S-W- DauIa Co.. PUD Plumad

OWoino
Plannad
OWoino
OnOoino
Wloino
OnOoina
WI*
Plumad
Pluund
flmnad
Onaoina
Plalnad
Plmnad
flqmd
Plann~
Plmnad :
Plannad
Plmnad
Plmnad
Plmnad
Plmnad
Onobino
OWoina
o”(l”l”o

22
oll@oiwJ
Planned
Plvrnad
Plumed

Phnnad
Plannd
Phnnod
Plannad
Plannad
Plmnd
Plumad
Plmnbd
Plannd
Plannod
Plumd
Plulnd
mulnad
Plmnad
mannad

Plmnad
Plannad
Plannad
Planned
Plannad
Plannd
Plumad
Plannad
Plmnad
Planad
Planned
Plulnad
Pbnwd
Plmnad

YI
YtU
YW
YW
Ya
Ya
YOa
Ya
Yam
Ya
Ya
Ya
Ya
Ya
YW
YU
Na
No
No
No
No
No
No
No
NO
No
No
No

Ym
Ya
Ya
YO8
YW
YOO
YU
YOB
YW
Ym
Ya
Ya
YW
Ya
YU
Ya
Ya
Ya
Ya
YU
Ya
Ya
Ya
No
No
No
No
No
No
No
No
YW
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DESCRlPTlON OF SUPPLEMENTATION PROJECTS L-.

A computer program was developed to gather information on existing and ‘planned
supplementation projects. Copies of the program were distributed to’ project leaders
for data collection. The questionnaire and computer program are available upon
request. In addition to the data provided by the questionnaire, data collected  in the
System Planning Process was used to develop a classification system for stocks,
streams and strategies.

We did not, however, include monitoring and evaluation (M&E) programs p.roposed  by
the various programs in the classification because generic and ,particular critical
uncertainties have not yet been identified. To reiterate, critical .uncertainties  are
testable assumptions or hypotheses that have a largeimpact on the success or failure
of a program. Evaluation programs should, among other things, assess critical
uncertainties. Description of a set of generic critical uncertainties - testable
assumptions critical to the success of nearly all supplementation programs in the Basin
- would provide a basis for a system-wide classification system. We feel it would be
premature to develop a system-wide M&E classification system until generic critical
uncertainties have been described.

Steelhead and sockeye projects were not included in the same classification system
with spring and summer chinook because of major life-cycle differences; and because
the computer simulation model does not yet accommodate these species’ complicated
life histories. Fall chinook were omitted primarily because data for major fall chinook
programs have not yet been received.

We have summarized the existing database by reducing it to 14 categories:- five for
stocks, three for streams, and six for strategies. These categories should be
interpreted simply as an attempt to describe a large number of in@vIdual pfeces  of
data in a few composite categories. Data was lumped together subjectively, on the
basis of an a priori judgement of related effects. The reader is cautioned notto view
these categories as anything more than a descriptive device intended to give a “feel”
for the data; the categories do not represent a classification scheme.

Descriotion of stocks

Stocks were described by five criteria. Each is described below.

Soawner  survival index. This quantitative category represents the estimated
cumulative survival of returning adults as they negotiate the Columbia, pass through
the terminal fishery, and experience pre-spawning mortality. Raw scores for the
spawner survival index were calculated as the product of upstream suyival, (1 -
terminal exploitation) and pre-spawning survival. Cumulative spawner surwval  for the
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stocks surveyed ranged from 26 to 77 percent, with most stocks clustering between
40 and 45 percent.

Figure 5.1 Frequency distribution of adult
survival indices for chinook stocks
targeted by ongoing or planned
supplementation projects.

Smelt  survival index. This is another quantitative category based on System Planning
Model data. Raw scores were calculated as the product of smolt-to-smolt survival and
cumulative survival through the Columbia [to a point below Bonneville Dam).
Cumulative smolt survival for the stocks surveyed ranged from 27.4 to 85.8 percent,
with most stocks clustering in the middle thkd of the range,
percent.

between 33 and 40

igure 5.2 Frequency distribtition o f  srnplt
survival index for chinook sto&s
targeted by ongoing and planned

supplementation projects.
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Jvlean  fecunditv oer adult. Mean fecundity per adult (MFPA)  is intended to quantify the
“inherent reproductive capacity” of the targeted stock. It was assumed that a stock
with a higher proportion of females, and a higher distribution of females in the older,
more fecund age-classes, would have a fundamentally greater reproductive capacity
than a stock with proportionately fewer, younger and less fecund females. The
category was calculated by the following expression:

2 (fraction age-t] (fraction age-i female) (fecundity age-r’)
i

Mean fecundity per adult ranged from 1,617 to 3,805 eggs. Most surveyed stocks
clustered in the middle third of the range, with 1,900 to 2,300 eggs per adult.

Figure 5.3 Frequency distribution of mean
fecundity per adult for chinook
stocks targeted by ongoing and
planned supplementation projects.

General Stock Status. This category integrates a number of features relating to
population stability and numerical abundance. Genetic risk assessment, stock seeding
and population trend were assi,gned  point values ranging from 1 to 3, with higher
values given for higher genetic risk,’ lower,  stock status and declining abundance
trends. The raw score for’“general stock status” was calculated as the sum of the
points. Point assignments are indicated in Table 5.2.
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Table 5.2. Point value assignments for general stock
status.

k of Genetic Drift High Moderate Low
k of Genetic Identity LoraC, High Moderate Low

High Moderate Low
Declining ‘. Stable Increasing
<20% K -M-50% K >50% K

Over all stocks surveyed, raw scores for general status ranged from 11 to 17, with
most stocks clustering in the middle third of the range (between 10 and 14; the eight
extinct populations targ8ted for reintroduction are not included).

:igure 5.4 Frequency distribution of ganersrl.
stock status for ch&+ogk stocks
targeted by ongoing and planned
supplementation projects.

Stock historv. All projects classed either as “native, negligible hatchery impact”;
“native with some hatchery impact”; or “introduced”. Of the stocks surveyed, three
were classed as native with negligible hatchery impact, 17 were classed as native
with appreciable hatchery impact, and six were classed as introduced. Eight “stocks”
are extinct.
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igure 5.5 Frequency distribution of stock
history for chinook populations ”
targeted by ongoing and pla~nad
supplementation projects.

Descrbtion of Streams

Steams were described by three criteria,. as described below.

Qualitative limitina factor. Respondents to the SUPQUEST  questionnaire listed one of
the following as the most important factor limiting natural production from the
standpoint of habitat quality: adult pessage, spawning conditions, incubation
conditions, early rearing; overwinter. teiring,:Ca$l  i&asin  smelt passage. No
respondents listed in-basin smolt passageas  aprrrSr&y  limiting factor, so this item was
dropped. The remaining items tieie  grouped according to bhich of the following
elementary phases of the freshwater fife-cycle were identified: soawninq (adult
passage, spawning’ conditions, incubation conditions); earlv rearinq;  or overwinter
rearinq. Over all streams surveyed, 20 are ,Iimited by spawning-related factors, 10 by
early rearing conditions, and four by winter rearing conditions.
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Figure 5.6 Frequency distribution of qualitative
limiting factors. for spring chinook
stocks tardeted for supplementation.

Productive caoacity. This index was based,,on  the estimated summer smolt carrying
capacity of the targeted drainage as reported in Subbasin  Plans and the SUPQUEST
questionnaire. Of the streams surveyed, six had a carrying capacity of less than
100,000, 25 had a capacity between 100,000 and 1 ,OOO,OOO, and three had a
capacity greater than 1 ,OOO,OOO.

FlgUf8 3.1 wquency atstnowon  01 sur&
smelt carrying capacity for chinook
populations targeted by ongoing and
planned supplementation projects.

?
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Juvenile broductivitv index. We assumed that the “zero-density egg-to-smolt survival
rate” (So), as documented by the SPM, represents an integrated index of all factors
affecting freshwater productivity. The theoretical maximum of S, for spring chinook
populations is estimated as 26%. Of the streams surveyed, S,,  ranged from 6.5 to
26%, with most streams clustering between 16 and 20°h.

Figure 5.8 FreqUenCy diStriDUtiOn  Of IlIming
egg-to-smelt survival rates for
chinook streams targeted by ongoing
or planned supplementation projects.

Descrbtion of Strateaieg

Supplementation strategies were described by six criteria, each of which is described
below.

Life staae . Of the six possible targeted life stages (adults, eggs, fry/Parr,  fall pre-
smolts, continuously reared smolts and paiti@ly  reared smelts) listed in the
SUPQUEST  questionnaire, respondents indicated&&  three - fry/Parr,  pre-smolts and
continuously reared smolts - were to be utilized.. Accordingly, strategies were
classified as using fry/part, pre-smolts or smolts. Of the projects surveyed, 24 use
smolts, five use pre-smolts and five use fry or Parr.

Broodstock Oriain. Responses tc two items on the SUPQUEST  questionnaire indicated
that broodstock will have only three basic origins: “All wild/natural broodstock from
the targeted stream, ” “a mixture of hatchery and wild/natural fish from targeted
stream,” and “all hatchery fish or wild/natural fish from another stream”. As these
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categories also represent fundamental genetic distinctions in the matter of broodstock
selection, they were preserved in the classific,ation.  Of the projects surveyed, six will
obtain broodstock exclusively from wild/natural fish in the targeted stream, 16 will
obtain broodstock from a mixture of wild/natural and hatchery fish in the targeted
stream, and 12 will obtain broodstock exclusively from hatchery fish and/or from
wild/natural fish in an adjacent subbasin. None of the surveyed projects proposes to
use hatchery or wild/natural fish from a distant subbasin.

Artificialitv  of Soawning. This category integrates a number of features relating to the
risk of imposing artificial selection on hatchery-reared fish by the way in which
broodstock are selected, the conditions under which they are held, the number of fish
spawned and the way in which they are spawned, and the duration of the project
(finite or continuous). All of these factors were assigned point values ranging from 1
to 3, with higher values indicating a greater possibility of artificial selection. The raw
score for “artificial selection risk” was calculated as the sum of the points, and has
a possible range of 9 (low selection) to 27 (high selection). Point assignments were _I
as indicated in Table 5.3.

Over all projects surveyed, raw scores for artificial selection risk ranged from 11 to
18, with most projects clustering in the lower third of the range, between 12 and 15.

Table 5.3. Point value assignments for artificial selection risk.

None, or more than 1 male/female One male per female
Stock Number Fewer than 200 200-500 >500
Stock Sedection Not representatively  through run Repraaentativdy through run

Low adult holding  survival High adult holding survival
Broodstock diffara from wild Broodgtock or+ wild equal
Broodstock  differs  from wild Brodd&ock and wild equal

Maturity  (liming) Broodstock  differs  from wild Broodstock  ad w#d egucli
ry Influence on Brood More  than 5 generations of impact 2-5 generations of impact Negli$Ms  impact ,form

%atchery
Continuous Finite
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igure 5.9 Frequency distribution of a measure
of the possibility of artificial selection
during spawning for supplementation
projects targeting chinook salmon.

Rearina Risk. This category integrates a number of features assumed to relate to
the risk of impairing adaptive behavior, undermining health, putting adverse
competitive pressures on wild conspecifics and imposing artificial selection by
rearing practices. The following rearing practices were considered: health
management during incubation and rearing; mixed/separate pond management;
hatching and growth programming; and the degree to which fish are reared under
natural conditions. All of these factors were assigned point values ranging from 0
to 3, with higher values indicating a greater presumptive risk in one or more of the I
four types specified above. The raw score for “rearing risk” was calculated as the
sum of the points. Point assignments were are indicated in Table 5.4.
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Table 5.4 Point value assignmeints  for, rearing risk.

Factor
Incubation health
management

Rearing health management

Pond management

Hatching timing

Grading

Pond loading

3 ooints*

minimal

ooint1 O

extensive

minimal II i + extensive

mixed separate

altered mimics wild

with culling with all saved no grading

higher third of middle third lower third
range

Pond density

Growth programming

higher third of
range

differs from
natural

middle third lower third

mimics
natural

Rearing/release conventionally
reared,
unacclimated
smolts

conventionally acclimated; release
reared, “naturally before smolt
acclimated reared” !md@:
smolts Smelts

Over all projects surveyed, raw scores for rearingAsk ranged from 11 to 21, with
most projects clustering in the middle of the range (between 14 and 21; the 1
possible range of scores is 8 to 27).

*1
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I I
Figure 5.10 Frequency distribution of a measure

of presumptive rearing risk in the
s t r a t e g i e s  e m p l o y e d  b y
supplementation projects targeting
chinook salmon.

Release Risk. This category integrates a number of features relating to the
presumed risks associated with the conditions under which fish are released:
specifically, the risk of exposing hatchery-reared fish to elevated predatory or
environmental mortalities by releasing them before they have recovered from the
stress of transport; risks of hatchery/wild competition and/or predation associated
with releases concentrated in space; and the risk of imposing adverse competitive
or predatory pressures on wild conspecifics (or on hatchery fish themselves) by
releasing hatchery fish that differ from wild fish in size or age.

The following release conditions were considered: on-station vs. target stream
releases at one or a number of points; direct release vs. acclimated release; size at
release mimics wild vs. size at release differs from wild; age at release same.as
wild vs. age at release differs from wild; and release timing coincident with wild
outmigration vs. release timing not coincident with wild outmigration. All of these
factors were assigned point values ranging from 1 to 3, with higher values
indicating greater presumptive risk in one or more of the three types specified
above. The raw score for “release risk” was calculated as the sum of the points.
Point assignments are indicated in Table 5.5.
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Table 5.5. Point values assigned for release risk.

Factor 3oointg 2oointg ooint1

Release point(s) on-station in target stream, in target stream multiple
single point points

Acclimation none acclimated release

Size at release differs from wild mimics wild

Release timing fixed or not coincident coincident with wild
with wild outmigration outmigration

Age at release differs from wild same as wild> e

Over all projects surveyed, raw scores for release risk ranged from 5 to 13, with
most projects clustering in the middle third of the range (between 8 and 12; the
possible range of scores is 5 to 15).

Figure 5.11 Frequency distribution of a measure
of presumptive release risk in the
strategies of supplementation
projects targeting chinook salmon.

Relative Stockina  Level. This category estimates the magnitude of the outplanting
effort, expressed relative to the estimated carrying capacity of the targeted stream.
Of the projects surveyed, 11.8Oh  proposed stocking levels below 20% of carrying
capacity, 29.4% proposed levels between 20 and 50% of carrying capacity, and
23.5% proposed stocking levels between 50 and 100% of carrying capacity. The
largest proportion of surveyed projects -- 35.3% -- proposed to stock at levels
exceeding 100% of carrying capacity.
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6. SUPPLEMENTATION  MQDE-LS

This chapter describes the conceptual and spreadsheet models of supplementation
developed by RASP. The models are described as well as their relationship.,to  other
existing models, and sample outputs from the spreadsheet model are displayed.

RELATIONSHIP TO EXISTING MODELS : I

The RASP models draw from data and concepts found in recent models of prod&ion,
life history, and supplementation in the Columbia Basin. Specifically, we used the
data base contained in the System Planning Model (SPM) (Northwest Power Planning
Council 1989) and the life history and fitness concepts developed by Bjornn, and
Steward (1990).

The spreadsheet model uses the basic data base contained in the,SPM. For exarrrple,
transfer coefficients, maturity schedules, fecundity, carrying capacities, and s&viva1
at zero density will be drawn from the SPM unless updated information is available for
a specific basin or stock.

The model developed by Bjornn and Steward (1990) tracks six gene+  groups through
successive life history stages and generations. Bjornn and SteGard ‘(1990)  -assigned
a lower fitness to hatchery reared fish in the natural environment relative to their
native counterparts. Reduced fitness imparted by the hatchery improved with each
successive generation.’ of natural spawning.
concepts in two important ways.

The RASP mod,ejs build on $heso
First,  RASP has developed a separate estimate of

fitness for six categories of hatchery practices and supplementationstrategies.  In
addition, the RASP model contains the option of using three different scenario&  for the
rate of change in fitness of the progeny of hatchery fish over generations  (see Genetic
Yardsticks below for more detail’ed  explanation). Second; the, RASP’ sp,rea&heet
model tracks four genetic groups as opposed-to six in Rjornn and Stewa@  t‘ii’9%).
Given the level of understanding or lack of understanding of ttie’effectS”  of hatchery
practices on fitness in the natural habitat, there is little to be gained by increasin&e
number of genetic groups beyond four. However, the matrix of four genetic groups
and three fitness scenarios could easily be expanded in the RASP model.

Survival of first generation hatchery fish is commonly lOoh,  to 50°+ of that e,sti,mated
for their wild counterparts in the same drainage~baSi,$,  pven for hatche,ry  fish of’local
wild parentage; The SPM discounts the s~ii~ival’ of hatchery fish relative to the
survival of wild fish by (50°h). Hatchery and wild fish s’urvivp  at different rates
because of genetic, behavioral and physiological changes’ induced by the’hatchery
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environment. The SPM model does not recognize nor try to account for the different
pathways by which the hatchery environment alters survival.

The RASP spreadsheet model accounts for reduced survival and reproductive success
in hatchery fish due to behavioral and physiological changes induced by the hatchery
environment. However, .our estimates of survival are preliminary and need further
work. Behavioral modification in the hatchery and its effect on survival was the
subject of a recent workshop hosted by the Yakima/Klickitat Fishery Project (YKFP).
Using the information obtained at the workshop as a base, we will search the
literature and consult with experts to build a revised set of behavioral yardsticks -
estimates of the effects of hatchery induced behavior on survival of first generation
hatchery fish.

The model developed by Lee and Hyman (1991) improved on the SPM model by
incorporating stochastic variation at each life history stage; however, their model did
not recognize differences in fitness in the hatchery and wild populations. The RASP
spreadsheet model currently does not employ stochastic processes to simulate
environmental variation, We will continue to improve the RASP model and will
incorporate stochastic processes similar to those employed by Lee and Hyman (1991)
in future versions of the model.

CONCEPTUAL MODEL

Development of the basic conceptual framework for assessing he risks and benefits
of supplementation is essentially complete; however, we expect the concepts will
continue to evolve as new information becomes available. The model and its
framework will be updated through the .l,ife  of the project. Hopefully the model will
have sufficient educational value for decision makers and will be .improved  and
updated after RASP has finished its work. S,ix major elements. ‘comprise the
conceptual model’s general framework: management objectives, supplementation
strategies, yardsticks - genetic, behavioral and physiological, life history ,and
demographics, environmental variation, population dynamics, and risks and benefits
(Figure 6.1).

Manaae .ment Qbjectives

Supplementation is a tool used to achieve a specific management objective, The
management objective places important constraints on the choice ‘of supplementation
strategies, as well as, how risks and benefits are determined. For example, a stock
or stream managed to preserve the characteristics of the native population will have
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a different range of supplementation options compared to a stream managed to
reestablish an anadromous population in barren habitat.

.

Management  Objec t ives
I

Supplementation Strategies

I

Yardsticks
Genetic

Behavioral
Physiological

I
Life History <

Environmental

Demographics Variation ’
I

I/ ,

Population
Dynamics

W

Risks and
Benefits

. .. . . . .

Figure 6.1 Schematic diagram of a conceptual model of risks and benefits of
supplementation.
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Riggs (1990) described a set of management opportunities which in a general sense
are broad descriptors of management objectives (Table 6.1). ,Management
opportunities C through F (Riggs 1990) are candidates for supplementation. However,
the management opportunities in Riggs (1990) are too general to stand alone as useful
objectives. A statement of management objectives must include a set of criteria and
expectations against which model output and program results are evaluated. As an
aid to managers developing ,Supplementation  objectives, RASP has defined the
ecological dimensions of supplementation objectives; developed an valuative currency,
and a procedure for setting objectives (see Section 4, Objectives and Evaluation).

Table 6.1 Management opportunities presented in Riggs (1990)

Opportunity A Conserve nature populations for reasons of genetic
potential, legal mandate, or social or cultural imperative.

Opportunity B Facilitate natural population productivity,in  situations where
no hatchery supplementation now occurs.

Opportunity C Maintain natural stock identify and productivity in situations
where hatchery supplementation must be used. -.

Opportunity D

Opportunity E

Opportunity F

Improve hatchery stock naturalization in situations where
hatchery and natural production are intended to be
complementary.

Increase hatchery stock productivity in situations where
little or no contribution by native or naturalized populations
occurs or is desired.

Introduce or test a new stock (or stocks) derived from
genetically and ecologically appropriate source. <

The spreadsheet model provides a variety of outputs which are described in the next
section of this report. We tried to anticipate the range of management objectives and
selected the outputs we believed would be useful in evaluating alternative
supplementation strategies.

.:..

. .
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Suoolementation  Strateaies

RASP developed and distributed a questionnaire designed to define the
supplementation strategies and to characterize the recip.ient  stocks and streams for
planned and ongoing supplementation projects. The questionnaire was given the title
of SUPQUEST, and it covered eight categories of supplementation strategies: project
longevity, targeted life stage, brood stock strategies, mating, incubation strategies,
rearing strategies, release strategies, and quality control strategies. Answers to
SUPCNJEST  (see Section 5 Classification of Stocks, Streams and Strategies and for
a complete description of the questionnaire, and see the February 14, 1991, RASP
progress report) give a detailed description of the supplementation strategies
employed in specific programs. This information will be used in the model in three
ways: 1) A review of the answers to the questionnaire will identify the appropriate
genetic yardstick to employ in the model (see Figure 6.2). 2) Answers to the
questionnaire will also be reviewed to estimate behavioral effects. 3) The
supplementation strategy describes at what life history stage the hatchery-reared fish
are introduced to the target stream. The age/time of introduction has important
implications in the model when the life stage released precedes.or coincides with a life
stage subject to density-dependent regulation in the target stream.

Yardsticks

RASP uses the term yardstick to describe indices of relative effects on the risks and
benefits of supplementation due to the use of various broodstock, propagation, rearing
and release strategies. Yardsticks enter the spreadsheet model as modifiers of the
natural survival rate between life history stages for the donor or target stock. RASP
uses yardsticks to estimate an effect when its existence is inferred from existing
literature, but the exact nature and extent of the effect cannot be determined for all
supplementation strategies. The term yardsticks implies a range of possible effects.
In this report, yardsticks are estimates obtained either from consultation with experts
(the case for genetic yardsticks) or the result of discussion among the members of
RASP (the case for first year behavioral yardsticks). Single estimatesgf the yardsticks
are employed in the spreadsheet model  in this report, however, RASP intends to
incorporate ranges in subsequent versions of the model. In 9ddition;‘RASP  will refine
and document the Yardsticks through literature review and more consultation with
experts.

Ge .et c/Life Historv Ya dsticks Artificial propagation of salmonids  can pose risks of
geiet;c change to ther propagated and supplemented stocks (Busack 1990). In
addition, life history traits have been altered by artificial propz&g&tion.  These changes
may translate to reduced productivity of the stock with obvious consequences to the
risks and benefits of supplementation. The genetic/life history yardsticks developed
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Conceptual Model Transition to Spreadsheet Model

Genetic/Life Historv  IQ& Mmates

Spreadsheet Model

(se4 Figure 5) (See Table 6,3 ad Figure 6.3) (See  Tibk 6.4)

Broodstock ReXing Domestication
f-t-7 n

local Adjacent  Didad  N~hlrd  hventid
/ ) Always LO

(See Mk 6.2 for
dcfmiiin  of lypcs.)

T0
Recovery
scenarios
determine the
mix of types
present in the
spawning

q population in
any given
year,

I I

t

- 1.0:7-.I > LO-,? 95 663 49

, I

Figure 62 Development of Genet&ife History Yaidsticks,  The genetic/life history yardsticks sta$ with the concept that a
supplemented population is comprised of !t least four types (“$-TJ of fish based on parental and rearing history,
These types are called conceptual because their identification In the population may not be possible, In the conceptual
tiodei, the three hatchery influenced tjpes are assumed to have different tIness (survivals) in the natural habitat
relative to the wild,fish  (TJ which always has a fitness of LO. The recovery scenarios represent different assumptions
regarding the change in fitness of hatchery-reared  fish toward the fitness of the wild population, To convert the types
of fish a&nied  to be present in the population under different recovery scenarios to a numerical modifier of survival
in the spreadsheet model, fitness of the three h&hery influenced types was estimated for three broodstock ,@ection,
‘and two rearing str&gies, and domestication, The appropriate fitness estimati are multiplied to arrive at a yardstick.



in the conceptual model and employed in the spreadsheet model are tests of
assumptions about the magnitude and consequences of genetic change and their
impact on the risks and benefits of supplementation.

Figures 6.2, 6.3 and 6.5 and Tables 6.2, 6.3 and 6.4 illustrate the development of the
genetic/life history yardsticks from the concept of fish types based on parental history
through the calculation of numerical fitness estimates. Two geneticists were asked
to estimate fitness in the natural environment for salmon subjected to six broad
categories of hatchery practices (Figure 6.3 and Tables 6.3 and 6.4). In the
spreadsheet model, the estimates of fitness modify (increase or decrease) transfer
coefficients (survival rates) between life history stages. For example, if a hatchery
practice reduces fitness by half, the cumulative, natural survival between life history
stages will be reduced by half. Wild fish are always assigned a fitness of 1. Hatchery
fish are assigned an appropriate fitness fraction based on the advice obtained from
geneticists. The spreadsheet model tracks four types (each type may have a different
fitness) through several life history stages and generations (Table 6.2). The four types
represent a combination of parental and rearing histories.

A critical question addressed by the conceptual model is the rapidity with which the
hatchery influence on fitness diminishes with successive generations of natural
spawning and whether or not progeny of hatchery-reared parents ever approach the
fitness of their native or wild counterpart. Because of t.he lack of information on this
subject, the RASP developed three scenarios based on different assumptions as to the
rate of recovery of fitness in the progeny of hatchery fish (Figure 6.4). The first
scenario makes the assumption that progeny of fish one generation removed from the
hatchery (Type T,) attain the fitness of wild fish (Type T,). The second scenario
makes the assumption that hatchery fish and their progeny never attain the fitness of
wild fish. The third scenario is intermediate and makes the assumption that the
progeny of a hatchery X wild cross (Type T,) that mates with a wild fish attains the
fitness of wild fish (Type To).
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Genetic Yardsticks

Egure 6.3 Categories of broodstock and rearing regimes for which estimates of fitness were obtained

from geneticists. Natural rearing refers to rearing conditions that mimic the natural environ-

ment. Conventional rearing ‘refers to standard hatchery rearing ponds and prectices. Natural

and conventionai also refer to the duration of rearing. FF/ plants would be considered natural

and full term smelt releases conventional.
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Figure 6.4 Dlabam  of the conceptual framework for a model to assess the beneflts and rls@ of supplementation,
NO-N3 are genetic groups tracked through the successive life history stages In the hatchery and natural
environment (see Table 6.2). Genetic yardsticks and ecological factors modify transfer coefficients
(survival) between llfe:history stages. Behavioral yardsucks discussed In the text ace not shown. in the
diagram. N,,-N, signify the actual number of fish surviving between life hlstory stages, corresponding to
the types (T,-T,) discussed in the text.



T3

T2

T 1

T0

T3

T2

T1
T0

.T3
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T1

T0

scEmRI0  I

Progeny of flsh one generation
removed fkom the hatchery (Ta
attah all the chakteristics  of the
native stock.

T3 T2 T T1. 0

T3. T2 T 1 T0

SCRURIOII

Hatchery fish never attain all the
characteristics of the .native fish.

Intermediate between Scenario .I
and II. Native fish that mate with
the progeny of hatchery x native
crosses VJ attain the
charactuistics of native fish &).

Figure 6.5 Possible breeding outcomes for the four types and the three.
fitness scenarios.

_
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Table 6.2 Description of fish types developed in the conceptual model and
tracked in the spreadsheet model.

l T, takes on a different definition in Scenario I, II, and Ill (see Figure 6.4)

Dr. Craig Busack and Dr. Graham Gall provided estimates of fitness for each hatchery
influenced type (Table 6.2) and combination of treatments (Figure 6.3). The fitness
estimates (Table 6.3) obtained from Drs. Busack and Gall are multiplicative so;’ for
example, a first generation hatchery fish (T,) reared under conventional hatchery
conditions whose parents came from the local stock was assigned a fitness’of 0.59
(Table 6.4). Table 6.4 constitutes the existing genetic yardstick incorporated into the
spreadsheet model. We plan to expand the range of treatments, and obtain fitness
estimates from several additional geneticists in the next year. RASP recognizes the
limitations in using this approach to test assumptions about.genetic  change. Through
the use of yardsticks, the conceptual and spreadsheet model incorporates ideas and
assumptions about genetic change that cannot :be measured or have not been
measured in actual practice. We have documented the conceptual framework used to
arrive at the yardsticks and have attempted to obtain reasonable estimates of fitness..
We feel it is important to test these assumptions in the spreadsheet model, while
recognizing the limitation in the numbers. The alternative - to wait until’fitness is
measured under actual conditions - would leave the managers with no help in making
their decisions.
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Table 6.3 Changes in fitness of hatchery fish exposed to different broodstock
selection and rearing practices. Fitness are relative to a wild standard of
1 .O and are multiplicative. The estimates were provided by Dr. Craig
Busack and reviewed by Dr. Graham Gall.

Domestication Effects

Brood Stock Obtained from:

’ No loss of fitness.

Table 6.4 Fitness estimates used in the spreadsheet model for fish types, three
broodstock and two rearing strategies.

Brood Stock

Local

Adjacent

Distant

Rearino Reaime

TYPES.,

Conventional

Natural

Conventional

Natural

Conventional

Natural
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Behavioral Yardstick. In their first year after release, hatchery-reared fish generally
exhibit a lower survival than their wild counterparts. Behavioral modification imparted
by the hatchery experience causes part of the differential in survival. For example,
feeding efficiency might be impaired by learned behavior in the hatchery. Lack of
exposure to predators may produce behavior that makes the hatchery fish vulnerable
to predation when released into the natural environment.

Behavioral modification by the hatchery environment was the subject of a recent
workshop organized and hosted by the YKFP. The workshop reinforced the
hypothesis that reduced survival in the first year after release from the hatchery is due
at least in part to the acquisition of maladaptive behavioral patterns during hatchery
rearing. The RASP model now contains an estimate of the effects of hatchery rearing
on survival in the first generation based on observations from the Yakima and
Clearwater Rivers. A proposed format and set of draft yardsticks are shown in Table
6.5 for the purpose of obtaining comment from reviewers of this report.

gife Historv and Demoaraohics

The model tracks four fish types through several life history stages (Figure 6.2). A
transfer coefficient (natural survival rate) moves a fraction of the fish from one life
history stage to the next. The genetic and behavioral yardsticks enter the model as
a modifier of the transfer coefficients. The schematic (Figure 6.5) of the conceptual
model shows several life history stages. In reality some of these will be combined
into life history stages that cover larger segments of the entire life cycle. The number
of life history stages actually treated in the model will depend on the availability of
transfer coefficients. Basic demographic features of the population such as maturity
schedules and fecundity are incorporated into the modet at the appropriate life history
stage.

Environmental Variation

The RASP model is entirely deterministic at this time. However, environmental
variation will be introduced in a manner similar to Lee and Hyman (1991). Variation
in population size due to environmental fluctuation becomes critical in the assessment
of genetic risks and risks of extinction at small population size.

Risks and Benefi&

The benefits of supplementation will be measured as increased production and
productivity of the combined natural and hatchery stock. Risks will be measured in
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terms of the four genetic risks (see page 7.13 for an explanation of the four genetic
risks) defined by Busack (1990) and as reduced production.and  productivity in the
naturally spawned population and in the supplemented reach or in adjacent nontarget
r e a c h .

Table 6.5 Values considered for relative survival of hatchery produced fish
(hatchery relative to natural fish). Three values for each life stage:
Poor (P), Average (A), and Good (G). Schematic table only. These.
values are being refined based on expert opinion and literature.

LIFE STAGE  RELEASED

LIFE STAGE
EQQ Fv Presmolt ‘Smdt Adult

P A G P A G P A G P A G PAG

Relative survival  by life stage.

eQc4-w

fry-prermolt

Presm-smolt

smolt-smolt

juv. pass

estuary

ocean

adult pass

0.2 1.0

0.2 0.6

0.4 0.9

1.0 1 .o

1.0 1.0

1.0 1.0

1.0 1.0

1.0 1.0

oresoawn 0.8 .95

2.0

1.0 0.1 0.3 0.7

1.0 0.2 0.7 0.9 0.1 0.3 0.7

1 .o 1 .o 1.0 1 .o 0.7 0.9 1.0 0.2

1.0 1.0 1.0 1.0 .so .so 1.0 30

1.0 1.0 1.0 1.0 1.0 1.0 1.0 .70

1.0 1.0 1.0 1.0 1.0 1.0 1.0 .a0
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

.1.0 .80 35 1.0 .80 .95 1.0 .95

0.4 0.6

.60 .80

.80 30

.a0 1.0
1.0 1.0

.95 1.0 .5 .8 1
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SPREADSHEET MODEL

The spreadsheet model is a salmon/steelhead  lifecycle simulator. It is’s spreadsheet
model, written in Quattro Pro (Ver. 2.0 by Borland).

The spreadsheet model is in the process of revision. A detailed technical description
and a user’s guide will be distributed with a future report. Some of the main features
and assumptions used are listed below.

The model moves an initial population through its lifestages by applying a set of
transfer coefficients, referred to on the input screen (see Table 6.6) as base values.
Most of the transfers between life stage& are linear and dqrsity  !ndependent.  The
exceptions are the survivals from fry to presmolt (in the fall) and from presmolt to
smolt, these stages are assumed to follow the Beverton-Holt survival function.
Differences in transfer coefficients between the four types are incorporated through
a set of multiplicative correction factors.

The model tracks 4 fish types by sex and by 4 ocean age classes. Two fresh’ water
life history patterns are accommodated.

Supplementation can occur at one or more points in the freshwater life stages. It can
be interrupted or modified once within a single run.

Preterminal harvest rates (including mainstem Col.umbia  fisheries) are fixed rates.
Terminal harvest (within subbasin) may be a fixed or variable harvest rate and/or a
fixed or variable numeric spawning escapement objective.

For additional,information  and copies of the mode& please contact one of the RASP
participants.
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Table 6.6 Model Input Structure

INI’UT S8CllON-> SUDJRCX I4ypoll1.  Spr.  Chin. TRMTMJ SMOLTSUPI’L

TRANSFER COMT’. DASO VALU@s CORRBCIlON’PA6IY)RS
ENVIR TnTMNT 08NIiTlC OENLITIC

NAM8 AOlll/ALi. Aim 2 A08  3 AOil (dl N’r) (N3bN.l)  0 W
(NO In Hal)

-4 WW wmna l,ooo,ooo 0.0
winla l,Wo,Wo  . 0.00

R8adrm(O)  a Hdcb anly(l) 0
Tcnnld  huv x* 20% 0% 0% 0% 000
--(X,Y’(nm-z)hq  y - - 0% 0% 0% 0% 0.W

2’ 0 .O 0 0 0.00

Prcrpwnin~ sulvlval MlUd ‘W% w% 80% 80% 0.00 0.8S 0.99 1.w
IMldlCty 80% 80% .80% 80% 1.00 .

egg4P8al8l8 ll8lUld 3,795 6,064 0
blchur :z 335 W4 0

egg-FIy  sulvlv8l n8lmml 60% ‘. 0.00 I.06 0.99 LOU
b1-V 90% 1.00

Fly-Pdl  Plemoll  suw. llllrd 66% . 0.w 1.W 0.99 1.w
81 bw Denshy IUldlUy 8s . 1.00

Plzsmoll-smelt  sulv. n8lunl 66% 0.w 1.w 0.99 1.w
81 bW !klUily blJlery us% . 1.00

hoi?  81 DUbli~hll Mt&h81 1
lo=  1)

Posl~lu#Sun. rpwna '100% 0 1.00
(b-m~Y) 100% . 0 1.00

;iy I@@% 0 * 1.W
prtrmdl  * lW%.’ 0 1.00

lW% 0 1.w

hndl4Indl  sUrv nrl & b8l 71% * : 0.00 0.60 0.99 1.00
.

. .; ..

.



Table 6.6 continued Model Input Structure
: .

‘I’ltANSFLtR COl3lilr. DASO VALUES CORRECllON  FACl’DRS

Nihlilm
ENVIR. TRTMNT  OBNKllC  CI@N@Tll. .

~OEWALL AOI32 AGI33 AGE4 (.H N’s) (MhW WI W

Small-Adull  Sun.
Iuv P-w
cUuy
Ml oam
arcan  hmv nls
In-liver  her nls
adull  pmsilga

Homing Piddlcy
@=-I nol  -Yh)

Repmd eclic

. (No In Hll)
Ililunl 50% 1.00 0.W 0.99 1.0
MIunl 13%

70% : W%
Lal 0.w 0.99 1.0

MllU8l 50% 60% 1.00 0.90 0.99 la
Mlunl 2% 1% 4% 4% 1.00 Lw 1.00 La
nidunl 7% 7% 7% 7% 1.w I.00 1.w I.01
MlUr8l 60% 60% 60% 60% 1.00 1.00 0.99 1.a

MlWrl 97% 0.00 1.00 1.00 11

011 jacks lW% 1.00

INKIAL POPULATION m8ks femaks
Rcrums  to Subbasin nrtunl-NO I*’ 1,500
[isd;ruuw NI .O 0

N2 0 0
Mdwy-N3 ,o 0

bgc&x dblribullon nWual-m 11% 82% 7% 0%
(Slmdy  Slalo- Inpul) Ii8turBl-r 1% W% IO% 0%

lWtChll 11% 82% 7% 0%
bakbf 1% a!% IO% 0%

r
.I .



Table 6.6 ‘ctintiriire‘d Model Input Structure . . .

Number Duralion
ANNUAL PLANTfNG  GOAL (Years)
spl- Fv-4 0 0. . .
LiuI 0 ,o.
w 0 0
Ptamoll 0 0
Sdl MW~ 0

BROOD COLLKTfON  SCHEDULC?

DES’llNATfOti
Spxwncn  111
@W
w
Prcsmoll
SIllOil

111  AU Imptied

SOURCC! P-1
Imporlcd pm t4ulr how

0% 0% 0%
0% 0% 0%
0% 0% 0%
0% 0% 0%
0% 100% 0%

RROOD  COLLECTION POLICY
Mln 96 Naluml  fbuod  Slack

(Se1 (0=Rdom,  I-100%  Natural)
sex Rdo
(pcrccnl  fern&)
Mu%Uscd of nol run

of lolel  run
M a ⌧ �IL N3�s l llowcd In NPI  IM
(excess b removed)

YEARS 1 lo
100%

50%

20%
100%
100%

50 lo 51
100%

20%
100%
lW%

CMNl3IlC RQCOWRY  RATE
scMmio 1,2# or 3 3

.



M O D E L  O U T P U T  E X A M P L E

Model output is intended to indicate relative risks and benefits along the four_._ I_-
population response dimensions described in above’ (4; OBJECTIVES, STRATEGIESL. -,.
AND EVALUATION). It is important to keep in mind that the mqdel  only provides a
partial picture of trends and tendencies. It does however provide some insight into
each of the four response areas.

The graphic model results that follow (Figures 6.6 - 6.12) are a sampling of the
outputs from a hypothetical stock, described by the jnputs shown in Table 6.6. The
output is presented without comment. The intent here is not to provoke discussion
about the merits of supplementation, but simply to illustrate the kinds of feedback the
model can offer to planners and researchers.
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Figure 6.6

. .

Abundance and genetic composition of natural spawner
escapement for a supplemented hypothetical stock under the
three genetic recovery scenarios (I,II,  and Ill from top-to bottom).
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figure 6.7 Abundance and genet ic composi t ion of natural  spawner
escapement for unsupplemented (top), supplemented (middle),
and supplemented with improved post release survival (bottom)
hypothetical stock.
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Smelt  y i e l d  b y  year f o r  r e s p e c t i v e l y ;  unsupplemented(top),
supplemented (middle), and improved PRS supplemented (bottom1
hypotherical stock.
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Figure  6.9 Aduks returning to the Columbia, the subbasin, and the spawnhg
groundg  by year for unsupplamented  (top), supplemented (middle),
and supfifemented  tiith imprbved’ post release survival (bottom1
hypothetfcal  s t o c k .

RASP Report/September 1991 6.23

i

I
~ I



0 5 10 1s &I 2s 30 3s

600
1

.82 ,I-- . ..I
3z I .

3SO
I

3004 4
a 3 ia 15 20 is 30 .3s 40

YEAR

Figure 6.10 Mainstem  (Columbia} and terminal (subbasin) harvest by year for
Unsupplemented  (top), supplemented (middle), and suppiemented
with improved post release surviva!  [bottom)  hypothedcai  stock.
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Numbers of fish straying outside subbasin .by year for
u.nsupplemented  (top), s&&nented (middle), ad subp1emet-M
with improved post release sunrival (bottom) hypothetical stud.
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&?ure 6.12 Recruits to subbasin  per spawner by year for unsuppiemented
(top), supplemented (middle), and supplemented  with improved
post release survival (botroti) hypothetical  stock.
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7. UNCERTAINTIES

Implementation of successful supplementation projects requires a better understanding
of the effects of the strategies employed on the performance of both hatchery and
naturally produced fish. Questions, or critical uncertainties, exist regarding the
relationships between project activities and the responsesof fish populations involved.
These questions pertain primarily to the effects of supplementation strategies on the
survival and performance of first generation hatchery fish, the longer term fitness of
their progeny produced by natural spawning, and ecological implications and
constraints.

The purpose of this section is to develop an approach to identify, and rank by
importance, the uncertainties connected with achieving success in supplementation
projects. The extent to which these uncertainties can be described and ranked by their _
relative importance will determine how clearly direction and priorities can be set for
program planning and research and development. More specifically, identifying the
most critical uncertainties related to supplementation will:

0 help identify the range of possible outcomes and risks of
supplementation projects

a help identify critical program components requiring special attention in
planning and development

l provide a means of establishing research priorities

0 provide a basis for formulating experimental hypotheses

0 help identify needs for developing evaluation or monitoring methods.

Uncertainties about supplementation can be grouped into three categories:

1. The effects of hatchery practices on the survival and reproductive success of
first generation hatchery fish. These are expected to be mainly related to
behavioral orphysio/ogica/  changes resulting from hatchery practices, though
some genetic changes could also occur.

2. The longer term effects of supplementation activities on the fitness of fish
within a supplemented population. These effects would result from genetic
changes which could occur within the population due to supplementation.
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Table 7.1 Survival  related attributes of salmonids  potentially altered by hatchery practices within the first
generation  of hatchery experience.



loss

.

Figure 7.1 Schematic of effects of hatchery treatment on survival related attributes of flrst generatlon hatchery fish
outplanted at different life stages.



Table 7.4 Potential pathways of effect between hatchery treatments and attributes of salmonids within the first generation of
hatchery experience. Pathways are categorized as being principally behavioral, physiological, or genetic. This table should
be regarded as a DRAFT ONLY, and is intended to stimulate discussion on mechanisms of treatment effects.

brhwiwd/phyddodoJ bdmdord/phyddodcd phyddodod  Influrna~





Table 7.4 continued. Pathways of effect between hatchery treatments and attributes.

bohdord condidodn



3!$ I Table 7.4 continued. Pathways of effect between hatchery treatments and attributes.



Table 7.5 displays a worksheet, still in draft form, that would be used to rank the
relative importance of attributes and treatments in effecting survival. A hypothetical
example is provided to illustrate how the rankings would be done. The example
considers how hatchery fish survival would be affected within one life stage, smolt
to smolt (i.e. smolt migration within an individual subbasin). The same exercise would
be repeated for all life stages considered in the life history simulation model.

The reader should note that one page of a completed worksheet will appear largely
blank due to one entire row being required for each treatment associated with each
attribute. The rank for each treatment occurs in only one column on the far right side
of the worksheet, leaving blank spaces to the left.

The example is described here in some detail to facilitate a complete understanding
of how the worksheet would be used. Beginning in the far left column, the life stage
of interest is entered in the first space; in this case, smolt to smolt. For the life stage
of interest, an estimated survival, based on literature or expert opinion, for naturally
produced fish with no hatchery parents (T fish) is entered on the same line in the next
column to the right., In this case, natural fish survival in the smolt to smolt life stage
is set at 1 .O ( lOOoh)  for simplicity.

The block of five narrow columns toward the middle of the worksheet provides two
types of values, distinguished by the shading. The shaded spaces are used to enter
estimates of the relative survival of hatchery produced (tl fish supplemented at
different life stages (egg, fry, pre-smelt,  smolt, adult). Relative survival is an estimate
of how well hatchery fish survive compared to natural (T) fish in the life stage of
interest (here, smolt to smelt). The worksheet considers that relative survival within
a particular life stage can vary depending on when outplanting occurred (i.e., egg, fry,
etc.).

For this example, the relative survival in the smolt to smolt stage of hatchery fish ’
outplanted as eggs is estimated to be 1 .O, or equivalent to that of T fish. In contract,
the relative survival during the same life stage for fish outplanted as smolts is
estimated to be 0.5, or half that of T fish. No value is given for the smolt to smolt
stage when adults are SUpplem8nted.

The ranks that occur beneath relative survival values need to be understood in relation
to the next column to the right, labeled-“affected attributes.” For this example, only
five attributes are considered due to space limitations: dispersiveness, .’ feeding
behavior, health, predator  recognition, and swimming ability. These are ‘listed down
the column (including pages 2-3 of the table), allowing enough rows in between to list
treatments that can affect each attribute. For the example, only certain treatments
were listed due to space constraints.
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Rankings are then applied. Treatments are ranked by considering each attribute
separately. No consideration-is given to how the tr88tment-attribute  relation may
differ for different life stages being supplemented. In th8 example, density within the
hatchery environment is ranked first (number 1) as likely having the greatest influence
on the attribute of dispefsivenss,  exhibited during th8 smoit to smelt stage. In
contrast, broodstock origin is ranked lowest (nUmb8f 7) as influencing disp8&iveness
during the smolt to smolt state, A different rank is given to each treatment. The
process is completed for all treatments listed for 8aCh attribute.

The attributes are ranked against each other for 8aCh  life stage supplemented, in the
section beneath relative survival values.  Attributes associated  with each life stage
Suppiement8d  can be given the same rank. In the example, ail of the attributes shown
except health are given little or no importance in affecting the relative survival of
hatchery fish during th8 smolt to smoit stag8 outplanted as eggs. Thus for egg
outplants, those attributes are ranked, with a 5 which health is ranked with 1. In
contrast, predator recognition is ranked 1 for smelt  outplant:  Rankings shown are
strictly hypothetical.

The worksheet illustrates that, for the case shown, different attributes are believed
to contribute more of less importantly to the survival of fish supplement8d  a% different
life stages based on some form of relative importance ranking of each.  Likewise, th8
role of different hatchery treatments are ranked by their expected contribution to
altering the associated attribute.

c

By completing this process, a semi-quantitative means can be used to assess
expected levels of importance of various hatchery treatments in altering attributes
and, in turn, survival. Work is continuing to d8v8lOd  this process and d8t8rmin8  the
most effective manner of soliciting input for ranking the component%  of the table.,  The
rankings that are assembled will be documented by citing sources of infbfmation,
whether theS8  are solicited expert opinion or literature.

The data will be assembled in a computerized date base for summarization  and
analysis. The data base will be designed to that it can be up‘dated a$ new&formation
becomes avaiiabl8.
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Table 7.5 Worksheet for ranking expected relative Influence of different hatchery treatments, and associated changes in a fish’s
attributes compared to a wild counterpart, in affecting the survival of hatchery produced fish (T,) outplanted at different
life stages. Relative survival of T, fish is given in relation to the survival of wild fish (T,). Hypothetical ranks are
assigned for illustrative purposes only. Five attributes only are considered in thls example for survival of one life stage
(smelt to smolt or downstream migration). Survival of T,, fisti is set at 1 .O for simplicity.
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APPROACH TO LONG TERM FITNESS UNCERTAINTIES

Many of the same hatchery practices that create the first generation effects identified
in the previous section can also cause chandes in the diversity or dktributioit  of
genetic information in the population and thus cause changes in the iorrg&rm fitness.
For example, all the attributes listed in Table 7.1 probably have a genetic, as well as,
an environmental component. The attributes are subject to short-term modification by
the hatchery environment. In addition, the genetic component is also susceptible to
change as a result of selection (nonrandom mortality) exerted by hatchery practices
such as broodstock selection or grading. The hatchery treatments showh  in ‘Table 7.3
are capable of adverse genetic impact if the treatment creates an environment in the
hatchery sufficiently different from the natural environment to cause .nonrandom
mortality. Tables 7.1-7.4 should be consulted with reference to tong-term fitness, as
well as, first-year effects.

While the processes that generate first-year effects and changes in long-term fitness
show significant overlap, our understanding of the mechanisms and impacts of first- ’
year effects is more advanced than our understanding of the mechanisms and impa&ts a
on long-term fitness. Therefore, the effects of hatchery practictis on long term fitn&s
are not amendable to display in a format comparable to Table 7.5. We simply d&not
have the level of understanding of genetic effects required to fill out a table
comparable to Table 7.5 for them.

Long-term fitness is a surrogate term for genetic risks. Busack (1990) identified four
types of genetic risk associated with supplementation projects. His risks IncR&d:
extinction, loss of within population variability, loss of between population variability,
and domestication. The following discussion of genetic risks was ado&d fram
(Busack 1990).

Extinction

The extinction of a population and the loss of genetic resources it contains contributes
to an overall loss of genetic variability and, therefore, poses a genetic risk. The actual
cause of extinction is usually a combination of environmental and demographic
factors. Populations reduced to a small fraction of their normal abundance are
susceptible to extinction when faced with random events such as floods or droughts
that occur in consecutive years. However, genetic process can also contribute to
extinction. For example, inbreeding in depleted populations can accelerate the
processes leading to extinction. Supplementation may be employed to prevent
extinction, however, if used improperly, supplementation could contribute to the
extinction of a depleted stock.
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Loss of Within Pooulation  Variabiiitv

This genetic risk is commonly associated with hatcheries and is brought about by the
random loss of genetic variability in small populations (genetic drift) and the loss of
variability due to the nonrandom selection of broodstock from the donor population
(founder effect).

Loss of Between PoDulation  Variability

When two populations are mixed such that they freely interbred, the unique identity
of both populations may be lost. Coadapted complexes of genes may also be lost in
the mixing of the two populations and recombination of their genetic material. A
frequent concern associated with this type of risk is the scale of straying from the
target stream into spawning areas of nontarget stocks.

Domestication

By virtue of the fact that hatchery environments are different from the natural
environment, the possibility of selection and domestication of the hatchery stock
exists. Whether domestication is an inevitable result of hatchery rearing or is a
consequence of correctable hatchery practices remains to be demonstrated.
However, recent studies raise the possibility of domestication in hatchery stocks
(Reisenbichler and McIntyre 1977 and Chilcote et al. 1986). Domestication is the
subject of debate and uncertainty, however its possibility needs to be taken into
consideration when planning supplementation projects.

Uncertainties regarding the long term fitness can be partitioned among the four types
of genetic risks (Table 7.6). RASP plans to consult with geneticists and the literature
to expand and document the list of uncertainties and to frame them as research
hypotheses that can be addressed in the global design.
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Table 7.6 Hatchery treatment and critical uncertainties associated with four genetic risks.

of Within Populntion
Variability

1 Hatchery broodstock less than the minimum effective population  sixe (NJ
2 Mating design and fertlixation protocol reduces N. below minimum.
3 Hatchery pratices increases natural variation in family size.
4 Nonrandom selection of brood fish from thedonor  population.
5 Mixed stock fisheries reduces nontarget population below N,.

Loss of between  Population
Variability

1 The occurence  and magni.tude  of outbreeding depression in salmon needs documentation.
2 Hatchery broodstock is taken from a genetically distant donor stock.

Domestication 1 Hatchery brood stock n@~coilected from ah Portions of the ruw
2 Grading, ponding, outplanting or other hatchery practice causes nonrandom mortality.
3 Bmodslock  not Selected randomly among age classes and life histories.

Adopted from Kqmxhki, A, R., C. R. Steward, M. L. Copdman~C.&  l@egec,  J. Hojt Williamson, 8. Bowlea  and R. Carmichael. huetic
conservatiou  guidelines for salmon and steelhead  supplementation. Draft report pqttred  as part of the Nor&west  Power Planning Council’s
Sustainability  Workshop.  Northwest Power Planning Cow@. Portland Or.

.



EFFECTS ON ENVIRONMENTAL INTERACTIONS

Juvenile salmon and steelhead released into a stream as part of a supplementation
project are expected to return to the stream (if not harvested), spawn and contribute
to an increase in natural production. The rate at which they return (survive) is
determined largely by their physiological state, their behavior, especially maladapted
behavior learned in the hatchery environment, their genetic fitness, and the ecological
interactions between the fish and the physical and biological habitat. The last category
is probably the one we know the least about. Many of the first generation and genetic
changes are expressed as reduced survival; however, the specific mortality factor may
be expressed as one of the ecological interactions.

Ecological interactions are partitioned into three general areas: Interaction between
salmon and their habitat, interactions that impact target species, and interactions that
impact nontarget species/races (Table 7.7).

Habitat

The stream habitat that hatchery fish are released into may have a severe production
bottleneck which will have to be removed before supplementation can increase natural
production. In streams with headwater impoundments and controlled flows, the
seasonal hydrograph and temperature regime may be out of synch with the natural life
history of the target species. If the life history patterns respond to flow or temperature
cues, the timing of critical events such as incubation or emergence, juvenile
migrations, and spawning will be disrupted with a loss in production.
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Table 7.7 Interaction uncertainties partitioned by habitat, target species and i
I

nontarget species.

Access to spawning area blocked.
Summer rearing limited
Winter rearing limited
Juvenile outmigration impeded

Flows and/or temp. out of synch with life
history (juvenile and adult)

Altered habitat better suited to nontarget

Preys on target species
Competes with target species
Forces target population into a lower

Nontarget Population Successful supplementation displaces nontarget
species/race of economic/recreational value.

Resident, nontarget species/race vulnerable to
predators attracted by supplementation
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Taraet Soecieg

The colonizing species may compete and/or prey on the supplemented species with
sufficient intensity to lock it in a lower stability region. Peterman (1977) worked out
the theoretical basis for multiple stability regions in salmon production functions and
McIntyre et al. (1988) observed empirical support for the theory in the Karluk Lake,
Alaska sockeye population. Shifts in dominance following the collapse of a dominate
species have also been observed in marine populations. For example, the dominance
of northern anchovy after the collapse of the California sardine and the dominance of
Atlantic herring after the collapse of the Atlantic mackerel (Skud 1982). Regarding the
marine species, Skud (1982) quoted N. Daan’s estimate that it would require a 50%
reduction in the dominant species and a corresponding 50°h increase in the depleted
species maintained for several years to reestablish dominance. McIntyre et al. (1988)
concluded that an exploitation rate of 30% to 35% on Karluk Lake sockeye would
have maintained the population in a higher stability region. These observations have
important implications for supplementation planning. The concept of multiple stability
regions is an important uncertainty that has generally been overlooked by managers.

,

Nontaraet Species

One cannot assume that a stream that previously supported a now-depleted abundant
and productive salmon population, has vacant habitat equivalent to the difference
between the past and present populations. Depletion generally doesn’t create
production vacuums. The vacant habitat will, in many cases, be colonized by another
species/race. Consequently successful supplementation may displace a population of
another species or resident population of the same species (e.g. steelhead may
displace resident rainbow). The displacement can have biological, economic and
political consequences.
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8. CONVERTING UNCERTAINTIES TO GLOBAL
DESIGN

TESTABLE HYPOTHESES

The previous section attempted to place bounds on the universe of uncertainties that,
consciously or unconsciously, become part of all supplementation plans. We believe
we have captured most of the uncertainties within the framework of first year effects,
long term effects and interactions. However, left alone, the uncertainties in the
previous section provide little help in formulating the global research program.
Uncertainties need to be restated as testable hypotheses before they can be
partitioned into those that are or are not resolvable by research.

The universe of uncertainties will be stratified in the global design into those that are
resolvable through research that has broad application througho.ut  major regions of the
basin, research directed at specific case histories (for example, specific project
evaluations), and small scale ’ research programs. Classification of projects and
uncertainties will permit this kind of stratification in a later report.

Once the uncertainties have been restated as testable hypotheses and regrouped
within the original framework of first year effects, long term effects and interactions,
they can be distributed among the clustered projects (see section 5 Classification of
Stocks Streams and Strategies). The joining of testable hypotheses and project
clusters gives a global picture of the uncertainties and their distribution among
projects, strategies, stocks and regions of the basin - the-basis of a global design.

Reducing the universe of uncertainties to testable hypotheses will be a difficult task
requiring the review and advice of researchers from several technical areas. This task
will have a high priority in the next year. For purpose of review, we have prepared an
example of an uncertainty reduced to a testable hypothesis:

Uncertaintv

Attribute:
Description:

Fate:
Hatchery treatment:
Mechanism:

Predator recognition.
Ability to detect both presence and associated
danger of predators.
Predation.
Lack of experience with natural predators.
Behavioral conditioning.
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Observation

Fish released from a hatchery typically exhibit smolt to adult survivals 10% to
50% of their wild counterparts. This observation holds even for hatchery fish
whose parents were wild. A possible explanation for this observation is an
differential predation rate (smelt to adult) caused by the higher vulnerability of
the behaviorally naive hatchery fish. Research in this area has confirmed the
plausibility of a difference between hatchery and wild fish in their ability to
avoid predators (citations).

&ootheses

General: Lack of exposure to predatory stimuli in the hatchery environment
accounts for part of the differential survival between wild and
hatchery fish.

l Controlled exposure of hatchery fish to predatory stimuli will improve,
survival after release.

Possible treatments: Expose hatchery fish to caged predators in the
hatchery pond.

Expose hatchery fish to artificial
predatory stimuli while in the hatchery
pond.

Possible tests: Compare treatment and control groups at
various collection points downstream of the

;

release point within the subbasin. (others)

Compare treatment and control groups
through experimental exposure to
predators in the lab.

Statistical sensitivity: Are there special statistical considerations in
the design of the experiments?

A p p l i c a t i o n : Global or project specific.

This development of a research hypothesis from an uncertainty and the proposed
experiment are examples and subject to change over the next few months: However
they do illustrate the steps that are required to convert the uncertainties into an
element of the global design.
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IDENTIFYING CRITICAL HYPOTHESES

Adaptive management allows us to accept management actions with uncertain
outcomes provided we are able to detect significant deviations from our objectives.
However, objectives are complex and multidimensional (see Section 4.). Their
measurement is often difficult and costly. The outcome of some objectives can be
measured directiy  with a great deal of confidence and others must be measured
indirectly. In adaptive management when we chose to implement a given strategy we
are in fact testing the various sets of hypotheses under which the objectives are met.
In order to chose which strategy is most appropriate, we must identify and test those
uncertainties that best discriminate among options. (Comment: Since we typically
learn more from rejected hypotheses, experiments may be designed to eliminate
options.)

The first step in this process is to classify the testable hypotheses into those that are
judged to have little impact on the outcome of supplementation and can safely be
ignored; those that are critical to the outcome and are resolvable by research;. and ’
those that are critical and are not amendable to research. We have developed the
following key to aid in the classification of testable hypotheses.

I. Based on the procedures described in the previous section and modeling
exercises, prepare a list of hypotheses related to the outcome of proposed
strategies. I

II. Judge whether each hypotheses has significant impact on the choice of
strategy or not.

A. If it has little impact, or little discriminatory value tmodeling may be
useful in this determination along with an assessment, from the
literature, of the likely range for the po(&tion parameters involved),
proceed to the next uncertainty.

B. If it is critical to the choice of strategy, determfnrir  whether it can be
.resolved  through experimentation (it the contention here that in most
cases we can judge quite well whether experimental resolution is
possible). _ ,” i

1. If it is; amenableto  resolution through research,  can the que&tion
be reso~ve&W~bpait  of a global exp&iment (Le.; c&n- WerentresW
drawn to or .ft’om,the local uncertainty?17  %i

a. If yes, incorporate as appropriate in global experimental
design.
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b. If not, this uncertainty is a candidate for priority as a part
of a local experiment.

2. If not amenable to experimental resolution, can surrogate variables
be identified, that indirectly indicate an unexpected response?

a. Yes. Uncertainties involving genetics and ecological
responses may tend to fall into this category. So would
smolt to adult survival response especially for :small
populations. See discussion of risk containment in the next
section.

b. No. If significant nonremovable uncertainties remain risk
containment monitoring becomes critical to the decision
whether to proceed.

STEPS IN DEVELOPING EXPERIMENTAL PLANS’

This is a first attempt at identifying the steps in the M&e planning process.

-:

ldentifv Detailed Obiectives

Review the ecological dimensions of supplementation objectives (section 4). Taking
the dimensions explicitly into account draft a statement of specific {numeric)  natural
production and harvest objectives. State the genetic goals using the genetic risks as
a guideline of what to avoid. In the future the Sustainability Workshop reports will
give more advice useful in setting genetic goals. If, appropriate the intended
distribution of spawners by,tributary may be stated as an objective,.The  objectives
should completely describe the intent of the supplementation project, describe the
trade offs among the ecological dimensions and describe performance measures used
to determine success or failure.

Problem Statement

In this context a problem is an impediment. to achieving an objective: Its critical that
the impediment (problem) be described as accurately as possible so the best approach
to its solution can be developed. A careful definition of the problem should reveal all
the relevant uncertainties.
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I I

Describe the proposed strategy with as much detail as is available - numbers of fish
planted, broodstock/rearing/release  treatment etc.. If harvest is an objective, various
harvest strategies should be weighed against the other objectives. Various strategies
may be evaluated through the supplementation model (section 6).

Assumotions

State assumptions with respect to natural oroductivitv of target stocks and their
habitat under which the objectives will be achieved. These assumptions may include
but not limited to:

- life history parameters.
- habitat quantity and quality.
- passage, early marine and ocean survival.
- factors limiting current production.

The assumptions should be organized around the four ecological dimensions of:
- post release survival of planted fish.
- reproductive success of planted fish.
- genetics and long term fitness of supplemented population.
- ecological interactions.

Critical uncertainties

Identify the critical uncertainties (testable hypotheses) associated with the
assumptions required to meet the objectives. Use the key from the previous section
to categorize the uncertainties the three categories: safe assumptions (little impact),
critical uncertainties resolvable by research and critical uncertainties that cannot be
resolved by research.

Exoerimental  Goals

Organize the critical uncertainties (resolvable by research) into experimental plan.
Determine which uncertainties are specific to your project and therefore must be
addressed by local experimentation and those that may have broader applicability and
may be addressed in the global research design.
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9. GLOBAL EXPERWlENTAL DESlGN

GENERAL CONSiDERATlONS

The global research design and risk containment monitoring are racipients  of ail the
information developed in the previous sections of this report., Conseouentlycomple$ion
of those two tasks must follow completion of the other work.

The concepts of system monitoring and evaluation and global experimental. design
have received a great deal of attention from regional planners in recent years (n.b. the
NPPC formed a technical committee (MEG) ‘to develop the concapts, and technical
work groups were formed to prioritize regional research needs, etc). The notion of a
regional approach for research and M&E to resolve critical .unce.rtai,ntigs ahout
supplementation suggests that both efficiency and effectiveness would be increased
through this coordination. ‘Efficiency would:  be increased by elimihating  unnecessary
duplication &pd Improving communication of results. Effe&vdness would be increased
through broader and more powerful experiments. The fly ‘In this ointment ‘k$~ the
uncertainty of the extent to which the results from one subbasin  can be used to draw
valid inferences regarding another.

Aside from the possibility of expanding the applicability of,, resuh& region.al
coordination of research and M&E also offers the benefits providedby’a sharing‘df
theory and study methods. A regional debate on supplementation using_  common
term’inology  and definitions will stimulate progressive learning. This is, ih.@rge  p.a$
what RASP set out to ,BcEomplish  (see the l,ntroducdbn  and Approach sei~tion$).:~..: 1

”
@cperimental  Desron  Col nsiderationg ‘, :. .

In Section 7, uncertainties were divided into three categ&i&s:  (T) first igener@jdh
effects of hatchery treatment on survival and r$%duct&e ‘succ&s (i.e. the effect’of
the artificial environment); (2) long term fitness effects of suppk6nerittit6&on  the
introgressed populations; and, (3) effects of the natural environment (habitat
limitations and interactions with target and nontarget populations). :.The?e-$ategorfe,s
were also described in Section 4 as the ecological dimensions m. ‘which  the
objectives of supplementation are set. The dimensions provide a conceptual !@)Fk
among objectives, the supplementation model, .uncertaindes  ano the global desk&5 .

Conceptual relationships between these dimensions and -the ‘~~cc;~~~\‘of~~/~er~nt
supplementation strategies are probakiy similar for-most stock&i& streams; i.&,,a
generalized model can be described that reasonably reflects our understanding of
population responses. However, as concluded at a recent workshop hosted by the
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YKFP on the effect of artificielrearing on salmonid  post release behavior, genetic and
environmental factors tend to interact suggesting a need for stock by stock studies
of some questions. Uncertainties from category (3) are generally associated with local
conditions and are not conducive to regional conclusions; Effects of hatchery induced
behavior, physiology, and genetics may, on the other hand, follow more broadly
predictable patterns especially.if  a model can be devised that accounts for habitat and
stock specific’ differences (although interaction between genetics and habitat,.do
complicate the picture and may invalidate inferencesI.

The question of regional applicability of study results ,probably  hinges on the
significance of stock-habitat interactions. Therefore, as we proceed to identify and
prioritize critical uncertainties and opportunities to resolve them, we must alsorkeep
in mind that external applicability of results cannot be taken for granted.

Adding further to the complexity of how and when supplementation might succeed
is the fact that survival and abundance studies of fish. populations are notoriously
imprecise. DeLibero (1986) concluded that the best one could expect from survival
studies of hatchery fish is a coefficient of variation of 25Oh.  Lichatowich and Cramer
(1979) found that studies of survival and abundance may require 20 to 30 years to
produce an 80% chance of detecting a 50% change. Peterman a.nd Bradford (1987)
used Monte Carlo simulations to show that “under most realistic conditions the
probability of correctly detecting recruitment time trends [for English sole] may be
unacceptably low”.

Statistical power must be taken into consideration when making .decisions,  b.ased  on
experimental outcomes. Respbns’e,  variables that are more sensitive to :detecting
change should be pursued (s&h aZ timing of life history events, growth and size,
etc.). As the RASP proceeds in developing guidelines for global design, criteria for
formulating hypotheses and designing powerful and. rigorous experiments will  be
proposed. The importance of statistical power lies in Its capticity  to minimize the
potentially harmful results of decisions based on erroneous conclusions.
Consequently, the use of experimental outcomes in ‘decision ‘making must also be
considered (see below).

Decision Prow

The purpose of supplementation research is to resolve critical questions affecting the
choice of strategy. The rating of a question as critical is, in fact, based- on its
sensitivity in the decision making process (regarding strategy). How important is the
decision that hinges on this question, and what are the implications of making the
wrong decision?

I.
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Implicit in every choice of supplementation strategy is a set of postulated hypotheses
that supports that choice. When these hypotheses are true, the decision is correct.in
the sense that the desired objectives would be met (benefits achieved within
acceptable levels of risk). Also associated with every decision is: a) a chance that one
or more of the supporting hypotheses is false;  and, b) a consequence or cost of
making that decision when the hypotheses in fact do not support the decision. The
product of a) and b) describe an’expected loss function. When the uncertainty about
the hypothesis is high and the decision cost is high, the expected loss may be
unacceptable, and the hypothesis shoutd be labeled  critical. Thus the choice of critical
supplementation questions .(hypotheses)‘and  the power.  (sample sizes, numbers of
replicates, duration, etc.) of theexperiments  to @@ve  them are affected by the rules
of the decision making process.:

One purpose of this discussionOunder  the lofty label of global experimental design is
to proppse  some guidelines for integrating ongoing Bnd,proposed.  studies iha manner
that best supports effective decision making about supplementation in the Columbia
Basin. In order to do this some assumptions have to be made about the decision
making process. The adaptive management policy adopted by the NPPC implies a
decision making process that acknowledges the inevitability of uncertainty about the
.outcome  of management decisions. The literature on adaptive mbnagement  stresses
the importance of statistical power (controlling experimentai  error) and the applicatioln
of statistical decision theory [cit.]. While it is clear that decisions will not; and should
not, be made solely on the basis of technjcal  information, it is also clebr  that any
technical information brought forward should be accurately and completely
represented.

As this section is further developed, we will,discuss how research questions should
be framed to assure that the technical conclusions offer clear insight to both resoufce
opportunities and risks, even when studies are incomplete or inconclusive. Prottiols
for scientific decision making using qualitative information are needed and will be
explored as the RASP Project continues. ^I ‘,

Figure 9.1 illustrates the notion of reducing the sphere of uncertainty through global
research design.
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Figure 9.1 Schematic showing the “Supplementation Universe”, with a “Shrinking
Sphere of Uncertainty”. -
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lntearation of Planned and Onaoina Proiects  into the Global Desian

Table 9.1 illustrates how the critical questions will be tied to opportunities to resolve
them in ongoing and planned supplementation projects. Those questions not
adequately addressable by these projects would also be identified.

Table 9.1

Applicability

Rank Relative importance of the listed uncertainty.
Sensitivity of the uncertainty can be evaluated

pplementation objective will succeed

Feasibility Feasibility of resolving uncertainty: ability to
control/explain variability, baseline data needs,

onstraints etc (Part of the global design

Statistical Requirements

Opportunities List of planned and ongoing projects that offer
ddress the question (part of

Remaining needs
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